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Abstract
Colorectal cancer is the third most common cancer in the world. Surgery is man-
datory to treat patients with colorectal cancer. Can colorectal cancer be treated in 
laparoscopy? Scientific literature has validated the oncological quality of laparo-
scopic approach for the treatment of patients with colorectal cancer. Randomized 
non-inferiority trials with good remote control have answered positively to this 
long-debated question. Early as 1994, first publications demonstrated technical 
feasibility and compliance with oncological imperatives and, as far as short-term 
outcomes are concerned, there is no difference in terms of mortality and post-
operative morbidity between open and minimally invasive surgical approaches, 
but only longer operating times at the beginning of the experience. Subsequently, 
from 2007 onwards, long-term results were published that demonstrated the ab-
sence of a significant difference regarding overall survival, disease-free survival, 
quality of life, local and distant recurrence rates between open and minimally in-
vasive surgery. In this editorial, we aim to summarize the clinical and technical 
aspects which, even today, make the use of open surgery relevant and necessary 
in the treatment of patients with colorectal cancer.

Key Words: Colorectal cancer; Laparoscopy; Laparoscopic colorectal resection; Bowel 
obstruction; Bowel perforation; Advanced colorectal cancer
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Core Tip: In terms of oncological outcomes and quality of resection, laparoscopic approach allows to do just as well as open 
surgery, in particular the number of the lymph nodes removed is identical, regardless of the access. However, the laparo-
scopic approach is not recommended when the neoplasm presents with urgency, in the occlusive or perforated phase, as well 
as it is not recommended for locally advanced tumors. When the tumor involved the serosal layer or invades an adjacent 
organ, open “en-bloc” excision is recommended.

Citation: Cariati M, Brisinda G, Chiarello MM. Has the open surgical approach in colorectal cancer really become uncommon? World 
J Gastrointest Surg 2024; 16(6): 1485-1492
URL: https://www.wjgnet.com/1948-9366/full/v16/i6/1485.htm
DOI: https://dx.doi.org/10.4240/wjgs.v16.i6.1485

INTRODUCTION
Colorectal cancer is the third most common cancer in the world. In 2019, new cases of colorectal cancer in the world were 
1931590, corresponding to 10% of new cancer diagnoses, and is responsible for approximately 750000 cancer-related dea-
ths annually[1]; in Italy there are estimated around 51000 cases/year, representing overall the 15% of new cancer diag-
noses[2]. Surgery is mandatory to treat patients with colorectal cancer. In the case of primary non-metastatic disease, sur-
gery guarantees a better long-term prognosis, both in terms of overall survival, disease-free survival and patient quality 
of life[3-5].

Curative resection aims to radically remove the segment of intestine in which the tumor is located. The resection must 
include at least 5 cm of healthy colon upstream and downstream of the lesion[6,7]. Furthermore, lymphadenectomy is 
fundamental for a systematic lymph node dissection and for removing all potentially metastatic lymph nodes[8-11]. In-
ternational guidelines have established that a number equal or greater than 12 lymph nodes must be removed to gua-
rantee an adequate lymphadenectomy and, at the same time, the possibility of staging the neoplastic disease more accu-
rately[9,10,12]. It is therefore established as an oncologically appropriate resection influences the prognosis of patients 
with colorectal cancer.

In recent decades, the traditional surgical approach via laparotomy and direct access to the patient’s abdominal cavity 
has been joined by new minimally invasive surgical techniques. Laparoscopic surgery has now been validated through 
large randomized controlled studies conducted throughout the world. In this editorial, we aim to summarize the clinical 
and technical aspects which, even today, make the use of laparotomy relevant and necessary in the treatment of patients 
with colorectal cancer.

LAPAROSCOPIC TREATMENT
Laparoscopic surgery in colorectal cancer represents a correct alternative to open surgery, if performed by surgeons with 
adequate training in this specific procedure[13]. Even in laparoscopic surgery the proximal and distal resection margins 
are appropriate and proximal vessel ligation is performed safely. Curative resections are therefore obtained, with en-bloc 
removals and tumor-free radial margins (R0)[14].

The United Kingdom Medical Research Counsel (MRC) trial of conventional vs laparoscopic assisted surgery in 
colorectal cancer, published in 2005, which included patients with both colon and rectal cancer was the first randomized 
controlled trial to investigate the role of laparoscopy in colorectal cancer[15]. After this trial there were four subsequent 
randomized controlled trials comparing laparoscopy to open surgery in colorectal cancer. All these studies - the Com-
parison of Open vs Laparoscopic Surgery for Mid and Low Rectal Cancer After Neoadjuvant Chemoradiotherapy[16], the 
Colorectal Cancer Laparoscopic or Open (COLOR II)[17], the American College of Surgeons Oncology Group Z6051[18], 
and the Australasian Laparoscopic Cancer of the Rectum Randomized Clinical Trial (ALaCart)[19] - were designed to 
assess the non-inferiority of laparoscopic surgery compared to open surgery. In all these studies, patients with T4 tumors 
were excluded from inclusion. The COLOR II study also excluded T3 tumors within 2 mm of the endopelvic fascia. The 
laparoscopic approach was associated with longer operative times, lower estimated blood loss, and faster recovery of 
bowel function in all of these studies. These randomized trials evaluating the oncologic outcomes of laparoscopic co-
lectomy showed no significant differences in proximal and distal margins, number of lymph nodes retrieved, and perpen-
dicular length of the primary vascular pedicle compared with open surgery[14,15,17,20-22]. Furthermore, long-term sur-
vival and recurrence were no different for patients treated with open and laparoscopic surgery in these studies[15,21,23,
24].

Recently, the short-term results of a multicenter prospective randomized trial conducted in China comparing laparo-
scopic and open resection have been published[20]. The Laparoscopy-Assisted Surgery for Carcinoma of the Low Rectum 
study was conducted on a population of over 1000 patients. Specifically, 685 patients in the laparoscopic surgery group 
and 350 patients in the open surgery group were included. No significant differences in morbidity rate were observed 
between the two groups. Higher rates of sphincter preservation and shorter length of stay were observed in patients un-
dergoing laparoscopic surgery.

https://www.wjgnet.com/1948-9366/full/v16/i6/1485.htm
https://dx.doi.org/10.4240/wjgs.v16.i6.1485
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Extraperitoneal rectal carcinoma presents peculiar aspects. While the approach to carcinoma of high rectum does not 
differ from that of the recto-sigmoid junction and the sigmoid carcinoma, surgery of the mid-lower rectum presents 
technical difficulties that are best managed in high-volume specialist centers. The cornerstones of this surgery concern the 
total excision of the mesorectum (Figure 1), the preservation of the sympathetic and parasympathetic innervation (nerve-
sparing technique), the distal and circumferential section margin free from neoplasia and, in locally advanced forms (T3-
T4 and/or regional lymph node metastases) the use of neoadjuvant therapies. In these patients, laparoscopic total me-
sorectal excision can be performed safely and adequately as demonstrated in prospective studies and retrospective series
[25-29]. Mid and long-term oncological outcomes appear similar between open and laparoscopic approaches[30]. We can 
therefore conclude that oncologic results of the laparoscopic surgery for rectal cancer are generally comparable to open 
surgery. Currently, the results reported by numerous studies in the literature highlight that laparoscopic surgery is the 
therapeutic option of choice for the surgical treatment of rectal cancer.

THE ROLE OF OPEN SURGERY
In colorectal cancer patients, laparoscopic surgery has some controversial aspects. A learning curve appears fundamental 
in the laparoscopic field. Both the surgeon and the operating room auxiliary staff are required to acquire advanced la-
paroscopic skills in well-defined time intervals[31,32]. Laparoscopic surgery is very demanding, and can be performed 
with low morbidity and mortality rates only by a surgeon with above-average experience with this type of surgery and a 
large caseload of laparoscopic colorectal procedures. The learning curve for such procedures is appreciably longer than 
for other laparoscopic operations. With increasing experience, technically more demanding operations, including radical 
oncologic rectal laparoscopic procedures, can be performed with appreciably reduced operating times and conversion 
rates, but with no increase in morbidity or mortality. At least 20 laparoscopic procedures for colon cancer are required for 
the individual surgeon to be included in multicenter clinical trials. Studies more carefully examining the learning curve 
for laparoscopic colectomy have suggested that full surgical autonomy and competence is acquired with at least 50 co-
lorectal resection procedures in a defined time interval[31-33]. Advanced laparoscopic training during residency or fe-
llowship and training on simulators may shorten the learning curve toward proficiency. Mentoring, proctoring, and 
working with an experienced assistant have each been shown effective in the adoption of techniques new to a surgeon’s 
skill set[34-37].

Furthermore, aspects of laparoscopic surgery have raised some initial concerns in the scientific community. The risk of 
a potential violation of oncological principles, the possible spread of neoplastic cells linked to carbon dioxide insufflation 
and the possibility of tumor recurrence in the access sites of the trocars have represented some of the controversial aspects
[38,39]. However, it seems right to emphasize that these fears and these controversial aspects were found to be completely 
unjustified, both by evaluating some aspects of basic scientific research and by analyzing the results of large randomized 
and controlled studies.

T4 tumors show an incidence of up to 15% in patients with colon cancer. Among patients with rectal cancer, 5% to 12% 
of patients have tumors adherent to adjacent organs[40-42]. In these patients, is recommended en-bloc resection to manage 
locally advanced colorectal cancer[43,44]. Thus is T4 colorectal cancer still an absolute contraindication to laparoscopic 
surgery? The answer is that T4 colon cancer is not an absolute contraindication. Obviously, the possibility of treating T4 
colorectal cancer laparoscopically depends on local circumstances (e.g., organs involved in the enlarged demolition and 
factors related to the surgeon (e.g., skill and experience of the individual surgeon in performing a laparoscopic en-bloc 
resection). Intraoperative observation of a T4 lesion often requires conversion to open surgery, especially if the goal of the 
therapeutic approach is curative resection. This eventuality is necessary because en-bloc demolition in the presence of a T4 
lesion is not always effective in laparoscopic surgery. However, en-bloc resection may not be possible using either te-
chnique or, therefore, the surgeon must decide whether conversion is likely to allow curative resection. To date, there 
have been no randomized trials comparing laparoscopic and open approaches to T4 colonic or rectal cancers.

In the UK MRC-CLASSIC trial, 34% of the patients randomized to the laparoscopic group underwent conversion to an 
open procedure. In this group of patients, a higher post-operative morbidity rate (P = 0.002) and a worsened overall sur-
vival have been observed[45,46]. Furthermore, in patients undergoing laparoscopic low anterior resection or abdomin-
operineal resection (Figure 2), there was a higher rate of positive circumferential margins, although this did not impact 
local recurrence or survival[47]. Overall, male sexual and erectile function was worse in the laparoscopic group[46].

In rectal cancer, when using the minimally invasive approach, particularly for tumors in low rectum, a further cha-
llenge is represented by the anatomical conformation of the pelvis. Elements that can hinder the execution of an onco-
logical adequate resection for rectal cancer laparoscopically are the size and location of the tumor. Additional clinical-
anatomical factors such as narrow pelvis, obesity, large uterus and preoperative radiation effects are of particular 
importance. The inability to conduct demolition in accordance with oncological principles should lead to conversion to 
open surgery. Similar considerations must guide the choice of the type of colorectal anastomosis or the creation of a 
temporary or permanent stoma.

Complications of large bowel diseases account for 47% of gastrointestinal emergencies. Colorectal cancer presents as 
emergency in a wide range of patients (from 7% to 40% of the total). Large bowel obstruction represents almost 80% of 
the emergencies related to colorectal cancer, while perforation accounts for the remaining 20%. The most common 
location of bowel obstruction is the sigmoid colon, with 75% of the tumors located distal to the splenic flexure. Per-
foration occurs at the tumor site in almost 70% of cases and proximal to the tumor site in around 30% of cases[48]. The 
management of colon and rectal obstruction and perforation is challenging in terms of clinical severity, diagnostic and 
therapeutic options, and management of septic (Figure 3) and oncological issues. As a general rule, the principles of 
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Figure 1  Surgical specimen of anterior resection of the rectum with complete removal of the mesorectum (personal observations).

oncological resection should be followed. It should be emphasized that in these conditions it is important to consider the 
role of medical comorbidities, sarcopenia and local or systemic septic status. Even in these patients, the main objective is 
to optimize the postoperative course, avoiding and preventing complications, especially anastomotic leakage, to allow the 
completion of oncological staging and the start of integrated chemotherapy and/or radiotherapy treatments[48].

In case of colonic obstruction due to tumor of the right colon or proximal transverse colon, right hemicolectomy, classic 
or extended, with subsequent primary ileocolic anastomosis represents the most appropriate treatment. The general 
condition of the patient strongly affects the choice to perform an anastomosis. The patient’s condition, including hemo-
dynamic stability, the extent of abdominal distention, the resectability of the carcinoma and the surgeon’s ability to 
perform a curative resection represent the elements that must be taken into consideration when choosing a possible la-
paroscopic approach in the presence of an occlusive colorectal carcinoma[49]. Although there have been some retro-
spective studies demonstrating feasibility of laparoscopic resection with benefits in short-term outcomes, a prospective 
randomized controlled trial has not yet been published[50-52].

In case of obstructing cancer of the left colon, a variety of options have been advocated[53]. Resection and primary 
anastomosis, with or without protective stoma, resection according to Hartmann, intraabdominal subtotal colectomy with 
ileostomy or ileorectal anastomosis are the most frequently used procedures. More recently, endoscopically placed co-
lonic stents are used in selected patients. These endoscopic procedures, allowing the decompression of the colon and 
favoring the clinical stabilization of the patient, allow urgent surgery to be postponed and elective colectomies with pri-
mary anastomosis to be performed in a re-balanced patient. In this way, such an approach allows the decrease in colo-
stomy creation rates in patients with occluding cancer of the left colon.

The use of laparoscopy in the emergency treatment of colorectal cancer cannot be recommended and should be re-
served to selected favorable cases and in specialized centers[54]. Emergency presentation has been considered an absolute 
contraindication to laparoscopy, due to the profile of the patient at high septic risk and the level of technical operative 
difficulties due to the dilated and vulnerable intestine. However, with the spread of colorectal laparoscopy and the in-
crease in experience, favorable results have been published[55], but no randomized trials.

Risk factors for conversion for different populations have been widely reported in the literature. A recent meta-analysis 
documented an average conversion rate of 17.9%. An evaluation of the factors that negatively influence the completion of 
the laparoscopic surgical procedure has shown that the factors that are most responsible for the conversion to open 
surgery are male sex, a tumor localized in the extraperitoneal rectum, the T3/T4 stage and the presence of metastases to 
locoregional lymph nodes[56]. With increasing laparoscopic hospital volume, conversion decreases below 10% with only 
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Figure 2 Clinical case of adenocarcinoma of the low rectum treated with laparoscopic abdominoperineal resection sec. Miles after 
neoadjuvant treatment. A: Surgical specimen of abdominoperineal resection; B: Photo of the abdomen; C: Perineal wound (personal observations).

Figure 3  Intraoperative photo of diffuse fecal peritonitis due to perforation of the cecum in a patient with neoplastic stenosis of the 
sigmoid colon (personal observations).

minimal impact of conversion on short-term postoperative outcome. To perform an early conversion can be an appro-
priate decision, for which reason this type of conversion should not be considered a failure[57-59].

CONCLUSION
Laparoscopy is a safe and effective surgical technique for the treatment of colorectal cancer. Laparoscopy remains an 
acceptable minimally invasive option in well trained hands. Surgeon represents a significant prognostic factor: His ope-
rative volume and that of the team with which he works is linked to surgical mortality, peri-operative complications and 
prognosis. Locally advanced disease and emergency presentation are relative contraindications to the laparoscopic 
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approach. Highly predictive factors of conversion are the lower and left site of the tumor, obesity as well as previous 
major abdominal surgery.

Laparoscopic surgery for low rectal cancer, when performed by experienced surgeons, could produce pathological 
outcomes comparable to those of open surgery. In large surgical series and multicenter studies, no differences are ob-
served regarding complete excision of the mesorectum and the appropriateness of the resection margins. In the popu-
lation of patients undergoing laparoscopic demolition, a higher rate of sphincter preservation and a favorable post-
operative recovery are documented. While no differences in short-term oncological outcomes have been observed, long-
term oncological outcomes in homogeneous patient populations are currently being evaluated.
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Abstract
Behçet's disease (BD) is a chronic inflammatory disorder prone to frequent re-
currences, with a high predilection for intestinal involvement. However, the ef-
ficacy and long-term effects of surgical treatment for intestinal BD are unknown. 
In the current issue of World J Gastrointest Surg, Park et al conducted a retrospec-
tive analysis of 31 patients with intestinal BD who received surgical treatment. 
They found that elevated C-reactive protein levels and emergency surgery were 
poor prognostic factors for postoperative recurrence, emphasizing the adverse 
impact of severe inflammation on the prognosis of patients with intestinal BD. 
This work has clinical significance for evaluating the postoperative condition of 
intestinal BD. The editorial attempts to summarize the clinical diagnosis and 
treatment of intestinal BD, focusing on the impact of adverse factors on surgical 
outcomes. We hope this review will facilitate more precise postoperative 
management of patients with intestinal BD by clinicians.
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Core Tip: Intestinal Behçet's disease (BD) is the gastrointestinal manifestation of BD, characterized primarily by intestinal 
ulcerations. The differential diagnosis of intestinal BD is challenging, the disease course is prolonged, and surgical in-
tervention is often necessary to achieve cure or remission. Despite surgical treatment, postoperative recurrence and reope-
ration rates remain high. Understanding the timing of surgery and factors associated with postoperative recurrence is critical 
for standardized surgical and follow-up management of patients with intestinal BD.

Citation: Liu Y, Gao F, Yang DQ, Jiao Y. Intestinal Behçet's disease: A review of clinical diagnosis and treatment. World J 
Gastrointest Surg 2024; 16(6): 1493-1500
URL: https://www.wjgnet.com/1948-9366/full/v16/i6/1493.htm
DOI: https://dx.doi.org/10.4240/wjgs.v16.i6.1493

INTRODUCTION
Behçet's disease (BD) is a chronically relapsing multisystem inflammatory disorder primarily characterized by vasculitis
[1], with an etiology remaining elusive. Genetic polymorphisms, encompassing IL23R/IL12RB2, ERAP1, and HLA-B51, 
are postulated as significant contributors to the dysregulation of inflammatory responses in BD pathogenesis[2-5]. Ad-
ditionally, microbial factors such as herpes simplex virus infection[2,6], increased colonization of Streptococcus mutans
[7], and intestinal microbial dysbiosis[8] provide clues to its underlying pathomechanisms. BD can involve multiple or-
gans or systems, including recurrent oral and genital ulcerations, intestinal involvement, arthritis, ocular manifestations, 
skin lesions, as well as vascular and neural involvement[1,9]. The distribution of BD in the population varies widely (0.64-
420/100000)[10], with a predilection for countries along the "ancient Silk Road" route, stretching from the Mediterranean, 
Middle East, to East Asia[11]. Prevalence is lower in Nordic and North American regions[12]. Notably, the diversity of 
intestinal involvement in BD seems more common in East Asian countries, including South Korea and Japan[13].

Intestinal BD, a significant subtype of BD, exhibits two distinct forms of intestinal pathology. One manifests as mucosal 
inflammation and ulceration triggered by neutrophilic venulitis, while the other involves ischemic injury caused by vas-
culitis[14]. Characterized by diverse, fluctuating courses, repeated remissions and relapses[15], intestinal BD can affect 
any part of the gastrointestinal tract[16] and potentially involve extraintestinal organs such as the liver[17], pancreas[18], 
or spleen[19]. Notably, the onset of intestinal BD symptoms typically lags behind those of extragastrointestinal manifest-
ations[20]. Approximately 5-10% of patients with systemic BD develop intestinal BD approximately 7.35 years after initial 
disease onset[13], and approximately 75% patients require hospitalization[21].

Due to unsatisfactory control of disease symptoms with empirical medication, intestinal BD can lead to complications, 
such as anemia[22], and even increased risk of hematologic malignancies[23]. Severe cases can cause intestinal perforation 
or massive gastrointestinal bleeding, necessitating intestinal resection. Notably, 30.5% of patients with intestinal BD are 
more likely to require emergency surgical intervention[24]. Postsurgical recurrence is common, with the possibility of 
requiring second or multiple surgeries. Park et al[25] argue in "Short- and long-term outcomes of surgical treatment in 
patients with intestinal Behcet’s disease" that significant inflammation may be a key component in postsurgical recur-
rence of intestinal BD. Therefore, exploring the clinical course following abdominal surgery and identifying predictors of 
clinical outcomes are essential for deepening understanding of intestinal BD and individualizing treatment approaches.

DIAGNOSIS OF INTESTINAL BD
Intestinal BD is characterized by well-demarcated deep ulcers with smooth surrounding mucosa, most commonly af-
fecting the ileocecal region[26]. Clinical symptoms include nausea, vomiting, abdominal pain, diarrhea, gastrointestinal 
bleeding, and perforation[27]. The systemic and intestinal symptoms and genetic origins of intestinal BD are remarkably 
similar to those of other inflammatory intestinal disorders, such as Crohn's disease (CD) and intestinal tuberculosis, ma-
king differential diagnosis difficult[28,29]. Approximately half of patients with intestinal BD are misdiagnosed as having 
CD[30].

Endoscopy[31,32] and capsule endoscopy[33] are the best and most widely used methods for diagnosing and assessing 
the progression of inflammatory intestinal diseases. These procedures allow for the observation of ulcer size and location
[34], as well as mucosal healing[35], which aid in evaluating the severity and prognosis of intestinal BD. Additionally, 
endoscopy can facilitate the development of scoring systems to predict the clinical course after surgical resection of 
intestinal BD[36]. Endoscopic and histologic examinations are also effective in distinguishing intestinal BD from CD[29,
30]. Currently, colonoscopy is not an accurate predictor of the Disease Activity Index for Intestinal BD (DAIBD) scores. 
However, volcanic ulcers and ulcer counts obtained through colonoscopy are independent predictors of DAIBD[15]. The-
refore, endoscopy remains crucial in diagnosing intestinal BD and assessing disease activity indices.

Computed tomography enterography is a valuable imaging modality that can enhance clinical differentiation between 
intestinal BD and CD by assessing the characteristics of intestinal images and analyzing body composition[37,38]. 
However, some studies raised concerns that computed tomography (CT) may expose intestinal BD to ionizing radiation, 
potentially causing damage and exacerbating inflammatory injury[39]. Therefore, a more cautious approach to CT exa-
mination management is necessary for patients with intestinal BD.

https://www.wjgnet.com/1948-9366/full/v16/i6/1493.htm
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In clinical practice, assessing intestinal BD activity is critical for selecting appropriate treatment regimens. One widely 
used and relatively simple scoring system is the DAIBD[40]. The DAIBD incorporates eight parameters: Overall general 
health, fever, extraintestinal manifestations, abdominal pain, abdominal mass, abdominal tenderness, intestinal compli-
cations, and frequency of loose bowel movements within a week. The total score is calculated by adding the inactive (≤ 
19), mild (20-39), moderate (40-74), and severe (≥ 75) categories[40]. However, additional markers or models, such as bio-
diversity indices[41] and endoscopic scoring systems[36], are needed to further evaluate and define intestinal BD activity.

Non-invasive tests are more amenable to screening and real-time assessment of diseases, facilitating their widespread 
application. Hou et al[42] discovered that interleukin-6 (> 7 pg/mL), hemoglobin (< 130 g/L), C-reactive protein (CRP) (> 
10 mg/L) and erythrocyte sedimentation rate (ESR) (≥ 15 mm/H), suggest the presence of intestinal symptoms in patients 
with BD. Lee et al[43] also reported proteomic findings indicating that high serum amyloid A implies intestinal invol-
vement in patients with BD. Elevated inflammatory markers can indicate the occurrence of intestinal BD[44]. Notably, 
CRP and ESR levels are significantly higher in patients with severe intestinal BD compared to those with mild disease
[45], and serum procalcitonin levels have unique advantages in assessing the severity of intestinal BD infection[46]. In 
individuals with intestinal BD, albumin levels are also lowered due to increasing disease activity[45]. Additionally, the 
exploration of novel markers for intestinal BD exhibits tremendous potential, offering unique advantages in diagnosis. 
The soluble triggering receptor expressed on myeloid cells-1[47], fecal calprotectin[48,49], fecal lactoferrin[50], anti-alpha-
enolase antibody[51], and lipoprotein-associated phospholipase A2[52] may emerge as diagnostic and activity monitoring 
markers for intestinal BD. Furthermore, anti-Saccharomyces cerevisiae antibody was higher in 44.3% of patients with 
intestinal BD, and positively correlated with surgical rates[53]. Moreover, the detection of heat shock protein family A 
member 6[54] and maltase-glucoamylase[55] can assist in distinguishing intestinal BD from CD.

MEDICAL TREATMENT OF INTESTINAL BD
Currently, the conventional treatment for intestinal BD remains empirical, with aminosalicylates recommended for mild 
cases[56]. However, a significant proportion of patients, particularly those who are young (< 35 years) or have high levels 
of CRP or a high intestinal BD score, exhibit poor response to these medications[57]. For moderate to severe cases, glu-
cocorticoids and immunomodulators such as thalidomide, thiopurine, cyclophosphamide, and methotrexate, used alone 
or in combination, are necessary[2]. Nevertheless, there remains a risk of disease recurrence, exacerbation of gastro-
intestinal bleeding, venous thrombosis, and infection[58,59]. Tumour necrosis factor-α (TNF-α) inhibitors, such as infli-
ximab and adalimumab, are often used to treat severe and refractory cases of intestinal BD[60,61]. Patients with intestinal 
BD localized outside the ileocecal region may also have a greater need for anti-TNF-α immunotherapy[56]. Those who 
respond poorly to anti-TNF-α therapy have a higher likelihood of undergoing surgical intervention[60], and combination 
therapy with thalidomide has been suggested[62]. The future holds promise for the discovery and development of ad-
ditional biologic agents, such as baricitinib[63] and calcineurin inhibitors[64], as novel therapeutic options for severe and 
refractory intestinal BD[27].

SURGICAL TREATMENT OF INTESTINAL BD
Surgical intervention is often necessary in patients with intestinal BD who present with medically refractory disease, 
fistula or abscess formation, intestinal obstruction, or abdominal mass. Emergency surgery is required for intestinal per-
foration and severe gastrointestinal bleeding. The cumulative rate of surgical intervention in patients with intestinal BD is 
not low: 20% after one year, 27%-33% at five years, and 31%-46% at ten years following diagnosis[60]. Studies have 
shown that the progression of intestinal BD to more extensive ocular and ileal disease is an important indicator for 
needing surgery treatment[65]. Findings suggested history of appendectomy and high DAIBD score at diagnosis increase 
likelihood of intestinal surgery[21]. However, there is no difference in short-term outcomes between laparoscopic and 
open surgery for intestinal BD patients[66].

Postoperative complications, including anastomotic leak, abscess or fistula formation, wound infection, intestinal 
obstruction, bleeding, and perforation, can significantly impact recovery of patients with intestinal BD. Elevated CRP 
levels immediately postoperatively significantly increase risk of postoperative complications[67]. Combined use of glu-
cocorticoids and immunosuppressants postoperatively can significantly reduce incidence of postoperative complications
[68].

PROGNOSIS OF SURGICAL INTERVENTION
Postoperative recurrence is a substantial contributor to the ongoing non-healing of intestinal BD. Approximately 13%-
75% of patients with intestinal BD experience postoperative recurrence, carrying high risk of disease recurrence (Table 1). 
Therefore, regular post-surgery follow-up is strongly recommended[36]. The endoscopic-intestinal BD scoring system, 
utilizing parameters such as number and size of ulcers, can aid disease recurrence assessment[36]. As shown in Table 1, 
various factors influence intestinal BD prognosis post-surgery. Among these, elevated CRP levels identified by Kang et al
[67] and Jung et al[69], and emergency surgery identified by Park et al[70], are poor postoperative prognostic factors in 
intestinal BD. These findings are consistent with the results of the current study by Park et al[25].
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Table 1 Surgical prognosis of intestinal Behçet's disease

Cases Recurrence rate after 
surgery (%) Factors associated with recurrence Ref.

31 20.5 Preoperative increased CRP levels; Emergency surgery Park et al[25]

54 68.5 Colonoscopy; Colonoscopic recurrence Park et al[36]

8 75 Increased peripheral CD8+DR+ lymphocytes (%) Naganuma et al
[65]

90 57.8 Higher CRP level immediately after surgery Kang et al[67]

72 58.3 Volcano-type ulcerations; Increased CRP levels; Intestinal perforations Jung et al[69]

90 45.6 Initial emergency operation; Higher initial perioperative erythrocyte 
sedimentation rate

Park et al[70]

16 (Complete remission of 
intestinal lesions)

13

27 (Incomplete remission of 
intestinal lesions)

43

Incomplete remission of intestinal lesions; the history of intestinal 
perforation or fistula; did not take azathioprine

Choi et al[72]

50 (5-ASA) 66.0

27 (Thiopurine) 37.0

Thiopurine was not used postoperatively Lee et al[73]

33 (Intestinal perforations) 42.4 NA Moon et al[76]

40 (Early surgery) 35.0

62 (Late surgery) 45.2

Late surgery Jung et al[77]

9 55.6 Intraoperative endoscopy Iida et al[78]

91 51.1 NA Jung et al[79]

16 50.0 Volcano-type ulcerations Kim et al[80]

91 35.2 Postoperative use of steroids; postoperative complications; high BMI Baek et al[81]

CRP: C-reactive protein; 5-ASA: 5-aminosalicylic acid; BMI: Body mass index; NA: Not available.

In addition to identifying factors associated with postoperative recurrence, it is crucial to consider factors such as 
disease duration[45] to assess disease activity and severity. Postoperative systemic pharmacological treatment, partic-
ularly the use of immunosuppressants[71], is critical. Regular administration of azathioprine postoperatively also can 
result in partial or complete resolution of intestinal symptoms and, to some extent, reduce the recurrence rate of intestinal 
BD[72], outperforming the use of 5-aminosalicylic acid alone[73].

Especially in younger patients, greater attention should be paid to disease progression, as multiple clinical evidences 
suggested that they often exhibit more severe clinical symptoms and poorer prognoses[74-76]. Patients with severe cour-
ses tend to be younger than those with mild courses[45], resulting in higher demand for outpatient, inpatient treatment, 
and intestinal surgery[75]. They are also more prone to postoperative recurrence[76]. Therefore, it is essential to develop 
targeted treatment strategies for younger patients with intestinal BD, and to initiate immunosuppressant therapy early in 
the course of the disease[75].

The timing of surgery is worth discussing. Compared to patients with advanced BD undergoing surgery, those with 
intestinal BD receiving early intestinal surgery have better prognosis, with significantly reduced postoperative clinical 
recurrence and reoperation rates[77]. Anti-TNF-α medication can effectively treat refractory intestinal BD. If patients with 
intestinal BD get anti-TNF-α therapy and experience poor response (within one month), ESR > 42.5 mm/H, skin and joint 
symptoms, or geographic ulcers, surgical intervention may be required[60]. Therefore, it is crucial to individualize treat-
ment plans based on risk factors, deciding whether to prioritize pharmacological therapy or early surgery as the primary 
treatment goal.

CONCLUSION
The pathogenesis of intestinal BD remains unclear, lacking radical treatment and often requiring surgical intervention[25,
76-81]. In a retrospective clinical analysis spanning nearly 11 years, Park et al[25]. found that the postoperative recurrence 
rate among patients with intestinal BD was 20.5%. Severe inflammatory variables, notably emergency surgery and in-
creased CRP levels, were found as the main predictors of postoperative recurrence or reoperation. This work by Park et al
[25] can assist clinicians in better assessing the surgical prognosis of intestinal BD and developing more precise, individu-
alized treatment plans.
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However, numerous areas require further improvement in future studies. Future research should examine age, inflam-
matory status, and drug treatment impacts on surgical outcomes, postoperative complications, and recurrence. Addi-
tionally, multicenter collaborations should further explore and refine prognostic risk factor assessment for intestinal BD 
through retrospective and prospective studies. Elevated CRP levels associate with surgical recurrence at various time 
points[67,69], so real-time CRP inflammatory marker monitoring before, during, and after surgery may aid real-time ma-
nagement of intestinal BD. These efforts could enable risk-stratified, tailored drug therapies and personalized patient 
monitoring.
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Abstract
There remains much ambiguity on what non-operative management (NOM) of 
rectal cancer truly entails in terms of the methods to be adopted and the best 
algorithm to follow. This is clearly shown by the discordance between various 
national and international guidelines on NOM of rectal cancer. The main aim of 
the NOM strategy is organ preservation and avoiding unnecessary surgical in-
tervention, which carries its own risk of morbidity. A highly specific and sensitive 
surveillance program must be devised to avoid patients undergoing unnecessary 
surgical interventions. In many studies, NOM, often interchangeably called the 
Watch and Wait strategy, has been shown as a promising treatment option when 
undertaken in the appropriate patient population, where a clinical complete res-
ponse is achieved. However, there are no clear guidelines on patient selection for 
NOM along with the optimal method of surveillance.
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Core Tip: Patients with locally advanced rectal cancers are ideally treated with neo-
adjuvant chemoradiation therapy followed by surgical resection. As neoadjuvant treat-
ments evolved, an increasing number of patients showed a complete response to neoad-
juvant therapy. The complete response of rectal cancers to neoadjuvant treatment 
inspired the concept of non-operative management (NOM). Following extensive multi-
disciplinary team meeting discussion, patients can be considered for NOM. Questions 
arose regarding patient selection for NOM and the best surveillance program to ensure 
no red flags for recurrent disease. Another consideration is how patients who develop 
recurrence be managed.

https://www.f6publishing.com
https://dx.doi.org/10.4240/wjgs.v16.i6.1501
mailto:sameh200@hotmail.com


Emile SH et al. Controversies on NOM of rectal cancer

WJGS https://www.wjgnet.com 1502 June 27, 2024 Volume 16 Issue 6

Citation: Emile SH, Wignakumar A. Non-operative management of rectal cancer: Highlighting the controversies. World J Gastrointest 
Surg 2024; 16(6): 1501-1506
URL: https://www.wjgnet.com/1948-9366/full/v16/i6/1501.htm
DOI: https://dx.doi.org/10.4240/wjgs.v16.i6.1501

INTRODUCTION
Rectal cancer is one of the challenging colorectal conditions and is responsible for a significant portion of cancer-related 
morbidity and mortality. The current gold standard treatment of rectal cancer is total mesorectal excision (TME) which 
aims at reducing the incidence of local recurrence[1]. Patients with locally advanced rectal cancers should be treated 
upfront with neoadjuvant chemoradiation therapy to help downstage the tumor and clear lateral lymph node in-
volvement. As neoadjuvant treatments evolved to include the new concept of total neoadjuvant therapy (TNT)[2], an 
increasing number of patients were found to exhibit complete response to neoadjuvant therapy with no residual tumor 
cells in the rectum or the lymph nodes after radical resection, known as pathologic complete response. The complete 
response of rectal cancers to neoadjuvant treatment inspired one of the colorectal surgery leaders, Dr Angelita Habr-
Gama, the concept of non-operative management (NOM) of rectal cancer in patients with a complete response to treat-
ment. NOM simply entails that patients with a complete response may not undergo TME as previously planned, but 
rather be subject to strict surveillance to detect early recurrence of cancer, if occurred, known as the Watch & Wait 
strategy[3]. In this editorial, we highlight the main controversies on NOM of rectal cancer, with implications for future 
research directions.

‘WHO’ SHOULD RECEIVE NOM?
Patients eligible for NOM should be those with a clinical complete response after neoadjuvant radiation. However, even 
some patients with a clinical near-complete response may also be eligible for NOM as 15% of them have evidence of 
complete pathologic response after surgery[4]. Some authors suggest that the ideal candidates for NOM are patients with 
middle or low rectal cancers who would otherwise have a low colorectal/coloanal anastomosis or an abdominoperineal 
resection if were surgically treated as planned[5]. However, even patients with upper rectal cancers may opt for NOM to 
avoid the consequences of surgery, namely low anterior resection syndrome and autonomic nerve injury with subsequent 
genitourinary dysfunction.

Consistent with the current guidelines, imaging and endoscopy should be the standard tools for assessment of clinical 
response after neoadjuvant therapy, in comparison to the baseline before initiation of treatment[6]. Combined with digital 
rectal examination, these tools have a very high accuracy in excluding residual tumors and verifying a complete response
[7]. The evaluation criteria for a clinical complete response of rectal cancer comprise a complete disappearance of all 
cancerous lesions in clinical examination as shown by the absence of residual ulceration, masses, or mucosal irregularity 
together with the absence of residual nodal disease on imaging with a reduction in short axis of pathologic lymph nodes 
to less than 1 cm[8,9].

The conclusions of follow-up imaging after treatment may not be very reliable. Gefen et al[10] showed that restaging 
magnetic resonance imaging (MRI) had a fair concordance with the pathology report for the T stage (kappa -0.316) and 
slight concordance for the N stage (kappa -0.11) and CRM status, (kappa = 0.089). The concordance was even lower when 
TNT was used. Some 73% of patients with pathologic N+ stage had no evidence of nodal involvement in the restaging 
MRI which calls for caution when interpreting the MRI assessment of nodal disease. Because of imaging inaccuracies, 
patients with a residual disease and false negative imaging may be treated with NOM, and patients who responded to 
treatment yet had false positive imaging be precluded from NOM and undergo surgery that can otherwise be un-
necessary.

Another controversy regarding patient selection for NOM is patients with adverse baseline features such as involved 
mesorectal fascia, extramural venous invasion, and extensive lymph node involvement[11]. In addition, ulcerating and 
annular lesions may not be eligible for NOM since they may undergo extensive fibrosis after radiation therapy with sub-
sequent luminal stenosis that may hinder endoscopic assessment and follow-up[9]. Furthermore, another hurdle related 
to the inaccurate assessment of clinical response is the potential of missing residual nodal disease even with a complete 
mucosal response. A large database analysis found that 8% of patients with complete mucosal response had positive 
lymph nodes on pathologic assessment after surgery[12]. These patients with residual nodal disease may not have been 
detected using imaging which has a low sensitivity in detecting nodal involvement in rectal cancer[13]. This calls for 
more novel tools for the assessment of complete response after neoadjuvant therapy, some of these tools, including 
dynamic contrast-enhanced MRI, ctDNA, and molecular biomarkers, are still under investigation[5].

Selection of patients for NOM should ideally be based on clinical complete response as evident by clinical and imaging 
tools. Recently, some prediction models have been developed to help predict complete response after neoadjuvant the-
rapy. Shin and colleagues[14] analyzed data of 1089 patients with rectal cancer and constructed a prognostic model for 
complete response to neoadjuvant therapy that incorporated clinical N0 stage, small (< 4 cm) and well differentiated 
cancers. Artificial intelligence (AI) was also used to generate predictive models based on pretreatment MRI. A systematic 
review[15] of 21 AI studies based on MRI-predicted complete response to neoadjuvant therapy found AI to have an 
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exceptional accuracy with a pooled area under the curve of the models assessed of 0.91 and pooled sensitivity and 
specificity of 82% and 86%, respectively.

‘WHEN’ TO REASSESS THE RESPONSE OF RECTAL CANCER TO NEOADJUVANT TREATMENT?
Another controversy related to patient selection is when is the optimal time to assess the response to treatment. It has 
been shown that a too-early assessment may erroneously render a wrong judgment of an incomplete response. Generally, 
an interval >8 wk after neoadjuvant treatment is needed before reassessment to measure the maximal tumor regression. 
However, this interval has not been agreed upon in the literature and could range from four to 20 wk. Some investigators 
suggested an 8-wk interval while others thought a 12-wk interval would be ideal before reassessment[16,17]. The mi-
nimum cutoff of 8 wk was selected because a reassessment earlier than 8 wk may fail to detect complete regression of 
cancer that can be still ongoing, and thus could be misinterpreted as an incomplete response. Based on the same concept, 
an interval of > 8 wk before reassessment was proposed to allow for maximal tumor regression and thus more precise 
assessment of response. Nonetheless, this lack of consensus is considered another important controversy that needs more 
research to resolve.

‘HOW’ SHOULD PATIENTS UNDERGOING NOM BE FOLLOWED UP?
The standard methods used for surveillance after NOM include digital rectal examination, Pelvic MRI, and endoscopy. In 
addition, carcinoembryonic antigen (CEA)-level assessment and computed tomography (CT) scans of the chest, abdomen, 
and pelvis may be also used for surveillance. The protocol used for follow-up of patients undergoing NOM quite varies. 
The first protocol described by Habr-Gama et al[18] entailed follow-up with a digital rectal examination, proctoscopy, and 
CEA level measurement every 6-10 wk in the first two years then the follow-up is scheduled every three months in the 
third year and every 6 months afterward. Another follow-up protocol entailed digital rectal examination and MRI every 
six months in the first two years and endoscopic examination plus CT scan of the chest, abdomen, and pelvis in the first 
two years[17].

A standardized surveillance program for the NOM of rectal cancer has yet to be established. Each society guideline 
offers different recommendations regarding the methods and frequency of surveillance. This diversity in guidance is 
logical, given the varying nature of disease recurrence, which may necessitate different surveillance approaches that 
would involve physical examinations, blood markers such as CEA, imaging, and endoscopy.

While a comprehensive review[19], aggregating data from eight meta-analyses of RCTs, revealed a unanimous and 
significant benefit of surveillance strategies, the question of whether intensive or less intensive follow-up regimens confer 
superior outcomes is still open. According to ASCO guidelines[20], for patients with stage II or III disease, the initial 2-4 
years after surgery should involve more rigorous testing, as approximately 80% of recurrences are detected within the 
first two years. Conversely, the NCCN[6] and ESMO[21] guidelines recommended a semi-annual to annual abdomen and 
chest CT scanning over 5 years, considering that up to 10% of recurrences occur after 3 years. ASCRS[22] guidelines 
closely align with these recommendations, emphasizing the potential survival benefits of follow-up for patients with 
stage I disease. Less intensive surveillance programs are suggested by ESMO and ACPGBI[23], consisting of a minimum 
of two CT scans of the chest, abdomen, and pelvis with a regular CEA-level assessment in the first three years.

Surveillance strategies may also vary based on the type of initial management received. For instance, the ASCRS[22] 
and NCCN[6] guidelines advocate for a more intensive approach for patients treated with transanal excision, while 
ASCO suggests an equally intensive approach for patients who did not receive radiotherapy. Overall, the NCCN gui-
delines[6] tend to recommend more frequent surveillance compared to other programs. A survey conducted by the 
ASCRS in 2000[24] assessed the methods and frequency of follow-up. Interestingly, the survey revealed a wide range of 
diagnostic modalities utilized in surveillance, with only 50% of surgeons adhering to the recommendations of ASCRS 
guidelines. This discrepancy could be attributed to the divergent guidelines, making it challenging for surgeons to 
determine the most effective surveillance method.

‘WHAT’ SHOULD BE DONE WHEN LOCAL RECURRENCE AFTER NOM IS DETECTED?
Disease recurrence after NOM is the most serious adverse effect of this treatment strategy. The 3-year cumulative risk of 
local recurrence after NOM in patients with clinical complete response is approximately 25%[25]. The pretreatment T 
stage is considered the most influential risk factor for local recurrence after NOM. The risk of local recurrence tends to 
increase by 10% for every transition in the T stage[26]. Early recognition of local recurrence in the setting of NOM is of 
paramount importance. Patients in whom local recurrence was detected early may have similar survival outcomes to 
patients with an incomplete response after neoadjuvant treatment[27]. However, other studies implied a negative impact 
of local recurrence on survival[28].

Management of local recurrence in the setting of NOM may represent a clinical challenge. Local recurrences may be 
managed by either a radical or local excisional surgery. While local excision preserves the rectum and obviates the risk of 
major surgery associated with proctectomy, it may be associated with considerably higher rates of positive resection 
margins, and thus disease recurrence. Most (> 90%) local recurrences of rectal cancer can be treated with salvage sph-
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incter-sparing surgery[29]. Smith et al[30] reported an 83% R0 rate after treating six patients with local recurrence after 
NOM for rectal cancer. On the other hand, conflicting outcomes were reported after wide local excision of local 
recurrence after NOM. While Li et al[31] successfully treated two patients with local recurrence after NOM by local 
excision, another study that treated local recurrence after NOM by transanal endoscopic surgery reported positive 
surgical margins that warranted an abdominoperineal resection[32]. Despite that local recurrence after NOM may be 
adequately managed, there remains the risk of distant metastatic disease that can be as high as 8%-10%[33]. Figure 1 
illustrates the main controversies about NOM of rectal cancer.

Figure 1 The main controversies about non-operative management of rectal cancer. CT: Computed tomography; MRI: Magnetic resonance imaging; 
DRE: Digital rectal examination; CEA: Carcinoembryonic antigen; TME: Total mesorectal excision.

CONCLUSION
NOM of rectal cancer that showed complete response to neoadjuvant therapy is a viable option in select patients. There 
are several controversies on the optimal method for and timing of assessment of complete response, surveillance 
strategies, and management of local recurrence. Hence, further studies are needed to help resolve these controversies to 
achieve the best outcomes of this novel management strategy.
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Abstract
Gallbladder adenomas are rare lesions (0.5%) associated with potential malignant 
transformation, particularly with gallbladder adenomas that are ≥ 1 cm in size. 
Early detection and management are crucial for preventing lethal carcinoma de-
velopment. These polyps can often be distinguished from the more often nonneo-
plastic cholesterol pseudopolyps (5%-10%), which are benign. Ultrasonography is 
the first-line tool for initial diagnosis and follow-up when indicated. The question 
is whether cholecystectomy is always necessary for all adenomas. The manage-
ment of gallbladder adenomas is determined according to the size of the tumor, 
the growth rate of the tumor, the patient’s symptoms and whether risk factors for 
malignancy are present. Adenomas ≥ 1 cm in size, an age > 50 years and a familial 
history of gallbladder carcinoma are indications for immediate laparoscopic chole-
cystectomy. Otherwise, ultrasound follow-up is indicated. For adenomas 6-9 mm 
in size, the absence of ≥ 2 mm growth at 6 months, one year, and two years, as 
well as an adenoma sized < 5 mm without existing risk factors indicates that no 
further surveillance is required. However, it would be preferable to individualize 
the management in doubtful cases. Novel interventional modalities for preserving 
the gallbladder need further evaluation, especially to determine the long-term 
outcomes.

Key Words: Biliary diseases; True neoplastic polyps; Gallbladder adenomas; Benign bi-
liary tumors; Gallbladder polyps; Extrahepatic biliary neoplasms
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Core Tip: Gallbladder adenomas are rare benign neoplastic lesions associated with malignant potential. Thus, early 
management is essential to prevent transformation. They are usually detected incidentally by imaging. Current imaging 
modalities can ensure a reliable diagnosis in vague cases. The management includes either laparoscopic cholecystectomy or 
ultrasound surveillance.

Citation: Pavlidis ET, Galanis IN, Pavlidis TE. Current considerations for the surgical management of gallbladder adenomas. World J 
Gastrointest Surg 2024; 16(6): 1507-1512
URL: https://www.wjgnet.com/1948-9366/full/v16/i6/1507.htm
DOI: https://dx.doi.org/10.4240/wjgs.v16.i6.1507

INTRODUCTION
Gallbladder polyps affecting 5%-10% of the adult population, consist of nonneoplastic cholesterol pseudopolyps in the 
vast majority of cases and they are usually discovered incidentally[1]. Adenomas or true neoplastic polyps are rare 
benign lesions that represent 0.5% of gallbladder neoplasms and 3%-9% of gallbladder polyps[2-5]. However, they can 
have malignant potential according to their size, which leads to gallbladder cancer with poor prognosis (a 5-year overall 
survival of 5%-8%)[6]. The malignant transformation process follows the dysplasia-carcinoma in situ-invasive carcinoma 
sequence[7]. The transformation is related to the adenoma’s size, and the transformation rate can be as high as 5% when 
the size of the adenoma is ≥ 10 mm and is up to 40% when the size of the adenoma is ≥ 20 mm[2,6,8]. The early-stage 
diagnosis of gallbladder cancer is important for optimizing therapeutic management[9,10]. It is obvious that timely 
cholecystectomy prevents the progression of any adenoma, but whether timely cholecystectomy is necessary in all pa-
tients or constitutes overtreatment in some patients remains unclear[11]. Indications for immediate laparoscopic 
cholecystectomy include an adenoma size ≥ 10 mm or the presence of specific imaging findings, an age > 50 years and a 
familial history of GB carcinoma[11-15]. Otherwise, ultrasound follow-up is indicated in patients under 50 years of age 
who have adenomas that are < 10 mm in size and who do not have any predisposing genetic factors[7,16-19]. A follow-up 
is not considered necessary for patients who have an adenoma that is < 5 mm in size and who do not have any significant 
family history[16-19].

The initial diagnostic approach is based on plain abdominal ultrasound. The distinction of adenomas from cholesterol 
pseudopolyps is a challenging task. The use of computed tomography (CT), magnetic resonance imaging (MRI), and 
current ultrasonic modalities, including simple endoscopic or enhanced contrast endoscopic, high resolution, and novel 
of three dimensions ultrasound, increase the diagnostic accuracy[6,15,18]. Various scoring system models can accurately 
predict true adenomas and should be developed[20-24].

The risk of malignant transformation of adenomas is correlated with age > 60 years; the presence of gallstones ≥ 3 cm 
for at least twenty years; a polyp size equal to or greater than 10 mm; patient origin from Asia, mainly India[25]; chronic 
infection by Salmonella[7] or Helicobacter pylori (H. pylori)[26]; a body mass index greater than 30 kg/m2; a diagnosis of 
schistosomiasis[27]; a diagnosis of primary sclerosing cholangitis; a polyp with a broad basis; and a thickened gallbladder 
wall greater than 4 mm and/or the presence of an abnormal gallbladder wall layer[7,15,18,28]. H. pylori may not be 
associated with gallbladder adenoma or gallstone formation[29]. However, the most reliable risk factor for malignant 
transformation of gallbladder adenomas is size, regardless of the presence or absence of other factors[30].

Minimally invasive procedures for polypectomy alone, in which the gallbladder is preserved and is functional, have 
recently gained increasing interest[31]. These methods include: (1) Ultrasound-guided radiofrequency for adenoma abla-
tion[32-34]; (2) endoscopic cholecystostomy under ultrasound guidance, which serves as a bridging procedure to endo-
scopic polypectomy through the gallbladder wall[35,36]; (3) laparoscopic-assisted transumbilical gastroscopy for gall-
bladder-preserving adenoma resection[37-39]; (4) peroral choledochoscopic gallbladder-preserving adenoma resection[40,
41]; and (5) transgastric endoscopic gallbladder preserving surgery[42]. However, there are still no adequate data avai-
lable, and these novel approaches require expertise and further evaluation, including further evaluation of the long-term 
outcomes. Additionally, some skepticism exists about the use of these methods in the current era of laparoscopic cho-
lecystectomy, which is a minimally invasive procedure.

DIAGNOSIS
For gallbladder pathology assessment and differentiation of malignant from benign lesions, the most applicable diag-
nostic technique worldwide in clinical practice is ultrasound[43-45], and CT[46] and MRI are the second most applicable 
diagnostic techniques[6,47,48]. However, ultrasound alone is not accurate enough[49]. Further reliability can be obtained 
with additional CT scans, or better yet, MRI, and this highlights the misdiagnosis bias and can prevent unnecessary 
operations and thus overtreatment[50]. When a strong possibility of malignancy exists clinically, MRI should be the first-
line imaging modality. Contrast-enhanced or endoscopic ultrasound (EUS) is valuable when the equipment is available
[28]. High-frequency ultrasound in combination with color Doppler ultrasound constitutes a valuable diagnostic moda-
lity with high diagnostic accuracy for gallbladder adenomas (sensitivity of over 90% and specificity of 100%)[51]. High-
resolution ultrasound is considered particularly reliable for the assessment of the gallbladder wall layering[49]. In sus-
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picious cases, EUS provides high-resolution images, and the combination of EUS with fine needle aspiration ensures the 
safe diagnosis of malignant transformation of adenomas[52].

During the recommended ultrasound follow-up of small gallbladder adenomas, a growth rate ≥ 2 mm is considered a 
risk factor for malignant transformation, indicating that there should be no delay in pursuing cholecystectomy[53,54]. In 
general, a size of 10 mm is considered the limit for operative intervention, while a size of 7 mm is an indication for wait-
ing and ultrasound follow-up[55].

The tumor markers CA19-9, CEA, CA125, and CA242 may be elevated in patients with gallbladder carcinoma, and 
measurements of these markers can contribute to the early diagnosis of gallbladder carcinoma[56]. In patients with an 
adenoma ≥ 11 mm in size, increased CA19-9, CEA, and CA72-4 levels constitute strong indications of malignant trans-
formation[57].

SURGICAL MANAGEMENT
The therapeutic management of gallbladder adenomas remains somewhat debated. The European Association for Endo-
scopic Surgery and other Interventional Techniques, the European Society of Gastrointestinal Endoscopy, the Interna-
tional Society of Digestive Surgery - European Federation and the European Society of Gastrointestinal and Abdominal 
Radiology have set guidelines[58], and these guidelines have recently been updated[15]. The recommended management 
depends on whether symptoms are present and the size and the rate of adenoma growth[28]. However, due to the rarity 
of gallbladder adenomas, there are few large studies, and the current studies have provided low-quality data and thus 
somewhat unreliable recommendations. In addition, obtaining new knowledge and following the current guidelines are 
crucial for the correct treatment of gallbladder adenomas[28].

Cholecystectomy is strongly recom-mended for adenomas ≥ 10 mm in size, those that are associated with symptoms, 
regardless of size, and those with a growth rate of ≥ 2 mm within two years. Monitoring is recommended for patients 
with smaller lesions, regardless of whether the patient is or without risk factors[15,28,58]. The assessment and definition 
of risk factors is a multidisciplinary task[20,37,58].

For patients with adenomas 6-9 mm in size without growth or a small size increase ≤ 2 mm during the scheduled 
follow-up at 6 months, one year, and two years, follow-up should be terminated[8,15,28,58]. Cholecystectomy is recom-
mended for patients who are fit for surgery if any risk factor for malignancy is found at the initial diagnosis of adenomas 
that are 6-9 mm in size, and surgery should be performed after patients are reassured and consent is obtained[6,15,28,58].

For patients with adenomas ≤ 5 mm in size without risk factors, no follow-up is necessary. Otherwise, follow-up lasting 
two years is recommended[11,15,19,58]. These small adenomas have a low risk of size increase, and there are no reports 
of malignant transformation in these types of tumors according to long-term (up to 10 years) ultrasound follow-up[59]. 
Subsequently, small adenoma surveillance has limited benefit and is not recommended[16]. However, when a risk factor 
coexists, ultrasound surveillance lasting at least 5 years is recommended, and for any 2 mm increase in the adenoma’s 
size, imperative cholecystectomy is recommended[60].

Laparoscopic cholecystectomy is currently the gold standard for gallbladder adenomas that require interventional 
procedures[6,15,61]. However, if a gallbladder adenoma ≥ 20 mm in size exists, a surgical plan similar to that of gall-
bladder carcinoma will be drawn up, as long as there are not any preoperative evidence or even an indication of malig-
nancy[62]. Laparoscopic cholecystectomy is not recommended for such patients since there is a strong possibility of ma-
lignant transformation[63]. Thus, an open surgery should preferably be carried out by a surgeon experienced in hepato-
biliary surgery, who should keep in mind the following cancer management strategy.

For patients with adenomas 10-15 mm in size or with gallbladder wall thickening, it is recommended that an expe-
rienced general surgeon safely perform laparoscopic cholecystectomy, as long as there is not any preoperative evidence 
or even an indication of malignancy. It is of the utmost importance to avoid gallbladder perforation in any case to prevent 
the possible intraperitoneal spread of cancer cells in cases of initially hidden malignancy, which will eventually be dis-
covered via specimen biopsy. This obligation may necessitate the conversion of laparoscopic surgery to open surgery 
without any hesitation due to the possible operative difficulties encountered[60,64].

In cases where a cholecystectomy specimen biopsy is used to diagnose gallbladder adenocarcinoma, the extent of 
subsequent surgical resection depends on the disease stage. An already performed simple cholecystectomy is an adequate 
treatment for stage T1a disease, and no further treatment is needed. Otherwise, for more advanced disease, an additional 
operation will be needed. Some of the additional operations include wide lymphadenectomy in every case, accompanied 
by complementary gallbladder bed hepatic resection, in patient with T1b stage; resection of the IV and V hepatic seg-
ments for patients with T2 stage; hepatic trisegmentectomy or major hepatectomy with Roux-Y hepaticojejunostomy and, 
if needed, adjacent organ resection for patients with T3 stage[9,65].

CONCLUSION
Gallbladder adenomas have a low incidence but have a risk of malignancy. These patients are usually asymptomatic, and 
these tumors are usually detected incidentally by imaging. The management policy must be planned according to whe-
ther symptoms are present as well as the size and the rate of adenoma growth. Gallbladder removal is needed for all 
patients with tumors sized ≥ 10 mm, those patients who have a tumor 6-9 mm in size with a coexisting malignancy risk 
factor, those who have symptoms, those who have gallstones, and those who have had an adenoma growth rate ≥ 2 mm 
during the regular two-year ultrasound follow-up. For small adenomas ≤ 5 mm in size without risk factors, no follow-up 
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is needed. The management of gallbladder adenomas should be individualized in ambiguous cases.
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Abstract
In this editorial, we review the article by Liu et al published in the World Journal of 
Gastrointestinal Surgery investigating the efficacy and safety of immunotherapy in 
patients with gastric cancer (GC) and liver metastasis. GC, the fifth most com-
monly diagnosed malignancy worldwide, presents a significant challenge due to 
its multifactorial etiology and a grim prognosis for unresectable or recurrent 
cases. The advent of immune checkpoint inhibitors (ICIs) has revolutionized 
oncology; yet liver metastasis has been associated with reduced response rates, 
progression-free survival, and overall survival in various malignancies. The Che-
ckMate-649 and KEYNOTE-859 trials demonstrated promising results with ICIs in 
advanced GC, particularly in patients with liver metastasis. However, a meta-
analysis of liver metastatic solid tumors revealed worse outcomes with ICIs, high-
lighting the need for further investigation. While combined therapies, including 
ICIs with local treatments, show promise in improving outcomes, the nuanced 
landscape of ICIs in liver metastatic GC necessitates continued research for robust 
conclusions. The current contradictions in the literature underscore the impor-
tance of cautious interpretation and the exploration of tailored approaches to 
enhance clinical efficacy in this challenging patient population.

Key Words: Gastric cancer; Liver metastasis; Immunotherapy; Immune checkpoint in-
hibitors; Transarterial chemoembolization; Tumor microenvironment
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Core Tip: In the context of gastric cancer patients with liver metastases, the standard treatment often involves combinations 
of immunotherapy and chemotherapy, particularly in specific patient groups. However, considering the intricate dynamics of 
the tumor microenvironment, the effectiveness of immunotherapies may be limited in cases of liver metastatic disease. In 
this context, especially considering the potential benefits of locally targeted treatments to the liver, further research and 
clinical studies are necessary to expand effective therapeutic options.

Citation: Bardakçi M, Ergun Y. Immunotherapy in gastric cancer with liver metastasis: Challenges and opportunities. World J 
Gastrointest Surg 2024; 16(6): 1513-1516
URL: https://www.wjgnet.com/1948-9366/full/v16/i6/1513.htm
DOI: https://dx.doi.org/10.4240/wjgs.v16.i6.1513

INTRODUCTION
Gastric cancer (GC) is the fifth most commonly diagnosed malignancy globally and ranks as the fourth leading cause of 
cancer-related deaths, making it a prominent digestive system malignancy[1]. The multifactorial nature of GC deve-
lopment involves Helicobacter pylori infection as a significant pathogenic factor, alongside other risk factors such as 
smoking, alcohol, poor nutrition, age, sex, and race[2,3]. Unfortunately, the prognosis for patients diagnosed with unre-
sectable or recurrent GC is grim, with a median overall survival (OS) of approximately 12-15 months[4,5].

Immune checkpoint inhibitors (ICIs) have revolutionized oncology, showing success in various tumors. However, 
studies indicate that liver metastasis reduces response rates, progression-free survival (PFS), and OS in malignancies 
when ICIs are used[6-9]. Despite the accumulating clinical evidence, uncertainty about how liver metastasis modulates 
the systemic antitumor immune response persists, and the underlying pathophysiological reasons for ICI resistance in 
these patients remain unclear. Previous studies in melanoma patients revealed that the presence of liver metastases is 
associated with decreased expression of activation and functional markers of CD8+ tumor-infiltrating lymphocytes du-
ring pre-ICI treatment cutaneous tumor biopsies, suggesting that liver-specific tolerance mechanisms may suppress 
systemic antitumor T-cell immunity[10,11].

In patients with metastatic disease, nonregional lymph nodes are the most common sites of metastasis in GC, with the 
liver being the most common target organ for hematogenous metastasis[12]. Due to the high incidence of liver metastasis 
in advanced GC patients, the prognosis is poor, with a five-year survival rate of < 10%[13]. Previously, the first-line sys-
temic treatment regimen for metastatic GC consisted of dual chemotherapy (platinum and fluoropyrimidine) with tra-
stuzumab in cases of HER2 overexpression.

The CheckMate-649 trial, a phase III study, randomized treatment-naive patients with advanced or metastatic gas-
troesophageal adenocarcinoma to receive either nivolumab plus chemotherapy (n = 473) or chemotherapy alone (n = 482)
[14]. The 3-year results indicated that in patients with a tumor PD-L1 combined positive score (CPS) ≥ 5, the combination 
of nivolumab and chemotherapy resulted in continued improvement in OS, PFS, and overall response rate compared to 
chemotherapy alone. This supports the ongoing use of nivolumab plus chemotherapy as the standard first-line treatment, 
providing significant long-term survival benefits. Subgroup analysis demonstrated a statistically significant improvement 
in median OS for patients with liver metastasis [hazard ratio (HR): 0.72, 95% confidence interval (95%CI): 0.60-0.85] and 
those without liver metastasis (HR: 0.84, 95%CI: 0.73-0.97). Similarly, the KEYNOTE-859 trial, a phase III study involving 
untreated patients with HER2-negative gastric or gastroesophageal junction adenocarcinoma, randomized participants to 
receive pembrolizumab plus chemotherapy (n = 790) or placebo plus chemotherapy (n = 789)[15]. The pembrolizumab 
plus chemotherapy group showed a significant improvement in OS with manageable toxicity, particularly in patients 
with liver metastasis (HR: 0.83, 95%CI: 0.70-0.99) and those without liver metastasis (HR: 0.73, 95%CI: 0.63-0.84).

A meta-analysis of 163 studies involving patients with liver metastatic solid tumors treated with ICIs revealed worse 
OS (HR: 1.82, 95%CI: 1.59-2.08) and PFS (HR: 1.68, 95%CI: 1.49-1.89) for individuals with liver metastasis compared to 
those without[16]. The impact of liver metastasis on ICI efficacy varied across tumor types, with the poorest prognosis 
observed in patients with urinary system tumors (HR: 2.47, 95%CI: 1.76-3.45; and HR: 2.37, 95%CI: 2.03-2.76, renal cell 
carcinoma and urothelial carcinoma, respectively), followed by melanoma (HR: 2.04, 95%CI: 1.68-2.49) and non-small cell 
lung cancer (HR: 1.81, 95%CI: 1.72-1.91). Digestive system tumors, including colorectal cancer (HR: 1.35, 95%CI: 1.07-1.71) 
and gastric/esophagogastric cancer (HR: 1.17, 95%CI: 0.90-1.52), were less affected. In a retrospective study by Liu et al
[17], which is the focus of this editorial, 48 patients were included, 20 of whom had liver metastases. The objective res-
ponse rates were 15.0% and 35.7% in the metastatic and nonmetastatic cohorts, respectively (P > 0.05). Similarly, disease 
control rates in these cohorts were 65.0% and 82.1%, respectively (P > 0.05). The median PFS was 5.0 months in the liver 
metastasis group compared to 11.2 months in the nonmetastatic group, and the median OS was 12.0 months in the liver 
metastasis group and 19.0 months in the nonmetastatic group. This study suggests that immunotherapy may be less ef-
fective in GC patients with liver metastases, but diverse results in the current literature emphasize the need for more 
extensive studies with homogeneous patient groups to draw definitive conclusions.

Targeted therapy and/or chemotherapy with immunotherapy, along with palliative radiotherapy, contribute to im-
proved survival outcomes in patients with liver metastatic GC, with promising synergistic effects reported[18]. Following 
the development of new antitumor drugs, therapeutic efficacy against tumors has significantly increased. The stimulation 
of tumor angiogenesis accompanies tumor progression and metastasis. Antiangiogenesis therapy can inhibit tumor an-
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giogenesis, reducing tumor growth and metastasis. Targeting angiogenesis by inhibiting vascular endothelial growth 
factors (VEGFs) has shown significant therapeutic effects in lung, hepatic, renal, gastric, and colon cancers[19,20]. 
Initiating an immune response requires antigen-presenting cells to acquire and process tumor antigens. Tumors such as 
hepatocellular carcinoma (HCC) lack sufficient lymphocyte infiltration in both the tumor and the surrounding microen-
vironment, making it challenging to generate an effective antitumor immune response. Local treatments, such as transar-
terial chemoembolization (TACE), induce tumor necrosis, exposing a large amount of tumor antigen and initiating the 
immune response cycle[21,22]. In a study involving patients diagnosed with unresectable HCC, the combination of len-
vatinib (anti-VEGF) and PD-1 inhibitors after drug-eluting bead TACE (DEB-TACE) resulted in higher objective response 
rates and surgical conversion rates[23].

CLINICAL IMPLICATIONS
Due to conflicting data in the literature, a definitive conclusion regarding the effectiveness of ICIs in liver metastatic GC 
cannot be reached at present. The existing contradictions in the literature underscore the need for further investigation 
and a cautious interpretation of available data.

Considering the unfavorable prognosis associated with liver metastasis, the exploration of combined therapies be-
comes paramount. Strategies such as combining ICIs with local treatments can be pivotal in optimizing outcomes for 
these patients. By doing so, we may unlock avenues to overcome the potential limitations posed by liver metastasis and 
enhance the overall effectiveness of immunotherapeutic interventions in managing advanced GC. Developing tailored 
and integrated approaches is promising in improving clinical outcomes in this challenging patient population.

CONCLUSION
The effectiveness of ICIs in liver metastatic GC remains unclear, with conflicting data in the current literature. The 
challenging prognosis necessitates the exploration of combined therapies, like integrating ICIs with local treatments, to 
enhance outcomes for these patients. Research focusing on specific approaches is crucial to overcome the complexities of 
advanced GC with liver metastases and improve overall clinical efficacy.
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Abstract
Recent medical literature shows that the application of artificial intelligence (AI) 
models in gastrointestinal pathology is an exponentially growing field, with pro-
mising models that show very high performances. Regarding inflammatory bowel 
disease (IBD), recent reviews demonstrate promising diagnostic and prognostic 
AI models. However, studies are generally at high risk of bias (especially in AI 
models that are image-based). The creation of specific AI models that improve 
diagnostic performance and allow the establishment of a general prognostic fo-
recast in IBD is of great interest, as it may allow the stratification of patients into 
subgroups and, in turn, allow the creation of different diagnostic and therapeutic 
protocols for these patients. Regarding surgical models, predictive models of post-
operative complications have shown great potential in large-scale studies. In this 
work, the authors present the development of a predictive algorithm for early 
post-surgical complications in Crohn's disease based on a Random Forest model 
with exceptional predictive ability for complications within the cohort. The pre-
sent work, based on logical and reasoned, clinical, and applicable aspects, lays a 
solid foundation for future prospective work to further develop post-surgical 
prognostic tools for IBD. The next step is to develop in a prospective and mul-
ticenter way, a collaborative path to optimize this line of research and make it 
applicable to our patients.
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Postsurgical; Complications; Inflammatory bowel disease; Gastrointestinal surgery

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

https://www.f6publishing.com
https://dx.doi.org/10.4240/wjgs.v16.i6.1517
mailto:javier.montero.arredondo@gmail.com


Arredondo Montero J. AI in gastrointestinal surgery

WJGS https://www.wjgnet.com 1518 June 27, 2024 Volume 16 Issue 6

Core Tip: Recent medical literature shows that the application of artificial intelligence models in gastrointestinal pathology is 
an exponentially growing field. In this work, the authors present the development of a predictive algorithm for early post-
surgical complications in Crohn's disease based on a Random Forest model with exceptional predictive ability for complic-
ations within the cohort. The present work, based on logical and reasoned, clinical, and applicable aspects lays, a solid 
foundation for future prospective work to further develop post-surgical prognostic tools for inflammatory bowel disease.

Citation: Arredondo Montero J. From the mathematical model to the patient: The scientific and human aspects of artificial intelligence 
in gastrointestinal surgery. World J Gastrointest Surg 2024; 16(6): 1517-1520
URL: https://www.wjgnet.com/1948-9366/full/v16/i6/1517.htm
DOI: https://dx.doi.org/10.4240/wjgs.v16.i6.1517

INTRODUCTION
These are times of change. Technological development has undergone exponential growth in recent decades, which has 
had direct repercussions on practically all aspects of our lives. And although healthcare moves at a different pace, marked 
by rigorous safety and ethical protocols, it has not escaped this change. The progressive computerization of our clinical 
records and the introduction of novel technology in the assistance of our patients, for example, are tangible realities. Al-
though these changes in our clinical practice can undoubtedly be beneficial, they often constitute a challenge and require 
further research to optimize them[1].

As scientists, the basis of our work is data. A physician cannot work without data. And if there is a technological re-
volution these days that is pertinent to highlight, it is that of data. The computerization and digitalization that I men-
tioned previously, together with the appearance of multiple tools that make it possible to obtain more and more accurate 
data, mean that we are at a historic moment in which we can obtain the greatest amount of data, (as well as the most 
accurate data), from our patients. But data alone is of no value. Data acquire value at the expense of their correct in-
terpretation. An illustrative example is the so-called survivor bias. This logical fallacy leads us to focus on people who 
pass a selection process while leaving out those who do not, which can lead to false conclusions. During World War II, for 
example, the United States government incurred this bias when analyzing aircraft returning from combat, recommending 
that damaged areas be reinforced. However, the interpretation was incorrect: It was the undamaged parts that should 
have been reinforced because the aircraft that suffered damage in those areas were those that did not return from combat. 
It was statistician Abraham Wald from the Statistical Research Group at Columbia University who analyzed the data in 
the right way and understood what was happening[2]. Therefore, Wald proposed that the Navy reinforce areas where the 
returning aircraft were unscathed. The data was there, it was just that it had not been interpreted correctly.

ARTIFICIAL INTELLIGENCE
And amid this information revolution, artificial intelligence (AI) emerges. But what is AI? According to Wikipedia, it is a 
discipline and a set of cognitive and intellectual capabilities expressed by computer systems or combinations of al-
gorithms whose purpose is the creation of machines that mimic human intelligence to perform tasks, and that can im-
prove as they gather information. And from this definition, I would like to highlight a few aspects: The first is that these 
computer capabilities mimic human intelligence. We can teach these tools to simulate our way of thinking, to “mimic” it, 
but never to replace it. The conception of original ideas in medical research, the "spark" inherent to our species that has 
led to unique and extraordinary discoveries is, in the opinion of the author of this text, inimitable. I think it is important 
that we encourage and safeguard critical thinking and the ability to produce original ideas, since one of the risks of the 
abuse of these models is precisely this, the loss of our "spark". The second is that these models improve as they ac-
cumulate and compile information. This is the basis of progress in science and medicine: Collaboration. I believe it is 
essential that strong international research groups are encouraged to develop these lines of research together to enhance 
their results and allow them to be extrapolated globally. Together we are more.

That said, I would like to turn my attention to the paper entitled "Predicting short-term major postoperative complic-
ations in intestinal resection for Crohn’s disease: A machine learning-based study”[3]. In this paper, the authors present 
the development of a predictive algorithm for early post-surgical complications in Crohn's disease based on a Random 
Forest model with exceptional predictive ability for complications within the cohort [area under the curve (AUC) = 0.965 
in the training cohort, AUC = 0.924 in the validation cohort].

Concerning AI models and gastrointestinal pathology, recent medical literature shows that this is an exponentially 
growing field, which indirectly translates the existing interest in this area. We found promising models for different pa-
thologies, such as gastric cancer, liver fibrosis and cirrhosis, gastrointestinal stromal tumors, and Barrett's esophagus, 
among others[4,5]. Overall, all these models (both diagnostic and prognostic) show very high performances that exceed 
the gold standards previously used. However, in most cases, they have been conceived for research purposes and their 
actual implementability in clinical practice is low or non-existent. Regarding AI models and inflammatory bowel disease 
(IBD), recent reviews demonstrate promising diagnostic and prognostic AI models. However, studies are generally at 
high risk of bias (especially in AI models that are image-based)[6]. The availability of specific AI models that improve 
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diagnostic performance and allow the establishment of a general prognostic forecast in IBD is of great interest, as it may 
allow the stratification of patients into subgroups and in turn, allow the creation of different diagnostic and therapeutic 
protocols for these patients. This goes hand in hand with the general trend in our profession towards so-called person-
alized medicine.

Surgery has always been a complex area in scientific terms due to multiple factors. First, the variability between sur-
geons in terms of surgical technique: Although the current tendency is to protocolize and standardize surgical practice, 
many variables are difficult to quantify (from the pressure exerted on the sutures to the amount of monopolar energy 
used). Second, the difficulty in reflecting as objective data many of the intraoperative aspects: We can quantify the sur-
gical time, but it is difficult to quantify the degree of peritoneal involvement in a patient with peritonitis or the degree of 
intestinal involvement in a diverticular disease. Nevertheless, despite the conceptual aspects previously explained, pre-
dictive models of postoperative complications have shown great potential in large-scale studies[7]. In this case, the 
authors have opted for the creation of a model with variables that are simple to collect and reproducible, which, in addi-
tion to making it rigorous, allows for possible external validation in the future. The Crohn's disease activity index (CDAI), 
the serum preoperative albumin, and the surgical duration are parameters that any surgeon can easily collect on their 
patients. On the other hand, it is pertinent to note that all the elements included have a strong biological plausibility in 
terms of post-surgical complications: A patient with hypoproteinaemia, high CDAI, or prolonged surgery is logically 
more susceptible to complications than a patient in a more favorable situation. In this case, except for urgent surgery, 
there are two modifiable factors such as CDAI and hypoalbuminemia, and a factor that the surgeon can keep in mind 
during the procedure such as surgical time.

Although there is a significant lack of knowledge regarding AI models, most of them are based on mathematical al-
gorithms that, through iterations, create predictive models. This is the same principle as that of other statistical models we 
are already familiar with, such as logistic regression. In this article, the authors opted for a Random Forest type model. 
This is a reasonable and justified decision, given that previous work has demonstrated the superiority of these models to 
other traditional models such as logistic regression[8]. However, there are nuances to this, given that in certain cases it 
may be preferable to opt for a model such as logistic regression (for example, in cases where the noise variables are sca-
rce). Random forest models have important advantages such as they can handle missing values and outliers, they can 
deal with classification and regression problems, and they can handle large amounts of data efficiently. However, it can 
be difficult and time-consuming to train them.

As I said at the beginning, we live in times of change, of rapid, almost vertiginous change. The amount of data we 
handle daily has become practically unmanageable, we are becoming dependent on technology. I think this is a mistake. I 
think we need to reflect long and hard about the direction we are heading in and realize that speed, while important, is 
not paramount. We must protect our critical thinking. We must reflect on the why of things. We must use technology as a 
resource within our reach, but not become dependent on it. We must look at the data and analyze it, and it is our respon-
sibility to interpret it properly, no matter how many tools we have to assist us. When an anesthesiologist sees a desatu-
ration on his patient's pulse oximetry monitor, the first thing he does is not to open the oxygen flow, but to look at the 
patient's finger to see if the sensor is correctly positioned: That is what defines us, the ability to think and reason. Feyn-
man, a renowned physicist who laid the foundations of quantum mechanics, once said, "Direction is more important than 
speed." I couldn't agree more. The present work lays a solid foundation for future prospective work to further develop 
post-surgical prognostic tools for IBD. And it does so because it is based on logical and reasoned, clinical and applicable 
aspects. This must be the way forward for AI. The next step, as I mentioned, is to develop a collaborative path to optimize 
this line of research in a prospective and multicenter way and make it applicable to our patients. We must not forget that 
we do not work with machines, we work with patients.

CONCLUSION
AI-based predictive models for gastrointestinal surgical pathology, such as the commented work, show promising re-
sults. However, larger-scale prospective studies are needed for validation. These models cannot supplant human rea-
soning and the human mind, so they should be conceived as complementary tools in research and not as integral au-
tomated elements.
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Abstract
In colon cancer surgery, ensuring the complete removal of the primary tumor and 
draining lymph nodes is crucial. Lymphatic drainage in the colon follows the 
vascular supply, typically progressing from pericolic to paraaortic lymph nodes. 
While NCCN guidelines recommend the removal of 10-12 lymph nodes for ade-
quate oncological resection, achieving complete oncological resection involves 
more than just meeting these numerical targets. Various techniques have been 
developed and studied over time to attain optimal oncological outcomes. A key 
technique central to this goal is identifying the ileocolic vessels at their origin from 
the superior mesenteric vessels. Complete excision of the visceral and parietal 
mesocolon ensures the intact removal of the specimen, while D3 lymphade-
nectomy targets all draining regional lymph nodes. Although these principles 
emphasize different aspects, they ultimately converge to achieve the same goal of 
complete oncological resection. This article aims to simplify the surgical steps that 
align with the principle of central vascular ligation and mesocolon mobilization 
while ensuring adequate D3 dissection.

Key Words: Carcinoma caecum; Carcinoma ascending colon; Right hemicolectomy; 
Extended right hemicolectomy; Central vascular ligation; Complete mesocolon excision; 
D3 lymphadenectomy; Laparoscopic right hemicolectomy; Minimally invasive hemico-
lectomy
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Core Tip: Despite many decades of research, there is no consensus on standard surgical techniques for right-side colon 
cancer. The complete oncological resection is much more than simple number of harvested lymph nodes. Identifying the 
ileocolic vessels at their origin from superior mesenteric vessels is the central technique to serve this purpose. Complete 
visceral and parietal mesocolon excision removes the intact specimen. D3 lymphadenectomy removes all draining regional 
lymph nodes. Both principles serve the same goal with different emphases. So addressing adequate lymphadenectomy with 
complete negative margin R0 resection is central to this article.

Citation: Yadav K. Laparoscopic right radical hemicolectomy: Central vascular ligation and complete mesocolon excision vs D3 
lymphadenectomy - How I do it? World J Gastrointest Surg 2024; 16(6): 1521-1526
URL: https://www.wjgnet.com/1948-9366/full/v16/i6/1521.htm
DOI: https://dx.doi.org/10.4240/wjgs.v16.i6.1521

INTRODUCTION
Radical right hemicolectomy remains the preferred treatment for right-sided colon cancers, with the removal of draining 
lymph nodes being a crucial step for long-term survival. Despite decades of research, controversies persist regarding 
which lymph node stations should be removed and the establishment of universal nomenclature. The Japanese classi-
fication for colon cancer categorizes regional lymph nodes into D1 (pericolic lymph nodes), D2 (pericolic and inter-
mediate lymph nodes), and D3 (nodes at the origin of blood supply)[1]. In right hemicolectomy, D3 dissection entails 
removing lymph nodes along the ileocolic (ICL) artery, the right colic artery if present, and the right branch of the middle 
colic artery (MCA). Extended right hemicolectomy includes resection of lymph nodes along the MCA, including its left 
branch[2] (Figure 1). The JCOG0205 study, comparing oral with intravenous fluorouracil as adjuvant chemotherapy for 
stage III colorectal cancer, reported a 5-year overall survival rate of 87.5% in the D2/D3 dissection group[3].

An oncologically appropriate surgery with R0 resection and adequate lymphadenectomy significantly improves the 
survival of colon cancer patients[4,5]. Complete mesocolon excision (CME) with central vascular ligation (CVL) has been 
associated with a 15% better overall survival at 5 years, with this improvement reaching up to 27% in stage III cases[6]. 
The fundamental principle is to remove the cancer-bearing segment of the colon along with the intact fascia and lym-
phovascular drainage[5]. The Japanese Society recommends D2 dissection for early-stage and D3 dissection for higher 
stages, with a focus on retrieving more affected lymph nodes. European centers advocate for CME + CVL, with an em-
phasis on embryological planes of surgery. Both principles have been developed independently to achieve the best 
possible survival outcomes and are the result of constant efforts by dedicated cancer surgeons, evolving from simply 
ligating feeding vessels. In this paper, we describe our surgical technique involving CME + CVL while also addressing D3 
lymph node removal.

SURGICAL TECHNIQUE
Preoperative preparation and patient position
Before surgery, patients undergo preoperative bowel preparation with a laxative, along with prophylactic intravenous 
third-generation cephalosporin and metronidazole administered 30 min prior. Patients are positioned in a low lithotomy 
position, with a body warmer blanket and belt applied over the chest. Shoulder supports are utilized, and the legs are 
secured in lithotomy poles along with deep vein thrombosis pumps. A 12-mm camera port is inserted just above the um-
bilicus, and two 5-mm ports are inserted along the midclavicular line in the epigastric and left iliac regions. An additional 
5-mm port may be used in the right iliac region for retraction. The table is positioned in the Trendelenburg position with 
the right side upwards.

Exposure of superior mesenteric vessels
The mesentery of the ascending colon and terminal ileum is retracted upwards and laterally, creating tension on the ICL 
pedicle. This maneuver induces a stretch in the midline at the origin of the ICL pedicle from the superior mesenteric 
vessels, facilitating identification of the superior mesenteric vein (SMV). The mesentery is incised along an appropriate 
line over the SMV, below the third part of the duodenum and approximately opposite the falciform ligament. Fibrofatty 
and lymphatic tissue are reflected towards the right, exposing the right side of the SMV. The origin of the ICL pedicle is 
identified, and further dissection superiorly over the SMV reveals the MCA.

Ligation of ICL pedicle
The duodenum is identified, and the mesentery overlying it is reflected, revealing an avascular plane. Continued inferior 
dissection over the SMV allows for the skeletonization of the ICL pedicle origin. All lymphatic tissue is reflected towards 
the right, and the ICL pedicle is doubly ligated at its origin with hemoclip and then cut (Figure 2).
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Figure 1 Line of resection for ascending colon/ caecum malignancy (blue line) & malignancy near hepatic flexure (purple line). Resection 
areas are shaded.

Figure 2  Ileocolic pedicle skeletonized and ligated at origin.

Ligation of the right branch of MCA or MCA at the origin
The MCA is identified through previous dissection, and the transverse colon is retracted upwards to expose both the 
right and left branches of the MCA. In cases where the primary tumor is located in the cecum or ascending colon, the 
right branch of the MCA is ligated and cut (Figure 3). Alternatively, in cases where the primary tumor is around the 
hepatic flexure, the MCA is ligated at its origin. These resection lines allow for the removal of all draining lymph nodes 
up to D3 stations (Figure 4).

Medial to lateral mobilization of mesocolon
The ligated ICL pedicle is lifted upwards, and dissection is performed along the fascia above the retroperitoneum, iden-
tifying Toldt’s fascia, a thin white fascia between the ascending colon anteriorly and the retroperitoneum posteriorly[7]. 
By pushing the mesocolon above the duodenum upwards and the duodenum downwards, mobilization in an avascular 
plane is achieved. This embryological fascial plane that lines between the ascending colon anteriorly and the duodenum 
and pancreas posteriorly is Fredet’s fascia[8]. This mobilization, starting at the origin of the vascular pedicle along the 
right border of the SMV, proceeds laterally to the abdominal wall. Thin white fascia is kept intact towards the mesocolon 
and lifted above from the retroperitoneum, duodenum, and pancreas posteriorly. A mesenteric cut is made along the ter-
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Figure 3  Right branch of middle colic artery ligated at division.

Figure 4  Middle colic artery origin from superior mesenteric artery.

minal ileum at 7-10 cm, depending on the location of the primary tumor and vascular supply. Mesocolon is cut along the 
MCA superiorly, and medial to lateral mobilization is completed above the duodenum and pancreas up to the hepatic 
flexure.

Supracolic and lateral dissection
The gastrocolic omentum is divided, entering the lesser sac and completing the mobilization of the hepatic flexure. 
Lateral dissection of the already mobilized ascending colon along Toldt’s line is performed, completing the dissection 
(Video 1).

Anastomosis and specimen delivery
The umbilical port is enlarged by 2-3 cm, and a wound protector is applied. The mobilized colon is delivered out, me-
senteric cuts are identified, and the ileum is positioned alongside the transverse colon. Enterotomy is made towards the 
ascending colon, and a linear cutter stapler is introduced into the ileum and transverse colon, performing side-to-side 

https://f6publishing.blob.core.windows.net/1deb9099-25b0-463b-a255-934bc6a3a84b/91753-Video%201.avi
https://f6publishing.blob.core.windows.net/1deb9099-25b0-463b-a255-934bc6a3a84b/91753-Video%201.avi
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anastomosis with the first fire. Subsequently, the linear cutter stapler is placed beyond the enterotomy towards the ana-
stomosis, and anastomosis is completed with the second fire. The specimen is delivered out, and the ileotransverse 
anastomosis segment is positioned internally. This technique minimizes stapler usage and is cost-effective. Alternatively, 
intracorporeal anastomosis can be performed using Endo GIA staplers.

DISCUSSION
Studies on CME have demonstrated a survival advantage of > 10% with the adoption of this technique[9]. Similarly, 
research focusing on D3 lymphadenectomy has shown a relative risk reduction in mortality by 18%[10]. Despite ori-
ginating from different understandings and evolving in various regions globally, both approaches ultimately aim for the 
same outcome of improved cure rates and follow similar surgical principles. CME emphasizes the complete excision of 
the mesocolon fascia on both sides, while D3 lymphadenectomy focuses on removing lymph nodes along major feeding 
blood vessels. However, both techniques ultimately dissect along embryological fusion planes. Surgeons have meticu-
lously confirmed the existence of colonic mesentery along the full length of the colon, which can be separated from the 
retroperitoneum along an avascular areolar tissue[11,12]. Goligher described the separation of this mesocolon towards the 
midline starting from Toldt’s line and along Toldt’s fascia[13]. Despite these universally recognized embryological prin-
ciples, there remains a lack of consensus on what constitutes radical optimal right hemicolectomy. CVL is the surgical 
principle that is widely accepted across studies[14-16]. The distinction between D3 Lymphadenectomy and CME pri-
marily lies in the extent of longitudinal bowel length dissection.

Our study seeks to underscore the importance of modern surgical principles in right hemicolectomy for malignancy. In 
the contemporary era, all advancements should be integrated, and efforts should be made to standardize surgical tech-
niques for colon cancer globally. These principles should be incorporated into the teaching curriculum of medical co-
lleges. By incorporating crucial cure-defining steps into a consensus definition, there could be broader adoption of those 
surgical techniques. The incorporation of important surgical techniques has led to oncological benefits worldwide, such 
as total mesocolon excision for rectal cancer and D2 Lymphadenectomy for gastric cancer[14,17]. Recognizing these po-
tential benefits, we propose that the nomenclature for standard right radical hemicolectomy surgery should reflect 
survival-improving steps. It is suggested to use “Central Vascular Ligation with Complete Mesocolon Excision (CVL + 
CME) with D3 lymphadenectomy” for right-sided colon cancer surgery. This emphasis on nomenclature may lead to 
better adoption of key surgical principles in this procedure, resulting in proven better overall survival rates globally.

CONCLUSION
Surgical techniques are refined based on embryology and tumor biology, with the adoption of these techniques resulting 
in better survival and cure rates in oncology. We advocate for the adoption of CME + CVL with D3 lymphadenectomy as 
the standard approach for carcinoma of the right side of the colon. Both open and minimally invasive approaches can be 
utilized when performing this surgery.
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Abstract
BACKGROUND 
Natural orifice specimen extraction surgery (NOSES) has emerged as a promising 
alternative compared to conventional laparoscopic-assisted total gastrectomy 
(LATG) for treating gastric cancer (GC). However, evidence regarding the efficacy 
and safety of NOSES for GC surgery is limited. This study aimed to compare the 
safety and feasibility, in addition to postoperative complications of NOSES and 
LATG.

AIM 
To discuss the postoperative effects of two different surgical methods in patients 
with GC.

METHODS 
Dual circular staplers were used in Roux-en-Y digestive tract reconstruction for 
transvaginal specimen extraction LATG, and its outcomes were compared with 
LATG in a cohort of 51 GC patients with tumor size ≤ 5 cm. The study was 
conducted from May 2018 to September 2020, and patients were categorized into 
the NOSES group (n = 22) and LATG group (n = 29). Perioperative parameters 
were compared and analyzed, including patient and tumor characteristics, 
postoperative outcomes, and anastomosis-related complications, postoperative 
hospital stay, the length of abdominal incision, difference in tumor type, 
postoperative complications, and postoperative survival.

RESULTS 
Postoperative exhaust time, operation duration, mean postoperative hospital stay, 
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length of abdominal incision, number of specific staplers used, and Brief Illness Perception Questionnaire score 
were significant in both groups (P < 0.01). In the NOSES group, the postoperative time to first flatus, mean 
postoperative hospital stay, and length of abdominal incision were significantly shorter than those in the LATG 
group. Patients in the NOSES group had faster postoperative recovery, and achieved abdominal minimally 
invasive incision that met aesthetic requirements. There were no significant differences in gender, age, tumor type, 
postoperative complications, and postoperative survival between the two groups.

CONCLUSION 
The application of dual circular staplers in Roux-en-Y digestive tract reconstruction combined with NOSES 
gastrectomy is safe and convenient. This approach offers better short-term outcomes compared to LATG, while 
long-term survival rates are comparable to those of conventional laparoscopic surgery.

Key Words: Gastric cancer; Circular stapler; Natural orifice specimen extraction surgery; Laparoscopic-assisted total 
gastrectomy

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Natural orifice specimen extraction surgery (NOSES) in laparoscopic-assisted total gastrectomy (LATG) has a 
reduced requirement for abdominal incision and associated complications, decreased pain and discomfort, and improved 
postoperative recovery. The combined use of dual circular staplers in Roux-en-Y digestive tract reconstruction in LATG has 
a lower incidence of postoperative stenosis complications. Postoperative exhaust time, operation duration, mean 
postoperative hospital stay, length of abdominal incision, number of specific staplers used, and Brief Illness Perception 
Questionnaire score were significant in both groups. NOSES has emerged as a promising alternative compared to conven-
tional LATG for treating gastric cancer.

Citation: Zhang ZC, Wang WS, Chen JH, Ma YH, Luo QF, Li YB, Yang Y, Ma D. Perioperative outcomes of transvaginal specimen 
extraction laparoscopic total gastrectomy and conventional laparoscopic-assisted total gastrectomy. World J Gastrointest Surg 2024; 
16(6): 1527-1536
URL: https://www.wjgnet.com/1948-9366/full/v16/i6/1527.htm
DOI: https://dx.doi.org/10.4240/wjgs.v16.i6.1527

INTRODUCTION
Gastric cancer (GC) remains a highly fatal disease with unfavorable overall survival rates worldwide. It ranks as the 
fourth most common cancer in men and the seventh most common in women[1,2]. Despite notable advances in science 
and technology, the survival rate for GC is still unsatisfactory. Conventional laparoscopic-assisted total gastrectomy 
(LATG) is a widely accepted approach for treatment of GC[3]. While it significantly minimizes surgical trauma, patients 
still experience physical and psychological distress due to the abdominal incision required for specimen extraction and 
digestive tract reconstruction. The prolonged duration of the operation and the postoperative recovery period not only 
cause psychological trauma on patients, but also pose additional emotional strains on their family. Natural orifice 
specimen extraction surgery (NOSES) is a novel, minimally invasive surgical technique that enables specimens to be 
extracted through natural orifices such as the anus or vagina, using conventional laparoscopic instruments, transanal 
endoscopic microsurgery, or soft endoscopy, without the need for additional incisions[4]. Compared to conventional 
abdominal surgery, NOSES is associated with reduced postoperative pain, fewer wound complications, earlier recovery 
of bowel function, and shorter hospital stays. Although there are limited reports on NOSES in GC, an increasing number 
of patients have benefited from this novel technique. At the same time, for patients with potentially curable GC (i.e., 
nonmetastatic GC), NOSES may offer new prospects for achieving better clinical outcomes. Recent studies also suggested 
the feasibility of NOSES in advanced GC[5,6]. The benefits of NOSES over conventional LATG are gradually being 
accepted, including reduced surgical time and improved postoperative aesthetics. To address the aforementioned 
concerns, NOSES has emerged as an advanced laparoscopic technique that minimizes surgical injury, reduces the risk of 
wound complications, and alleviates postoperative pain by removing the specimen through natural orifices connected to 
the external environment, such as the vagina or anus. Several studies have reported that NOSES can reduce the use of 
postoperative analgesia, accelerate the recovery of intestinal function, and shorten the length of hospital stay for gastric 
surgery compared to conventional specimen extraction approaches[7,8].

There are two main choices for digestive tract reconstruction in total gastrectomy, the linear stapler and circular 
stapler, which are typically performed to restore continuity of the alimentary canal. Esophagojejunostomy using a linear 
stapler is associated with a higher likelihood of anastomotic leakage or stenosis in clinical practice[9,10]. In the era of open 
surgery and laparoscopic-assisted gastrectomy, surgeons preferred circular staplers. There are several advantages of 
using a circular stapler. First, it conforms to the natural physiological state of the digestive tract; second, it can avoid the 
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common opening made by a linear stapler; and third, the anastomosis created by a circular stapler is less prone to 
narrowing. One of the two circular staplers we used is OrVil™, which is inserted through the mouth to complete the 
esophagojejunostomy. OrVil is a device designed to make it easier to perform this procedure in a minimally invasive 
manner, thereby avoiding difficulties caused by a short esophageal stump and reducing the need for purse-string sutures
[11]. Studies have indicated that the application of OrVil for gastrointestinal reconstruction procedures can be both safe 
and effective, with comparable outcomes to the traditional circular stapling techniques[12,13]. In this study, we 
introduced a dual circular stapler combined with NOSES for LATG for GC. At a distance of 40 cm from the gastroenter-
ostomy of the esophagus, we performed an anastomosis of the jejunum using a circle stapler with a diameter of 21 mm, 
thus achieving Roux-en-Y digestive tract reconstruction following total gastrectomy.

MATERIALS AND METHODS
Patient eligibility
A total of 51 patients who were diagnosed with GC and underwent LATG with D2 regional lymph node dissection 
between May 2018 and September 2020 at the Department of General Surgery, Xinqiao Hospital were included in this 
study, and categorized into the NOSES group and LATG group. The patients in the NOSES group were selected based on 
the following criteria: (1) Female patients with stage II or II GC with the lesion located in the fundus or showing poorly 
differentiated adenocarcinoma, requiring total gastrectomy; (2) Patients who did not require fertility preservation and 
had no history of gynecological or obstetric diseases; and (3) Written informed consent was obtained. The remaining 
patients were assigned to the LATG group.

Two types of gastrointestinal reconstructive surgery were evaluated for their clinical outcomes. Patient data were 
collected from medical records, including age, sex, body mass index (BMI), extent of lymph node dissection, anastomosis 
method, anastomosis-related complications, number of stapler cartridges used, time required for anastomosis, operation 
time, estimated blood loss, days to first flatus, liquid diet time, length of postoperative hospital stay, and postoperative 
complications. The resected specimens were histologically assessed for the length of proximal and distal margins, number 
of harvested lymph nodes, and TNM stage, according to the 8th edition of the Union for International Cancer Control 
(UICC).

Patients were routinely followed up at outpatient clinics 2 weeks after discharge and at 3 and 6 months after the 
operation, and then every 3 months thereafter. The presence of postoperative symptoms was recorded for each patient 
during each follow-up visit, and included reflux, dyspepsia, dumping syndrome, postprandial discomfort, and diarrhea. 
The study was approved by the Institutional Review Board, and all patients provided written informed consent.

Preoperative treatment
Preoperative chemoradiotherapy was performed by radiation oncologists and medical oncologists based on the clinical 
stages and patients’ preferences, which was not included in the protocol of this trial. For patients who received 
preoperative chemotherapy, the surgery was performed 6-8 weeks after the completion of chemotherapy. Before surgery, 
these patients were evaluated for eligibility, and assigned to treatment groups according to the trial protocol.

Surgical procedure
All surgeons were qualified and experienced. The surgeon stood on the left side of the patient, with the first assistant 
standing on the right side. During the operation, the surgeon and the first assistant switched positions as needed. The 
camera assistant stood between the patient’s legs. Under general anesthesia, the abdomen, pelvis and vaginal canal were 
disinfected with diluted iodophor water. In the reverse Trendelenburg position with the legs apart, five trocars were 
inserted. During the operation, the greater curvature was mobilized along the transverse colon using a harmonic scalpel 
(Ethicon Endo-Surgery Inc., Cincinnati, OH, United States). The left gastric vessels were identified after opening the bursa 
omentalis. The greater curvature was mobilized until the splenic hilum for complete omentectomy. The infrapyloric 
lymph nodes were dissected toward the duodenum and the distal gastric vessels (right gastroepiploic and right gastric) 
were transected using the harmonic scalpel. The duodenum was then cut using a laparoscopic 60-mm stapler (EndoGIA, 
Covidien, Mansfield, MA, United States), and the roots of the left gastric vessels were exposed. The left gastric vein was 
divided using the harmonic scalpel and the intact left gastric artery was used to expose the other branches of the celiac 
trunk. Lymph node dissection was continued along the hepatic and splenic arteries. The left gastric artery was 
subsequently divided near its root after double clipping. Dissection was then extended to the esophagocardiac junction at 
the lesser curvature and these lymph nodes were included in the resection specimen. The stomach was divided at the 
esophagogastric junction using a 60-mm laparoscopic stapler, and the specimen was placed and sealed in a retrieval bag.

Following the dual circular staplers operating instructions, the anvil of OrVil™ (Covidien) was placed through the 
mouth. Under the laparoscopic monitoring, the head joint of the anvil was pulled out from the esophageal stump 
(Figure 1A). The jejunum and mesentery was cut at a distance of 30 cm from the flexor’s ligament using an endoscopic 
linear cutter. The operating handle of the 25-mm diameter circular stapler was then placed into the abdominal cavity 
through the left upper abdominal puncture hole (Figure 1B), with posture adjustments made to avoid damage to the gut. 
A plastic specimen bag that was inserted from the left upper abdominal puncture hole was used to isolate the hole from 
the stapler. Under laparoscopic monitoring, the esophagojejunostomy of Roux-en-Y reconstruction was performed using 
the first circular stapler (Figure 1C). The jejunal stump was closed with a 60-mm linear stapler (Figure 1D). Subsequently, 
a 3-cm transverse transvaginal posterior colpotomy was performed under laparoscopic control, and the incision was 
enlarged bluntly using the fingers. Another anvil with a diameter of 21 mm was inserted through the vagina and into the 
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Figure 1 Surgical procedure. A: The anvil was pulled out from the esophageal stump; B: The operating handle was placed through the left upper abdominal 
puncture hole; C: The esophagojejunal anastomosis was performed by laparoscopic 25-mm circular stapler; D: The jejunal stump was closed with a linear stapler; E: 
The 21-mm anvil was fixed by purse-string suturing under laparoscopy; F: The jejunal stump was closed with linear stapler; G: The specimen was delivered through 
the vagina; H: The horizontal incision on the posterior wall of the vagina was closed with a running absorbable suture.

distal jejunum at 40 cm from the esophagojejunostomy. The anvil was secured with a purse-string suture under 
laparoscopy (Figure 1E). The handle of the stapler was inserted into the proximal jejunum via the left upper abdominal 
puncture hole too, with isolation from a plastic specimen bag. The end-to-side jejunostomy was fashioned using the 
second circular stapler and the stump was closed intracorporeally. The jejunal stump was closed with a 60-mm linear 
stapler (Figure 1F). The specimen was grasped with an ovary clamp through the vaginal incision and carefully pulled into 
the vagina (Figure 1G). The specimen was always contained within a retrieval bag, and there was no contact between the 
specimen and the abdominal cavity or the vagina throughout the procedure. Following removal of the specimen, the 
horizontal incision on the posterior wall of the vagina was closed using a running absorbable suture (Figure 1H), and an 
abdominal drain was used. Meticulous closure of the colpotomy and the use of an abdominal drain minimized the risk of 
postoperative complications.

Outcome measurement
The primary outcomes in this trial study were significantly different regarding postoperative abdominal incision length 
and postoperative exhaust time. Secondary outcomes included surgical quality, pathological outcomes, intraoperative 
blood loss, postoperative discharge time, and long-term tumor outcomes. Two distinct surgical procedures were used in 
this trial, and intraoperative hemorrhage was measured by subtracting the weight of the irrigation fluid from the suction 
blood and wet gauze. Pathology specimens were processed and assessed by the Department of Pathology, Xinqiao 
Hospital of Army Medical University in accordance with the Chinese Standardization Criteria for Tumor Pathology 
Diagnosis. The macroscopic completeness and quality of the specimen were assessed by pathologists according to 
previously reported criteria. The tumor stage was determined according to the 8th edition of the UICC TNM staging 
system. All enrolled patients were evaluated using the Brief Illness Perception Questionnaire (BIQ) and the Quality of 
Life Questionnaire (QLQ) scales. These questionnaires were distributed and collected by specialized staff, without the 
participation of the surgeons. All patients were asked to complete a questionnaire at the time of postoperative 
assessment. Follow-up principles were based on the Chinese standards of diagnosis and treatment of GC. Patients were 
asked to attend the hospital’s outpatient department for documented visits and examinations. Specialized staff were 
arranged to collect follow-up data by making phone calls or sending emails if the patient did not come on time. An 
independent statistician monitored the data and focused on the safety markers. All data were recorded in the case report 
form by the trial investigators. Two different investigators checked the records for confirmation. Although no blinding to 
treatment allocation was incorporated in this trial, the outcomes were evaluated and recorded by two blinded assessors 
according to medical documents without knowledge of the grouping allocation.

Statistical analysis
All data were analyzed using GraphPad Prism 8.0 (La Jolla, CA, United States) and displayed as the mean ± SE. 
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Comparisons between two experimental groups were conducted using nonparametric tests, while differences among 
more than two groups were analyzed using one-way ANOVA followed by Dunnett’s post hoc tests. The primary outcome 
measure was the 30-day postoperative complication rate (Clavien–Dindo Grade II or higher), which was compared using 
Fisher’s exact test without adjustment for baseline characteristics. The difference and 95% confidence interval (CI) in 
postoperative complication rate were evaluated using unadjusted Miettinen–Nurminen scoring methods. Adjusted 
analysis for the primary outcome was conducted as per the predefined statistical analysis plan (Supporting Information: 
Trial Protocol), using multilevel logistic regression for the following factors: sex, age, ASA classification, BMI, abdominal 
surgery history, preoperative chemoradiotherapy, tumor size, pathological T stage, and pathological N stage. All P values 
were two-sided and considered significant when < 0.05.

RESULTS
Clinical characteristics
Between May 2018 and September 2020, 51 eligible patients with GC were randomized to receive either NOSES or LATG 
(Table 1). The surgeons were on the same team after grouping, and both groups were similar regarding age, BMI, extent 
of lymph node dissection, time to eat, and tumor stage with no significant differences in statistical analysis (Figure 2). The 
average total operating time was 284.23 min in the NOSES group and 221.15 min in the LATG group. Notably, the 
postoperative exhaust time was significantly shorter in the NOSES group (63.86 h) than in the LATG group (81.27 h). 
Nonetheless, there were no significant differences between the two groups (Figure 2). No patients were lost to follow-up 
after 2 years, four (7.8%) experienced recurrence (locoregional recurrence or distant metastases), one (1.9%) died, two 
(3.9%) had postoperative increase in carcinoembryonic antigen (CEA) increase, and two (3.9%) experienced postoperative 
hemorrhage.

Postoperative complications
During the 2-year follow-up period, one death occurred in the control group because of myocardial infarction. Two 
patients showed an increase in CEA levels and one patient developed bone metastasis in the experimental group. In the 
control group, one patient experienced postoperative abdominal metastasis or recurrence, one patient had liver 
metastasis, and one patient had pulmonary infection. Postoperative complications such as anastomotic leakage, 
abdominal infection, intestinal obstruction, incision-related complications, and deep vein thrombosis or pulmonary 
embolism were observed. However, there was no significant difference in the incidence of these complications between 
the two groups (Table 2).

Pathological characteristics
The postoperative pathological findings were compared between the two groups. There was no significant difference in 
the pathological TNM stage or other pathological characteristics (Figure 3).

Surgical outcomes
All operations in both groups were successfully completed. However, the NOSES group had a significantly longer mean 
operating time (NOSES 284.2 minutes vs LATG 221.5 minutes), and higher mean BIQ score (NOSES 41 vs LATG 31). 
Additionally, there was a significant difference between the two groups for the mean number of anvils used (LATG 3.5 vs 
NOSES 5). The mean abdominal incision length was longer in the LATG group (9.3 cm) than in the NOSES group (3.1 
cm).

Postoperative short-term recovery
The NOSES group demonstrated significantly better postoperative gastrointestinal recovery, as evidence by a shorter 
mean time to first flatus emission (NOSES 63.8 hours vs LATG 81.3 hours), and a shorter mean time to consume a 
semifluid diet (NOSES 5.5 days vs LATG 6 days). Although there was a significant difference in the time to exhaust, no 
significant difference was found between the two groups for mean length of hospital stay (LATG 8.5 days vs NOSES 8.2 
days).

DISCUSSION
Laparoscopic surgery for GC has several advantages of reduced surgical trauma, less gastrointestinal interference, 
minimal bleeding (no or less need for blood transfusion), decreased postoperative pain, shorter recovery time, smaller 
incision scars, and significantly lower rates of postoperative complications. As a result, laparoscopic surgery has become 
more popular for treatment of GC. In the early stage of laparoscopic surgery, abdominal incision was necessary for 
specimen collection and release. Over time, the introduction of NOSES technology has gradually shifted the concept of 
minimally invasive surgery. There are three potential natural orifices for abdominal specimen extraction in humans, 
transanal, transoral and transvaginal.

Reconstruction of the digestive tract after total gastrectomy is difficult and is a focus of debate and research[14,15]. The 
principles of gastrointestinal reconstruction in GC surgery include ensuring oncological safety, safe anastomosis, not 
increasing the risk of anastomotic complications, reducing functional damage, and ease of operation[16,17]. There are 
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Table 1 Baseline characteristics

NOSES LATG

Sex, n (%)

    Male 0 (0) 23 (79.3)

    Female 22 (100) 6 (20.7)

Age (year), mean (SD) 56.59 56.86

ASA classification, n (%)

    I 14 (63.7) 19 (65.5)

    II 8 (36.3) 10 (34.5)

Intraoperative blood loss (mL, SD) 218.18 211.72

Concomitant disease, n (%)

    Hypertension 7 (32) 8 (27.6)

    Diabetes 2 (9) 4 (13.8)

    Cardiac 10 (4.5) 10 (3.4)

Abdominal incision length (cm) 3.18 9.28

Postoperative exhaust time (h, SD) 63.86 81.28

Body mass index (kg/m2), n (%)

    Underweight < 18.5 1 (4.5) 1 (3.4)

    Normal 18.5-23.9 2 (9.1) 19 (65.5)

    Overweight 24-27.9 16 (72.8) 8 (27.6)

    Obese ≥ 28 3 (13.6) 1 (3.5)

With previous abdominal surgery, n (%) 3 (13.6) 3 (10.3)

Preoperative CEA (ng/mL), n (%)

    < 5 20 (91) 29 (100)

    ≥ 5 2 (9) 0 (0)

Clinical TNM stage, n (%)

    I 9 (40.9) 13 (44.8)

    II 4 (18.1) 1 (3.5)

    III 9 (41) 15 (51.7)

Mean operation time (minutes) 284.23 221.15

Undergo postoperative chemotherapy, n (%) 17 (77.3) 18 (62)

Postoperative complications, n (%)

    Postoperative bleeding 0 (0) 0 (0)

    Postoperative liver metastasis 0 (0) 0 (0)

    Bone metastasis 0 (0) 0 (0)

    Pulmonary infection 0 (0) 0 (0)

    Postoperative anastomotic leakage 0 (0) 0 (0)

    Postoperative abdominal infection 0 (0) 0 (0)

    Incision-related complications 0 (0) 0 (0)

    Postoperative intestinal obstruction 0 (0) 0 (0)

    Deep vein thrombosis or pulmonary embolism 0 (0) 0 (0)

NOSES: Natural orifice specimen extraction surgery; LATG: Laparoscopic-assisted total gastrectomy.
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Table 2 Statistical analysis

P value Mean of LATG Mean of NOSES Difference SE of difference

Operation time (minutes) 0.000215 225.0 284.2 -59.23 14.81

Postoperative exhaust time (hours) 0.001373 81.28 63.86 17.41 5.130

Abdominal incision length (cm) < 0.000001 9.276 3.182 6.094 0.3357

Number of anvil used < 0.000001 3.586 5.000 -1.414 0.2021

BIQ score < 0.000001 31.10 41.45 -10.35 0.4849

Age 0.921270 56.86 56.59 0.2712 2.729

Weight (kg) 0.348282 60.37 57.09 3.283 3.466

BMI (kg/m2) 0.368479 22.78 23.89 -1.106 1.218

Intraoperative blood loss (mL) 0.884527 211.7 218.2 -6.458 44.23

Lymph node dissection 0.431364 20.24 17.59 2.650 3.341

Postoperative hospital stay (days) 0.723817 8.448 8.227 0.2210 0.6218

Analgesic drug use 0.453535 0.5172 0.4091 0.1082 0.1431

History of abdominal operation 0.724385 0.1034 0.1364 -0.03292 0.09281

Eat a liquid diet (days) 0.079366 6.000 5.545 0.4545 0.2537

Postoperative adjuvant therapy 0.255226 0.6207 0.7727 -0.1520 0.1321

NOSES: Natural orifice specimen extraction surgery; LATG: Laparoscopic-assisted total gastrectomy.

Figure 2 Clinical characteristics in the natural orifice specimen extraction surgery group and laparoscopic-assisted total gastrectomy 
group. NOSES: Natural orifice specimen extraction surgery; LATG: Laparoscopic-assisted total gastrectomy; BMI: Body mass index. bP < 0.01.

several options for digestive tract reconstruction after total gastrectomy, including jejunal interposition, double channel 
method, storage bag, loop anastomosis. Roux-en-Y anastomosis has become the most commonly used method for 
digestive tract reconstruction. The choice of which method to implement for esophagojejunal anastomosis, whether to use 
a tubular stapler or a linear cutter, and determining which method is superior, are all urgent questions[18,19]. Where is 
the esophagojejunal anastomosis pathway for complete LATG? We believe that using a linear cutter to perform esophago-
jejunal lateral anastomosis and complete endoscopic total gastrectomy for digestive tract reconstruction may be the most 
common choice using the existing anastomotic instruments. However, there are still many problems with linear staplers, 
such as the need to preserve a longer segment of the lower esophagus. Therefore, it is necessary to clearly understand the 
appropriate indications. One of the advantages of circular staplers is that they eliminate the need for manual purse-string 
sutures, simplifying the surgical procedure. We believe that the breakthrough in research and development of a tubular 
stapler suitable for complete laparoscopic esophagojejunostomy means that the use of tubular staplers for complete 
endoscopic total gastrectomy and digestive tract reconstruction may become mainstream again.
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Figure 3 Adenocarcinoma. NOSES: Natural orifice specimen extraction surgery; LATG: Laparoscopic-assisted total gastrectomy.

With the progress of minimally invasive technology, an increasing number of people can accept the use of natural 
cavity specimen retrieval technology. To date, there are no studies reporting on NOSES compared to conventional LATG. 
Our study provides clinicians with valuable reference data related to both surgical options. Our findings indicated that 
the experimental group showed significant improvements in terms of gastrointestinal recovery time and abdominal 
incision length. Gastrojejunostomy may be difficult to perform through a small incision in obese patients due to poor 
visualization, and extracorporeal anastomosis has been associated with tissue traction, injury, and an increased risk of 
infection. In such cases, an extension of the laparotomy may be necessary to obtain a better view and ensure a secure 
anastomosis during gastrectomy for GC. Additionally, tumors located at the gastroesophageal junction may require a 
longer remaining healthy esophageal stump to ensure adequate negative margins, which may not be conducive to 
esophagojejunostomy. In terms of esophagojejunal anastomosis, the use of a linear cutting stapler requires a high level of 
technical skill. In recent years, many surgeons have proposed the use of linear staplers in LATG, such as the π 
anastomosis and overlap techniques[20,21]. One disadvantage is that a longer segment of the lower esophagus is needed, 
while ensuring sufficient safety of the incisional margin. It is generally easier to maintain a 4.5-6.0-cm length of the 
abdominal segment of the esophagus for patients with tumors located in the gastric body, while it is challenging for 
upper GC to meet this condition, particularly for tumors in the esophagogastric junction that invade the dentate line. 
Therefore, it is not suitable for patients with high esophageal resection lines, and its indications are strictly limited. 
Although it is ensured that the lower segment of the esophagus remains 4.5-6.0 cm when the esophagus is free and naked, 
in clinical practice, most of the broken ends retract into the esophageal hiatus after the esophagus is severed. To prevent 
retraction of the esophageal stump into the chest cavity, Lee et al[15] attempted to suture one needle on each side of the 
esophageal stump opening to assist pulling and inserting a linear cutter into the esophageal opening, thereby reducing 
the difficulty of anastomosis. However, completing the anastomosis without disconnecting the esophagus and verifying 
the incision margin for safety does not adhere to the principles of oncology. Moreover, traction during the anastomosis 
can reduce tension at the anastomotic site during the operation, but once the esophagus is severed, traction is no longer 
present, leading to inevitable tension-related issues.

Esophagojejunostomy using a circular stapler has become a standard technique in open total gastrectomy. Therefore, in 
LATG, esophagojejunostomy using a circular stapler has emerged as the preferred method. The method we used to 
reconstruct the digestive tract after total gastrectomy included a novel circular stapling technique that could be used to 
complete the esophagojejunostomy using a transorally inserted anvil (OrVil). This technique avoids the difficulties 
associated with a short esophageal stump, especially the purse-string suture, and can ensure a high-quality anastomosis, 
thereby preventing complications such as stenosis and anastomotic leaks. This surgical method does not require 
endoscopic purse string suture, nor does it require the surgeon to insert a stapler anvil into the abdominal cavity, which 
seems to simplify the surgical process. For GC at a higher position, a higher incision margin can be obtained than the 
suture purse string method, ensuring a sufficient safe esophageal incision margin. However, pulling out the anvil 
catheter through the abdominal cavity increases the risk of abdominal contamination and does not comply with the 
principle of sterility. In addition, OrVil is inserted through the mouth, which reduces the difficulty associated with the 
suture purse and insertion of the anvil via the abdominal cavity. However, it requires the assistance of an anesthesiologist, 
and it is difficult to pass the anvil through the esophageal stricture, which can cause esophageal injury. There can be 
accidents if the anvil becomes stuck in the esophagus and a digestive endoscope is needed for removal. In order to 
overcome the difficulties in purse-string suturing of the lower esophagus and insertion of the anvil head into the 
esophagus, a newly developed transoral device (OrVil™), equipped with an anvil, was designed by Covidien. This device 
was first reported in 2009 for application in complete LATG and digestive tract reconstruction[21].

With reference to the application of a circular stapler in esophagojejunal anastomosis, our team pioneered a technique 
using a smaller circular stapler (diameter 21 mm) for complete jejunojejunostomy. This approach makes the two 
anastomoses more reliable and convenient, resolving the problems associated with frequently used methods. Our study 
suggests that laparoscopic reconstruction of Roux-en-Y anastomosis with a dual circular stapler and NOSES is safer, more 
feasible and less invasive than other methods. Based on our results, when considering short-term efficacy and 3-year 
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follow-up, it is evident that a longer operating time contributes to increased anesthesia and cost; however, it will decrease 
as the surgical team gains experience and proficiency.

CONCLUSION
Our novel method (combined use of dual circular staplers in Roux-en-Y digestive tract reconstruction with NOSES in 
LATG) provides significant advantages over conventional LATG, including enhanced visibility during the anastomosis, 
reduced requirement for abdominal incision and associated complications, decreased pain and discomfort, improved 
postoperative recovery, and lower incidence of postoperative stenosis complications. However, further studies with 
larger populations and longer follow-up are necessary to obtain more comprehensive results.
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Abstract
BACKGROUND 
The optimal extent of lymphadenectomy in esophageal squamous cell carcinoma 
(ESCC) patients remained debatable.

AIM 
To explore the ideal number of cleared lymph nodes in ESCC patients undergoing 
upfront surgery.

METHODS 
In this retrospective, propensity score-matched study, we included 1042 ESCC 
patients who underwent esophagectomy from November 2008 and October 2019. 
Patients who underwent neoadjuvant therapy were excluded. We collected pa-
tients’ clinicopathological features and information regarding lymph nodes, in-
cluding the total number of resected lymph nodes (NRLN), and pathologically 
diagnosed positive lymph nodes (RPLN). SPSS and R software were used for 
statistical analysis.

RESULTS 
Among the included 1042 patients, two cohorts: ≤ 21 (n = 664) and > 21 NRLN (n 
= 378) were identified. The final prognostic model included four variables: T 
stage, N, venous thrombus, and the number of removed lymph nodes. Among 
them, NRLN > 21 was determined as an independent prognosticator after surgery 
for esophageal cancer (hazards regression = 0.66, 95% confidence interval: 0.50-
0.87, P = 0.004). A nomogram was created based on the regression coefficients of 
the variables in the final model. In the training cohort, the predictive model dis-
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played an uncorrected five-year overall survival C-index of 0.659, with a bootstrap-corrected C-index of 0.654. In 
the subgroup analysis, adjuvant chemotherapy was beneficial in the subgroup with NRLN > 21 and RPLN ≤ 0.16 
and NRLN ≤ 21 and RPLN > 0.16.

CONCLUSION 
NRLN > 21 was an independent prognostic factor after ESCC surgery. The combination of NRLN and RPLN may 
provide a reference for adjuvant chemotherapy use in potential beneficiaries.

Key Words: Esophageal squamous cell carcinoma; Lymphadenectomy; Adjuvant chemotherapy; Prognosis; Nomogram

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This study delineates the prognostic value of the number of lymph nodes removed during esophagectomy in 
esophageal squamous cell carcinoma (ESCC) patients, highlighting that a count greater than 21 significantly improves 
survival outcomes. It introduces a novel prognostic model, incorporating lymph node count with clinical variables, and 
proposes a nuanced approach to post-operative adjuvant chemotherapy based on lymph node ratio. These insights affirm the 
importance of extensive lymphadenectomy in ESCC and offer a refined strategy for tailoring adjuvant treatment, thereby 
enhancing personalized patient care.

Citation: Tang JM, Huang SJ, Chen QB, Wu HS, Qiao GB. Optimal extent of lymphadenectomy improves prognosis and guides 
adjuvant chemotherapy in esophageal cancer: A propensity score-matched analysis. World J Gastrointest Surg 2024; 16(6): 1537-
1547
URL: https://www.wjgnet.com/1948-9366/full/v16/i6/1537.htm
DOI: https://dx.doi.org/10.4240/wjgs.v16.i6.1537

INTRODUCTION
Esophageal cancer (EC) is one of the deadliest cancers in the world[1], and most of the cases are esophageal squamous 
cell carcinoma (ESCC). Benefiting from multimodality treatment, the mortality rate of EC is decreasing year by year[2,3]. 
Neoadjuvant therapy followed by surgery is the current standard treatment option for patients with locally advanced 
ESCC[4]. Despite advances in clinical research, the significance of the number of lymph nodes removed in clinical practice 
is still unclear. On one hand, performing a more comprehensive lymphadenectomy could lead to more precise staging, 
which in turn may enhance postoperative treatment guidance and improve disease-specific survival rates[5], on the other 
hand, extensive lymphadenectomy is associated with more postoperative complications in the short term[6]. A study 
shows that removing more lymph nodes increases the risk of chylothorax, which makes it more difficult for thoracic 
surgeons to manage post-operative events[7]. The National Comprehensive Cancer Network currently recommends that 
at least 15 lymph nodes be resected during lymphadenectomy[8]. However, the proper upper limit of lymph node 
resection remains unclear for preventing complications of excessive surgery. Consequently, investigating the optimal 
number of lymph node resection is essential to strike a balance between survival benefits and potential complications. In 
the present study, we studied the appropriate number of lymph node resections for specific patients to ensure survival 
benefits and reduce postoperative complications. We tried to obtain the extent of lymph node resection for a better 
prognosis and provide a reference for the thoracic surgeon to perform lymphadenectomy.

MATERIALS AND METHODS
Patients and database
This multicenter database contains specific information on patients’ clinicopathological features, information regarding 
lymph nodes including the total number of resected lymph nodes, and pathologically diagnosed positive lymph nodes. 
The naming of the lymph node stations was based on the 11th Japanese Classification of Esophageal Cancer[9].

Between November 2008 and October 2019, 1821 patients with EC who underwent esophagectomy at the First 
Affiliated Hospital of Shantou University Medical College and Guangdong Provincial People’s Hospital were eligible for 
further selection. In this retrospective cohort study, the inclusion criteria included: (1) Pathologically confirmed diagnosis 
of ESCC; (2) Thoracic EC; (3) Underwent lymph nodes resection; and (4) No history of other cancers. 1470 patients met 
the inclusion criteria. Patients with a lack of lymph node information (n = 364), lack of follow-up information (n = 29), 
positive resection margins (n = 22), and death within one month after surgery (n = 13) were excluded. Eventually, a total 
of 1042 patients were enrolled in this study. All clinical characteristics and pathological data were retrieved from medical 
records.

https://www.wjgnet.com/1948-9366/full/v16/i6/1537.htm
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Preoperative workup
The preoperative workup included upper gastrointestinal endoscopy to confirm the diagnosis of EC; chest computed 
tomography or positron emission tomography-computed tomography reveal tumor and lymph node features.

Surgical procedures and pathological stage
The patients underwent a right or left transthoracic esophagectomy with lymphadenectomy. Resection of lymph nodes 
was performed with standard lymphadenectomy, extended lymphadenectomy, and total lymphadenectomy. Standard 2-
field lymphadenectomy is defined as an extent that covers the entire posterior mediastinum and includes the resection of 
lymph nodes in the abdomen, along the celiac trunk, common hepatic and splenic arteries, and those along the lesser 
curvature of the stomach and in the lesser omentum; extended 2-field lymphadenectomy includes all lymph nodes 
addressed in the standard 2-field, with additional clearance of the nodes in the right paratracheal gutter; total 2-field 
lymphadenectomy expands upon the extended 2-field resection by also removing the lymph nodes in the left 
paratracheal gutter. Among the included patients, 519 received standard 2-field lymphadenectomy, 335 received 
extended 2-field lymphadenectomy, and 188 received total 2-field lymphadenectomy. Pathological staging was assigned 
to each patient following the eighth edition of the tumor-node-metastasis (TNM) staging system released by the 
American Joint Committee on Cancer[10]. T staging was based on the depth of tumor invasion, and N staging was 
categorized by the number of regional positive lymph nodes.

Follow-up and outcomes
Patients were monitored every three months for the first two years post-esophagectomy and biannually for the 
subsequent three years. Follow-up continued until January 31, 2022, or until the patient’s death, with a median follow-up 
duration of 53.0 months. The primary endpoints were overall survival (OS) and disease-free survival (DFS) which were 
defined as the survival time after surgery and the time with no evidence of local or distant disease recurrence, 
respectively.

Ethical approval
The ethics committee of the two hospitals approved our work (No. GDREC2019687H), and written consent was waived 
due to the retrospective nature of this study. The Declaration of Helsinki’s rules and regulations were followed when 
carrying out the study protocol.

Statistical analysis
The Student’s t-test was employed to analyze continuous variables, while the χ2 test or Fisher’s exact test was utilized for 
comparing categorical variables. The optimal cutoff values of the total lymph nodes number were determined by the 
“surv_cutpoint” function of the “survminer” R package (Supplementary Figure 1). We employed the Kaplan-Meier 
method and the log-rank test for univariate analysis, selecting variables with a P value less than 0.05 for inclusion in the 
multivariate analysis, which was performed using forward stepwise Cox proportional hazards regression. The prognostic 
model, developed from variables that were statistically significant in the multivariate analysis, was depicted using a 
nomogram. The performance of the predictive model was evaluated using operating characteristic curves (ROC) curve 
analysis and calibration curves, while decision curve analysis (DCA) was utilized to assess its clinical utility. Propensity 
score matching was used to compare the OS between the cohorts with different numbers of cleared lymph nodes. The 
variables age, sex, tumor stage, nodal stage, differentiation grade, venous thrombus, perineurial invasion, positive lymph 
node number, and positive lymph node ratio were matched. Using nearest neighbor-matching, a 1:1 match was 
conducted on the propensity score with a maximum caliper of 0.2 (Supplementary Table 1). All statistical analyses were 
performed by SPSS software (version 26.0; IBM Corp) and R software (version 4.0.0, R Foundation).

RESULTS
Clinicopathological characteristics of the investigated populations
In the enrolled cohort of 1042 patients, their median age was 60 (interquartile range: 54-66) years and most of the patients 
were male (78.7%). More than half of the patients were at the T3 stage (46.7%). Most of the patients had moderately differ-
entiated pathologic outcomes. Most patients were negative for venous thrombus (14.9% positive) and perineurial 
invasion (25.0% positive) (Table 1). 12 patients died within 90 d, with a 90-d mortality rate of 1.15%. 130 patients died 
within 1 year, with a 1-year mortality rate of 12.18%. Based on the optimal cutoff values of the total number of removed 
lymph nodes number, the patients were divided into two cohorts: ≤ 21 cohorts (n = 664) and > 21 cohorts (n = 378). 
Patients in > 21 cohorts were more likely to achieve a longer survival time at the follow-up (P = 0.049; Figure 1A). In the 
final result, 203 patients were matched well. Patients in > 21 cohorts continued to have better survival outcomes (P = 
0.035; Figure 1B).

Construction and evaluation of the predictive model
A univariate regression analysis was applied to the clinicopathological characteristics to determine which variables 
affected the prognosis (Table 2). There were statistically significant differences in G stage, N stage, T stage, venous 
thrombus [hazards regression (HR) = 2.1, 95% confidence interval (CI): 1.68-2.36, P < 0.001], perineurial Invasion (HR = 
1.79, 95%CI: 1.41-2.29, P < 0.001), maximal tumor diameter (HR = 1.01, 95%CI: 1-1.01, P = 0.038), adjuvant chemotherapy 

https://f6publishing.blob.core.windows.net/228f8666-67f8-4b7f-a480-304e67166b6b/91363-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/228f8666-67f8-4b7f-a480-304e67166b6b/91363-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/228f8666-67f8-4b7f-a480-304e67166b6b/91363-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/228f8666-67f8-4b7f-a480-304e67166b6b/91363-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/228f8666-67f8-4b7f-a480-304e67166b6b/91363-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/228f8666-67f8-4b7f-a480-304e67166b6b/91363-supplementary-material.pdf
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Table 1 Clinicopathological information of the study population

Variables Level Overall

Number 1042

Male 820 (78.7)Sex, n (%)

Female 222 (21.3)

Age (yr), median (IQR) 60 (54, 66)

1 98 (9.4)

2 219 (21.0)

3 487 (46.7)

T, n (%)

4 238 (22.8)

0 612 (58.7)

1 234 (22.5)

2 134 (12.9)

N, n (%)

3 62 (6.0)

Well differentiated 124 (11.9)

Moderate differentiated 740 (71.0)

G, n (%)

Poor differentiated 178 (17.1)

Negative 887 (85.1)Venous thrombus, n (%)

Positive 155 (14.9)

Negative 509 (75.0)Perineurial invasion, n (%)

Positive 170 (25.0)

NPLN, mean (SD) 1.17 (2.15)

RPLN, mean (SD) 0.06 (0.11)

NRLN, mean (SD) 19.67 (9.81)

No 599 (57.5)Adjuvant chemotherapy, n (%)

Yes 443 (42.5)

IQR: Interquartile range; NPLN: Number of positive lymph nodes; RPLN: Ratio of positive lymph nodes.

(HR = 1.27, 95%CI: 1.06-1.52, P = 0.009) and the number of removed lymph nodes (> 21 vs ≤ 21, HR = 0.83, 95%CI: 0.68-1, 
P = 0.049). The forward stepwise Cox regression model for multivariate analysis included a univariate analysis of 
variables with significant differences. By excluding the interaction between variables, the final prognostic model included 
four variables: T stage, N, venous thrombus, and the number of removed lymph nodes (Table 3). The number of lymph 
nodes > 21 was identified as an independent favorable prognostic factor following EC surgery (HR = 0.66, 95%CI: 0.50-
0.87, P = 0.004). A nomogram was created based on the regression coefficients of the variables in the final model 
(Figure 2). The model in the training cohort had an uncorrected 5-year OS C-index of 0.659 and a bootstrap-corrected 5-
year OS C-index of 0.654. To assess the discriminatory ability of the predictive models, the calibration curve of the 
nomogram predicting 3-year and 5-year OS (Figure 3A) and 3-year OS and 5-year OS ROC were plotted with area under 
the ROC curves (AUCs) of 0.676 and 0.647 (Figure 3B), respectively. The clinical utility of the models was assessed using 
DCA (Figure 3C).

Cross-validation of the prediction model
A 5-fold internal cross-validation was conducted 200 times to protect against the influence of the random splits 
(Figure 3D).

Stratified effect of number of resected lymph nodes and ratio of positive lymph nodes on adjuvant chemotherapy
We used the Kaplan-Meier analysis to draw survival curves to further explore the stratified effect of number of resected 
lymph nodes (NRLN) and ratio of positive lymph nodes (RPLN) on adjuvant chemotherapy. The results found that a 
combination of NRLN and RPLN could identify the patients who underwent adjuvant chemotherapy and could receive a 
better prognosis (Figure 4).
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Figure 1 Kaplan-Meier curve for overall survival before and after propensity-scoring matching. A: Survival difference between the number of 
removed lymph node > 21 and ≤ 21 before propensity-scoring matching; B: Survival difference between two cohorts after propensity-scoring matching. LN: Lymph 
nodes.

DISCUSSION
Surgery is the foundation of the treatment of EC, and lymph node resection is an important part[11,12]. Nonetheless, the 
effect of the number of lymph nodes resected on survival remains uncertain. For years, researchers have argued whether 
adequate lymph node resection yields actual therapeutic benefit. The appropriate NRLN should be carefully selected to 
balance the potential survival benefit with lower postoperative morbidity. In this retrospective analysis, data from two 
thoracic surgical centers with radical esophagectomy were used to identify the role of NRLN in survival prognosis. Given 
the potential impact of neoadjuvant therapy on lymph node status, which could bias the results, patients with 
neoadjuvant therapy were excluded from this study.

Our results indicate that NRLN is an independent prognostic factor, with the survival of NRLN > 21 better than ≤ 21. 
By matching the propensity scores of clinicopathological information between the two groups, the differences remained. 
In this study, we observed a 90-d mortality rate of 1.15% and a 1-year mortality rate of 12.18%, reflecting the technical 
challenges and complexity of esophageal surgery. Specifically, patients with more than 21 lymph nodes removed 
exhibited improved survival metrics compared to the general cohort, suggesting that extensive lymphadenectomy might 
be associated with better medium-term survival outcomes despite its complexity. This comparison underscores the 
importance of surgical precision and comprehensive perioperative care in enhancing patient survival.

There is a rich longitudinal lymphatic network in the submucosa of the esophagus[13]. The extended lymph node 
resection removed potential micrometastases that were not detected by pathological examination[14]. Kamel et al[15] 
noted that patients with 20 or more lymph nodes removed experienced a 14% relative improvement in OS, and 
underwent esophagectomy following neoadjuvant chemoradiation. In contrast, this study was conducted on patients 
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Table 2 Univariate analysis for overall survival

Prognostic factors P value HR (95%CI)

Age 0.576 1 (0.99-1.01)

Maximal tumor diameter 0.038 1.01 (1-1.01)

NRLN 0.049 0.83 (0.68-1)

Sex (ref male) 0.634 0.95 (0.76-1.18)

Tumor location (ref upper)

Middle 0.065 0.71 (0.49-1.02)

Lower 0.051 0.65 (0.43-1)

T (ref T1)

T2 0.028 1.78 (1.07-2.99)

T3 < 0.001 2.8 (1.74-4.52)

T4 < 0.001 2.71 (1.65-4.44)

N (ref N0)

N1 < 0.001 2.04 (1.64-2.53)

N2 < 0.001 2.35 (1.82-3.02)

M3 < 0.001 3.38 (2.45-4.65)

G (ref G1)

G2 0.006 1.57 (1.14-2.15)

G3 0.002 1.81 (1.25-2.61)

Venous thrombus (ref negative) Positive < 0.001 2.1 (1.68-2.63)

Perineurial Invasion (ref negative) Positive < 0.001 1.79 (1.41-2.29)

Adjuvant chemotherapy (ref no) Yes 0.009 1.27 (1.06-1.52)

NRLN: Number of removed lymph nodes; HR: Hazards regression; CI: Confidence interval.

who did not receive neoadjuvant therapy. However, the results of the exploration are similar. This indicates that the 
NRLN is an important factor in improving postoperative survival.

The TNM staging system is now the most frequently applied tool for assessing patient outcomes. However, consid-
erable variations in survival have been reported among individuals with the same clinical stage[16]. As a result, a more 
accurate and effective prognostic model is urgently required. Nomograms have long been used in oncology to evaluate a 
patient’s prognosis based on important clinical factors[17,18]. In this research, we constructed and internally verified a 
nomogram to predict postoperative survival time in patients with ESCC, and we discovered that our model had good 
performance in predictive accuracy. This tool was developed using independent prognostic factors for ESCC, including T 
stage, N stage, Venous Thrombus, and NRLN. The 3- and 5-year AUCs were 0.676 and 0.647, respectively. By combining 
several independent prognostic factors in a prognostic model, this nomogram scoring system is more accurate and 
convincing in predicting different patients, helping to identify different prognoses of ESCC patients and accurately 
predicting long-term survival. This scoring system is indicative of postoperative treatment strategy decisions for ESCC 
patients. The thoracic surgeon can easily predict OS rates based on the clinicopathological characteristics of a specific 
patient by visualization.

The effectiveness of adjuvant chemotherapy after ESCC has been hotly debated[19-24], and while some articles have 
reported on the survival benefits of adjuvant chemotherapy[25], there is still a lack of high-level evidence to identify 
specific groups of ESCC who would benefit from adjuvant chemotherapy, such as the phase III randomized controlled 
trials[8]. Our study stratified patients by the number of lymph nodes removed and the rate of positive lymph nodes and 
we were surprised to find that different subgroups responded differently to adjuvant chemotherapy. In the subgroup 
with positive postoperative pathological lymph nodes(pN+), adjuvant chemotherapy was beneficial in the subgroup with 
NRLN ≤ 21 and RPLN > 0.16. Similarly, adjuvant chemotherapy was beneficial in the subgroup with NRLN > 21 and 
RPLN ≤ 0.16. Consistent with our findings, Zheng et al[26] and Feng et al[27] suggested that postoperative adjuvant 
chemotherapy improves the OS of patients with resected ESCC with positive lymph nodes. However, our study also 
found that a subgroup of lymph node-positive patients with NRLN > 21 and RPLN > 0.16 did not benefit from adjuvant 
chemotherapy. A comprehensive treatment plan may be required for this group of patients.



Tang JM et al. Lymphadenectomy for ESCC

WJGS https://www.wjgnet.com 1543 June 27, 2024 Volume 16 Issue 6

Table 3 Multivariate analysis for overall survival

Prognostic factors P value HR (95%CI)

Maximal tumor diameter 0.667 1 (0.99-1.01)

T (ref T1)

T2 0.055 2.04 (0.99-4.20)

T3 0.002 3.09 (1.51-6.31)

T4 0.005 7.44 (1.82-30.35)

N (ref N0)

N1 0.077 1.35 (0.97-1.89)

N2 0.075 1.46 (0.96-2.21)

M3 0.002 1.99 (1.28-3.11)

G (ref G1)

G2 0.103 1.42 (0.93-2.16)

G3 0.387 1.25 (0.76-2.05)

Venous thrombus (ref negative) Positive < 0.001 1.8 (1.34-2.42)

Perineurial invasion (ref negative) Positive 0.088 1.29 (0.96-1.71)

Adjuvant chemotherapy (ref no) Yes 0.738 0.95 (0.71-1.27)

NRLN (ref ≤ 21) > 21 0.004 0.66 (0.50-0.87)

NRLN: Number of removed lymph nodes; HR: Hazards regression; CI: Confidence interval.

Figure 2 Nomogram integrating number of resected lymph nodes for overall survival in patients with esophageal squamous cell 
carcinoma. NRLN: Number of resected lymph nodes; OS: Overall survival.
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Figure 3 Indices assessing the prognostic ability of nomogram. A: Calibration curve predicting 3-year and 5-year overall survival (OS); B: 3-year OS and 
5-year OS receiver operating characteristic curves curve; C: Decision curve analysis; D: 5-fold internal cross-validation. OS: Overall survival; DCA: Decision curve 
analysis; AUC: Area under the receiver operating characteristic curve; ROC: Receiver operating characteristic curve; NRLN: Number of resected lymph nodes; NA: 
Not applicable.

Figure 4  Survival differences between the adjuvant chemotherapy group and non-adjuvant chemotherapy group in different subgroup 
comparisons. LN: Lymph nodes.
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Findings were also obtained in our analysis of subgroups with negative postoperative pathological lymph nodes 
(pN0). In the NRLN ≤ 21 subgroup, no significant differences in OS were found between the adjuvant-treated and non-
adjuvant-treated groups. In the NRLN > 21 subgroup, patients treated with adjuvant chemotherapy obtained a worse 
prognosis. Adjuvant chemotherapy may do more harm than good to patients in this population. On the contrary, Deng et 
al[28] showed that adjuvant chemotherapy prolonged OS and DFS in ESCC patients with pN0 disease. Further research is 
needed to elucidate such differences.

Our study primarily investigates the prognostic value of the extent of lymphadenectomy in EC. While this focus is 
crucial, we also recognize the significant impact that perioperative care factors, such as advancements in anesthesia, pain 
management, and Enhanced Recovery After Surgery protocols, have on patient recovery and morbidity. The periop-
erative period in foregut cancer surgery is complex, with numerous elements influencing outcomes. In addition to these 
perioperative factors, nutritional status emerges as a critical component of patient management. The anatomical impacts 
of foregut cancers often lead to complications such as dysphagia or vomiting, directly impairing oral intake and con-
tributing to malnutrition. This decline in nutritional status can profoundly affect treatment outcomes, including poorer 
responses to chemotherapy, increased susceptibility to postoperative complications, and a diminished capacity for tissue 
repair and immune function.

One of the limitations of our retrospective analysis is the unavailability of certain prognostic variables which could 
potentially influence the outcomes. Due to the retrospective nature of our study, variables such as albumin levels, 
nutritional status, and liver function, which could significantly impact patient outcomes, were not included in our 
analysis. Moreover, in assessing the predictive performance of our model, it is important to recognize that the AUC value 
obtained is below 0.70, indicating moderate discriminative ability. This level of discrimination reflects a certain degree of 
uncertainty in the model’s predictive accuracy and presents a potential limitation to the robustness of our prognostic 
evaluations. Prospective validation with a more comprehensive dataset and potentially the integration of additional 
predictive variables may enhance the discriminative capacity of future models.

CONCLUSION
In conclusion, NRLN > 21 was an independent prognostic factor after ESCC surgery. We developed and validated a 
nomogram, which is useful for thoracic surgeons to assess the prognosis of different patients.
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Abstract
BACKGROUND 
Laparoscopic low anterior resection (LLAR) has become a mainstream surgical 
method for the treatment of colorectal cancer, which has shown many advantages 
in the aspects of surgical trauma and postoperative rehabilitation. However, the 
effect of surgery on patients' left coronary artery and its vascular reconstruction 
have not been deeply discussed. With the development of medical imaging 
technology, 3D vascular reconstruction has become an effective means to evaluate 
the curative effect of surgery.

AIM 
To investigate the clinical value of preoperative 3D vascular reconstruction in 
LLAR of rectal cancer with the left colic artery (LCA) preserved.

METHODS 
A retrospective cohort study was performed to analyze the clinical data of 146 
patients who underwent LLAR for rectal cancer with LCA preservation from 
January to December 2023 in our hospital. All patients underwent LLAR of rectal 
cancer with the LCA preserved, and the intraoperative and postoperative data 
were complete. The patients were divided into a reconstruction group (72 
patients) and a nonreconstruction group (74 patients) according to whether 3D 
vascular reconstruction was performed before surgery. The clinical features, 
operation conditions, complications, pathological results and postoperative 
recovery of the two groups were collected and compared.
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RESULTS 
A total of 146 patients with rectal cancer were included in the study, including 72 patients in the reconstruction 
group and 74 patients in the nonreconstruction group. There were 47 males and 25 females in the reconstruction 
group, aged (59.75 ± 6.2) years, with a body mass index (BMI) (24.1 ± 2.2) kg/m2, and 51 males and 23 females in 
the nonreconstruction group, aged (58.77 ± 6.1) years, with a BMI (23.6 ± 2.7) kg/m2. There was no significant 
difference in the baseline data between the two groups (P > 0.05). In the submesenteric artery reconstruction group, 
35 patients were type I, 25 patients were type II, 11 patients were type III, and 1 patient was type IV. There were 37 
type I patients, 24 type II patients, 12 type III patients, and 1 type IV patient in the nonreconstruction group. There 
was no significant difference in arterial typing between the two groups (P > 0.05). The operation time of the 
reconstruction group was 162.2 ± 10.8 min, and that of the nonreconstruction group was 197.9 ± 19.1 min. 
Compared with that of the reconstruction group, the operation time of the two groups was shorter, and the 
difference was statistically significant (t = 13.840, P < 0.05). The amount of intraoperative blood loss was 30.4 ± 20.0 
mL in the reconstruction group and 61.2 ± 26.4 mL in the nonreconstruction group. The amount of blood loss in the 
reconstruction group was less than that in the control group, and the difference was statistically significant (t = -
7.930, P < 0.05). The rates of anastomotic leakage (1.4% vs 1.4%, P = 0.984), anastomotic hemorrhage (2.8% vs 4.1%, 
P = 0.672), and postoperative hospital stay (6.8 ± 0.7 d vs 7.0 ± 0.7 d, P = 0.141) were not significantly different 
between the two groups.

CONCLUSION 
Preoperative 3D vascular reconstruction technology can shorten the operation time and reduce the amount of 
intraoperative blood loss. Preoperative 3D vascular reconstruction is recommended to provide an intraoperative 
reference for laparoscopic low anterior resection with LCA preservation.

Key Words: Laparoscopic low anterior resection; 3D vascular reconstruction; Coronary artery; Colorectal cancer; Retrospective 
cohort study

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Through the observation of left coronary artery three-dimensional vascular reconstruction in patients with 
colorectal cancer after laparoscopic low anterior resection, the effect of surgery on the vascular system and its curative effect 
were discussed. The preservation of the left coronary artery and its possible effects were evaluated by comparing 
preoperative and postoperative vascular remodeling. The results of this study will help to deeply understand the impact of 
laparoscopic surgery on the cardiovascular system of patients with colorectal cancer, and provide an important reference for 
postoperative management and clinical treatment, and improve the safety and effect of surgery.

Citation: Wang Y, Liu ZS, Wang ZB, Liu S, Sun FB. Efficacy of laparoscopic low anterior resection for colorectal cancer patients 
with 3D-vascular reconstruction for left coronary artery preservation. World J Gastrointest Surg 2024; 16(6): 1548-1557
URL: https://www.wjgnet.com/1948-9366/full/v16/i6/1548.htm
DOI: https://dx.doi.org/10.4240/wjgs.v16.i6.1548

INTRODUCTION
Colorectal cancer is a malignant tumor of the digestive system with a high incidence worldwide, and surgical treatment 
has always been one of the main treatment methods[1-3]. In terms of surgical methods, low anterior resection is favored 
because of its lower trauma and faster recovery speed[4]. However, with improvements in surgical techniques, the need 
for preoperative evaluation is also increasing. As an accurate preoperative evaluation method, 3D vascular reconstruction 
imaging provides clearer anatomical information for the surgical process, especially for patients with left coronary artery 
preservation, which has unique value[5]. In recent years, with the continuous development of laparoscopic technology, 
colorectal cancer surgery has gradually evolved into a minimally invasive and individualized approach[6-8]. In this 
context, low anterior resection, a common surgical method, has attracted much attention. The purpose of this retro-
spective cohort study was to investigate the efficacy of laparoscopic low anterior resection (LLAR) for colorectal cancer 
and 3D vascular reconstruction imaging in patients with left coronary artery preservation and to further analyze the 
effects of surgical modalities and angiography on patient recovery and survival.

LLAR to preserve the left colic artery (LCA) is a surgical procedure for rectal cancer. Its advantages include a good 
blood supply for anastomosis and better protection of autonomic nerves, especially for elderly patients with diabetes, 
hypertension, and extensive arterial disease[9]. Although there is still controversy and debate about the preservation of 
the LCA, many surgeons have chosen to perform this procedure to dissect and preserve the LCA while thoroughly 
clearing the regional lymph nodes[10]. The enlarged field of view and fine anatomy provided by laparoscopic surgery 
make it relatively easier and more feasible to preserve the LCA than open surgery. Preoperative computed tomography 
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(CT) angiography and 3D reconstruction can provide 3D visual reconstruction of the inferior mesenteric artery (IMA) and 
its branches and provide the necessary reference for colorectal cancer surgery. However, the effect of preoperative 3D 
vascular reconstruction on LCA-preserving rectal surgery is inconclusive[11-13].

Therefore, we conducted this study to evaluate the clinical application of 3D vascular reconstruction technology in the 
surgical and postoperative outcomes of LLAR of rectal cancer patients with left colon preservation, to provide new ideas 
and evidence supporting the individualized treatment of colorectal cancer surgery and to promote the wider application 
of minimally invasive technology in clinical practice.

MATERIALS AND METHODS
General clinical data of the patients
A total of 146 patients with left colon-preserved LLAR who underwent gastrointestinal surgery at the National University 
Hospital of Singapore from January to December 2023 were included in this retrospective cohort study. The inclusion 
criteria for patients were as follows: (1) Had a diagnosis of colonoscopy-confirmed and pathological biopsy-confirmed 
colorectal adenocarcinoma; (2) Had a tumor location 7 cm–15 cm from the anal margin; (3) Underwent LLAR of rectal 
cancer with the LCA preserved; and (4) Had a pathological stage of I–III. The exclusion criteria were as follows: (1) Had a 
diagnosis of stage IV rectal cancer; (2) Had a previous history of abdominal surgery; (3) Had intestinal obstruction, 
bleeding, perforation, etc., or needed emergency surgery; and (4) Had incomplete relevant case data and data. The main 
indications include large tumors, high surgical difficulty, and a need to improve surgical feasibility. In the pretreatment 
evaluation, we paid attention to the joint decision-making of the medical team and comprehensively considered 
preoperative chemotherapy, radiotherapy, and other treatment methods according to individual conditions.

Enhanced CT and 3D vascular reconstruction
A Philips or GE 64-slice CT scanner was used for enhanced CT. The tube voltage was 120 kV, the tube current was 
automatic MA, the layer thickness was 1.25 mm, the interval was 0.8 mm, and the detector collimation was 320 mm × 0.5 
mm. The samples were fasted for 4 h before the examination. The patient was supine and scanned from the apex of the 
diaphragm to the level of the ischial tubercle. After a normal scan, 85 mL of the enhancer (iodohydramol, iodiproamine, 
etc., at a concentration of 350-370 mg/mL) was applied. Intravenously, 2 to 5 mL/s. The delay time of arterial phase 
scanning was 30 s, and 3D vascular reconstruction was performed using a Philips or GE workstation.

Mode of operation
Patients in both groups were given general anesthesia with tracheal intubation, lithotomy at the head lower and foot 
higher, and 3D laparoscopic surgery. A 1 cm incision was made at the upper edge of the navel to establish a CO2 
pneumoperitoneum, and the pressure was maintained at 12 mmHg-14 mmHg (1 mmHg = 0.133 kPa). The five-hole 
method was used. The whole abdominal cavity, location and size of the tumor and whether there was distant metastasis 
were investigated. Through the middle approach, the sigmoid colon is traversed with an ultrasound knife or electrotome.

The serous membrane at the yellow-white junction of the mesangial root was opened to fully nip the IMA to avoid 
nerve injury. From the inside to the outside and from the head to the side, the IMA roots reach the Toldt space to 
skeletonize the IMA and protect the submesenteric plexus. The IMA branch was clearly dissected, and the lymph nodes 
and adipose tissue of Group 253 were completely cleared to the LCA branch. After completing the lymph node dissection 
in Group 253, the IMA branches were clearly dissected, ligation was performed below the bifurcation of the LCA, the 
LCA was retained, and the other branches were ligated and severed (Figure 1).

The Toldt space was fully extended, and the pelvic nerve plexus was fully protected. The submesenteric vein was 
separated to the left, and the surrounding fat and lymph nodes were removed. The mesosigmoid was trimmed along the 
LCA branch, preserving the marginal vascular arch. The intestinal tube was cut at a distance of more than 2 cm from the 
tumor, and all the specimens were removed from the lower abdomen in a sterile specimen bag. End-to-end anastomosis 
was performed to reconstruct the digestive tract. After the abdominal cavity was cleaned, the drainage tube was placed 
and fixed, and the operating hole was sutured.

Statistical analysis
SPSS software package 25.0 was used for the statistical analysis. Clinical and pathological data are presented as the mean 
± SD, and statistical data are presented as the quantity and percentage. The t test was used for measurement data, and the 
chi-square test or Fisher’s exact test was used for counting data. A P value (bilateral) < 0.05 was considered to indicate 
statistical significance.

RESULTS
Analysis of general data and basic patient information
Between January 2023 and December 2023, we enrolled 146 patients who underwent LLAR-preserving LCA based on the 
inclusion criteria. In our study, preoperative treatment included chemotherapy, radiotherapy, or other related treatments 
to reduce tumor volume, improve surgical feasibility, and improve patients' postoperative quality of life. In particular, we 
observed that a subset of patients in the retrospective cohort received radiation therapy, and this decision was based on a 
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Figure 1 The left colic artery was preserved. A: Isolation of the main naked inferior mesenteric artery; B: Isolatedisolation of the naked left colic artery; C: 
Clearance of the lymph nodes in group 253; D: Ligation and dissection of the sigmoid artery; E: Ligation of the severed superior rectal artery; F: Operation.

comprehensive assessment of the individual's condition and the clinical team. Table 1 summarizes the basic information 
and clinical features of the patients in the reconstruction group (n = 72, 49.3%) and the nonreconstruction group (n = 74, 
50.7%). There were 47 males and 25 females in the reconstruction group, aged (59.75 ± 6.2) years, with a body mass index 
(BMI) (24.1 ± 2.2) kg/m2, and 51 males and 23 females in the nonreconstruction group, aged (58.77 ± 6.1) years, with a 
BMI (23.6 ± 2.7) kg/m2. There was no significant difference in the baseline data between the two groups (P > 0.05). There 
were no statistically significant differences between the two groups in terms of sex, age, BMI, American Society of 
Anesthesiology (ASA) score, or neoadjuvant therapy.

Preoperative 3D vascular reconstruction and intraoperative vascular anatomy observation
Preoperative 3D vascular reconstruction or surgery was used to study the IMA and its branches in a total of 146 patients. 
Four IMA blood vessel types were identified in our study. The four blood vessel types are as follows: Type I (Figures 2A 
and 3A), the LCA alone from the IMA, the sigmoid artery (SA) and the superior rectal artery (SRA) together; Type II 
(Figures 2B and 3B), the LCA and the SA originate together from a single backbone, and the SRA originates 
independently from the IMA. In type III (Figures 2C and 3C), all three branches of the IMA emanated at the same level; in 
type IV and type IV (Figures 2D and 3D), there was no LCA, and only the LCA and SA branched out from the IMA. There 
was no significant difference in blood vessel types between the two groups (χ2 = 0.092, P = 0.993) (Table 2).

In the reconstruction group, there were 35 cases of IMA type I, 25 cases of type II, 11 cases of type III, and 1 case of type 
IV. There were 37 type I patients, 24 type II patients, 12 type III patients, and 1 type IV patient in the nonreconstruction 
group. There was no significant difference in arterial typing between the two groups (χ2 = 0.092, P = 0.993). In terms of 
branch type, both the reconstructed group and the nonreconstructed group were classified as type I (35 patients in the 
reconstructed group, 48.6% vs 37 patients (50.0%) in the nonreconstruction group and type II (25 patients (34.7%) in the 
reconstruction group vs 24 patients (32.4%) in the nonreconstruction group), followed by type III and type IV.

Surgery-related data and complication analysis
The surgical data and related surgical complications are shown in Tables 2 and 3. According to our results, the operation 
time for LLAR to retain the LCA was shorter in the reconstructive group (162.2 ± 10.8 min vs 197.9 ± 19.1 min, t = -13.840; 
P < 0.05). Intraoperative blood output was also significantly lower in the reconstruction group than in the nonrecon-
struction group (30.4 ± 20.0 vs 61.2 ± 26.4 mL, t = -7.930, P = 0.000). All procedures in both groups were performed by the 
same group of experienced surgeons specializing in colorectal cancer. There was no conversion to laparotomy in either 
group. There was no significant difference in postoperative complications, including anastomotic leakage (1 case, 1.4% vs 
1 case, 1.4%, χ2 = 0.000, P = 0.984) or anastomotic hemorrhage (2 cases, 2.8% vs 3 cases, 4.1%, χ2 = 0.180, P = 0.672), 
between the two groups. All of these complications were successfully resolved. There was no significant difference in 
postoperative recovery between the reconstruction group (6.8 ± 0.7) and the nonreconstruction group (7.0 ± 0.7) (t = 1.480, 
P = 0.141).

Pathological analysis
The pathological results of the surgical patients are summarized in Table 4. The tumor size (3.1 ± 0.8 vs 2.9 ± 0.9 cm, t = 
1.309, P = 0.193), differentiation degree (χ2 = 0.085, P = 0.958) and TNM stage (χ2 = 0.248, P = 0.958) of the two groups were 
evaluated. P = 0.883, and there was no significant difference (P > 0.05). In terms of lymph node dissection, the number of 
lymph nodes in the reconstruction group (18.3 ± 2.7) was slightly greater than that in the nonreconstruction group (17.6 ± 
2.1), but the difference was not statistically significant (t = 1.720, P = 0.088).
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Table 1 Baseline data of included patients [mean ± SD, n (%)]

Clinical features 3D vascular reconstruction group (n = 72) Non-3D vascular reconstruction group (n = 74) t value P value

Gender 0.219 0.64

Male 47 (65.3) 51 (68.9)

Female 25 (34.7) 23 (31.1)

Age (year) 59.75 ± 6.2 58.77 ± 6.1 0.961 0.338

BMI (kg/m2) 24.1 ± 2.2 23.6 ± 2.7 1.123 0.263

Neoadjuvant therapy 12 (16.7) 13 (17.6) 0.021 0.885

ASA score 0.174 0.917

ASA I 24 (33.3.0) 23 (31.3)

ASA II 37 (51.4) 38 (51.4)

ASA III 11 (15.3) 13 (17.6)

BMI: Body mass index; ASA: American Society of Anesthesiology.

Table 2 Submesenteric artery branch types [n (%)]

Arterial classification 3D vascular reconstruction group (n = 72) Non-3D vascular reconstruction group (n = 74) χ2 P value

Branch type 0.092 0.993

Type I 35 (48.6) 37 (50.0)

Type II 25 (34.7) 24 (32.4)

Type III 11 (15.3) 12 (16.2)

Type IV 1 (1.4) 1 (1.4)

Table 3 Data analysis of surgery and complications (mean ± SD)

Intraoperative and postoperative 
indicators

3D vascular reconstruction group (n 
= 72)

Non-3D vascular reconstruction group (n 
= 74) χ2 P 

value

Operation time (min) 162.2 ± 10.8 197.9 ± 19.1 -13.84 0.001

Conversion to laparotomy 0 0

Intraoperative blood loss (mL) 30.4 ± 20.0 61.2 ± 26.4 -7.93 0.001

Anastomotic leak 1 (1.4%) 1 (1.4%) 0.001 0.984

Anastomotic hemorrhage 2 (2.8%) 3 (4.1%) 0.18 0.672

Postoperative hospital stay 6.8 ± 0.7 7.0 ± 0.7 1.48 0.141

DISCUSSION
Colorectal cancer is the third most commonly diagnosed cancer internationally, and laparoscopic colorectal cancer 
surgery has been widely accepted worldwide[14-16]. Preserving the LCA means that the IMA ligation is located far from 
the origin of the LCA, which is one of the surgical options for rectal cancer[17]. Our study showed that preoperative 3D 
vascular reconstruction can provide a preoperative reference for LCA-sparing rectal cancer surgery and can shorten the 
operation time and reduce the amount of intraoperative blood loss.

3D vascular reconstruction technology has been widely used in a variety of diseases, such as coronary artery disease, 
lower limb artery stenosis, aortic aneurysm, aortic dissection, and hepatic artery variation. Coronary CT and 3D 
reconstruction of blood vessels have become the gold standard noninvasive methods for detecting coronary artery 
disease in clinical practice[18-20]. Previous studies[21-24] have shown that 3D vascular reconstruction techniques are 
100% accurate at identifying variations and stenoses in the arteries that supply the lower limbs and the liver, respectively.

With regard to submesenteric artery branch types, we identified four submesenteric artery types using 3D vascular 
reconstruction techniques and surgical dissection[25]. In our study, both the reconstructed and nonreconstructed groups 
included four types, of which types I and II were the most common, type III was the most common, and type IV was the 
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Table 4 Postoperative pathological results [mean ± SD, n (%)]

Pathological index 3D vascular reconstruction group (n = 72) Non-3D vascular reconstruction group (n = 74) χ2 P value

Tumor size (cm) 3.1 ± 0.8 2.9 ± 0.9 1.309 0.193

Number of lymph nodes 18.3 ± 2.7 17.6 ± 2.1 1.72 0.088

Degree of differentiation 0.085 0.958

Low 20 (27.8) 19 (25.7)

Middle 39 (54.2) 41 (55.4)

High 13 (18.1) 14 (18.9)

Pathological stage 0.248 0.883

Stage I 14 (19.4) 13 (17.6)

Stage II 35 (48.6) 39 (52.7)

Stage III 23 (31.9) 22 (29.7)

Figure 2 Submesenteric artery classification model. A: Type I; B: Type II; C: Type III; D: Type IV. IMA: Inferior mesenteric artery; LCA: Left colic artery; SA: 
Sigmoid artery.

least common. In type IV patients, the LCA could not be maintained, but it was impossible to determine whether the 
patients in the nonreconstruction group would not have the LCA ahead of time[26-28]. This could only be proven by 
separating the organs along the main IMA during surgery[29]. Therefore, for strict control between the two groups, type 
IV patients were included in the study. This type of study also highlights the important reference significance of 
preoperative 3D vascular reconstruction technology for surgical planning and design.

Our study showed that surgical time was shorter in the reconstruction group than in the nonreconstruction group. 
Although there are no studies that have compared the use of 3D vascular reconstruction in LCA-sparing rectal surgery, a 
study involving 112 patients who underwent right hemicolectomy, left hemicolectomy, or prerectal resection reported 
similar results and shortened the time required for surgery for colon and rectal cancer. One study showed that in 
colorectal cancer surgery, the surgery time in the reconstruction group was significantly shorter than that in the control 
group[30-32]. According to their experience, preoperative 3D vascular reconstruction may show significant advantages in 
identifying blood vessels, even in special cases of vascular anatomical variation or obesity[33]. Because less time is spent 
dissecting blood vessels and looking for aberrant or missing blood vessels, this approach can help surgeons shorten the 
operation time. Another study showed that in laparoscopic right hemicolectomy, the surgical time in the reconstruction 
group was shorter than that in the control group (154.7 ± 25.9 min and 177.6 ± 24.4 min, respectively).

In terms of operation time, according to our experience, the application of preoperative vascular reconstruction has 
shortened the operation time for the following reasons. First, 3D vascular reconstruction helps to accurately plan surgical 
strategies and programs before surgery. Similarly, many scholars have proposed similar effects of 3D reconstruction 
technology on surgical planning and design in stomach and liver operations[34]. Second, 3D reconstruction of blood 
vessels can help clinicians predict the type of blood vessels before surgery, find blood vessels during surgery, and 
correctly anatomize blood vessels. This is especially helpful for people who are very overweight, have experienced major 
changes in their anatomy, or have severe abdominal adhesions[35]. Third, 3D vascular reconstruction technology may 
help avoid some intraoperative complications, such as visceral damage, vascular damage, and bleeding, which are some 
of the main reasons for prolonged surgical time. Preoperative 3D vascular reconstruction can provide surgeons with basic 
information on arterial classification and variation before surgery, which is of great help and important reference 
significance for safe and effective colorectal cancer surgery[36-38]. Compared with digital subtraction angiography, 3D 



Wang Y et al. 3D vascular reconstruction in CC

WJGS https://www.wjgnet.com 1554 June 27, 2024 Volume 16 Issue 6

Figure 3 3D reconstruction of submesenteric artery typing. A: Type I; B: Type II; C: Type III; D: Type IV. IMA: Inferior mesenteric artery; LCA: Left colic 
artery; SA: Sigmoid artery; SRA: Superior rectal artery.

vascular reconstruction is a better way to quickly reconstruct IMA branching patterns with less damage[39]. Moreover, 
with the rapid development of CT technology, 3D reconstruction of blood vessels can now be performed more quickly 
and at a lower cost. In terms of postoperative pathology, there was no significant difference in tumor size, number of 
lymph nodes, degree of differentiation, or pathological stage between the reconstructed group and the nonreconstructed 
group. Some studies[40-42] have shown that vascular reconstruction technology may have a positive impact on the 
number of lymph nodes because vascular reconstruction can help surgeons better cut the blood vessels at the root and 
clean the lymph nodes at the root of the blood vessels to clear the local lymph nodes more thoroughly. Although the 
number of lymph nodes in the reconstructed group was slightly greater than that in the nonreconstructed group (18.3 ± 
2.7 vs 17.6 ± 2.1), the difference was not statistically significant in our study. This may be related to the fact that we were 
the same group of surgeons who performed the operation, and the location of the vessel ligation and the scope of regional 
lymph node dissection were the same. Whether vascular reconstruction techniques have a positive effect on the number 
of lymph nodes obtained in colorectal cancer surgery is also a hot issue, and multicenter, prospective clinical studies may 
provide a greater amount of evidence[43-45].

Our study also has several limitations. First, the study design was retrospective in nature. Prospective studies may 
better confirm future results. Second, the study represents the experience of a single center, which may limit its external 
validation validity. Therefore, conducting large-scale, multicenter studies is the direction of further research to better 
verify the conclusions of this study.

CONCLUSION
Our study suggested that preoperative 3D vascular reconstruction can shorten the operative time and reduce intraop-
erative blood loss during LLAR of rectal cancer while preserving the LCA. Therefore, for LCA-sparing rectal cancer 
surgery, preoperative 3D vascular reconstruction is recommended.
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Abstract
BACKGROUND 
Rectal cancer ranks as the second leading cause of cancer-related mortality 
worldwide, necessitating surgical resection as the sole treatment option. Over the 
years, there has been a growing adoption of minimally invasive surgical techni-
ques such as robotic and laparoscopic approaches. Robotic surgery represents an 
innovative modality that effectively addresses the limitations associated with 
traditional laparoscopic techniques. While previous studies have reported favo-
rable perioperative outcomes for robot-assisted radical resection in rectal cancer 
patients, further evidence regarding its oncological safety is still warranted.

AIM 
To conduct a comparative analysis of perioperative and oncological outcomes 
between robot-assisted and laparoscopic-assisted low anterior resection (LALAR) 
procedures.
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METHODS 
The clinical data of 125 patients who underwent robot-assisted low anterior resection (RALAR) and 279 patients 
who underwent LALAR resection at Shandong Provincial Hospital Affiliated to Shandong First Medical University 
from December 2019 to November 2022 were retrospectively analyzed. After performing a 1:1 propensity score 
matching, the patients were divided into two groups: The RALAR group and the LALAR group (111 cases in each 
group). Subsequently, a comparison was made between the short-term outcomes within 30 d after surgery and the 
3-year survival outcomes of these two groups.

RESULTS 
Compared to the LALAR group, the RALAR group exhibited a significantly earlier time to first flatus [2 (2-2) d vs 3 
(3-3) d, P = 0.000], as well as a shorter time to first fluid diet [4 (3-4) d vs 5 (4-6) d, P = 0.001]. Additionally, the 
RALAR group demonstrated reduced postoperative indwelling catheter time [2 (1-3) d vs 4 (3-5) d, P = 0.000] and 
decreased length of hospital stay after surgery [5 (5-7) d vs 7(6-8) d, P = 0.009]. Moreover, there was an observed 
increase in total cost of hospitalization for the RALAR group compared to the LALAR group [10777 (10780-11850) 
dollars vs 10550 (8766-11715) dollars, P = 0.012]. No significant differences were found in terms of conversion rate 
to laparotomy or incidence of postoperative complications between both groups. Furthermore, no significant 
disparities were noted regarding the 3-year overall survival rate and 3-year disease-free survival rate between both 
groups.

CONCLUSION 
Robotic surgery offers potential advantages in terms of accelerated recovery of gastrointestinal and urologic 
function compared to LALAR resection, while maintaining similar perioperative and 3-year oncological outcomes.

Key Words: Rectal cancer; Robotic surgical procedures; Laparoscopy; Low anterior resection; Clinical efficacy

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Robotic surgery is increasingly utilized in the management of rectal cancer. However, only retrospective studies 
and small-scale clinical trials have reported its perioperative outcomes. In this study, propensity score matching was 
employed to balance baseline data, thereby enhancing the credibility of the conclusions compared to general retrospective 
studies. Moreover, it is encouraging that the perioperative results and 3-year oncological outcomes of robotic surgery are 
similar to those of traditional laparoscopic surgery.

Citation: Long SX, Wang XN, Tian SB, Bi YF, Gao SS, Wang Y, Guo XB. Robotic-assisted low anterior resection for rectal cancer 
shows similar clinical efficacy to laparoscopic surgery: A propensity score matched study. World J Gastrointest Surg 2024; 16(6): 
1558-1570
URL: https://www.wjgnet.com/1948-9366/full/v16/i6/1558.htm
DOI: https://dx.doi.org/10.4240/wjgs.v16.i6.1558

INTRODUCTION
Rectal cancer ranks as the second leading cause of cancer-related fatalities worldwide[1]. Remarkable advancements have 
been achieved in the treatment of rectal cancer over recent decades. Since the 1980s, total mesorectal excision (TME) tech-
nique has served as the fundamental principle for surgical management of rectal cancer. Initially introduced through 
open surgery[2], the TME technique has subsequently benefited from laparoscopic techniques and instruments 
development. Multiple randomized controlled trials have demonstrated that laparoscopic-assisted TME not only matches 
the quality of tumor resection[3-5], but also yields comparable long-term oncological outcomes[6,7] to traditional open 
surgery. Nevertheless, surgeons continue to encounter challenges when performing rectal cancer surgery using conven-
tional laparoscopic platforms due to inherent limitations such as reduced instrument flexibility and unstable exposure of 
the surgical field within a narrow pelvis. Furthermore, establishing noninferiority of laparoscopic-assisted TME com-
pared with open surgery for successful resection remains unresolved[8,9].

In rectal cancer surgery, the robotic digital platform offers distinct technical advantages. It enhances surgical precision 
through a three-dimensional high-definition field of view, a multi-joint robotic arm, rotatable wrist surgical instruments, 
tremor filtering, and fluorescence imaging[10,11]. These theoretical benefits suggest that robot-assisted TME may yield 
superior clinical outcomes compared to laparoscopic-assisted TME.

The objective of this study was to assess the safety and efficacy of robot-assisted low anterior resection (RALAR), with 
a focus on reporting perioperative and 3-year oncological outcomes for both robotic and laparoscopic surgery.

https://www.wjgnet.com/1948-9366/full/v16/i6/1558.htm
https://dx.doi.org/10.4240/wjgs.v16.i6.1558
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MATERIALS AND METHODS
Patients
This retrospective cohort study was conducted at the Department of Gastrointestinal Surgery, Shandong Provincial 
Hospital Affiliated to Shandong First Medical University, and included clinical data from patients who underwent low 
anterior resection for rectal cancer between December 2019 and November 2022. The inclusion criteria were as follows: (1) 
Diagnosis of rectal adenocarcinoma; (2) robotic or laparoscopic surgery; (3) low anterior resection; (4) distance from the 
lower edge of the tumor to the anal edge ≤ 15 cm; and (5) the postoperative pathological TNM stage was I-III. The 
exclusion criteria were as follows: (1) Preoperative detection of distant metastasis; (2) tumor invasion of adjacent organs; 
(3) previous history of any other malignant tumors; (4) combined with other organ resections; and (5) preoperative 
neoadjuvant therapy. The third generation Da Vinci robotic surgical system was utilized in the robotic group.

Data collection
The baseline characteristics encompass the following variables: Gender, age, preoperative hemoglobin level, preoperative 
albumin level, presence of preoperative intestinal obstruction, comorbidity (including cardiovascular diseases, cere-
brovascular disorders, diabetes mellitus, lung diseases, and liver diseases), previous abdominal surgery, history of 
smoking, height of tumor from anal verge, preventive stoma status, American Society of Anesthesiologists score, classi-
fication of New York Heart Association heart function, body mass index (BMI), differentiation grade, maximum tumor 
diameter, pathological T stage and N stage as well as TNM staging based on AJCC 8th edition criteria for cancer staging 
purposes, and surgical approach.

The perioperative outcomes encompass the following parameters: Complications within 30 d after surgery and 
Clavien-Dindo classification[12-14] (All postoperative complications were assessed and classified based on the patient’s 
clinical manifestations, laboratory findings, radiographic results, and treatment modalities), the rate of conversion to 
laparotomy (Conversion is defined as the transition from robot-assisted or laparoscopic-assisted surgery to open abdo-
minal surgery), approximate intraoperative blood loss, rate of intraoperative blood transfusion, positive rate of distal 
resection margin, harvested lymph nodes, harvested positive lymph nodes, duration of surgery, intraoperative dose of 
sufentanil, time to first flatus, time to first fluid diet, postoperative indwelling catheter time, total cost of hospitalization 
(treatment costs arising from readmission due to complications were not included), postoperative hospital stay, 
readmission rate within 30 d after surgery(Readmission for adjuvant therapy was not included), and reoperation rate 
within 30 d after surgery.

Survival outcomes were assessed based on the 3-year overall survival (OS) and 3-year disease-free survival (DFS) rates 
following surgical intervention. OS was defined as the duration from the date of surgery until the last follow-up visit or 
death from any cause. DFS referred to the period between surgery and either first recurrence, last follow-up visit, or 
death from any cause. Local recurrence was determined by radiological or histologic evidence indicating tumor reap-
pearance at the primary site. Distant metastasis denoted the presence of metastatic lesions in organs other than the 
primary site. Data collection involved telephone interviews and outpatient follow-up visits, with surgery serving as the 
starting point and death, recurrence, or metastasis as endpoints. Examinations encompassed digital rectal examination, 
serum tumor markers assessment, colonoscopy, and contrast-enhanced CT scans of chest, abdomen, and pelvis.

Clinical management
The preoperative examination includes routine blood tests, chest and abdominal computed tomography (CT), pelvic 
magnetic resonance imaging, and colonoscopy. TME is the standard surgical method for rectal cancer, and the surgical 
technique is carried out as described in previous reports[15,16]. Similar perioperative management was performed as 
recommended by the Enhanced Recovery After Surgery guidelines[17]. Postoperative oral nutritional supplementation is 
provided as early as possible, and a liquid diet is resumed early based on the patient’s abdominal signs and flatulence. 
Typically, urinary catheterization is routinely performed 1-3 d after rectal cancer surgery, and the duration should also be 
individualized based on risk factors (such as male gender, epidural analgesia, and pelvic surgery).

Statistical analysis
The data were analyzed using SPSS 26.0 software. For measurement data conforming to a normal distribution, an 
independent sample t-test was employed; for measurement data and hierarchical data not conforming to a normal distri-
bution, the Mann-Whitney U test was utilized; and for count data, either the χ2 test or Fisher’s exact test was applied. A 
logistic regression model with a caliper value set at 0.02 was used to calculate the propensity score for each patient. The 
baseline characteristics were utilized as covariates to achieve a 1:1 matching ratio between the RALAR group and the 
laparoscopic-assisted low anterior resection (LALAR) group. After propensity score matching, paired sample t-tests were 
conducted for measurement data conforming to a normal distribution, McNemar tests were performed for count data, 
and Wilcoxon tests were employed for measurement data and hierarchical data not conforming to a normal distribution. 
Univariate logistic regression analysis followed by multivariate logistic regression analysis was conducted to identify risk 
factors associated with anastomotic leakage. Kaplan-Meier method was used to plot survival curves depicting the 3-year 
OS rate and 3-year DFS rate after surgery, with between-group differences compared using Log-rank test. A significance 
level of P < 0.05 has been reached, indicating a statistically meaningful difference. mean ± SD values were reported for 
measurement data conforming to a normal distribution; median and quartile values were provided for measurement data 
not conforming to a normal distribution; while number and percentage values represented count data.
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RESULTS
Patient characteristics
A total of 404 patients were enrolled in this study, with 125 (31%) undergoing RALAR and 279 (69%) undergoing LALAR. 
Significant differences existed between the two groups prior to matching in terms of patients presenting preoperative 
intestinal obstruction, liver diseases, height of tumor from anal verge, preventive stoma, and pathological N stage. 
Propensity score matching was employed to mitigate selection bias and achieve balanced baseline characteristics for both 
groups (111 patients per group). Table 1 shows the clinical characteristics of the patient.

Perioperative clinical outcomes
The RALAR group exhibited earlier time to first flatus [2 (2-2) d vs 3 (3-3) d, P = 0.000] and time to first fluid diet [4 (3-4) d 
vs 5 (4-6) d, P = 0.001], shorter postoperative indwelling catheter time [2 (1-3) d vs 4 (3-5) d, P = 0.000] and length of 
hospital stay after surgery [5 (5-7) d vs 7 (6-8) d, P = 0.009], as well as higher total cost of hospitalization [10777 (10780-
11850) dollars vs 10550 (8766-11715) dollars, P = 0.012] compared to the LALAR group. The rate of conversion to 
laparotomy did not differ significantly between the RALAR group and the LALAR group (0% vs 1.8%, P = 0.498). There 
were no significant differences observed in the remaining perioperative outcomes between the two groups. Table 2 shows 
the perioperative results.

Postoperative complications
The overall incidence of postoperative complications was 13.5% in the RALAR group and 12.6% in the LALAR group (P = 
1.000). Moreover, the incidence of severe complications (Clavien-Dindo grade ≥ III) was 0.9% in the RALAR group and 
3.6% in the LALAR group (P = 0.375). The incidence of each complication and each Clavien-Dindo grade ≥ III 
complication did not exhibit any significant differences between the two groups. Table 3 shows the postoperative 
complications.

Subgroup analysis of anastomotic leakage
Univariate logistic regression analysis revealed that BMI ≥ 25 (kg/m2) and maximum tumor diameter ≥ 6 cm were 
identified as risk factors for postoperative anastomotic leakage. Subsequently, multivariate logistic regression analysis 
was conducted on the variables with significant statistical associations in the univariate logistic regression analysis. The 
results demonstrated that BMI ≥ 25 (kg/m2) [odds ratio (OR): 2.85; 95% confidence interval (95%CI): 1.23-6.59; P = 0.015] 
and maximum tumor diameter ≥ 6 cm (OR: 2.81; 95%CI: 1.10-7.15; P = 0.030) independently contributed to the risk of 
postoperative anastomotic leakage occurrence. Figure 1 depict the risk factor analysis of postoperative anastomotic 
leakage, while subgroup analyses were performed based on the independent risk factors for this complication. Among 
patients with BMI ≥ 25 (kg/m2), there was a respective incidence of anastomotic leakage of 17.8% in the RALAR group 
and 12.0% in the LALAR group (P = 0.428). In patients with maximum tumor diameter ≥ 6 cm, the incidence of 
anastomotic leakage was observed to be 28.6% in the RALAR group compared to only 8.3% in the LALAR group (P = 
0.330). In summary, although slightly higher incidences of anastomotic leakage were noted in the RALAR group during 
subgroup analyses, these differences did not reach statistical significance. Table 4 presents detailed findings from 
subgroup analyses regarding anastomotic leakage.

3-year oncological outcomes
After matching, a total of 10 patients (5 in the RALAR group and 5 in the LALAR group) were lost to follow-up, resulting 
in a loss rate of 4.5%. However, there was no statistically significant difference observed between the two groups. The 
median duration of follow-up was 33 months. The 3-year OS rate was 96.4% in the RALAR group and 95.6% in the 
LALAR group (P = 0.909), indicating no statistically significant difference between the two groups. According to TNM 
staging, the 3-year OS rate in the RALAR group was 100% in stage I, 100% in stage II, and 91.8% in stage III, while the 3-
year OS rate in the LALAR group was 100.0% in stage I, 92.2% in stage II, and 95.0% in stage III. There was no statistically 
significant difference in the 3-year OS rate at each stage between the RALAR group and the LALAR group. The 3-year OS 
rate of the two groups was compared in Figure 2A-D. The 3-year DFS rate was 87.7% in the RALAR group and 91.2% in 
the LALAR group (P = 0.738), with no statistically significant difference between the two groups. According to TNM 
staging, the 3-year DFS rate in the RALAR group was 96.8% in stage I, 89.6% in stage II, and 78.3% in stage III, while the 
3-year DFS rate in the LALAR group was 92.8% in stage I, 92.7% in stage II, and 88.8% in stage III. There was no statist-
ically significant difference in the 3-year DFS rate at each stage between the RALAR group and the LALAR group. The 3-
year DFS rate of the two groups was compared in Figure 2E-H.

DISCUSSION
This retrospective cohort study aimed to compare the clinical outcomes of robotic-assisted and LALAR for rectal cancer. 
Only patients undergoing low anterior resection for rectal cancer were included during the study period. Surgeons’ 
expectations regarding advanced technology may lead to selective application of robotic surgery in more complex cases, 
such as advanced tumors or abdominoperineal resection for rectal cancer, potentially exacerbating selection bias in the 
retrospective analysis. To address baseline data imbalance, we performed propensity score matching analysis based on 
patient clinical characteristics and tumor pathological characteristics after excluding cases of abdominoperineal resection. 
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Table 1 Baseline characteristics, n (%)

Before matching After matching
Item

RALAR, n = 125 LALAR, n = 279
P value

RALAR, n = 111 LALAR, n = 111
P value

Gender 0.871 0.8961

Male 76 (60.8) 172 (61.6) 67 (60.4) 65 (58.6)

Female 49 (39.2) 107 (38.4) 44 (39.6) 46 (41.4)

Age (yr) 62 (55-68) 63 (54-68) 0.957 62 (55-66) 61 (53-68) 0.761

Preoperative hemoglobin (g/L) 135.0 (123.5-143.5) 134.0 (123.0-145.0) 0.593 131.7 ± 15.7 133.1 ± 17.5 0.510

Preoperative albumin (g/L) 39.5 ± 3.0 39.1 ± 3.2 0.246 39.4 ± 3.0 39.8 ± 3.3 0.430

Preoperative intestinal obstruction 8 (6.4) 44 (15.8) 0.009 8 (7.2) 7 (6.3) 1.0001

Comorbidity

Cardiovascular diseases 48 (38.4) 106 (38.0) 0.938 44 (39.6) 38 (34.2) 0.4411

Cerebrovascular disorders 11 (8.8) 38 (13.6) 0.170 10 (9.0) 10 (9.0) 1.0001

Diabetes mellitus 16 (12.8) 41 (14.7) 0.613 13 (11.7) 12 (10.8) 1.0001

Lung diseases 43 (34.4) 96 (34.4) 0.999 36 (32.4) 38 (34.2) 0.8851

Liver diseases 9 (7.2) 8 (2.9) 0.045 4 (3.6) 5 (4.5) 1.0001

Previous abdominal surgery 12 (9.6) 33 (11.8) 0.511 11 (9.9) 15 (13.5) 0.5231

History of smoking 47 (37.6) 81 (29.0) 0.087 39 (35.1) 36 (32.4) 0.7611

Height of tumor from anal verge 
(cm)

10 (8.0-13.5) 10 (6.0-10.0) 0.005 10 (8.0-12.0) 10 (8.0-12.0) 0.754

Preventive stoma 23 (18.4) 111 (39.8) 0.000 22 (19.8) 23 (20.7) 1.0001

ASA score 0.340 0.602

I 0 1 (0.4) 0 0

II 102 (81.6) 214 (76.7) 90 (81.1) 93 (83.8)

III 23 (18.4) 64 (22.9) 21 (18.9) 18 (16.2)

Classification of NYHA heart 
function

0.837 0.893

I 77 (61.6) 170 (60.9) 67 (60.4) 68 (61.3)

II 48 (38.4) 106 (38.0) 44 (39.6) 43 (38.7)

III 0 3 (1.1) 0 0

BMI (kg/m2) 24.2 (22.8-25.9) 24.2 (22.1-26.7) 0.780 24.5 ± 2.8 24.6 ± 3.5 0.795

Differentiation 0.053 0.317

Low 3 (2.4) 37 (13.3) 3 (2.7) 4 (3.6)

Medium 114 (91.2) 218 (78.1) 102 (91.9) 95 (85.6)

High 8 (6.4) 24 (8.6) 6 (5.4) 12 (10.8)

Maximum tumor diameter (cm) 4 (3.0-5.0) 4 (3.5-5.0) 0.128 4 (3.0-5.0) 4 (3.0-5.0) 0.693

Pathological T stage 0.693 0.925

Tis 0 2 (0.7) 0 2 (1.8)

1 10 (8.0) 15 (5.4) 9 (8.1) 7 (6.3)

2 34 (27.2) 70 (25.1) 32 (28.8) 26 (23.4)

3 74 (59.2) 185 (66.3) 64 (57.7) 74 (66.7)

4a 7 (5.6) 7 (2.5) 6 (5.4) 2 (1.8)

Pathological N stage 0.046 0.534
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0 80 (64.0) 154 (55.2) 69 (62.2) 72 (64.9)

1a 19 (15.2) 38 (13.6) 18 (16.2) 17 (15.3)

1b 13 (10.4) 38 (13.6) 12 (10.8) 12 (10.8)

1c 0 7 (2.5) 0 2 (1.8)

2a 8 (6.4) 19 (6.8) 8 (7.2) 6 (5.4)

2b 5 (4.0) 23 (8.2) 4 (3.6) 2 (1.8)

Pathological TNM stage 0.140 0.712

0 0 2 (0.7) 0 2 (1.8)

I 34 (27.2) 69 (24.7) 31 (27.9) 28 (25.2)

IIA 43 (34.4) 81 (29.0) 36 (32.4) 41 (36.9)

IIB 3 (2.4) 2 (0.7) 2 (1.8) 1 (0.9)

IIIA 9 (7.2) 15 (5.4) 9 (8.1) 5 (4.5)

IIIB 30 (24.0) 85 (30.5) 28 (25.2) 31 (27.9)

IIIC 6 (4.8) 25 (9.0) 5 (4.5) 3 (2.7)

1McNemar’s test.
RALAR: Robot-assisted low anterior resection; LALAR: Laparoscopic-assisted low anterior resection; ASA: American Society of Anesthesiologists; NYHA: 
New York Heart Association; BMI: Body mass index.

Table 2 Perioperative outcomes, n (%) or median (interquartile range)

RALAR, n = 111 LALAR, n = 111 P value

Conversion to laparotomy 0 2 (1.8) 0.4982

Approximate intraoperative blood loss (mL) 50 (20-50) 50 (30-50) 0.276

Intraoperative blood transfusion 4 (3.6) 3 (2.7) 1.0001

Distal resection margin 1.0002

Involved 0 1 (0.9)

Harvested lymph nodes 14 (11-16) 13 (11-17) 0.627

Harvested positive lymph nodes 0 (0-1) 0 (0-1) 0.317

Duration of surgery (min) 187 (160-215) 185 (155-230) 0.977

Intraoperative dose of sufentanil (μg/kg/min) 0.0050 (0.0040-0.0062) 0.0048 (0.0040-0.0064) 0.948

Time to first flatus (d) 2(2-2) 3 (3-3) 0.000

Time to first fluid diet (d) 4 (3-4) 5 (4-6) 0.001

Postoperative indwelling catheter time (d) 2 (1-3) 4 (3-5) 0.000

Total cost of hospitalization (dollars) 10777 (10780-11850) 10550 (8766-11715) 0.012

Length of hospital stay after surgery (d) 5 (5-7) 7 (6-8) 0.009

Readmission within 30 d after operation 1 (0.9) 1 (0.9) 1.0001

Reoperation within 30 d after operation 0 1 (0.9) 1.0002

1McNemar’s test.
2Fisher’s exact test.
RALAR: Robot-assisted low anterior resection; LALAR: Laparoscopic-assisted low anterior resection.

The findings of this study demonstrated that among patients undergoing low anterior resection for rectal cancer, both the 
RALAR group and the LALAR group exhibited comparable perioperative and 3-year oncological outcomes.

The rate of conversion to laparotomy is a crucial parameter for evaluating the benefits of robotic-assisted radical 
resection for rectal cancer, as it is believed that the technical advantages of robotics can effectively overcome challenging 
pelvic anatomy[18] and minimize the need for conversion to laparotomy[19]. Previous studies have demonstrated that 
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Table 3 Complications within 30 d after surgery, n (%)

RALAR (n = 111) LALAR (n = 111) P value P value

I II IIIa IIIb Overall I II IIIa IIIb Overall Overall ≥ III

Overall 0 14 1 0 15 (13.5) 3 7 2 2 14 (12.6) 1.0001 0.3751

Anastomotic leakage 0 12 1 0 13 (11.7) 1 6 0 2 9 (8.1) 0.4811 1.0001

Anastomotic stenosis 0 0 0 0 0 2 0 0 0 2 (1.8) 0.4982

Intestinal obstruction 0 1 0 0 1 (0.9) 0 2 1 0 3 (2.7) 0.6251 1.0002

Intraabdominal infection 0 2 0 0 2 (1.8) 0 2 0 1 3 (2.7) 1.0001 1.0002

Hemoperitoneum 0 0 0 0 0 0 0 1 0 1 (0.9) 1.0002 1.0002

Pneumonia 0 0 0 0 0 0 2 0 0 2 (1.8) 0.4982

Pulmonary atelectasis 0 0 0 0 0 4 0 0 0 4 (3.6) 0.1222

Venous thrombosis 0 1 0 0 1 (0.9) 0 0 0 0 0 1.0002

1McNemar’s test.
2Fisher’s exact test.
RALAR: Robot-assisted low anterior resection; LALAR: Laparoscopic-assisted low anterior resection.

Table 4 Subgroup analysis of anastomotic leakage, n (%)

Anastomotic leakage P value

BMI ≥ 25 (kg/m2) 0.428

RALAR (n = 45) 8 (17.8)

LALAR (n = 50) 6 (12.0)

Maximum tumor diameter ≥ 6 cm 0.3301

RALAR (n = 14) 4 (28.6)

LALAR (n = 12) 1 (8.3)

1Fisher’s exact test.
RALAR: Robot-assisted low anterior resection; LALAR: Laparoscopic-assisted low anterior resection; BMI: Body mass index.

conversion to laparotomy is associated with inferior long-term oncological outcomes in rectal cancer surgery[20]. 
Furthermore, conversion to laparotomy leads to increased utilization of intraoperative analgesics[21]. A randomized, 
unblinded, multicenter study conducted in Denmark revealed that patients undergoing rectal cancer resection using 
robotic technology required fewer analgesics during surgery and experienced a lower rate of conversion to laparotomy 
compared to those undergoing traditional laparoscopic surgery[21]. The ROLARR multicenter randomized controlled 
trial designated the primary endpoint as the conversion rate to laparotomy[22]. In line with our findings, no significant 
disparity was observed in the rate of conversion to laparotomy between robotic-assisted and laparoscopic-assisted radical 
resection for rectal cancer in the ROLARR trial. However, subgroup analysis of the ROLARR trial revealed that robotic 
surgery exhibited a lower incidence of conversion to laparotomy among male patients. Furthermore, two multicenter 
retrospective cohort studies[23,24] reported that robotic-assisted radical resection for rectal cancer did not significantly 
mitigate the risk of conversion to laparotomy, which is consistent with our results. In this study, two patients in the 
LALAR group opted for conversion to laparotomy due to severe abdominal adhesions, while no patient in the RALAR 
group required conversion to laparotomy. The rate of converting to laparotomy did not exhibit a statistically significant 
difference between the two groups, thereby failing to demonstrate any advantage of robotic surgery over laparoscopy in 
terms of conversion rates.

Urogenital dysfunction is considered a significant complication that adversely affects the quality of life in patients 
following rectal cancer surgery. A prospective controlled study evaluated the urogenital function of patients by Interna-
tional Prostate Symptom Score, International Index of Erectile Function text, Female Sexual Function Index and 
urodynamic examination, and found that robotic technology was conducive to the early recovery of postoperative 
urogenital function, which was related to the superiority of robotic surgical technology in identifying and preserving 
autonomic nerves[25]. Moreover, consistent findings from prospective cohort studies[26] and meta-analyses[27] have 
shown that male patients undergoing robotic surgery experience improved micturition and erectile function compared to 
those undergoing traditional laparoscopic rectal cancer surgery. Similarly, our study revealed an earlier removal of 
catheter in the RALAR group than in the LALAR group, further supporting faster recovery of postoperative urogenital 
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Figure 1 Univariate and multivariate analysis of anastomotic leakage (Clavien-Dindo grade ≥ II). A: Univariate analysis; B: Multivariate analysis. 
BMI: Body mass index; ASA: American Society of Anesthesiologists. NYHA: New York Heart Association; 95%CI: 95% confidence interval; OR: Odds ratio.

function with robotic surgical technology. However, it is important to note that this study did not include long-term 
follow-up or evaluation of patients’ urogenital function; therefore, these clinically significant results should be interpreted 
cautiously and confirmed by other high-level evidence.

The faster recovery of gastrointestinal function is a significant advantage of robot-assisted radical resection for rectal 
cancer[28], as also supported by the findings of this study. However, it is important to address the cost issue, which poses 
a major barrier to the widespread adoption of robotic technology. Previous studies have highlighted the increased costs 
associated with robotic surgery[29]. In our preliminary analysis of hospitalization costs, we observed that the total hospit-
alization costs for patients in the RALAR group were significantly higher compared to those in the LALAR group, 
primarily due to elevated direct operation expenses. Nevertheless, as robotic surgery becomes more popular and its 
utilization increases rapidly, there is potential for a decrease in equipment and consumable costs. Furthermore, given that 
robotic surgery promotes accelerated recovery of gastrointestinal function[28], and reduces postoperative hospital stays
[19,29,30], it can help control postoperative expenses and potentially lead to an overall reduction in costs at an acceptable 
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Figure 2 The 3-year overall survival and disease-free survival rate between robotic and laparoscopic surgical procedures. A: Overall survival 
(OS) rate for all stages in both groups; B: OS rate for stage I in both groups. In stage I, the Log-rank test could not calculate a meaningful statistic or P value; C: OS 
rate for stage II in both groups; D: OS rate for stage III in both groups; E: Disease-free survival (DFS) rate for all stages in both groups; F: DFS rate for stage I in both 
groups; G: DFS rate for stage II in both groups; H: DFS rate for stage III in both groups. RALAR: Robot-assisted low anterior resection; LALAR: Laparoscopic-
assisted low anterior resection; OS: Overall survival.
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level.
The incidence of postoperative complications was comparable between the RALAR group and the LALAR group, with 

no significant difference observed in the occurrence of severe complications. These findings align with previous studies 
demonstrating similar short-term outcomes for robot-assisted and laparoscopic-assisted radical resection for rectal cancer
[19,23,24,30,31]. Anastomotic leakage is a common complication of low anterior resection for rectal cancer. Preventive 
stoma is considered to be effective in preventing anastomotic leakage[32]. The LASRE trial, a multicenter noninferiority 
randomized clinical trial for low rectal cancer, demonstrated that the rates of preventive stoma and anastomotic leakage 
following laparoscopic-assisted radical resection for rectal cancer were 78.8% and 2.5%[5], 81.0% and 3.0% in the 
ALaCaRT trial[8], 97.6% and 2.1% in the ACOSOG Z6051 trial (a multicenter noninferiority randomized clinical trial for 
rectal cancer after stage II and III neoadjuvant therapy)[9], and 35% and 13% in the COLOR II trial[3]. Considering the 
incidence of anastomotic leakage, the risk of reoperation, and patient preference, our hospital’s laparoscopic team favors 
performing preventive stoma during surgery rather than resorting to stoma rerouting post-occurrence. In this study, a 
statistically significant difference was observed in the rate of preventive stoma between the RALAR group and the 
LALAR group (18.4% vs 39.8%, P = 0.000). Following propensity score matching, both the RALAR group (19.8%) and the 
LALAR group (20.7%) exhibited similar rates of preventive stoma, indicating balanced and comparable baseline data. 
Furthermore, after matching, there was no significant difference in the incidence of anastomotic leakage between the two 
groups with rates of 11.7% in the RALAR group and 8.1% in the LALAR group. Due to the theoretical advantages of 
robotic technology, surgeons are able to have better visualization of the surgical field and operate with increased 
flexibility in the pelvic cavity, potentially reducing accidental trauma to the intestinal wall. The aforementioned pers-
pective is consistent with a multi-center randomized controlled trial that reported improved macroscopic completeness of 
specimens in the robotic surgery[28]. Therefore, this study also conducted a subgroup analysis on patients with risk 
factors for anastomotic leakage (BMI ≥ 25 kg/m2 and maximum tumor diameter ≥ 6 cm); however, no significant 
difference in the incidence of anastomotic leakage was observed between the RALAR group and the LALAR group.

In terms of oncology, this study demonstrated comparable 3-year oncological outcomes between robot-assisted and 
LALAR procedures. Subgroup analysis based on TNM staging revealed no significant differences between the two 
groups. We compared these findings with previous studies investigating the oncological outcomes of robotic or laparo-
scopic rectal cancer surgery. Feroci et al[30], utilizing data from 2 centers, reported a 3-year OS rate of 90.2% and a 3-year 
DFS rate of 79.2% for patients undergoing robotic surgery for rectal cancer, while patients undergoing laparoscopic 
surgery achieved rates of 90.0% and 83.4%, respectively. A multicenter retrospective study conducted by Burghgraef et al
[33] also reported similar 3-year oncological outcomes. The results of Park et al[29] were not inferior to these aforemen-
tioned findings, as they observed a 5-year OS rate of 92.8% and a 5-year DFS rate of 81.9% following RALAR. Fur-
thermore, a subgroup analysis of a retrospective study demonstrated that in patients with ypT3-4 tumors who underwent 
preoperative chemoradiotherapy, the 5-year distant recurrence rate was 44.8% in the laparoscopic group and 9.8% in the 
robotic group, suggesting potential benefits of robotic surgery for advanced rectal cancer patients with poor response to 
neoadjuvant chemoradiotherapy[34]. However, considering that distant metastasis is primarily influenced by biological 
behavior and tumor staging[35], which may not be directly associated with surgical procedure, more robust evidence is 
still required to substantiate this conclusion.

The retrospective nature of this study was its most significant limitation; therefore, propensity score matching was 
employed to mitigate confounding from baseline data. Additionally, the evaluation of robotic technique quality should 
consider the achievement of a radical resection, specifically complete removal of the mesorectum, as circumferential 
resection margin involvement is a crucial predictor for local recurrence[36] and distant metastasis[37]. Several multicenter 
retrospective studies have demonstrated comparable specimen quality and circumferential resection margin involvement 
between robotic-assisted TME and laparoscopic-assisted TME[23,24,30]. However, comprehensive pathological results 
encompassing circumferential resection margin involvement and integrity of the mesorectum specimen were not 
available in this study.

In conclusion, this study demonstrated that both techniques yielded satisfactory perioperative and 3-year oncological 
outcomes. Moreover, robotic techniques exhibited certain advantages in rectal cancer surgery, which warrant further 
validation through subsequent investigations.

CONCLUSION
The robotic-assisted low anterior resection is a secure surgical technique that not only expedites the recovery of 
gastrointestinal and urinary function but also demonstrates promising perioperative and 3-year oncological outcomes.
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Abstract
BACKGROUND 
Synchronous liver metastasis (SLM) is a significant contributor to morbidity in 
colorectal cancer (CRC). There are no effective predictive device integration 
algorithms to predict adverse SLM events during the diagnosis of CRC.

AIM 
To explore the risk factors for SLM in CRC and construct a visual prediction 
model based on gray-level co-occurrence matrix (GLCM) features collected from 
magnetic resonance imaging (MRI).

METHODS 
Our study retrospectively enrolled 392 patients with CRC from Yichang Central 
People’s Hospital from January 2015 to May 2023. Patients were randomly 
divided into a training and validation group (3:7). The clinical parameters and 
GLCM features extracted from MRI were included as candidate variables. The 
prediction model was constructed using a generalized linear regression model, 
random forest model (RFM), and artificial neural network model. Receiver 
operating characteristic curves and decision curves were used to evaluate the 
prediction model.

RESULTS 
Among the 392 patients, 48 had SLM (12.24%). We obtained fourteen GLCM 
imaging data for variable screening of SLM prediction models. Inverse difference, 
mean sum, sum entropy, sum variance, sum of squares, energy, and difference 
variance were listed as candidate variables, and the prediction efficiency (area 
under the curve) of the subsequent RFM in the training set and internal validation 
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set was 0.917 [95% confidence interval (95%CI): 0.866-0.968] and 0.09 (95%CI: 0.858-0.960), respectively.

CONCLUSION 
A predictive model combining GLCM image features with machine learning can predict SLM in CRC. This model 
can assist clinicians in making timely and personalized clinical decisions.

Key Words: Colorectal cancer; Synchronous liver metastasis; Gray-level co-occurrence matrix; Machine learning algorithm; 
Prediction model

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Our predictive model for synchronous liver metastasis (SLM) in colorectal cancer (CRC) patients can screen 
reliable predictive variables based on clinical features. This is crucial for predicting SLM in CRC and improving patient 
prognosis. Imaging omics is a discipline that has developed in recent years. Based on advanced deep learning algorithms, 
extracting imaging features will have practical clinical value for constructing prediction models for SLM in CRC. This study 
combines imaging and deep learning to construct an early warning prediction model, to provide necessary auxiliary 
predictions for the occurrence of SLM and guide clinical decision-making.

Citation: Yang KF, Li SJ, Xu J, Zheng YB. Machine learning prediction model for gray-level co-occurrence matrix features of 
synchronous liver metastasis in colorectal cancer. World J Gastrointest Surg 2024; 16(6): 1571-1581
URL: https://www.wjgnet.com/1948-9366/full/v16/i6/1571.htm
DOI: https://dx.doi.org/10.4240/wjgs.v16.i6.1571

INTRODUCTION
Colorectal cancer (CRC), the third most common malignant tumor worldwide, has a high incidence and mortality rate[1]. 
Approximately 25%-30% of patients with CRC experience synchronous liver metastasis (SLM), and SLM is one of the 
most common causes of death in this disease[2,3]. However, despite advancements in surgical interventions, only about 
25% of patients are suitable for resection surgery, which is considered a major curative treatment for SLM in CRC[4-6]. As 
such, early detection of SLM from CRC is important for diagnosis, treatment, and improvement of patient prognosis.

Deep learning algorithms use reliable algorithm development that integrates computing, storage, networking, and 
other technologies. Machine learning (ML) is a branch of artificial intelligence that focuses on predicting patterns in data 
through the use of mathematical algorithms. These algorithms are popular for accurately calculating and predicting 
cancer risk events by combining potential risk factors of tumor development[7]. Existing research has focused on the deep 
learning applications and integration of different data types to develop decision support tools. However, the lack of 
alternative candidate parameters for predicting disease urgently needs to be addressed. Imaging is a major component of 
cancer screening, staging, monitoring, and the evaluation of the aforementioned[8]. In this study, we extracted grayscale 
features from magnetic resonance imaging (MRI) images from patients with CRC and constructed a gray-level co-
occurrence matrix (GLCM) to quantitatively measure texture characteristics.

We utilized GLCM features to capture texture information and image texture specificity to screen candidate variables 
and to establish a prediction model for SLM that helps clinicians make decisions and provides guidance for early clinical 
diagnosis and treatment decisions.

MATERIALS AND METHODS
Study population
We retrospectively selected 392 patients with CRC from the Gastrointestinal Surgery Department of Yichang Central 
People’s Hospital from January 2015 to May 2023. The inclusion criteria were as follows: (1) Patients diagnosed with CRC 
and undergoing surgery; (2) patients aged ≥ 18 years old; (3) patients with complete postoperative pathological 
information; (4) CRC is the only primary malignant tumor; and (5) patients undergoing preoperative MRI. The exclusion 
criteria included: (1) Patients who received neoadjuvant radiotherapy and chemotherapy before surgery; (2) patients with 
incomplete recorded baseline and pathological data; and (3) patients with positive surgical margins and distant 
metastasis other than SLM after tumor surgery. This retrospective study was approved by the Ethics Committee of 
Yichang Central People’s Hospital, and the research protocol conforms to the accuracy of artificial intelligence model 
training while ensuring the confidentiality of personal privacy of all patients included in the study. The study received an 
informed consent exemption from the Ethics Committee. The process of incorporating patients and building prediction 
models is shown in Figure 1 and Supplementary Figure 1.

https://www.wjgnet.com/1948-9366/full/v16/i6/1571.htm
https://dx.doi.org/10.4240/wjgs.v16.i6.1571
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Figure 1 The flow chart of patient selection and data process. SOS: Sum of squares; IND: Inverse difference; MES: Mean sum; SUV: Sum variance; 
SUE: Sum entropy; DIV: Difference variance; DIE: Difference entropy; RFM: Random forest model; ANNM: Artificial neural network model; GLRM: Generalized linear 
regression model; SLM: Synchronous liver metastasis.

Diagnostic criteria of SLM
Synchronous detection of liver metastasis was defined as SLM detected before or during the resection of the primary 
tumor, and in the case of unresectable patients, it was defined as SLM detected before or simultaneously with the primary 
tumor.

Acquisition of MRI-based radiomic parameters
We used Skyra 3.0T or Avanto 1.5T MRI instruments (provided by Siemens) to perform abdominal imaging examin-
ations. The parameter settings were as follows: T2W1, TR 2500 ms, TE 83 ms, layer spacing 1.8 mm, layer thickness 6.0 
mm, matrix 352 × 352, FOV 36 cm × 36 cm; The b values of DWI were set to 50 and 800, respectively. A vibe sequence was 
used for enhanced scanning, with TR 3.97 ms, TE 1.29 ms, and FOV 36 cm × 36 cm. Glucosamine gadolinium pentobate 
(i.e., Magentavir, 0.2 mL/kg) was injected through the elbow vein at a rate of 2.0 mL/s, followed by 20.0 mL of 
physiological saline. We used an independent blind method to analyze the MRI images, including the maximum 
diameter of colorectal liver metastases (CRLM) before enhancement, the maximum diameter of CRLM during arterial 
phase, the edge of CRLM after enhancement, edge enhancement, and peripheral parenchymal enhancement.

Data entry and quality control analysis
To ensure the accuracy of data input, we used the following strategies. Firstly, the clinical baseline data and imaging data 
of patients were independently entered by two people, and the final analysis was proofread. Secondly, both imaging data 
and review were completed by two senior radiologists (with more than 7 years of experience). If there was a 
disagreement between the two during the film review, a third party made a ruling. Finally, all records included in this 
study had less than 5% missing data. Candidate variables exceeding this threshold were imputed using missing values 
(i.e., median or mean imputation). If the missing value was greater than 10%, it was discarded immediately.

Training and verification of the segmentation model
We automatically extracted imageomics features (i.e., T2W1 and VP images) from the VOIs of each patient’s enhanced 
venous phase MRI image, including first-order features, morphological features, texture features, and filter-based higher-
order features. These features were obtained by analyzing the original image and applying multiple filters to the derived 
images, including exponential filters, square filters, square root filters, logarithmic filters, and wavelet decomposition. 
Image texture features (i.e., exponent, square, square root, logarithm, and wavelet transform) were divided into three 
subgroups: GLCM, including the sum of squares (SOS), mean sum (MES), the inverse difference (IND), sum entropy 
(SUE), correlation, sum variance (SUV), difference entropy (DIE), difference variance (DIV), energy, entropy, entropy, 
and contrast, grayscale length matrix, and grayscale shape matrix. In addition, wavelet decomposition included three-
dimensional wavelet transform with low-pass filtering and high-pass filtering to quantitatively capture MRI image 
features.

We adopted a random grouping method (70% and 30% were included in the training and internal validation sets, 
respectively). In addition, we use lasso regression (i.e., with minimum penalty coefficient and Pearson correlation 
coefficient) to select candidate predictive variables to use to construct SLM prediction models. We used three popular ML 
algorithms, namely the generalized linear regression model (GLRM), random forest model (RFM), and artificial neural 
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network model (ANNM), to construct a visual prediction model for SLM[9-12]. We chose the minimum absolute 
shrinkage and selection operator algorithm and then constructed an SLM prediction model based on MRI features[13]. 
We used decision curve analysis (DCA)[14], receiver operating characteristic (ROC), and clinical impact curves (CIC) to 
evaluate the predictive performance of each predictive model[15].

Statistical analysis
The categorical variables and continuous variables involved in this statistical analysis were tested using the chi-square 
test, Wilcoxon rank sum test, or T-test, respectively. As for the correlation analysis between two continuous variables, we 
used the Pearson correlation coefficient evaluation[16]. We used R studio software for data visualization and statistical 
analysis. A P value less than 0.05 was considered statistically significant.

RESULTS
Comparison of clinical characteristics between SLM and non-SLM groups
In the study, a total of 392 patients with CRC were included for SLM prediction model construction. Among them, 48 and 
344 patients were assigned to the SLM group and non-SLM group, respectively. The incidence of SLM in the training and 
validation sets was 13.87% (38/274) and 8.47% (10/118), respectively. The baseline data of the two groups of patients with 
CRC are summarized in Table 1 and Supplementary Table 1.

Selection of candidate variables for constructing SLM prediction models
Considering that the candidate variables have biases and non-normal distributions, we performed loss function 
correction (i.e., added penalty coefficients) to facilitate the selection of the optimal variables. By setting penalty coeffi-
cients, we ensured that the coefficients of features with smaller impacts will be infinitely close to zero [i.e., least absolute 
shrinkage and selection operator (LASSO) regression coefficient screening] to ensure that important features are retained. 
In the subsequent prediction model construction, we selected candidate variables from 21 variables based on the LASSO 
coefficient curve to construct independent variables for predicting the risk of SLM. The independent variables were 
tumor type, vascular invasion, energy, SOS, IND, MES, SUV, SUE, and DIV (Figure 2).

Construction of SLM nomogram prediction model
We conducted a logistic regression analysis on all candidate variables (Supplementary Table 2) and ultimately established 
9 variables as independent risk predictors for SLM. Based on the Akaike information criterion, we then established a 
prediction model for SLM and drew a nomogram (Figure 3; Supplementary Table 2). Finally, with the help of nomogram 
visualization analysis, we evaluated the specific risk coefficient of SLM in patients based on the corresponding risk scale 
values of the total score. In addition, the C-index value, validated internally by the bootstrap method, was 0.739, 
indicating that the predictive model had good clinical robustness.

Construction of the ML-based SLM prediction model
RFM and ANNM are the most commonly used algorithms in ML[9]. In this study, we established SLM prediction models 
based on four ML algorithms. As shown in Supplementary Table 3, in the RFM prediction model, IND, MES, SUE, DIV, 
SOS energy, and SUV were the top-ranking weight values, indicating that these variables are potential candidate 
variables for RFM prediction of SLM (Figure 4). Meanwhile, ANNM, IND, MES, SUE, DIV, SOS energy, and SUV were 
candidate variables to predict SLM, and their weight proportions in the three different algorithm prediction models did 
not match, highlighting the different prediction weights of candidate variables (Figure 5; Supplementary Table 4).

Performance of SLM prediction models
The ROC curve showed that the predictive efficacy of RFM in predicting SLM in the training and validation sets was area 
under the curve (AUC): 0.917 [95% confidence interval (95%CI): 0.866-0.680] and AUC: 0.09 (95%CI: 0.858-0.960), 
respectively. The ROC curve of ANNM in predicting SLM in the training and validation sets was AUC: 0.796 (95%CI: 
0.745-0.847) and AUC: 0.806 (95%CI: 0.755-0.857), respectively, indicating that the predictive efficacy was not as good as 
RFM. Table 2 and Supplementary Figure 2 show the predictive performance of preoperative GLCM-based radiomics for 
SLM. Overall, the predictive efficiency of the SLM models based on ML algorithms for patients with CRC is significantly 
better than GLRM.

In Figure 6, the horizontal and vertical axes of DCA represent the threshold probability and net benefit, respectively. 
The black horizontal line indicated that when all patients had no SLM status, the net benefit rate was zero. Conversely, 
the gray diagonal line indicated the gap between all SLM patients receiving treatment and their ideal state. The DCA 
curve can assist in guiding the clinical performance of predictive models, thereby evaluating the superiority or inferiority 
of these models.

Performance evaluation of SLM prediction model based on ML
To further evaluate the discriminative efficiency of the RFM prediction models, we used CIC. As shown in Supple-
mentary Figure 3, RFM can distinguish SLM patients and was highly consistent with the postoperative pathological 
examination results. Our research indicates that RFM, as a predictive tool for evaluating SLM in patients with CRC, has 
high predictive reliability and may be used as a clinical decision aid. This also shows that RFM is more suitable for 
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Table 1 Clinicopathological characteristics of patients with colorectal cancer, n (%)

Variables Overall (n = 392)

Age, yr

≥ 60 215 (54.8)

< 60 177 (45.2)

Sex

Male 194 (49.5)

Female 198 (50.5)

BMI, kg/m2

≤ 18.5 101 (25.8)

18.5-23.9 89 (22.7)

24.0-27.9 104 (26.5)

≥ 28.0 98 (25.0)

Smoking

Yes 201 (51.3)

No 191 (48.7)

Drinking

Yes 222 (56.6)

No 170 (43.4)

Intestinal polyp

Yes 180 (45.9)

No 212 (54.1)

AST, U/L

< 40 203 (51.8)

≥ 40 189 (48.2)

ALT, U/L

< 50 179 (45.7)

≥ 50 213 (54.3)

Hypertension

Yes 180 (45.9)

No 212 (54.1)

Diabetes

Yes 183 (46.7)

No 209 (53.3)

CEA, ng/mL

Normal 216 (55.1)

Abnormal 176 (44.9)

CA199, U/mL

Normal 194 (49.5)

Abnormal 198 (50.5)

AFP, ng/mL

≤ 100 191 (48.7)

> 100 201 (51.3)
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HbsAg 

Yes 203 (51.8)

No 189 (48.2)

Tumor type

Adenocarcinoma 211 (53.8)

Mucinous adenocarcinoma 181 (46.2)

Tumor size, cm

< 5 204 (52.0)

≥ 5 188 (48.0)

NI

Yes 180 (45.9)

No 212 (54.1)

VI

Yes 134 (34.2)

No 258 (65.8)

Energy, median [IQR] 3.91 [2.55, 5.62]

SOS, median [IQR] 0.88 [0.69, 1.05]

IND, median [IQR] 1.46 [1.17, 1.80]

MES, median [IQR] 2.84 [1.94, 3.36]

SUV, median [IQR] 20.90 [16.28, 25.33]

SUE, median [IQR] 22.20 [17.10, 27.10]

DIV, median [IQR] 87.50 [67.00, 107.00]

Contrast, median [IQR] 291.00 [275.00, 308.00]

Correlation, median [IQR] 16.13 [12.00, 19.22]

Entropy, median [IQR] 2.17 [1.62, 2.64]

DIE, median [IQR] 230.00 [188.00, 276.00]

IQR: Inter-quartile range; BMI: Body mass index; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; CEA: Carcinoembryonic antigen; 
CA199: Carbohydrate antigen199; AFP: Alpha-fetoprotein; NI: Neural infiltration; VI: Vascular invasion; SOS: Sum of squares; IND: Inverse difference; 
MES: Mean sum; SUV: Sum variance; SUE: Sum entropy; DIV: Difference variance; DIE: Difference entropy; HbsAg: Hepatitis B surface antigen.

Table 2 Comparison of predictive efficacy of pulmonary infection prediction models via receiver operating characteristic curves

Training set Internal validation set
Model

AUC mean AUC 95%CI Variables1 AUC mean AUC 95%CI Variables1

RFM 0.917 0.866-0.968 7 0.909 0.858-0.960 7

ANNM 0.796 0.745-0.847 7 0.806 0.755-0.857 7

GLRM 0.783 0.732-0.834 6 0.739 0.688-0.790 6

1Variables included in the model.
RFM: Random forest model; GLRM: Generalized linear regression model; AUC: Area under the curve; 95%CI: 95% confidence interval; ANNM: Artificial 
neural network model.

preoperative risk assessment in SLM.
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Figure 2 Predictor variable selection based on the least absolute shrinkage and selection operator regression method. A: Optimal parameter 
(lambda) selection in the least absolute shrinkage and selection operator (LASSO) model; B: LASSO coefficient profiles of the candidate features.

Figure 3 Nomogram prediction model for predicting synchronous liver metastasis in patients with colorectal cancer. A: Nomogram predicts 
risk of synchronous liver metastasis; B: The calibration curves for the nomogram. IND: Inverse difference; SUE: Sum entropy; DIV: Difference variance; SOS: Sum of 
squares; SUV: Sum variance.

DISCUSSION
CRC is one of the main contributors to global cancer incidence and mortality. Distant metastasis is the predominant 
reason for poor patient prognosis and the liver is the most common metastatic organ[17,18]. Previous studies have shown 
that the survival rate of patients with regional or distal CRC is low, and if there is no metastasis, the prognosis is better[2,
19]. Over 25% of patients with CRC have SLM detected at the first diagnosis, and up to 25% have SLM detected after 
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Figure 4 Construction of synchronous liver metastasis prediction model via random forest model. A: The application prediction model formula of 
random forest model (RFM) is as follows: C = argmax (∑ (Ci)), where “Ci” represents the type of in prediction for the i-th tree, “C” is the final classification result, and 
“I” is the number of trees; B: The gravel plot indicates the robustness of the RFM prediction model. IND: Inverse difference; MES: Mean sum; SUV: Sum variance; 
SUE: Sum entropy; DIV: Difference variance; DIE: Difference entropy; RFM: Random forest model; ANNM: Artificial neural network model; GLRM: Generalized linear 
regression model; SLM: Synchronous liver metastasis; BMI: Body mass index; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; CEA: 
Carcinoembryonic antigen; CA199: Carbohydrate antigen 199; AFP: Alpha-fetoprotein; NI: Neural infiltration; VI: Vascular invasion; HbsAg: Hepatitis B surface 
antigen.

primary tumor resection[20-22]. More than one-third of patients with CRC already have cancer development into all liver 
tissues when SLM is diagnosed[23]. Early detection can lead to early treatment and reduce mortality. Thus, effective SLM 
biomarkers may contribute to early treatment management. In this study, we constructed a GLCM composed of MRI, 
which has the potential to evaluate SLM in CRC patients based on feature-based risk scoring. We found that indicates 
that preoperative MRI examination and texture analysis using sequence images in CRC have significant application 
prospects in the risk stratification of SLM.

Although radiomic models have been increasingly used in computer-aided diagnosis and imaging biomarkers, their 
application in computed tomography or MRI is limited by the variability of image characteristics generated by different 
scanners, imaging protocols, patient anatomies, and increasingly diverse reconstruction and post-processing software[24,
25]. While these effects can be mitigated through careful data management and protocol standardization, these measures 
are impractical for applying to different sources of image data. In this study, we adopted a generalized traditional end-to-
end imaging system model, using radiomic calculations as an explicit stage[26]. This model not only predicts unexpected 
variability in radiomics but also forms an estimation of the true potential of radiomics. This framework has the potential 
to standardize radiomics under imaging conditions, making radiomics more widely applicable. We added candidate 
variables with predicted values to the ML-based algorithm model, and the results showed that the GLCM-based 
prediction efficiency reaches the highest of 0.917 without distinguishing the predicted variables.

ML can handle complex phenomena through data-driven analysis[27]. Compared with traditional methods, ML 
significantly reduces the prediction error of trajectories[28,29]. Consistent with previous studies, this study also indicates 
that due to the continuous updating of predictive model algorithms, ML models typically provide better predictive 
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Figure 5 Construction of pulmonary infection prediction model via artificial neural network model. A: The formula of artificial neural network 
model is as follows: θ = θ-η × ∇ (θ).J (θ). Among them “η” is the learning rate, “so (θ).J (θ)” represents the gradient change of the loss function [i.e., J(θ)]; B: Variable 
importance using connection weights for the artificial neural network model. IND: Inverse difference; SUV: Sum variance; SUE: Sum entropy; DIV: Difference 
variance; SOS: Sum of squares; MES: Mean sum.

Figure 6 Prediction performance of synchronous liver metastasis risk based on different supervised algorithm. A: Decision curve analysis 
(DCA) for three prediction models in the training set; B: DCA for three prediction models in the testing set. RFM: Random forest model; ANNM: Artificial neural 
network model; GLRM: Generalized linear regression model.

performance than traditional linear models[30]. These models can effectively utilize limited data and improve the 
robustness of prediction models by transferring existing similar models or training them repeatedly. For example, the 
best prediction model trained in this study, RFM, had superior robustness and prediction accuracy compared to 
traditional linear regression models. These results further confirm the generalizability and clinical applicability of deep 
learning in combining radiomics to predict synchronous SLM.

This study has some limitations. Firstly, due to the standard requirements of the acquisition of MRI parameters and 
equipment, the sample size included in this study is relatively small and comes from a single center. Future prospective 
cohort studies encompassing multiple centers and large samples should be conducted. Secondly, as a retrospective study, 
there is inevitably selection bias in the inclusion of research subjects, as well as potential bias caused by personal 
experience or non-objective factors. Thirdly, this study obtained GLCM-related parameters based on MRI but did not 
include features such as high-order textures in the analysis. Therefore, it is necessary to optimize and expand the filtering 
of high-order texture parameters in subsequent research, to obtain more candidate variables with potential predictive 
value to construct better SLM prediction models.

CONCLUSION
Combining ML-based algorithms with readily available GLCM radiomic features can quickly and accurately assess the 
risk of SLM in patients with CRC before surgery. In particular, algorithms based on RFM can help clinicians identify 
high-risk patients with SLM promptly, and make robust surgical decisions.



Yang KF et al. Colorectal cancer synchronous liver metastasis

WJGS https://www.wjgnet.com 1580 June 27, 2024 Volume 16 Issue 6

FOOTNOTES
Author contributions: Zheng YB is responsible for the conceptualization and design of this project; Yang KF and Zheng YB are 
responsible for manuscript writing and monitoring the progress of the project; Li SJ and Xu J are responsible for data collection, analysis, 
and visualization; and all authors shall verify and submit the manuscript.

Institutional review board statement: The study was reviewed and approved by the Institutional review board of Yichang Central 
People’s Hospital (Approval No. 2023-089-01).

Informed consent statement: As the study only involved retrospective chart reviews, informed written consents were not required in 
accordance with institutional IRB policy.

Conflict-of-interest statement: The authors declare that they have no conflict of interest to disclose.

Data sharing statement: No additional data are available.

STROBE statement: The authors have read the STROBE Statement—checklist of items, and the manuscript was prepared and revised 
according to the STROBE Statement—checklist of items.

Open-Access: This article is an open-access article that was selected by an in-house editor and fully peer-reviewed by external reviewers. 
It is distributed in accordance with the Creative Commons Attribution NonCommercial (CC BY-NC 4.0) license, which permits others to 
distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the 
original work is properly cited and the use is non-commercial. See: https://creativecommons.org/Licenses/by-nc/4.0/

Country of origin: China

ORCID number: Yong-Bin Zheng 0009-0008-4452-446X.

S-Editor: Chen YL 
L-Editor: A 
P-Editor: Zhang XD

REFERENCES
1 Dekker E, Tanis PJ, Vleugels JLA, Kasi PM, Wallace MB. Colorectal cancer. Lancet 2019; 394: 1467-1480 [PMID: 31631858 DOI: 

10.1016/S0140-6736(19)32319-0]
2 Engstrand J, Nilsson H, Strömberg C, Jonas E, Freedman J. Colorectal cancer liver metastases - a population-based study on incidence, 

management and survival. BMC Cancer 2018; 18: 78 [PMID: 29334918 DOI: 10.1186/s12885-017-3925-x]
3 Adam R, De Gramont A, Figueras J, Guthrie A, Kokudo N, Kunstlinger F, Loyer E, Poston G, Rougier P, Rubbia-Brandt L, Sobrero A, 

Tabernero J, Teh C, Van Cutsem E; Jean-Nicolas Vauthey of the EGOSLIM (Expert Group on OncoSurgery management of LIver Metastases) 
group. The oncosurgery approach to managing liver metastases from colorectal cancer: a multidisciplinary international consensus. Oncologist 
2012; 17: 1225-1239 [PMID: 22962059 DOI: 10.1634/theoncologist.2012-0121]

4 Hackl C, Neumann P, Gerken M, Loss M, Klinkhammer-Schalke M, Schlitt HJ. Treatment of colorectal liver metastases in Germany: a ten-
year population-based analysis of 5772 cases of primary colorectal adenocarcinoma. BMC Cancer 2014; 14: 810 [PMID: 25369977 DOI: 
10.1186/1471-2407-14-810]

5 Van Cutsem E, Cervantes A, Adam R, Sobrero A, Van Krieken JH, Aderka D, Aranda Aguilar E, Bardelli A, Benson A, Bodoky G, Ciardiello 
F, D'Hoore A, Diaz-Rubio E, Douillard JY, Ducreux M, Falcone A, Grothey A, Gruenberger T, Haustermans K, Heinemann V, Hoff P, Köhne 
CH, Labianca R, Laurent-Puig P, Ma B, Maughan T, Muro K, Normanno N, Österlund P, Oyen WJ, Papamichael D, Pentheroudakis G, 
Pfeiffer P, Price TJ, Punt C, Ricke J, Roth A, Salazar R, Scheithauer W, Schmoll HJ, Tabernero J, Taïeb J, Tejpar S, Wasan H, Yoshino T, 
Zaanan A, Arnold D. ESMO consensus guidelines for the management of patients with metastatic colorectal cancer. Ann Oncol 2016; 27: 
1386-1422 [PMID: 27380959 DOI: 10.1093/annonc/mdw235]

6 House MG, Ito H, Gönen M, Fong Y, Allen PJ, DeMatteo RP, Brennan MF, Blumgart LH, Jarnagin WR, D'Angelica MI. Survival after 
hepatic resection for metastatic colorectal cancer: trends in outcomes for 1,600 patients during two decades at a single institution. J Am Coll 
Surg 2010; 210: 744-752, 752 [PMID: 20421043 DOI: 10.1016/j.jamcollsurg.2009.12.040]

7 Tran KA, Kondrashova O, Bradley A, Williams ED, Pearson JV, Waddell N. Deep learning in cancer diagnosis, prognosis and treatment 
selection. Genome Med 2021; 13: 152 [PMID: 34579788 DOI: 10.1186/s13073-021-00968-x]

8 Kijima S, Sasaki T, Nagata K, Utano K, Lefor AT, Sugimoto H. Preoperative evaluation of colorectal cancer using CT colonography, MRI, 
and PET/CT. World J Gastroenterol 2014; 20: 16964-16975 [PMID: 25493009 DOI: 10.3748/wjg.v20.i45.16964]

9 Uddin S, Khan A, Hossain ME, Moni MA. Comparing different supervised machine learning algorithms for disease prediction. BMC Med 
Inform Decis Mak 2019; 19: 281 [PMID: 31864346 DOI: 10.1186/s12911-019-1004-8]

10 Choi RY, Coyner AS, Kalpathy-Cramer J, Chiang MF, Campbell JP. Introduction to Machine Learning, Neural Networks, and Deep Learning. 
Transl Vis Sci Technol 2020; 9: 14 [PMID: 32704420 DOI: 10.1167/tvst.9.2.14]

11 Ghiasi MM, Zendehboudi S, Mohsenipour AA. Decision tree-based diagnosis of coronary artery disease: CART model. Comput Methods 
Programs Biomed 2020; 192: 105400 [PMID: 32179311 DOI: 10.1016/j.cmpb.2020.105400]

12 Huang S, Cai N, Pacheco PP, Narrandes S, Wang Y, Xu W. Applications of Support Vector Machine (SVM) Learning in Cancer Genomics. 
Cancer Genomics Proteomics 2018; 15: 41-51 [PMID: 29275361 DOI: 10.21873/cgp.20063]

https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0009-0008-4452-446X
http://orcid.org/0009-0008-4452-446X
http://www.ncbi.nlm.nih.gov/pubmed/31631858
https://dx.doi.org/10.1016/S0140-6736(19)32319-0
http://www.ncbi.nlm.nih.gov/pubmed/29334918
https://dx.doi.org/10.1186/s12885-017-3925-x
http://www.ncbi.nlm.nih.gov/pubmed/22962059
https://dx.doi.org/10.1634/theoncologist.2012-0121
http://www.ncbi.nlm.nih.gov/pubmed/25369977
https://dx.doi.org/10.1186/1471-2407-14-810
http://www.ncbi.nlm.nih.gov/pubmed/27380959
https://dx.doi.org/10.1093/annonc/mdw235
http://www.ncbi.nlm.nih.gov/pubmed/20421043
https://dx.doi.org/10.1016/j.jamcollsurg.2009.12.040
http://www.ncbi.nlm.nih.gov/pubmed/34579788
https://dx.doi.org/10.1186/s13073-021-00968-x
http://www.ncbi.nlm.nih.gov/pubmed/25493009
https://dx.doi.org/10.3748/wjg.v20.i45.16964
http://www.ncbi.nlm.nih.gov/pubmed/31864346
https://dx.doi.org/10.1186/s12911-019-1004-8
http://www.ncbi.nlm.nih.gov/pubmed/32704420
https://dx.doi.org/10.1167/tvst.9.2.14
http://www.ncbi.nlm.nih.gov/pubmed/32179311
https://dx.doi.org/10.1016/j.cmpb.2020.105400
http://www.ncbi.nlm.nih.gov/pubmed/29275361
https://dx.doi.org/10.21873/cgp.20063


Yang KF et al. Colorectal cancer synchronous liver metastasis

WJGS https://www.wjgnet.com 1581 June 27, 2024 Volume 16 Issue 6

13 Alhamzawi R, Ali HTM. The Bayesian adaptive lasso regression. Math Biosci 2018; 303: 75-82 [PMID: 29920251 DOI: 
10.1016/j.mbs.2018.06.004]

14 Van Calster B, Wynants L, Verbeek JFM, Verbakel JY, Christodoulou E, Vickers AJ, Roobol MJ, Steyerberg EW. Reporting and Interpreting 
Decision Curve Analysis: A Guide for Investigators. Eur Urol 2018; 74: 796-804 [PMID: 30241973 DOI: 10.1016/j.eururo.2018.08.038]

15 Hou N, Li M, He L, Xie B, Wang L, Zhang R, Yu Y, Sun X, Pan Z, Wang K. Predicting 30-days mortality for MIMIC-III patients with sepsis-
3: a machine learning approach using XGboost. J Transl Med 2020; 18: 462 [PMID: 33287854 DOI: 10.1186/s12967-020-02620-5]

16 Fay MP, Malinovsky Y. Confidence intervals of the Mann-Whitney parameter that are compatible with the Wilcoxon-Mann-Whitney test. Stat 
Med 2018; 37: 3991-4006 [PMID: 29984411 DOI: 10.1002/sim.7890]

17 Siegel RL, Miller KD, Goding Sauer A, Fedewa SA, Butterly LF, Anderson JC, Cercek A, Smith RA, Jemal A. Colorectal cancer statistics, 
2020. CA Cancer J Clin 2020; 70: 145-164 [PMID: 32133645 DOI: 10.3322/caac.21601]

18 van der Geest LG, Lam-Boer J, Koopman M, Verhoef C, Elferink MA, de Wilt JH. Nationwide trends in incidence, treatment and survival of 
colorectal cancer patients with synchronous metastases. Clin Exp Metastasis 2015; 32: 457-465 [PMID: 25899064 DOI: 
10.1007/s10585-015-9719-0]

19 Willem H, Jooste V, Boussari O, Romain G, Bouvier AM. Impact of absence of consensual cutoff time distinguishing between synchronous 
and metachronous metastases: illustration with colorectal cancer. Eur J Cancer Prev 2019; 28: 167-172 [PMID: 29738323 DOI: 
10.1097/CEJ.0000000000000450]

20 Al Bandar MH, Kim NK. Current status and future perspectives on treatment of liver metastasis in colorectal cancer (Review). Oncol Rep 
2017; 37: 2553-2564 [PMID: 28350137 DOI: 10.3892/or.2017.5531]

21 Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, Bray F. Global Cancer Statistics 2020: GLOBOCAN Estimates of 
Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J Clin 2021; 71: 209-249 [PMID: 33538338 DOI: 
10.3322/caac.21660]

22 Robinson JR, Newcomb PA, Hardikar S, Cohen SA, Phipps AI. Stage IV colorectal cancer primary site and patterns of distant metastasis. 
Cancer Epidemiol 2017; 48: 92-95 [PMID: 28437692 DOI: 10.1016/j.canep.2017.04.003]

23 Wang SH, Song L, Tang JY, Sun WP, Li Z. Safety and long-term prognosis of simultaneous versus staged resection in synchronous colorectal 
cancer with liver metastasis: a systematic review and meta-analysis. Eur J Med Res 2022; 27: 297 [PMID: 36529740 DOI: 
10.1186/s40001-022-00937-z]

24 Gang GJ, Deshpande R, Stayman JW. End-to-end Modeling for Predicting and Estimating Radiomics: Application to Gray Level Co-
occurrence Matrices in CT. Proc SPIE Int Soc Opt Eng 2021; 11595 [PMID: 34621102 DOI: 10.1117/12.2582150]

25 Larue RT, Defraene G, De Ruysscher D, Lambin P, van Elmpt W. Quantitative radiomics studies for tissue characterization: a review of 
technology and methodological procedures. Br J Radiol 2017; 90: 20160665 [PMID: 27936886 DOI: 10.1259/bjr.20160665]

26 Mackin D, Fave X, Zhang L, Fried D, Yang J, Taylor B, Rodriguez-Rivera E, Dodge C, Jones AK, Court L. Measuring Computed 
Tomography Scanner Variability of Radiomics Features. Invest Radiol 2015; 50: 757-765 [PMID: 26115366 DOI: 
10.1097/RLI.0000000000000180]

27 Deo RC. Machine Learning in Medicine. Circulation 2015; 132: 1920-1930 [PMID: 26572668 DOI: 
10.1161/CIRCULATIONAHA.115.001593]

28 Sultan AS, Elgharib MA, Tavares T, Jessri M, Basile JR. The use of artificial intelligence, machine learning and deep learning in oncologic 
histopathology. J Oral Pathol Med 2020; 49: 849-856 [PMID: 32449232 DOI: 10.1111/jop.13042]

29 Rauschert S, Raubenheimer K, Melton PE, Huang RC. Machine learning and clinical epigenetics: a review of challenges for diagnosis and 
classification. Clin Epigenetics 2020; 12: 51 [PMID: 32245523 DOI: 10.1186/s13148-020-00842-4]

30 Zhou H, Tang J, Zheng H. Machine learning for medical applications. ScientificWorldJournal 2015; 2015: 825267 [PMID: 25692180 DOI: 
10.1155/2015/825267]

http://www.ncbi.nlm.nih.gov/pubmed/29920251
https://dx.doi.org/10.1016/j.mbs.2018.06.004
http://www.ncbi.nlm.nih.gov/pubmed/30241973
https://dx.doi.org/10.1016/j.eururo.2018.08.038
http://www.ncbi.nlm.nih.gov/pubmed/33287854
https://dx.doi.org/10.1186/s12967-020-02620-5
http://www.ncbi.nlm.nih.gov/pubmed/29984411
https://dx.doi.org/10.1002/sim.7890
http://www.ncbi.nlm.nih.gov/pubmed/32133645
https://dx.doi.org/10.3322/caac.21601
http://www.ncbi.nlm.nih.gov/pubmed/25899064
https://dx.doi.org/10.1007/s10585-015-9719-0
http://www.ncbi.nlm.nih.gov/pubmed/29738323
https://dx.doi.org/10.1097/CEJ.0000000000000450
http://www.ncbi.nlm.nih.gov/pubmed/28350137
https://dx.doi.org/10.3892/or.2017.5531
http://www.ncbi.nlm.nih.gov/pubmed/33538338
https://dx.doi.org/10.3322/caac.21660
http://www.ncbi.nlm.nih.gov/pubmed/28437692
https://dx.doi.org/10.1016/j.canep.2017.04.003
http://www.ncbi.nlm.nih.gov/pubmed/36529740
https://dx.doi.org/10.1186/s40001-022-00937-z
http://www.ncbi.nlm.nih.gov/pubmed/34621102
https://dx.doi.org/10.1117/12.2582150
http://www.ncbi.nlm.nih.gov/pubmed/27936886
https://dx.doi.org/10.1259/bjr.20160665
http://www.ncbi.nlm.nih.gov/pubmed/26115366
https://dx.doi.org/10.1097/RLI.0000000000000180
http://www.ncbi.nlm.nih.gov/pubmed/26572668
https://dx.doi.org/10.1161/CIRCULATIONAHA.115.001593
http://www.ncbi.nlm.nih.gov/pubmed/32449232
https://dx.doi.org/10.1111/jop.13042
http://www.ncbi.nlm.nih.gov/pubmed/32245523
https://dx.doi.org/10.1186/s13148-020-00842-4
http://www.ncbi.nlm.nih.gov/pubmed/25692180
https://dx.doi.org/10.1155/2015/825267


WJGS https://www.wjgnet.com 1582 June 27, 2024 Volume 16 Issue 6

World Journal of 

Gastrointestinal SurgeryW J G S
Submit a Manuscript: https://www.f6publishing.com World J Gastrointest Surg 2024 June 27; 16(6): 1582-1591

DOI: 10.4240/wjgs.v16.i6.1582 ISSN 1948-9366 (online)

ORIGINAL ARTICLE

Retrospective Cohort Study

Risk factors associated with intraoperative persistent hypotension in 
pancreaticoduodenectomy

Xing-Jun Wang, Xi-Chen Xuan, Zhao-Chu Sun, Shi Shen, Fan Yu, Na-Na Li, Xue-Chun Chu, Hui Yin, You-Li 
Hu

Specialty type: Anesthesiology

Provenance and peer review: 
Unsolicited article; Externally peer 
reviewed.

Peer-review model: Single blind

Peer-review report’s classification
Scientific Quality: Grade C, Grade 
C, Grade C 
Novelty: Grade B, Grade B, Grade 
C 
Creativity or Innovation: Grade B, 
Grade B, Grade C 
Scientific Significance: Grade B, 
Grade B, Grade C

P-Reviewer: Soldera J, Brazil; 
Teragawa H, Japan

Received: March 7, 2024 
Revised: April 27, 2024 
Accepted: May 16, 2024 
Published online: June 27, 2024 
Processing time: 114 Days and 17.3 
Hours

Xing-Jun Wang, Xi-Chen Xuan, Zhao-Chu Sun, Shi Shen, Fan Yu, Na-Na Li, Xue-Chun Chu, Hui Yin, 
You-Li Hu, Department of Anesthesia and Perioperative Medicine, The First Affiliated Hospital 
of Nanjing Medical University, Nanjing 210029, Jiangsu Province, China

Corresponding author: You-Li Hu, FACE, MD, Associate Chief Physician, Associate Professor, 
Department of Anesthesia and Perioperative Medicine, The First Affiliated Hospital of Nanjing 
Medical University, No. 300 Guangzhou Road, Gulou District, Nanjing 210029, Jiangsu 
Province, China. huyouli@njmu.edu.cn

Abstract
BACKGROUND 
Intraoperative persistent hypotension (IPH) during pancreaticoduodenectomy 
(PD) is linked to adverse postoperative outcomes, yet its risk factors remain 
unclear.

AIM 
To clarify the risk factors associated with IPH during PD, ensuring patient safety 
in the perioperative period.

METHODS 
A retrospective analysis of patient records from January 2018 to December 2022 at 
the First Affiliated Hospital of Nanjing Medical University identified factors 
associated with IPH in PD. These factors included age, gender, body mass index, 
American Society of Anesthesiologists classification, comorbidities, medication 
history, operation duration, fluid balance, blood loss, urine output, and blood gas 
parameters. IPH was defined as sustained mean arterial pressure < 65 mmHg, 
requiring prolonged deoxyepinephrine infusion for > 30 min despite additional 
deoxyepinephrine and fluid treatments.

RESULTS 
Among 1596 PD patients, 661 (41.42%) experienced IPH. Multivariate logistic 
regression identified key risk factors: increased age [odds ratio (OR): 1.20 per 
decade, 95% confidence interval (CI): 1.08-1.33] (P < 0.001), longer surgery 
duration (OR: 1.15 per additional hour, 95%CI: 1.05-1.26) (P < 0.01), and greater 
blood loss (OR: 1.18 per 250-mL increment, 95%CI: 1.06-1.32) (P < 0.01). A novel 
finding was the association of arterial blood Ca2+ < 1.05 mmol/L with IPH (OR: 
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2.03, 95%CI: 1.65-2.50) (P < 0.001).

CONCLUSION 
IPH during PD is independently associated with older age, prolonged surgery, increased blood loss, and lower 
plasma Ca2+.

Key Words: Risk factors; Pancreaticoduodenectomy; Perioperative period; Intraoperative persistent hypotension; Retrospective 
cohort study

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This study examines risk factors for intraoperative persistent hypotension (IPH) in pancreaticoduodenectomy. Key 
risk factors include patient age, prolonged surgery duration, greater blood loss, and lower calcium levels. Prompt recognition 
and early intervention can effectively mitigate IPH in these operations.

Citation: Wang XJ, Xuan XC, Sun ZC, Shen S, Yu F, Li NN, Chu XC, Yin H, Hu YL. Risk factors associated with intraoperative 
persistent hypotension in pancreaticoduodenectomy. World J Gastrointest Surg 2024; 16(6): 1582-1591
URL: https://www.wjgnet.com/1948-9366/full/v16/i6/1582.htm
DOI: https://dx.doi.org/10.4240/wjgs.v16.i6.1582

INTRODUCTION
Intraoperative hypotension, even brief episodes lasting 1-5 min, is closely associated with postoperative adverse 
outcomes[1]. Intraoperative persistent hypotension (IPH), generally requiring a continuous administration of vasopre-
ssors, can lead to severe complications and poor prognoses during and after extensive surgical procedures[2-4]. Such 
phenomena may arise from impaired blood pressure regulation resulting from the vasodilatory effects of anesthetics, sur-
gery-related inflammation or insufficient circulating blood volume[5].

Pancreaticoduodenectomy (PD) as a complex and challenging abdominal operation has been reported to have a high 
incidence with IPH following long surgical procedures of extensive digestive tract reconstruction and multiple 
anastomoses[6]. IPH during PD is suggested to be related to the vascular paralysis seen in cardiac surgery; primarily 
characterized by a reduction in peripheral vascular resistance[7-9]. The small arteries located anterior to the capillaries 
predominantly determine peripheral vascular resistance, which is influenced by the autonomic nervous system, self-
regulation, endothelial-cell-derived molecules and inflammatory factors[10]. The increased inflammatory markers, such 
as C-reactive protein, can increase the risk for severe hypotension and vasopressor dependency during postoperative day 
1 after PD[11]. A more positive fluid balance commonly seen in PD implicates inadequate circulating blood volume in the 
risk of IPH. However, the underlying risk factors for PD-related IPH are still not clear. Identifying such risk factors is 
crucial for early detection and treatment of IPH, thereby reducing severe postoperative complications.

Given the limited research on IPH in PD, we conducted a comprehensive retrospective data analysis to investigate its 
associated risk factors. We found that these risk factors for the IPH during PD were linked to older patients, longer 
surgical procedures, more blood loss and decreased plasma Ca2+ concentration.

MATERIALS AND METHODS
Study population
We retrospectively analyzed 2432 patients who underwent open PD at the First Affiliated Hospital of Nanjing Medical 
University between January 2018 and December 2022. We included 1596 patients based on the inclusion and exclusion 
criteria. Among them, 661 patients were assigned to the IPH group, and the remaining 935 patients who did not 
experience persistent hypotension were assigned to the non-IPH group.

Inclusion and exclusion criteria
Inclusion criteria: Patients who underwent open PD under general anesthesia; American Society of Anesthesiologists 
(ASA) class I-III; aged 18-80 years.

Exclusion criteria: Patients diagnosed with distant metastasis; patients undergoing local or palliative pancreatic surgery; 
ASA class IV or higher; patients exhibiting cancerous changes in organs other than the metastasis site; patients 
undergoing neoadjuvant chemotherapy prior to surgery; age < 18 years or > 80 years; and pregnant women.
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Clinical data and indices
The digitized anesthesia records were automatically reviewed to identify patients meeting the inclusion criteria. Only 
data from eligible patients were included in subsequent analyses. To minimize the impact of missing data, we conducted 
a comprehensive manual review and collected supplementary information from medical records. Key medical indicators, 
such as age, gender, body mass index (BMI), ASA classification, pre-existing comorbidities, long-term medication, 
surgery duration, total intake, excess intake, blood loss, urine output, and blood gas analysis (including pH, PaCO2, 
HCO3

-, hemoglobin, lactic acid, Ca2+, mean blood glucose concentration, and glucose variability), were extracted. Supple-
mentary data encompassing preoperative surgery and anesthesia-related details, along with hemodynamic 
measurements, were compiled for evaluation.

IPH
The definition of perioperative hypotension remains undecided. However, the majority of studies adopt mean arterial 
pressure (MAP) < 65 mmHg as a benchmark for defining preoperative hypotension[12-15]. In our study, IPH was charac-
terized by hemodynamic instability with MAP < 65 mmHg, necessitating continuous deoxyepinephrine administration 
for > 30 min, even after repeated bolus administration of deoxyepinephrine and fluid therapy.

Outcome measures
The primary outcomes involved factors associated with IPH, comprising age, ASA classification, preoperative 
hypertension, preoperative albumin concentration, surgical duration, arterial blood Ca2+ concentration, total intake, 
excess intake, blood loss, lactic acid concentration, mean blood glucose, and glucose variability. The secondary outcome 
focused on the incidence of IPH during PD.

Statistical analysis
Patient baseline characteristics were compared between the IPH and non-IPH groups for the normality of continuous 
data using the Kolmogorov-Smirnov test. Results were presented as mean ± SD for normally distributed data and as 
median (interquartile range) for non-normally distributed continuous data. The independent samples t-test and Mann-
Whitney U test were utilized to compare mean and median data, respectively, between the groups. The categorical 
variables were analyzed using the χ2 or Fisher’s exact test, with results presented as percentages. For ordered categorical 
variables, such as the ASA classification, comparison was conducted using the Mann-Whitney U test, and outcomes were 
likewise expressed in terms of percentages. Univariate logistic regression analyses were used to assess the relationship of 
various factors with IPH during PD. Significant variables (P < 0.05) were incorporated into a backward elimination 
multivariate logistic regression model to identify independent risk factors associated with IPH. Statistical analysis was 
conducted using R 4.3.1 software (R Core Team, R Foundation for Statistical Computing, Vienna, Austria). The study was 
reviewed by our biostatistics expert (Nana Li).

RESULTS
Baseline characteristics
Our study included 1596 patients, among whom 661 (41.42%) experienced IPH (Figure 1). There were no observed 
significant differences in gender, BMI, preoperative blood gas analysis, and biochemical indicators between the two 
groups. However, significant differences were noted in age, ASA classification, and preoperative history of hypertension, 
diabetes mellitus (P < 0.001) and albumin level (P < 0.01) (Table 1). Notably, patients aged > 60 years showed a higher 
propensity for IPH. Patients experiencing IPH were older, had higher ASA classification, and had a documented history 
of hypertension and diabetes mellitus, in addition to lower preoperative albumin levels, in comparison to those without 
IPH.

Intraoperative comparative analysis
The patients in the IPH group underwent longer surgical procedures (4.75 h vs 4.45 h, P < 0.001) and received higher 
volumes of intraoperative fluids (3100 mL vs 2760 mL, P < 0.001), comprising crystalloids, colloids and blood transfusion 
(Table 2). Additionally, this group experienced more blood loss (350 mL vs 300 mL, P < 0.001), with a higher proportion 
exhibiting 500-1000 mL of bleeding. In terms of blood gas analysis conducted 3 h after surgery, the IPH group showed 
lower pH and HCO3

-, along with higher lactic acid, increased blood glucose concentrations and the coefficient of variation 
of blood glucose. Arterial blood Ca2+ concentrations significantly decreased in the IPH group compared with the non-IPH 
group (1.05 mmol/L vs 1.07 mmol/L, P < 0.001). Since the difference of arterial blood Ca2+ concentration between these 
two groups was marginal, we further divided these patients into two subgroups using arterial blood Ca2+ 1.05 mmol/L as 
a cutoff. The proportion of patients in the IPH group with arterial Ca2+ ≤ 1.05 mmol/L was higher than in the non-IPH 
group (56.73 % vs 38.50%, P < 0.001).

Risk factor analysis
We categorized preoperative and intraoperative factors that could potentially affect blood pressure, encompassing age, 
ASA level, pre-existing conditions, preoperative albumin level, surgery duration, blood loss, arterial blood glucose, and 
Ca2+ concentrations. Multivariate logistic regression analysis further indicated that older age, extended surgery duration, 
increased blood loss, and reduced intraoperative arterial Ca2+ levels constituted independent risk factors for IPH during 
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Table 1 Baseline characteristics, n (%)

Total (n = 1596) Intraoperative persistent 
hypotension (n = 661)

Non-intraoperative persistent 
hypotension (n = 935) P value

Age, yr, median (IQR) 64.0 (56.0-70.0) 65.0 (57.0-70.0) 63.0 (55.0-69.5) 0.001

Age, yr 0.030

≤ 40 50 (3.13) 16 (2.42) 34 (3.63)

41-50 135 (8.45) 51 (7.71) 84 (8.98)

51-60 422 (26.44) 152 (23.0) 270 (28.87)

61-70 631 (39.53) 283 (42.81) 348 (37.21)

> 70 358 (22.43) 159 (24.05) 199 (21.28)

Sex 0.620

Male 957 (59.96) 401 (60.66) 556 (59.46)

Female 639 (40.03) 260 (39.33) 379 (40.53)

Body mass index, kg/m2, median 
(IQR)

22.83 (20.89-24.77) 22.86 (20.81-24.91) 22.80 (20.97-24.64) 0.830

ASA physical status 0.001

I 43 (2.69) 14 (2.11) 29 (31.00)

II 1255 (78.63) 500 (75.64) 755 (80.75)

III 298 (18.67) 147 (22.23) 151 (16.15)

Basic diseases

Hypertension 539 (33.77) 242 (36.61) 297 (31.76) < 0.001

Diabetes 312 (19.55) 134 (20.27) 178 (19.04) < 0.001

Preoperative albumin level, g/L 
(IQR)

37.60 (35.50-40.80) 37.60 (35.10-40.30) 38.00 (35.90-41.20) < 0.010

Preoperative blood gas analysis, 
median (IQR)

pH 7.45 (7.44-7.47) 7.46 (7.44-7.47) 7.45 (7.43-7.47) 0.100

PaCO2 (mmHg) 38 (36-41) 39 (36-41) 39 (36-41) 0.270

HCO3
- (mmol/L) 27.10 (25.90-28.40) 27.00 (25.80-28.20) 27.20 (25.90-28.50) 0.090

Hb (mmol/L) 12.50 (11.20-13.60) 12.50 (11.00-13.60) 12.50 (11.20-13.60) 0.250

Lac (mmol/L) 0.90 (0.70-1.10) 0.90 (0.70-1.20) 0.90 (0.70-1.10) 0.360

Ca2+ (mmol/L) 1.11 (1.06-1.15) 1.11 (1.07-1.14) 1.11 (1.06-1.15) 0.470

Glu (mmol/L) 6.20 (5.40-7.60) 6.20 (5.40-7.70) 6.10 (5.30-7.50) 0.270

IQR: Interquartile range; pH: Arterial plasma pH; PaCO2: Arterial carbon dioxide partial pressure; HCO3: Plasma bicarbonate ions; Hb: Arterial 
hemoglobin; Lac: Arterial plasma lactate; Ca2+: Arterial plasma calcium ions; Glu: Arterial blood glucose concentration; ASA: American Society of 
Anesthesiologists.

PD. The relative risk increased by 1.20-fold for each additional decade of age [odds ratio (OR): 1.20; 95% confidence 
interval (CI): 1.08-1.33] (P < 0.001); 1.15-fold (OR: 1.15; 95%CI: 1.05-1.26) (P < 0.01) for an additional hour of surgery; 1.18-
fold (OR: 1.18; 95%CI: 1.06-1.32) (P < 0.01) for every 250 mL increase in blood loss; and 2.03-fold (OR: 2.03; 95%CI: 1.65-
2.50) (P < 0.001) for the arterial blood Ca2+ < 1.05 mmol/L (Figure 2).

DISCUSSION
In the present retrospective cohort study, we found that the risk factors associated with IPH during PD were age, 
prolonged surgical procedures, more blood loss, and even more notably, decreased arterial Ca2+ concentration. The 
incidence of IPH during PD was 41.42; similar to the report by Pitter and colleagues[11]. Our study confirms findings 
from previous studies, which indicated a close relationship of prolonged surgery and increased blood loss to intraop-
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Table 2 Comparison of general conditions between two groups during surgery

Total (n = 
1596)

Intraoperative persistent 
hypotension (n = 661)

Non-intraoperative persistent 
hypotension (n = 935) P value

Surgery time, h (IQR) 4.58 (3.87-5.48) 4.75 (4.07-5.83) 4.45 (3.78-4.49) < 0.001

Total infusion, mL (IQR) 2800 (2300-
3500)

3100 (2595-3700) 2760 (2300-3277) < 0.001

Crystal liquid, mL (IQR) 1600 (1500-
2100)

1600 (1500-2100) 1600 (1500-2000) < 0.001

Colloidal liquid, mL (IQR) 1000 (700-1200) 1000 (700-1200) 1000 (700-1200) 0.015

Red blood cell infusion, mL (IQR) 0 (0-260) 0 (0-390) 0 (0-0) < 0.001

Grading of red blood cell infusion, n 
(%)

< 0.001

1-259 mL 26 (1.62) 10 (1.51) 16 (1.71)

260-519 mL 218 (13.66) 115 (17.40) 103 (11.00)

520-779 mL 172 (10.78) 89 (13.46) 83 (8.88)

780-1039 mL 50 (3.13) 30 (4.54) 20 (2.13)

≥ 1040 mL 10 (0.63) 10 (1.51) 0 (0)

Plasma, mL (IQR) 0 (0-325) 0 (0-375) 0 (0-370) < 0.001

Total output, mL (IQR) 800 (550-1200) 850 (550-1300) 750 (500-1150) < 0.001

Blood loss, mL (IQR) 300 (200-500) 350 (200-600) 300 (200-400) < 0.001

Grading of blood loss, n (%) < 0.001

< 250 mL 639 (40.04) 200 (30.26) 439 (46.95)

250-499 mL 510 (31.95) 215 (32.53) 295 (31.55)

500-749 mL 258 (16.17) 139 (21.03) 119 (12.73)

750-999 mL 107 (6.70) 52 (7.87) 55 (5.88)

≥ 1000 mL 82 (5.14) 55 (8.32) 27 (2.89)

Intraoperative urine output, mL 
(IQR)

400 (300-650) 400 (300-700) 400 (250-350) 0.054

Intraoperative blood gas analysis, 
median (IQR)

pH 7.38 (7.35-7.42) 7.38 (7.35-7.41) 7.38 (7.36-7.42) < 0.001

PaCO2 (mmHg) 41 (38-44) 41 (38-44) 42 (39-44) 0.270

HCO3 (mmol/L) 25.00 (23.70-
25.90)

24.60 (23.40-25.80) 25.00 (24.00-25.90) < 0.001

Hb (mmol/L) 11.00 (10.20-
11.90)

11.00 (9.90-11.90) 11.00 (10.20-11.90) 0.190

Lac (mmol/L) 1.00 (0.80-1.20) 1.00 (0.80-1.30) 1.00 (0.80-1.10) < 0.001

Ca2+ (mmol/L) 1.06 (1.02-1.10) 1.05 (1.01-1.09) 1.07 (1.03-1.11) < 0.001

Glu (mmol/L) 8.90 (7.70-10.00) 9.35 (7.90-10.4) 8.90 (7.50-9.80) < 0.001

Glu mean (mmol/L) 7.18 (6.46-8.30) 7.26 (6.54-8.45) 7.13 (6.41-8.17) 0.023

Glu cv (%) 28 (20-36) 29 (21-36) 27 (19-35) 0.002

Ca2+ level, n (%) < 0.001

Ca2+ ≤ 1.05 mmol/L 735 (46.05) 375 (56.73) 360 (38.50)

Ca2+ > 1.05 mmol/L 861 (53.95) 286 (43.27) 575 (61.50)

Glu mean: The patient’s blood glucose at the time of hospital admission, preoperative blood glucose level, and blood glucose level recorded 3 h into the 
surgical procedure; Glu cv: The coefficient of variation of blood glucose.
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Figure 1 Patient selection flow chart. ASA: American Society of Anesthesiologists.

erative hypotension[4,16,17]. The risk of intraoperative hypotension escalates with age, especially in older patients, likely 
attributable to diminished cardiac function, reduced vascular elasticity from atherosclerosis, and decreased sympathetic 
nerve sensitivity, which impair blood pressure regulation[18-20]. Extended surgery and significant blood loss are 
indicative of substantial surgical trauma, resulting in prolonged anesthesia exposure and alterations in internal 
homeostasis[21]. These changes may impair sympathetic nervous system function, leading to reduced myocardial 
contractility and vascular smooth muscle function, ultimately resulting in hypotension[22,23]. Therefore, IPH during PD 
seems to be associated with imbalances in internal homeostasis that potentially disrupt blood pressure regulation, 
especially in older patients with extended surgical stress.

A novel finding of our study concerns the close association between decreased arterial blood Ca2+ concentration and 
the occurrence of IPH during PD. Our observations indicate that the risk of hypotension escalated when arterial Ca2+ 
concentration fell below 1.05 mmol/L, which led us to establish this level as a threshold to analyze the potential role of 
Ca2+ concentration in IPH during PD. It is known that Ca2+ ions perform a pivotal role in numerous physiological 
processes, such as blood coagulation, muscle function, neural signal transmission, and cellular signaling[24]. Arterial 
Ca2+, comprising primarily free ions, constitute approximately 50% of venous Ca2+ levels[25]. Reduced arterial Ca2+ during 
PD might adversely affect the myocardium, vascular smooth muscle, sympathetic nervous system and hormone 
secretion; all of which act as critical components in modulating intraoperative blood pressure[26].

Hyperglycemia, oxidative stress and inflammatory reaction are known to enhance intracellular Ca2+ concentration by 
increasing Ca2+ release from intracellular stores and Ca2+ influx through store-dependent and store-independent channels
[27]. Stress response in the endoplasmic reticulum and mitochondria can be induced by the stimulation of surgical stress 
and inflammatory reaction, which is characterized by the widespread transfer of Ca2+ from the endoplasmic reticulum to 
the mitochondria[28]. The massive shift of intracellular Ca2+ may lead to membrane-associated calcium channels open, 
including transient receptor potential channels and Ca2+ release-activated Ca2+ channel protein 1, resulting in an influx of 
extracellular Ca2+ into the cells[29]. We observed lower plasma Ca2+ along with higher blood glucose and prolonged 
surgical procedures in patients with IPH, raising the possibility that reduced plasma Ca2+ might result from the extensive 
surgical-induced release of inflammatory factors and stress-related hyperglycemia during PD[30]. These operative 
responses might disrupt the balance of intracellular-extracellular Ca2+ transport by remarkable Ca2+ influx into the 
endothelial cells, leading to a relatively quick drop of plasma Ca2+. Abnormal Ca2+ metabolism or distribution including 
intracellular Ca2+ overload or insufficient elevation may cause endothelial leakage and severely compromise 
cardiovascular homeostasis[31]. This can be seen in conditions of acute and chronic hyperglycemia that potentially affect 
Ca2+ distribution, such as intracellular Ca2+ overload, and subsequently cause aberrant vascular function and endothelial 
permeability[32,33]. The massive blood transfusions, normally defined as infusion of > 10 units at a time, may result in 
hypocalcemia[34,35]. However, in our study, the proportion of patients who received blood transfusions > 1040 mL was 
1.51% (10 cases in the IPH group). Even after excluding these patients, the group with IPH still exhibited a significant 
reduction in arterial blood Ca2+ concentration. Therefore, this excluded the possibility of decreased Ca2+ induced by a 
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Figure 2 Forest plot illustrating risk factors associated with intraoperative persistent hypotension during pancreaticoduodenectomy. OR: 
Odd ratio.

greater number of blood transfusions contributing to IPH during PD. The surgical stress-inflammation-endocrine 
response induced decrease in plasma Ca2+ might disrupt endothelial function, reduce peripheral vascular resistance, and 
then hamper cardiovascular regulation during PD. Arterial Ca2+ levels emerge as a valuable predictor of intraoperative 
hypotension. Considering the identified risk factors—increased age, prolonged surgical duration, and substantial blood 
loss—it is plausible that these factors may collectively reduce arterial Ca2+ concentration.

Hypotension is recognized as an independent predictor of myocardial infarction, particularly when intraoperative 
MAP drops below 40% of preinduction levels for > 30 min, markedly elevating the risk of postoperative myocardial 
injury. The severity and duration of intraoperative hypotension are related to postoperative acute renal failure[36]. 
Numerous meta-analyses recommend classifying intraoperative hypotension as an independent predictor of adverse 
postoperative outcomes[37-39]. Early identification and effective intervention in high-risk patients are imperative to 
mitigate intraoperative hypotension and expedite patient recovery. Therefore, based on our findings on the risk factors 
for the IPH, preoperative assessment should include patient’s age, anticipated surgery duration, and potential blood loss.

This study had some limitations. We investigated the relationship between preoperative ASA scores and intraoperative 
hypotension. While initial univariate analysis suggested higher ASA scores in the IPH group, subsequent analysis with 
post-adjustment for confounders indicated that ASA score was not an independent risk factor for IPH, possibly owing to 
the small sample size and stringent selection criteria. The smaller proportion of patients with ASA grade III suggests that 
some patients may have missed optimal surgical opportunities due to underlying conditions. Moreover, the present 
study analyzes the impact of preoperative hypertension and history of diabetes on intraoperative hypotension. Although 
initial analysis revealed differences between groups, these disparities were rendered insignificant after adjusting for other 
factors. This inconsistency may be attributed to inadequate preoperative knowledge about hypertension and diabetes, 
resulting in inadequate information being provided during preoperative consultations.

CONCLUSION
The independent risk factors for IPH during PD are patient age, prolonged surgery duration, more blood loss and 
reduced Ca2+ level. The early identification of these factors and the implementation of appropriate preemptive 
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interventions can significantly aid in preventing IPH in PD.
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Abstract
BACKGROUND 
Malignant obstructive jaundice (MOJ) is a condition characterized by varying 
degrees of bile duct stenosis and obstruction, accompanied by the progressive 
development of malignant tumors, leading to high morbidity and mortality rates. 
Currently, the two most commonly employed methods for its management are 
percutaneous transhepatic bile duct drainage (PTBD) and endoscopic ultrasound-
guided biliary drainage (EUS-BD). While both methods have demonstrated 
favorable outcomes, additional research needs to be performed to determine their 
relative efficacy.

AIM 
To compare the therapeutic effectiveness of EUS-BD and PTBD in treating MOJ.

METHODS 
This retrospective analysis, conducted between September 2015 and April 2023 at 
The Third Affiliated Hospital of Soochow University (The First People’s Hospital 
of Changzhou), involved 68 patients with MOJ. The patients were divided into 
two groups on the basis of surgical procedure received: EUS-BD subgroup (n = 
33) and PTBD subgroup (n = 35). Variables such as general data, preoperative and 
postoperative indices, blood routine, liver function indices, myocardial function 
indices, operative success rate, clinical effectiveness, and complication rate were 
analyzed and compared between the subgroups.
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RESULTS 
In the EUS-BD subgroup, hospital stay duration, bile drainage volume, effective catheter time, and clinical effect-
iveness rate were superior to those in the PTBD subgroup, although the differences were not statistically significant 
(P > 0.05). The puncture time for the EUS-BD subgroup was shorter than that for the PTBD subgroup (P < 0.05). 
Postoperative blood routine, liver function index, and myocardial function index in the EUS-BD subgroup were 
significantly lower than those in the PTBD subgroup (P < 0.05). Additionally, the complication rate in the EUS-BD 
subgroup was lower than in the PTBD subgroup (P < 0.05).

CONCLUSION 
EUS-BD may reduce the number of punctures, improve liver and myocardial functions, alleviate traumatic stress, 
and decrease complication rates in MOJ treatment.

Key Words: Percutaneous hepatic biliary drainage; Endoscopic ultrasound-guided biliary drainage; Malignant obstructive 
jaundice; Clinical effect; Liver function; Postoperative complications

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Malignant obstructive jaundice (MOJ) primarily manifests in advanced tumors, posing significant risks to patient 
survival and necessitating prompt treatment. The principal treatment methods for MOJ are endoscopic ultrasound-guided 
biliary drainage and percutaneous transhepatic bile duct drainage. However, the efficacy of these two procedures varies, and 
their clinical value and postoperative effects require further analysis. This study, involving 68 patients, compares the 
therapeutic outcomes of these two surgical treatments for MOJ, aiming to identify the optimal treatment strategy.

Citation: Zhu QQ, Chen BF, Yang Y, Zuo XY, Liu WH, Wang TT, Zhang Y. Endoscopic ultrasound-guided biliary drainage vs 
percutaneous transhepatic bile duct drainage in the management of malignant obstructive jaundice. World J Gastrointest Surg 2024; 
16(6): 1592-1600
URL: https://www.wjgnet.com/1948-9366/full/v16/i6/1592.htm
DOI: https://dx.doi.org/10.4240/wjgs.v16.i6.1592

INTRODUCTION
Malignant obstructive jaundice (MOJ) is a type of jaundice disease arising from hepatic duct occlusion, which leads to 
impaired bile excretion and abnormal elevation of serum bilirubin[1]. MOJ commonly results in biliary tract infection or 
suppurative cholangitis. Without timely treatment, it can progress to abnormal coagulation function, impaired immune 
function, liver failure, and even death[2]. Currently, endoscopic retrograde cholangiopancreatography (ERCP) combined 
with biliary stent implantation is the primary standard treatment in clinical practice. However, intubation may pose a 
challenge in certain patients, with a failure rate reaching as high as 7%. Consequently, traditional percutaneous trans-
hepatic biliary drainage (PTBD) is often employed for these patients, boasting a success rate of 87% to 100%. Yet, it is 
associated with risks such as bile duct injury, biliary fistula, drainage tube obstruction, dislocation, and other complic-
ations. Moreover, long-term external drainage can lead to bile loss, electrolyte disturbances, and infection, significantly 
impacting patients' quality of life and their functional recovery[3,4]. Endoscopic ultrasound-guided biliary drainage 
(EUS-BD), a newer internal drainage technique, is an alternative when ERCP treatment fails. It has a technical success rate 
of over 90% and an adverse event rate of less than 15%[5]. EUS-BD has shown promise in treating MOJ, particularly in 
terms of postoperative complications[6]. Therefore, this study aims to compare the effects of EUS-BD and PTBD in 
treating MOJ using a multi-variable and multi-sample approach. The specifics of this study are outlined below.

MATERIALS AND METHODS
Patient characteristics
This retrospective analysis included 68 patients with MOJ who were admitted to The Third Affiliated Hospital of 
Soochow University (The First People’s Hospital of Changzhou) between September 2015 and April 2023. On the basis of 
the treatment methods employed, these patients were divided into two groups: the EUS-BD subgroup (n = 33) and the 
PTBD subgroup (n = 35).

Inclusion criteria: MOJ diagnosis was confirmed through B-ultrasound, computed tomography (CT), or Magnetic 
resonance cholangiopancreatography prior to surgery; patients for whom conventional ERCP procedures had failed or 
were deemed unsuitable by endoscopists; availability of complete clinical data; absence of distant metastasis; normal 
coagulation function.
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Exclusion criteria: Patients who had undergone radiotherapy or chemotherapy; those with hemophilia or other 
significant coagulation disorders; and patients suffering from severe infections.

Preoperative preparation
Prior to surgery, patients underwent routine blood tests, coagulation function assessment, liver function tests, and 
general blood biochemistry analysis. They were required to fast for 4 to 6 hours before the procedure. Additionally, 
medications that affect platelet aggregation and anticoagulation, such as clopidogrel, warfarin, aspirin, and low-
molecular-weight heparin, were discontinued. Imaging data from the planned puncture site (abdominal CT or magnetic 
resonance imaging) were carefully reviewed to ascertain the presence of any large vessels crossing or adjacent to the site. 
The procedure was performed under general anesthesia or intravenous sedation, with assistance from an anesthesi-
ologist.

Surgical methods
EUS-BD Subgroup: Using linear array endoscopic ultrasonography (UCT-260, Olympus Medical Systems, Tokyo, Japan), 
the appropriate puncture site was selected under guidance. Color Doppler was used to avoid blood flow signals in the 
puncture path. A 19G needle (ECHO-19, Cook Ireland Ltd, Limerick, Ireland) was inserted through the digestive tract 
into the intrahepatic bile duct. After confirming the aspiration fluid as bile, a contrast agent was injected to delineate the 
biliary system under X-ray guidance. A 0.035-inch guidewire was then introduced into the biliary system, exiting from 
the puncture needle. A cystotome along the guidewire was used to dilate the sinus tract, followed by the insertion of a 
nasobiliary tube or stent into the tract.

PTBD Subgroup: Under B-mode ultrasound guidance, bile duct dilatation was identified. The local skin was dis-
infected, and local infiltration anesthesia (2% lidocaine) was administered. To avoid blood vessels and intestinal 
structures, a 16G puncture needle was percutaneously inserted into the corresponding bile duct. Bile was withdrawn to 
confirm the needle's placement within the bile duct. A guidewire was then placed through the puncture needle, the 
puncture site expanded, and the tube inserted. Finally, an external drainage bag was connected, and the drainage device 
secured.

Observational indicators
General clinical data: This includes age, sex, body mass index (BMI), smoking history, cancer type, duration of the 
disease, duration of surgery, and length of hospital stay.

Surgery-related indicators: These encompass operation time, hospital stay duration, number of punctures, bile drainage 
flow rate, and effective duration of tube maintenance.

Blood routine before and 7 d after surgery: Measurements of red blood cells (RBC), white blood cells (WBC), and 
platelets (PLT).

Liver function indices before and 7 d after surgery: Levels of total protein (TP), albumin (ALB), serum alkaline 
phosphatase (ALP), alanine transaminase (ALT), aspartate transaminase (AST), gamma-glutamyl transferase (GGT), total 
bilirubin (TBIL), direct bilirubin (DBIL), and total bile acid are determined, along with hypersensitive C-reactive protein 
(hs-CRP), using an automatic biochemical analyzer (DNM-9602, Beijing Pulang New Technology Co., Ltd).

Myocardial function before and 7 d after surgery: Assessments of lactate dehydrogenase (LDH), creatine kinase (CK), 
and creatine kinase isoenzyme (CK-MB).

Surgical success rate and clinical efficiency: Successful surgery is defined as the correct placement of the stent or drain 
in the desired position. The clinical effectiveness rate is determined on the basis of the reduction in TBIL levels before and 
7 d after surgery, as well as the absence of stent blockage or displacement one month post-surgery. A significant effective 
rate is characterized by a decrease in TBIL of > 30% post-surgery, with no stent blockage or displacement within one 
month. Effectiveness is defined as a 10%-30% decrease in TBIL post-surgery, without stent blockage or displacement 
within one month. Ineffectiveness is indicated by a less than 10% decrease in postoperative TBIL and stent blockage or 
displacement within one month.

Postoperative complications: These include biliary fistula, cholangitis, bile duct bleeding, pneumoperitoneum, stent 
blockage, stent displacement, and mucosal laceration.

Statistical analysis
The measurement data, such as age, BMI, disease course, operation-related indicators, liver function indicators, and 
myocardial function indicators, are expressed as mean ± SD, and the t-test was used to analyze these data. Count data, 
such as sex, smoking history, cancer type, surgical success rate, clinical effective rate, and postoperative complications, 
are expressed as rates and were analyzed using the chi-square test. SPSS 27.0 software (IBM Corp.) was used to process 
the data. P < 0.05 was considered statistically significant.



Zhu QQ et al. Comparative study of MOJ treatment techniques

WJGS https://www.wjgnet.com 1595 June 27, 2024 Volume 16 Issue 6

RESULTS
General data comparison
The subgroups EUS-BD and PTBD were comparable in terms of age, sex, BMI, smoking history, cancer type, and duration 
of illness. No significant differences were observed between these groups (P > 0.05), as detailed in Table 1.

Comparison of surgery-related indicators
The EUS-BD subgroup exhibited shorter operative times and reduced lengths of hospital stay compared with the PTBD 
subgroup. Additionally, the EUS-BD subgroup demonstrated higher bile drainage volumes and longer effective tube 
times than the PTBD subgroup, though these differences were not statistically significant (P > 0.05). Notably, the number 
of punctures in the EUS-BD subgroup was fewer than in the PTBD subgroup (P < 0.05), as illustrated in Figure 1A.

Blood routine comparison
Prior to surgery, the blood routine parameters of the two subgroups EUS-BD and PTBD showed no significant differences 
(P > 0.05). However, 7 d post-surgery, the levels of RBC, WBC, and PLT in the EUS-BD subgroup were significantly lower 
than those in the PTBD subgroup (P < 0.05), as illustrated in Figure 1B.

Liver function comparison
Prior to surgery, the serum indices of both groups EUS-BD and PTBD were similar (P > 0.05). Postoperatively, the levels 
of TP, ALP, adenosine triphosphate, ALT, AST, GGT, TBIL, DBIL, and hs-CRP in the EUS-BD subgroup were lower than 
those in the PTBD subgroup (P < 0.05), as shown in Table 2.

Comparison of myocardial function indices
Postoperative myocardial function indices in the EUS-BD subgroup were significantly lower than those in the PTBD 
subgroup (P < 0.05), as illustrated in Figure 1C.

Comparing surgical success rate and clinical response rate
In the EUS-BD subgroup, 31 patients experienced successful biliary drainage, resulting in a success rate of 93.94%, which 
surpassed the 85.71% success rate observed in the PTBD subgroup. Among the EUS-BD subgroup, 16 patients (48.49%) 
demonstrated a postoperative decrease in TBIL of > 30%, a value of > 40.00% was observed in the PTBD subgroup. The 
proportion of patients whose TBIL decreased by 10%-30% post-surgery was 42.42% in the EUS-BD subgroup, comparable 
to that in the PTBD subgroup. Only 9.09% of the EUS-BD subgroup showed a TBIL decrease of < 10%, which was lower 
than the 17.14% in the PTBD subgroup. However, the differences in efficacy and clinical response between the two 
subgroups were not statistically significant (P > 0.05), as shown in Table 3.

Comparative analysis of postoperative complications
In the EUS-BD subgroup, complications were observed in 3 patients (9.09%), comprising 1 case of biliary fistula, 1 of stent 
blockage, and 1 of mucosal laceration. All these patients showed improvement following treatment. In the PTBD 
subgroup, 10 patients (28.57%) experienced complications, including 2 biliary fistulas, 2 instances of cholangitis, 1 bile 
duct hemorrhage, 1 pneumoperitoneum, 3 stent blockages, and 1 stent displacement, with all patients improving post-
treatment. The EUS-BD subgroup had a significantly lower complication rate than the PTBD subgroup (P < 0.05), as 
shown in Table 4.

DISCUSSION
MOJ is a common surgical condition characterized by symptoms of bile duct obstruction, including yellowing of the skin, 
sclera, and other tissues. The pathogenesis of the disease mainly consists of compromised bile excretion and subsequent 
sepsis, causing infiltration of cytokines, oxidative stress, and disruption of physiological functions, resulting in hepatic 
cell injury and apoptosis[7-9]. The predominant clinical approach to MOJ is surgical intervention, yet the efficacy of 
various surgical techniques varies. ERCP is frequently used but can be technically challenging and carries a risk of 
postoperative biliary tract infection, thus affecting the surgical success rate. Recently, PTBD and EUS-BD have gained 
prominence in MOJ treatment owing to their minimal invasiveness. While both methods have shown effective outcomes 
and serve as alternatives for ERCP failures, determining which procedure holds greater clinical value remains a subject of 
ongoing exploration[10,11]. This study aims to compare and analyze the clinical effects of PTBD and EUS-BD in treating 
MOJ by examining surgery-related metrics, blood routine, liver and myocardial function indices, surgical success rate, 
clinical effectiveness, and complication rate, to identify a superior treatment approach.

PTBD and EUS-BD are comparable in terms of operation duration, hospital stay, bile flow, and effective drainage time. 
However, EUS-BD is characterized by a lower puncture frequency compared with PTBD. This may be attributed to the 
shorter puncture path in EUS-BD, its traversal through fewer organs, and its relatively higher accuracy. Additionally, 
EUS-BD offers a broader range of puncture sites. The stent can be positioned in the common bile duct under X-ray 
guidance, and its design often includes multiple side holes or a nasal cyst, enhancing the drainage effectiveness. In 
contrast, PTBD is more susceptible to complications like secondary biliary peritonitis and is limited by the extent of 
intrahepatic bile duct dilation, which can result in a lower puncture success rate[12,13].
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Table 1 Comparison of general data between the two subgroups

EUS-BD (n = 33) PTBD (n = 35) t/χ2 P value

Age (mean  SD, yr) 66.13 ± 10.04 64.36 ± 9.28 0.755 0.453

Sex, n (%) 0.391 0.532

Male 24 (72.73) 23 (65.71)

Female 9 (27.27) 12 (34.29)

BMI (mean  SD, kg/m2) 23.10 ± 3.18 23.25 ± 3.23 0.195 0.846

History of smoking, n (%) 0.000 0.994

Yes 17 (51.52) 18 (51.43)

No 16 (48.48) 17 (48.57)

Cancer type, n (%) 0.066 0.967

Carcinoma of head of pancreas 15 (45.46) 17 (48.57)

Cholangiocarcinoma 10 (30.30) 10 (28.57)

Other 8 (24.24) 8 (22.86)

Disease course (mean  SD, months) 6.30 ± 3.04 6.31 ± 3.17 0.015 0.988

BMI: Body mass index; EUS-BD: Endoscopic ultrasound-guided biliary drainage; PTBD: Percutaneous transhepatic puncture biliary drainage.

In the context of blood routine, liver function, and myocardial function indices, the postoperative metrics for these 
parameters in the EUS-BD subgroup were lower than those in the PTBD subgroup. This suggests that EUS-BD causes less 
trauma to the body, can effectively improve serum levels, liver function, and myocardial function in patients, and inflicts 
minimal damage to the liver. Firstly, routine blood tests are fundamental in clinical diagnostics, encompassing a range of 
commonly used sensitive indicators that are responsive to various bodily disease changes and assist in disease asse-
ssment. WBCs are a crucial type of blood cell, capable of phagocytizing foreign bodies and producing antibodies. RBCs 
play a role in clearing immune complexes and participating in immune regulation. PLTs are indicators reflecting the for-
mation and reduction of platelets; changes in PLT levels can indicate alterations or damage within the blood system[14-
16].

Secondly, MOJ frequently leads to abnormal coagulation function, as well as impairment of liver and kidney functions, 
often resulting in secondary infections. TBIL serves as a crucial liver function marker and a primary indicator for diag-
nosing jaundice. Elevated TBIL levels, particularly high DBIL, suggest potential liver lesions or bile duct obstruction. In 
this study, preoperative TBIL levels in patients with MOJ were high, but post-treatment levels significantly decreased, 
with a more pronounced reduction observed in the EUS-BD group. This suggests that EUS-BD treatment for MOJ can 
alleviate biliary obstruction, lower biliary pressure, reduce infection rates, and consequently enhance liver function in 
patients[17,18]. Additionally, some patients with MOJ experience abnormal metabolism, potentially affecting the energy 
metabolism of cardiomyocytes and leading to myocardial damage. Commonly assessed myocardial damage markers 
include LDH, CK, and CK-MB[19,20]. LDH and CK are enzymes widely distributed in body tissues such as the heart, 
liver, and kidneys, and are closely linked to myocardial function. CK-MB is predominantly found in the myocardium, 
and an increase in its blood levels, due to increased cell permeability following myocardial injury, is indicative of such 
damage[21,22].

This and other studies indicate that the success rate and clinical effectiveness of the EUS-BD subgroup were lower than 
those of the PTBD subgroup, although the difference was not statistically significant[23,24]. Regarding complication rates, 
the PTBD subgroup exhibited a higher incidence compared with the EUS-BD subgroup. While the PTBD procedure is 
straightforward with a high success rate, it often leads to complications, resulting in a poorer prognosis for some patients. 
In this study, the complication rate for patients with PTBD was as high as 28.57%, with common issues including 
cholangitis, stent blockage, and biliary fistula. In contrast, the complication rate in the EUS-BD subgroup was 9.09%, 
which could be managed with conservative treatment, effectively reducing patient discomfort[8,25]. Complications 
typically arise due to the following: (1) Mucosal tear and injury to peripheral blood vessels during endoscopic 
procedures; (2) Bile retrograding into blood, leading to infection; (3) Cholestasis causing biliary sludge formation, either 
from longitudinal tissue development or tumor growth causing stent obstruction; and (4) Injury to the pancreas, 
gallbladder, and bile duct during surgery. EUS-BD, conducted under endoscopic ultrasound and X-ray guidance, can 
enhance operational accuracy and reduce postoperative complications like infection and bleeding.

This study has the following limitations: (1) This study employed a retrospective research design, which retro-
spectively examined past data to determine present outcomes. The collected data may be subject to interference from 
various factors, potentially affecting the results; (2) Owing to the limited number of patients meeting the inclusion criteria 
at our hospital, only 68 patients were included, leading to potential bias and compromising the accuracy of our study's 
conclusions; and (3) Given the restricted sample size, this study did not assess the advantages and disadvantages of 
different types of stents and malignant tumors in relation to both treatment methods; thus, further research is needed to 
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Table 2 Comparison of preoperative and postoperative serum indices between the two subgroups, mean ± SD

Index Time EUS-BD (n = 33) PTBD (n = 35) t P value

TP (g/L) Before surgery 61.85 ± 7.14 59.25 ± 7.12 -1.498 0.139

7 d after surgery 41.75 ± 5.80a,b 55.13±6.82a 8.687 < 0.001

ALB (g/L) Before surgery 44.04 ± 6.98 40.97 ± 6.70 -1.846 0.069

7 d after surgery 31.20 ± 4.45a,b 39.55 ± 6.07a 6.439 < 0.001

ALP (U/L) Before surgery 529.68 ± 182.52 505.45 ± 176.87 -0.559 0.578

7 d after surgery 285.39 ± 97.22a,b 360.65 ± 150.02a 2.439 0.017

ALT (U/L) Before surgery 148.76 ± 52.55 146.58 ± 53.35 -0.169 0.866

7 d after surgery 51.33 ± 6.61a,b 73.58 ± 7.03a 13.424 < 0.001

AST (U/L) Before surgery 121.29 ± 37.58 107.62 ± 28.98 -1.685 0.097

7 d after surgery 42.02 ± 13.95a,b 75.03 ± 16.25a 8.969 < 0.001

GGT (U/L) Before surgery 612.05 ± 179.24 575.13 ± 174.30 -0.861 0.391

7 d after surgery 213.67 ± 61.37a,b 299.65 ± 65.12a 5.595 < 0.001

TBIL (mmol/L) Before surgery 228.02 ± 66.39 205.23 ± 76.28 -1.311 0.194

7 d after surgery 107.93 ± 52.43a,b 144.79 ± 59.10a 2.714 0.008

DBIL (mmol/L) Before surgery 204.18 ± 52.86 192.13 ± 49.66 -0.969 0.336

7 d after surgery 70.19 ± 17.16a,b 84.48 ± 19.41a 3.208 0.002

TBA (mmol/L) Before surgery 228.62 ± 55.45 208.90 ± 63.35 -1.362 0.178

7 d after surgery 66.31 ± 18.61a,b 90.55 ± 20.11a 5.152 < 0.001

hs-CRP (mg/L) Before surgery 13.22 ± 3.29 11.60 ± 3.90 -1.843 0.070

7 d after surgery 4.58 ± 1.33a,b 7.66 ± 2.36a 6.576 < 0.001

aP < 0.05, compared to the preoperative subgroup.
bP < 0.05 compared to the percutaneous transhepatic puncture biliary drainage subgroup.
TP: Total protein; ALB: Albumin; ALP: Serum alkaline phosphatase; ALT: Alanine aminotransferase; AST: Aspartate transaminase; GGT: Gamma-glutamyl 
transferase; TBIL: Total bilirubin; DBIL: Direct bilirubin; TBA: Total bile acid; hs-CRP: Hypersensitive C-reactive protein; EUS-BD: Endoscopic ultrasound-
guided biliary drainage; PTBD: Percutaneous transhepatic puncture biliary drainage.

Table 3 Comparison of surgical success rates and clinical response rates between the two subgroups, n (%)

EUS-BD (n = 33) PTBD (n = 35) χ2 P value

Successful operation 31 (93.94) 30 (85.71) 1.244 0.265

Excellent 16 (48.49) 14 (40.00)

Effective 14 (42.42) 15 (42.86)

Ineffective 3 (9.09) 6 (17.14)

Total effective 30 (90.91) 29 (82.86) 0.959 0.327

EUS-BD: Endoscopic ultrasound-guided biliary drainage; PTBD: Percutaneous transhepatic puncture biliary drainage.

strengthen our findings. In future clinical practice, we aim to expand our sample size, conduct prospective controlled 
studies, and incorporate multiple influencing factors to enhance the clinical application of EUS-BD.

CONCLUSIONS
When comparing the EUS-BD subgroup with the PTBD subgroup, the differences in surgical success rates and clinical 
efficiency were not significant. However, the EUS-BD subgroup showed superiority in several aspects, including the 
number of punctures, blood routine, liver function, myocardial function, and complications, when compared with the 
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Figure 1 Comparison of procedure-related measures, routine blood parameters, and myocardial function measures between the endo-
scopic ultrasound-guided biliary drainage and percutaneous transhepatic puncture biliary drainage groups. A: Comparison of procedure-
related measures between the endoscopic ultrasound-guided biliary drainage (EUS-BD) and percutaneous transhepatic puncture biliary drainage (PTBD) groups; B: 
Comparison of routine blood parameters between the EUS-BD and PTDB groups; C: Comparison of myocardial function measures between the EUS-BD and PTDB 
groups. EUS-BD: Endoscopic ultrasound-guided biliary drainage; PTBD: Percutaneous transhepatic puncture biliary drainage; RBC: Red blood cells; WBC: White 
blood cells; PLT: Platelets; LDH: Lactate dehydrogenase; CK: Creatine kinase; CK-MB: Creatine kinase isoenzyme.
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Table 4 Comparison of postoperative complications between the two subgroups, n (%)

Complication EUS-BD (n = 33) PTBD (n = 35) χ2 P value

Biliary fistula 1 (3.03) 2 (5.71)

Cholangitis 0 (0.00) 2 (5.71)

Bile tube bleeding 0 (0.00) 1 (2.86)

Pneumoperitoneum 0 (0.00) 1 (2.86)

Stent blockage 1 (3.03) 3 (8.57)

Stent displacement 0 (0.00) 1 (2.86)

Mucosal laceration 1 (3.03) 0 (0.00)

Total 3 (9.09) 10 (28.57) 4.169 0.041

EUS-BD: Endoscopic ultrasound-guided biliary drainage; PTBD: Percutaneous transhepatic puncture biliary drainage.

PTBD subgroup. Consequently, it can be concluded that EUS-BD offers an effective therapeutic approach for patients 
with MOJ. Compared with PTBD, EUS-BD presents advantages such as reduced puncture frequency, improved liver and 
myocardial functions, alleviated traumatic stress, and fewer complications.
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Abstract
BACKGROUND 
This study was designed to investigate the clinical efficacy and safety of Gamma 
Knife® combined with transarterial chemoembolization (TACE) and immuno-
therapy in the treatment of primary liver cancer.

AIM 
To investigate the clinical efficacy and safety of Gamma Knife® combined with 
TACE and immune-targeted therapy in the treatment of primary liver cancer.

METHODS 
Clinical data from 51 patients with primary liver cancer admitted to our hospital 
between May 2018 and October 2022 were retrospectively collected. All patients 
underwent Gamma Knife® treatment combined with TACE and immunotherapy. 
The clinical efficacy, changes in liver function, overall survival (OS), and 
progression-free survival (PFS) of patients with different treatment responses 
were evaluated, and adverse reactions were recorded.

RESULTS 
The last follow-up for this study was conducted on October 31, 2023. Clinical 
evaluation of the 51 patients with primary liver cancer revealed a partial response 
(PR) in 27 patients, accounting for 52.94% (27/51); stable disease (SD) in 16 
patients, accounting for 31.37% (16/51); and progressive disease (PD) in 8 
patients, accounting for 15.69% (8/51). The objective response rate was 52.94%, 
and the disease control rate was 84.31%. Alanine aminotransferase, aspartate 
aminotransferase, lactate dehydrogenase, and alpha-fetoprotein isoform levels 

https://www.f6publishing.com
https://dx.doi.org/10.4240/wjgs.v16.i6.1601
mailto:13605251826@163.com


Wang GF et al. Treatment of primary liver cancer

WJGS https://www.wjgnet.com 1602 June 27, 2024 Volume 16 Issue 6

decreased after treatment compared with pretreatment (all P = 0.000). The median OS was 26 months [95% 
confidence interval (95%CI): 19.946-32.054] in the PR group and 19 months (95%CI: 14.156-23.125) in the SD + PD 
group, with a statistically significant difference (P = 0.015). The median PFS was 20 months (95%CI: 18.441-34.559) 
in the PR group and 12 months (95%CI: 8.745-13.425) in the SD + PD group, with a statistically significant 
difference (P = 0.002). Common adverse reactions during treatment included nausea and vomiting (39.22%), 
thrombocytopenia (27.45%), and leukopenia (25.49%), with no treatment-related deaths reported.

CONCLUSION 
Gamma Knife® combined with TACE and immune-targeted therapy is safe and effective in the treatment of 
primary liver cancer and has a good effect on improving the clinical benefit rate and liver function of patients.

Key Words: Gamma Knife®; Transarterial chemoembolization; Immunotherapy; Primary liver cancer; Liver function

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Most patients with primary liver cancer are diagnosed in the middle and late stage, and lose the best opportunity for 
surgical treatment. Transcatheter arterial chemoembolization (TACE), immune targeted therapy and gamma knife 
technology are all important methods for clinical treatment of liver cancer. This study mainly discusses the clinical efficacy 
of gamma knife combined with TACE and immune targeted therapy for primary liver cancer, and provides reference for 
clinical treatment.

Citation: Wang GF, Shu CX, Cai XD, Wang HB, Xu JH, Jia YQ. Clinical efficacy of Gamma Knife® combined with transarterial 
chemoembolization and immunotherapy in the treatment of primary liver cancer. World J Gastrointest Surg 2024; 16(6): 1601-1608
URL: https://www.wjgnet.com/1948-9366/full/v16/i6/1601.htm
DOI: https://dx.doi.org/10.4240/wjgs.v16.i6.1601

INTRODUCTION
Primary liver cancer is the fourth leading cause of cancer-related deaths worldwide, and China is considered a region 
with a high incidence of primary liver cancer, ranking second among malignant tumors in the country[1]. Due to its 
insidious onset and lack of obvious clinical symptoms in the early stages, more than 80% of patients are diagnosed at an 
advanced stage[2], resulting in missed opportunities for optimal surgical treatment and considerable resistance to 
conventional chemotherapy and radiation therapy. Transarterial chemoembolization (TACE) is a commonly used and 
effective method for patients with unresectable or advanced liver cancer, and multiple studies have shown favorable 
outcomes with TACE in the treatment of primary liver cancer[3]. However, some studies have indicated that the local 
tumor necrosis rate after TACE is only 10% to 20%[4]. It has been suggested that TACE treatment can induce partial 
ischemia and shrinkage of intrahepatic tumors, reducing tumor burden. At this stage, combination immunotherapy can 
achieve better clinical results[5]. Immunotherapy utilizes the body’s own immune system to attack and destroy cancer 
cells, inhibiting tumor growth and improving patient survival. One commonly used method of immunotherapy is the use 
of checkpoint inhibitors, such as programmed cell death ligand 1 (PD-1) monoclonal antibodies, which block the 
interaction between PD-1 and its ligands PD-L1 and PD-L2, thus relieving immune suppression, activating T-cell 
function, generating tumor immune responses, and exerting antitumor effects. They have been widely used in immuno-
therapy[6]. With the development of stereotactic radiosurgery, Gamma Knife® has been extensively used to treat 
neurosurgical and somatic tumor diseases, improving treatment precision based on precise tumor localization[7]. In this 
study, we primarily aimed to explore the clinical efficacy of Gamma Knife® combined with TACE and immunotherapy in 
the treatment of primary liver cancer, providing a reference for clinical treatment.

MATERIALS AND METHODS
Subject selection
This retrospective study was conducted in accordance with the principles of the Helsinki Declaration. The clinical data of 
51 patients with primary liver cancer admitted to Yangzhou Friendship Hospital Affiliated with the Medical College of 
Yangzhou University from May 2018 to October 2022 were retrospectively collected. The inclusion criteria were as 
follows: Histopathologically or radiologically confirmed primary liver cancer; barcelona clinic liver cancer (BCLC) stage B 
to C, with an expected survival period of more than 3 months; Child–Pugh class A or B; treatment plan involving Gamma 
Knife® combined with TACE and immunotherapy; and availability of complete clinical data. This study was approved by 
the Ethics Committee of Yangzhou Friendship Hospital Affiliated with the Medical College of Yangzhou University, and 
informed consent was waived.

https://www.wjgnet.com/1948-9366/full/v16/i6/1601.htm
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The exclusion criteria included contraindications for TACE, the presence of other malignant tumors, coagulation 
disorders, or immune dysfunction, a pathological diagnosis of metastatic liver cancer, poor medication compliance, 
incomplete case data, and loss to follow-up.

Treatment protocol
TACE: After local infiltration anesthesia with 2% lidocaine injection, the Seldinger technique was used for percutaneous 
puncture of the femoral artery. A 5F catheter was inserted into the hepatic artery for angiography to identify the tumor-
feeding arteries. Chemotherapeutic drugs, including floxuridine powder (30 mg) and gemcitabine powder (1000 mg/m2), 
were infused through the catheter, and ethiodized oil was used as the embolic agent. The endpoint for embolization was 
the absence of tumor staining during angiography. After the procedure, patients underwent repeat TACE treatment 
every 3 to 4 wk based on the deposition of iodized oil, liver function, alpha-fetoprotein levels, and other laboratory 
indicators.

Gamma Knife® procedure: Gamma Knife® treatment was typically scheduled between two interventions or after the 
second intervention. Before treatment began, physicians utilized imaging techniques such as magnetic resonance imaging 
or computed tomography to determine the location and size of the tumors within the liver. A treatment plan was then 
formulated, specifying the direction, dosage, and treatment area for the radiation. The specific procedure involved the 
patient assuming a supine position and being immobilized using a vacuum body mold. The Gamma Knife®, a stereotactic 
radiosurgery system, was employed to deliver focused radiation in a 360-degree rotational manner, ensuring that the 50% 
isodose curve acutely covered the target volume. The tumor region was delineated through a dose-volume histogram, 
aiding in the development of the treatment strategy. The peripheral dose around the tumor ranged from 3 Gy to 5 Gy per 
session, with a total peripheral dose ranging from 36 Gy to 40 Gy over 2 wk to 3 wk. The shape of the radiation field was 
meticulously designed based on the visualization of the radiation beams, ensuring that the target tumor area was well 
within the treatment range while minimizing direct exposure to vital organs and tissues. Routine liver protection therapy 
was administered throughout the treatment period.

Targeted therapy: (1) For patients with a body weight < 60 kg, oral administration of lenvatinib mesylate capsules was at 
a dosage of 8 mg once daily. For patients with a body weight ≥ 60 kg, the dosage was 2 mg once daily; (2) oral adminis-
tration of sorafenib tosylate tablets was at a dosage of 0.4 g twice daily; (3) the oral administration apatinib mesylate 
tablets dosage was 750 mg once daily. The aforementioned three medications were taken until progressive disease (PD) 
or the occurrence of intolerable adverse reactions; and (4) the oral administration dosage of regorafenib tablets was 160 
mg once daily for 28 d, constituting one cycle. The medication was taken from day 1 to day 2 of each cycle.

Immunosuppressive therapy: (1) Dilly’s regimen: 200 mg, given intravenously on day 1 of each cycle, every 3 wk; and (2) 
regarding bevacizumab biosimilar (Davotin, both referring to bevacizumab injection), the dosage was 7.5 mg/kg, 
administered via intravenous infusion once every 3 wk, starting on the first day of each cycle.

Observation indicators
(1) Treatment efficacy: The evaluation criteria for treatment efficacy followed the Response Evaluation Criteria in Solid 
Tumors (RECIST)[8], which categorizes the response as complete response (CR), partial response (PR), stable disease 
(SD), or PD. The objective response rate was calculated as (number of CRs + number of SD patients) divided by the total 
number of patients, multiplied by 100%. The disease control rate was calculated as (number of CRs + number of PRs + 
number of SD patients) divided by the total number of patients, multiplied by 100%; (2) liver function: Liver function 
changes before and after treatment were assessed; (3) adverse reaction evaluation: Adverse reactions during the treatment 
period were evaluated using the Common Terminology Criteria for Adverse Events (CTCAE 5.0), which classifies 
adverse reactions into grades 1 to 5, with grades 3 to 5 indicating severe adverse events; and (4) survival outcomes: 
Analysis of overall survival (OS) and progression-free survival (PFS) among patients with different treatment efficacies. 
The final follow-up for this study was conducted until October 31, 2023. OS was defined as the time from diagnosis to 
either patient death or the last follow-up. PFS was defined as the time from diagnosis to PD or the last follow-up, with PD 
defined as abnormal serum tumor markers or imaging findings indicating an increase in preexisting lesions or the 
appearance of new lesions.

Statistical analysis
Data analysis was performed using SPSS 23.0 software. Normally distributed continuous data are presented as the mean 
± SD, and the t test was used for group comparisons. Categorical data are presented as n (%) and were compared using 
the Chi-square test. K-M survival curves were used to analyze the OS and PFS of patients with different treatment 
outcomes. A level of P < 0.05 was considered indicative of statistical significance.

RESULTS
Baseline characteristics of 51 patients with primary liver cancer
Among the 51 patients with primary liver cancer, there were 42 males and 9 females. Seven patients were younger than 
60 years, while 44 patients were 60 years old or older. Eleven patients had no viral infection, 34 patients had hepatitis B 
infection, 4 patients had hepatitis C infection, and 2 patients had coinfection of hepatitis B and hepatitis C. Forty-five 
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patients were classified as Child-Pugh grade A, and six patients were classified as grade B. Among the patients, 11 were 
in BCLC stage B, and 40 were in stage C. Twenty patients had a single tumor, while 31 had two or more tumors. Nineteen 
patients had a tumor diameter less than 5 cm, while 32 had a diameter of 5 cm or larger. The baseline characteristics are 
presented in Table 1.

Clinical efficacy evaluation
The last follow-up in this study was conducted until October 31, 2023. The clinical efficacy evaluation of 51 patients with 
primary liver cancer revealed a PR in 27 patients, accounting for 52.94% (27/51) of the total patients; SD in 16 patients, 
accounting for 31.37% (16/51); and PD in 8 patients, accounting for 15.69% (8/51). The objective response rate was 
52.94%, and the disease control rate was 84.31% (Table 2).

Liver function index evaluation
After treatment, the levels of alanine aminotransferase (ALT), aspartate aminotransferase (AST), lactate dehydrogenase 
(LDH), alpha-fetoprotein isoform (AFP-L3) in the patients decreased significantly compared to those before treatment (P 
< 0.001). Table 3 shows the changes in liver function indices before and after treatment.

Survival outcome evaluation
The median OS times for patients in the PR group and the SD + PD group were 26 months [95% confidence interval 
(95%CI): 19.946-32.054] and 19 months (95%CI: 14.156-23.125), respectively, which were significantly different (P = 0.015). 
Figure 1A shows a comparison of OS curves between the PR group and the SD + PD group. The median PFS times for 
patients in the PR group and the SD + PD group were 20 months (95%CI: 18.441-34.559) and 12 months (95%CI: 8.745-
13.425), respectively, which were significantly different (P = 0.002). Figure 1B shows a comparison of PFS curves between 
the PR group and the SD + PD group.

Incidence of adverse events
During the treatment of the 51 patients with primary liver cancer, there were no treatment-related deaths. The common 
types of adverse reactions included nausea and vomiting (39.22%), platelet reduction (27.45%), and leukocyte reduction 
(25.49%). The most common adverse reactions were hypertension (7.84%), leukocyte reduction (5.88%), and platelet 
reduction (3.92%). All adverse reactions in the patients improved with corresponding symptomatic treatment and 
adjustment of the targeted drug dosage. Table 4 shows the details of the occurrence of adverse events.

DISCUSSION
The pathogenesis of primary liver cancer is complex, and early-stage cases often lack obvious symptoms. By the time 
symptoms such as liver pain, fatigue, weight loss, and decreased appetite manifest, the disease is usually in the advanced 
stage, and the optimal treatment window is often missed[8]. TACE is the main treatment method for advanced primary 
liver cancer. Although TACE has shown substantial efficacy in recent years, long-term outcomes are inevitably affected 
by the development of collateral vessels or revascularization, increasing the risk of tumor recurrence and distant 
metastasis and thus limiting the effectiveness of TACE as a standalone treatment for advanced primary liver cancer[9,10]. 
Therefore, it is highly important to explore other safer and more effective methods to improve the long-term prognosis of 
patients with advanced primary liver cancer, especially in combination with TACE.

Gamma Knife® technology is a stereotactic radiotherapy technique that uses high-dose focused radiation to treat 
tumors and protect normal tissue by irradiating the tumor tissue locally. In recent years, a large number of studies have 
indicated[11,12] that the combination of Gamma Knife® and TACE can further improve treatment outcomes for patients 
with primary liver cancer and promote disease improvement. Reports in the literature[13] indicate that compared to 
TACE alone, the combination of Gamma Knife® therapy and TACE for primary liver cancer treatment can enhance short-
term treatment efficacy without increasing adverse reactions in patients and prolong survival time. The mechanism of 
TACE in treating primary liver cancer involves the direct killing of tumor cells and interruption of the tumor blood 
supply by delivering antitumor drugs and embolic agents into the hepatic artery. Additionally, TACE treatment can 
increase the expression of hypoxia-inducible factors, thereby upregulating the expression of vascular endothelial growth 
factor (VEGF) and platelet-derived growth factor receptor (PDGFR), promoting tumor angiogenesis, and hindering 
antitumor effects[14,15]. In recent years, studies have indicated[16] that tyrosine kinase receptor inhibitors such as 
lenvatinib and sorafenib can inhibit the expression of VEGFR and PDGFR, further enhancing the therapeutic effect of 
TACE. Therefore, the combination of TACE and targeted drugs can to some extent compensate for the limitations of 
TACE.

Currently, various immune checkpoint inhibitors have been successfully used in clinical treatment. Among them, PD-1 
monoclonal antibodies, which are widely used, can block the binding of PD-1 to its ligands PD-L1 and PD-L2, relieving 
immune suppression, activating T-cell function, eliciting tumor immune responses, and exerting antitumor effects[17]. 
Immune drug combinations with targeted therapy have become the standard first-line treatment for advanced primary 
liver cancer. In recent years, phase I/II studies of immune checkpoint inhibitors combined with targeted drugs such as 
lenvatinib combined with regorafenib and anlotinib combined with apatinib have shown promising results[18]. The 
results of the IMbrave150 trial showed that compared to sorafenib alone, the combination of atezolizumab and 
bevacizumab significantly prolonged the median PFS and OS of liver cancer patients[19]. Due to the unique and complex 
immune microenvironment of hepatocellular carcinoma, which is characterized mainly by immune suppression, 
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Table 1 Baseline characteristics of 51 patients with primary liver cancer, n (%)

Item Case

Gender

Male 42 (82.35)

Female 9 (17.65)

Age

< 60 7 (13.73)

≥ 60 44 (86.27)

Viral infection

No 11 (21.57)

HBV 34 (66.67)

HCV 4 (7.84)

HBV + HCV 2 (3.92)

Child-Pugh grade

A 45 (88.24)

B 6 (11.76)

BCLC

B 11 (21.57)

C 40 (78.43)

Tumor number

1 20 (39.22)

≥ 2 31 (60.78)

Tumor diameter

< 5 cm 19 (37.25)

≥ 5 cm 32 (62.75)

HBV: Hepatitis B virus; HCV: Hepatitis C virus; BCLC: Barcelona clinic liver cancer.

Table 2 Clinical efficacy evaluation of 51 patients with primary liver cancer, n (%)

Item Case

CR 0 (0)

PR 27 (52.94)

SD 16 (31.37)

PD 8 (15.69)

Objective response rate 27 (52.94)

Disease control rate 43 (84.31)

CR: Complete response; PR: Partial response; SD: Stable disease; PD: Progressive disease.

monotherapy with immune checkpoint inhibitors has limited efficacy. Therefore, we predict that combining immune 
therapy with Gamma Knife® therapy, TACE, and targeted drugs may be effective. Studies[20] have shown that compared 
with TACE alone in the treatment of patients with liver cancer, targeted therapy and immunotherapy used in conjunction 
with TACE can further prolong the survival time of patients and is safe and effective.

The results of this study showed that among 51 patients with primary liver cancer who received Gamma Knife® 
therapy combined with TACE and immune-targeted therapy, liver function indicators significantly improved. The 
clinical evaluation revealed a PR rate of 52.94%, an SD1 rate of 31.37%, a PD rate of 15.69%, an objective response rate of 
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Table 3 Changes in liver function indices before and after treatment (mean ± SD)

Before (n = 51) After (n = 51) t P value

ALT (U/L) 75.11 ± 4.62 60.62 ± 4.09 16.771 0

AST (U/L) 119.47 ± 11.69 41.57 ± 6.88 41.013 0

LDH (U/L) 439.15 ± 20.62 236.73 ± 18.15 52.623 0

AFP-13 (%) 18.52 ± 5.37 11.31 ± 2.65 8.598 0

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; LDH: Lactate dehydrogenase; AFP-L3: Alpha-fetoprotein isoform.

Table 4 Incidence of adverse events, n (%)

Incidence Grade 3-5

Hypertension 10 (19.61) 4 (7.84)

Platelet reduction 14 (27.45) 2 (3.92)

ALT elevation 7 (13.73) 1 (1.96)

Leukocyte reduction 13 (25.49) 3 (5.88)

Nausea and vomiting 20 (39.22) 1 (1.96)

Fever 3 (5.88) 0 (0.00)

Hypothyroidism 2 (3.92) 0 (0.00)

Abdominal pain 4 (7.84) 0 (0.00)

Hyperbilirubinemia 6 (11.76) 0 (0.00)

Ascites 3 (5.88) 0 (0.00)

Hypokalemia 2 (3.92) 0 (0.00)

Figure 1 Comparison of overall survival and progression-free survival curves between the partial response group and the stable disease 
+ progressive disease group. A: Overall survival; B: Progression-free survival. PR: Partial response; SD: Stable disease; PD: Progressive disease.

52.94%, and a disease control rate of 84.31%, similar to previous reports[21], indicating good efficacy of Gamma Knife® 
combined with TACE and immune-targeted therapy for primary liver cancer. From the comparison of OS and PFS 
between the PR group and the SD + PD group, the PR group was shown to exhibit significantly greater OS and PFS than 
the SD + PD group; this result suggests that Gamma Knife® combined with TACE and immune targeted therapy may 
increase the possibility of achieving curative resection in the conversion treatment of initially unresectable advanced 
primary liver cancer, potentially improving OS and recurrence-free survival. It is speculated that the reason may be that 
Gamma Knife® combined with TACE and immune-targeted therapy for primary liver cancer. TACE plays an antitumor 
role by directly killing and cutting off vascular nutrients. Immunotherapy can play a good antitumor role by generating a 
tumor immune response, while Gamma Knife® enables the delivery of higher doses of radiotherapy for smaller target 
lesions. The combination of the three in the treatment of patients with liver cancer can further improve the clinical benefit 



Wang GF et al. Treatment of primary liver cancer

WJGS https://www.wjgnet.com 1607 June 27, 2024 Volume 16 Issue 6

rate and prolong the survival time of patients[11]. At the same time, in the present study, the common types of adverse 
reactions during the treatment of patients were nausea and vomiting (39.22%), thrombocytopenia (27.45%), leukopenia 
(25.49%), etc., and there were no treatment-related death events, confirming the safety of Gamma Knife® combined with 
TACE and immune-targeted therapy.

CONCLUSION
Gamma Knife® combined with TACE and immune-targeted therapy is safe and effective for treating primary liver cancer, 
improving clinical benefits and enhancing liver function in patients. This study has certain limitations, such as its small 
sample size and single-center retrospective nature. In the future, expanding the sample size and conducting multicenter 
clinical trials will be important for further validation of the research findings.
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Abstract
BACKGROUND 
Laparoscopic pancreaticoduodenectomy (LPD) is a surgical procedure for treating 
pancreatic cancer; however, the risk of complications remains high owing to the 
wide range of organs involved during the surgery and the difficulty of 
anastomosis. Pancreatic fistula (PF) is a major complication that not only increases 
the risk of postoperative infection and abdominal hemorrhage but may also cause 
multi-organ failure, which is a serious threat to the patient’s life. This study 
hypothesized the risk factors for PF after LPD.

AIM 
To identify the risk factors for PF after laparoscopic pancreatoduodenectomy in 
patients with pancreatic cancer.

METHODS 
We retrospectively analyzed the data of 201 patients admitted to the Fudan 
University Shanghai Cancer Center between August 2022 and August 2023 who 
underwent LPD for pancreatic cancer. On the basis of the PF’s incidence (grades B 
and C), patients were categorized into the PF (n = 15) and non-PF groups (n = 
186). Differences in general data, preoperative laboratory indicators, and surgery-
related factors between the two groups were compared and analyzed using 
multifactorial logistic regression and receiver-operating characteristic (ROC) 
curve analyses.

RESULTS 
The proportions of males, combined hypertension, soft pancreatic texture, and 
pancreatic duct diameter ≤ 3 mm; surgery time; body mass index (BMI); and 
amylase (Am) level in the drainage fluid on the first postoperative day (Am > 

https://www.f6publishing.com
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mailto:wangwei@fudanpci.org
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1069 U/L) were greater in the PF group than in the non-PF group (P < 0.05), whereas the preoperative monocyte 
count in the PF group was lower than that in the non-PF group (all P < 0.05). The logistic regression analysis 
revealed that BMI > 24.91 kg/m² [odds ratio (OR) =13.978, 95% confidence interval (CI): 1.886-103.581], 
hypertension (OR = 8.484, 95%CI: 1.22-58.994), soft pancreatic texture (OR = 42.015, 95%CI: 5.698-309.782), and 
operation time > 414 min (OR = 15.41, 95%CI: 1.63-145.674) were risk factors for the development of PF after LPD 
for pancreatic cancer (all P < 0.05). The areas under the ROC curve for BMI, hypertension, soft pancreatic texture, 
and time prediction of PF surgery were 0.655, 0.661, 0.873, and 0.758, respectively.

CONCLUSION 
BMI (> 24.91 kg/m²), hypertension, soft pancreatic texture, and operation time (> 414 min) are considered to be the 
risk factors for postoperative PF.

Key Words: Pancreatic cancer; Laparoscopy; Pancreaticoduodenectomy; Pancreatic fistula; Risk factors; Receiver-operating 
characteristic curve

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Controlling the highly correlated risk factors of pancreatic fistula (PF) following laparoscopic pancreaticoduoden-
ectomy (LPD) can decrease PF incidence. Although existing studies have confirmed that the occurrence of PF after LPD is 
influenced by various factors, including self-development and surgery-related factors, few studies have examined the factors 
influencing the development of PF after LPD in pancreatic cancer. Here, we analyzed the factors associated with the 
development of PF after LPD for pancreatic cancer and found that body mass index (> 24.91 kg/m²), hypertension, soft 
pancreatic texture, and operation time (> 414 min) were risk factors.

Citation: Xu H, Meng QC, Hua J, Wang W. Identifying the risk factors for pancreatic fistula after laparoscopic pancreaticoduoden-
ectomy in patients with pancreatic cancer. World J Gastrointest Surg 2024; 16(6): 1609-1617
URL: https://www.wjgnet.com/1948-9366/full/v16/i6/1609.htm
DOI: https://dx.doi.org/10.4240/wjgs.v16.i6.1609

INTRODUCTION
Pancreatic cancer is characterized by rapid progression, high malignancy, and poor prognosis. Pancreatic cancer is not 
sensitive to chemotherapy; therefore, surgical removal is the only effective treatment for patients to achieve long-term 
survival[1]. Pancreaticoduodenectomy (PD) is frequently used in the treatment of pancreatic cancer, and it is the most 
complex clinical surgery involving the viscera and anatomical structures[2]. Following the advancements in minimally 
invasive technology, laparoscopic surgeries have been increasingly used in clinical PD, with significantly improved safety 
and reduced mortality[3]. However, owing to the wide range of organs involved in the operation and the difficulty of 
anastomosis, the risk of complications remains high. Pancreatic fistula (PF) is one of the main complications of laparo-
scopic PD (LPD). The flow of pancreatic fluid into the abdominal cavity can corrode abdominal organs, provide 
conditions for bacterial proliferation, and increase the probability of postoperative infection, bleeding, and secondary 
sepsis, leading to death[4]. Controlling the highly correlated risk factors of PF after LPD and implementing targeted 
measures can reduce the probability of PF and alleviate its symptoms. Although current studies have confirmed that the 
occurrence of PF after LPD is influenced by various factors, including developmental, environmental, and surgical-
related factors[5-7], few studies have focused on the factors influencing PF after LPD in patients with pancreatic cancer. 
Therefore, this study aimed to analyze PF’s risk factors after LPD in patients with pancreatic cancer and serve as a basis 
for clinical prevention and treatment.

MATERIALS AND METHODS
Data sources
The case data of 201 patients with pancreatic cancer, who underwent LPD at Fudan University Shanghai Cancer Center 
between August 2022 and August 2023, were retrospectively analyzed. The entry criteria were as follows: (1) Diagnosis 
confirmed by physical examination, ultrasound examination, and pathological examination in accordance with the 
diagnostic standards for pancreatic cancer in the National Comprehensive Cancer Network guidelines[8]; (2) Line of LPD 
surgery without LPD contraindication; and (3) Complete clinical information. The exclusion criteria were: (1) Abnormal 
coagulation function; (2) Combined cardiopulmonary liver and kidney dysfunction; (3) Transfer to the open abdomen 
during surgery for various reasons; (4) Immunosuppressive diseases; and (5) Distant metastasis.

https://www.wjgnet.com/1948-9366/full/v16/i6/1609.htm
https://dx.doi.org/10.4240/wjgs.v16.i6.1609
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Surgical methods
All surgeries were performed in our department by surgeons with senior professional titles. Preoperative blood clotting 
and liver and kidney function tests were the routine biochemical examinations. After general anesthesia was achieved, 
the internal jugular vein catheter was inserted. After the pneumoperitoneum was established, a laparoscope was first 
placed in it. A 12-mm incision was made below the patient’s navel and a 12-mm tubular channel (trocar) was inserted. 
Further, the incisions were located 2 cm above the junction of the right mid-clavicular line and the level of the navel and 1 
cm beneath the junction of the right anterior armpit line and the lower edge of the ribs. Trocars measuring 10 and 12 mm 
were placed. The abdominal cavity was laparoscopically examined and the superior mesenteric vein was exposed; the 
associated ligaments were detached; the jejunum was cut; and the distal stomach, pancreas, gallbladder, hepatic duct, and 
gallbladder were removed. During the process, it is important to pay attention to ligation of the common hepatic artery 
and other vessels, clean the lymph nodes, irrigate the abdominal cavity after excision, and re-establish pneumoperi-
toneum for routine gastrointestinal (GI) reconstruction. Next, the drainage tube was placed behind the biliary-intestinal 
anastomosis and in front of the pancreato-intestinal anastomosis and the fixed. After the laparoscope and other 
equipment were withdrawn, the abdominal cavity was closed layer by layer to complete the operation.

Diagnostic criteria and grouping of postoperative PF
Diagnostic criteria for PF: The definition of PF per the diagnostic criteria of the International Study Group on Pancreatic 
Fistula[9] includes fluid drainage from anastomosis or pancreatic stump (> 10 mL/d) on or after postoperative day 3 and 
drainage fluid amylase (Am) level exceeding more than three times the maximum normal value of plasma Am for > 3 d 
consecutively. It also includes the presence of clinical signs such as fever, fluid accumulation surrounding the 
anastomosis on ultrasound or computed tomography imaging examination, and puncture biopsy-proven Am levels in 
fluid three times higher than the normal maximum for plasma Am. According to the different clinical manifestations of 
the classification standard of PF, grade A (no clinical significance) was observed in PF, which does not have any adverse 
clinical consequences; it is defined as an Am level in the drainage fluid 3 days or more after surgery that is 3 times higher 
than the upper limit of the normal serum Am concentration, but does not require any clinical treatment or only minimal 
treatment (e.g., only drainage tube placement). Grade B was clinically significant and curable PF, which will affect the 
patient’s postoperative rehabilitation process and require symptomatic treatment and adequate drainage, with a 
relatively increased length of hospital stay; it is usually accompanied by a certain degree of signs of infection, such as an 
elevated white blood cell count and low fever, and it may require antimicrobial therapy. Grade C PF was a severe life-
threatening condition leading to abdominal cavity infection, sepsis, and multiple organ failure requiring intensive care, 
percutaneous puncture catheter, and adequate drainage of peripancreatic fluid. The risk of serious complications occurs. 
Recently, the field of pancreatic surgery has redefined grade A postoperative PF as a biochemical fistula and no longer as 
a genuine postoperative PF because of no important clinical significance. Grade B and C PFs indicated the clinical 
significance of PF. Grouping: Enrolled patients with pancreatic cancer were classified into PF and non-PF groups on the 
basis of the presence or absence of PF (grades B and C) after LPD.

Indicators of observation
General data included sex; age; body mass index (BMI; kg/m2); history of smoking, hypertension, and diabetes; and 
American Society of Anesthesiologists’ classification. Preoperative laboratory indicators included values of preoperative 
hemoglobin (g/L), preoperative platelet count (× 109/L), preoperative neutrophil count (× 109/L), preoperative monocyte 
count (× 109/L), preoperative lymphocyte count (× 109/L), preoperative albumin (g/L), preoperative total bilirubin 
(mmol/L), preoperative carbohydrate antigen 199 (CA199) (U/mL), preoperative carbohydrate antigen-CA125 (U/mL), 
preoperative alpha-fetoprotein (ng/mL), and preoperative carcinoembryonic antigen (ng/mL). Intraoperative and 
postoperative indices included intraoperative blood loss (mL), operative time (min), pancreatic texture, pancreatic duct 
diameter (mm), and Am levels in the drainage fluid on the first postoperative day (Am, U/L).

Statistical analysis
Data were analyzed and processed using SPSS software (version 23.0; IBM Corp.). Quantitative data with a normal distri-
bution are expressed as, and the t-test was used to compare the data between the groups. Normal distribution of the 
measurement data was not fitted to the median (first quartile, third quartile) or M (P25, P75) using a nonparametric test 
between the groups. Count data are expressed as (%), and the χ2 test was used to compare the data between the groups. 
Multivariate logistic regression analysis was used analyze the factors influencing PF after LPD in patients with pancreatic 
cancer. The receiver-operating characteristic (ROC) curve was used to assess the risk factors for pancreatic cancer and the 
predictive value of LPD for postoperative PF. Differences were considered statistically significant at P < 0.05.

RESULTS
Postoperative PF occurred
Among the 201 patients with pancreatic cancer enrolled in this study, 123 had grade A PF, 14 had grade B PF, and one 
had grade C PF. Fifteen patients with grades B and C PF, with a probability of 7.46%, were enrolled in the PF group. A 
total of 186 patients with and without grade A PF were included in the non-PF group.
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Comparison of the general data of the two patient groups
The proportions of male and hypertension and BMI were higher in the PF group than in the non-PF group (P < 0.05) 
(Table 1).

The preoperative laboratory indices of the two groups were compared
The preoperative monocyte count were significantly different between patients in the PF group and those in the non-PF 
group (P < 0.05). Comparison of other preoperative laboratory parameters showed no significant differences (P > 0.05) 
(Table 2).

Comparison of surgery-related indicators in the PF group and the non-PF group
The proportions of soft pancreatic texture, diameter of pancreatic duct ≤ 3 mm, and Am > 1069 U/L were greater in the 
PF group than in the non-PF group (all P < 0.05). Moreover, the operation time was longer in the PF group than in the 
non-PF group (P < 0.05) (Table 3).

Influencing factors of PF after LPD in patients with pancreatic cancer
Considering the occurrence of PF after LPD for patients with pancreatic cancer as the dependent variable and the related 
indicators that may affect the occurrence of PF after LPD for pancreatic cancer patients as the independent variables, the 
eight factors with meaningful differences in Tables 1-3, including sex, BMI, hypertension, preoperative monocyte count, 
soft pancreatic texture, pancreatic duct diameter, operation time, and Am, were analyzed using a logistic regression 
model. The variable assignment is shown in Table 4, in which BMI, preoperative monocyte count, and operation time 
were assigned on the basis of the best cut-off value determined by the corresponding ROC curve drawn using MedCalc 
software. Logistic regression analysis showed that BMI (> 24.91 kg/m2), hypertension, soft pancreatic texture, and surgery 
time (> 414 min) were the associated risk factors for postoperative PF in patients with pancreatic cancer after LPD (P < 
0.05) (Table 5).

The predictive efficacy of indicators for postoperative PF
The results analyzed by the ROC curve indicated that the areas under the curve (AUCs) of BMI, hypertension, soft 
pancreatic texture, and operation time were 0.655, 0.661, 0.873, and 0.758, respectively, which had a certain predictive 
efficacy (P < 0.05) (Table 6 and Figure 1).

DISCUSSION
With the increasing development and maturity of laparoscopic technology, LPD has gradually replaced PD as the first-
choice treatment for pancreatic cancer[10]. Compared with PD, LPD has the benefits of less trauma, less bleeding, quicker 
recovery, shorter hospitalization period, and fewer postoperative complications; however, both PD and LPD have a high 
postoperative mortality. PF is also a major cause of postoperative death[11]. Therefore, the general data of patients with 
pancreatic cancer and the perioperative factor index, which is used to assess their risk of postoperative PF after LPD, 
intervene, and decrease the rate of patients with postoperative PF, have important clinical significance.

Many studies have suggested that an excessive BMI is associated with postoperative PF[12-15]. This study’s findings 
also confirmed a higher BMI in the PF group than in the non-PF group (P < 0.05). Further logistic regression analysis 
revealed that a BMI > 24.91 kg/m² was a risk factor for PF after LPD in patients with pancreatic cancer. This may be 
associated with the high difficulty of surgery in patients with high BMIs; the position of the pancreas in patients with a 
high BMI is deeper than that in people with a healthy BMI, which makes it difficult to perform pancreatojejunostomy. 
Concurrently, high visceral fat leads to a softer texture of the pancreas and more abundant adipose tissue under the 
capsule, which is not conducive for anastomotic suturing and prolongs the healing time[16,17]. Our results also showed 
that soft pancreatic texture increases the probability of PF risk after LPD. The soft texture of the pancreas has better 
exocrine function and can secrete more trypsinogen than the normal pancreatic texture[18]. The soft pancreas in matches 
is easy to tear and suture, causing pancreatic leakage and corrosion of surrounding tissue and blood vessels, inducing 
and aggravating postoperative PFs[19,20]. However, the hardness of the pancreas can only be subjectively evaluated by 
observing its morphology under laparoscopy because of the lack of direct contact with the pancreas during LPD; 
therefore, its texture accuracy needs to be investigated owing to the lack of standardized criteria for assessing the softness 
and hardness of the pancreas.

This study showed that a long surgery time can lead to an increased risk of PF after LPD for pancreatic cancer 
treatment. Notably, a long surgery time is related to factors such as instability of the surgical team, limitations of surgical 
instruments, and failure to overcome the learning curve of LPD (mainly the small number of activities in the early stages 
of LPD)[21,22]. Gouma et al[23] found that the rate of postoperative complications and mortality in LPD were related to 
the level of surgeons and the scale of hospitals, whereas the scale of hospitals was mainly related to the number of 
surgeries performed. The aforementioned conclusions may explain the relationship between the surgery time and 
postoperative PF. In addition, this study found that comorbid hypertension was significantly associated with the 
development of PF after LPD. Analysis of its possible causes is that patients with hypertension are generally accompanied 
by vascular stiffness and hemodynamic weakening, leading to thrombosis, which is not conducive to postoperative 
anastomosis. This promotes the formation or aggravation of PFs[24,25].
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Table 1 Comparison of general data between the two groups [mean ± SD, n (%)]

Profile PF group (n = 15) Non-PF group (n = 186) t/χ2/z value P value

Sex 5.227 0.022

Male 13 (86.67) 105 (56.45)

Female 2 (13.33) 81 (43.55)

Age (yr) 66.00 ± 8.64 62.35 ± 9.19 1.486 0.139

BMI (kg/m²) 24.17 ± 2.96 22.58 ± 2.43 2.404 0.017

Smoking history 0.408 0.523

Yes 3 (20.00) 26 (13.98)

No 12 (80.00) 160 (86.02)

Hypertension 6.209 0.013

Yes 10 (66.67) 64 (34.41)

No 5 (33.33) 122 (65.59)

Combined diabetes 0.053 0.818

Yes 3 (20.00) 42 (22.58)

No 12 (80.00) 144 (77.42)

ASA classification 0.849 0.654

Level 1 0 7 (3.76)

Level 2 15 (100) 176 (94.62)

Level 3 0 3 (1.62)

BMI: Body mass index; PF: Pancreatic fistula; ASA: American Society of Anesthesiologists.

Table 2 Comparison of preoperative laboratory indicators between the two groups [mean ± SD, M (P25, P75), n (%)]

Laboratory index PF group (n = 15) Non-PF group (n = 186) t/χ2/z value P value

Hemoglobin (g/L) 129.93 ± 19.42 127.24 ± 16.18 0.610 0.542

PLT (× 109/L) 229.00 (197.00, 293.00) 233.00 (194.75, 289.00) -0.113 0.910

NEUT (× 109/L) 4.70 (2.40, 5.60) 4.10 (2.90, 5.30) -0.552 0.581

Monocyte count (× 109/L) 0.50 (0.40, 0.70) 0.50 (0.40, 0.53) -2.020 0.043

Lymphocyte count (× 109/L) 1.60 (1.10, 1.70) 1.50 (1.20, 1.90) -0.125 0.901

ALB (g/L) 41.57 ± 3.95 43.29 ± 4.08 -1.579 0.116

TBIL (μmol/L) 14.10 (7.90, 87.20) 27.50 (11.20, 103.15) -1.199 0.231

Carbohydrate antigen (CA199) 2.197 0.138

≥ 35 U/mL 14 (93.33) 143 (76.88)

< 35 U/mL 1 (6.67) 43 (23.12)

Carbohydrate antigen (CA125, U/mL) 17.30 (11.50, 24.40) 15.80 (10.80, 24.20) -0.198 0.843

AFP (ng/mL) 3.38 (2.23, 3.79) 2.87 (2.16, 3.83) -0.443 0.658

CEA (ng/mL) 2.28 (2.01, 3.83) 3.26 (2.03, 5.32) -1.317 0.188

PLT: Platelet count; NEUT: Neutrophil count; ALB: Albumin; TBIL: Total bilirubin; AFP: Alpha-fetoprotein; CEA: Carcinoembryonic antigen; PF: 
Pancreatic fistula.
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Table 3 Comparison of operation-related indicators between the two groups [mean ± SD, M (P25, P75), n (%)]

Operation-related index PF group (n = 15) Non-PF group (n = 186) t/χ2/z value P value

Pancreatic texture 64.728 < 0.001

Soft 11 (93.33) 11 (5.91)

Hard 4 (6.67) 175 (94.09)

Pancreatic duct diameter 7.807 0.005

> 3 mm 5 (33.33) 128 (68.82)

≤ 3 mm 10 (66.67) 58 (31.18)

Intraoperative blood loss (mL) 200.00 (200.00, 300.00) 200.00 (100.00, 300.00) -1.939 0.052

Operation time (min) 439.87 ± 51.184 382.94 ± 61.74 3.474 0.001

Am 17.323 < 0.001

> 1069 U/L 12 (80.00) 52 (27.96)

≤ 1069 U/L 3 (20.00) 134 (72.04)

Am: Amylase; PF: Pancreatic fistula.

Table 4 Variable assignment

Variable Variable name Assignment description

Yes = 1Pancreatic fistula in patients with pancreatic cancer after LPD Y

No = 0

Male = 1Sex X1

Female = 0

> 24.91 kg/m² = 1BMI X2

≤ 24.91 kg/m² = 0

Yes = 1Hypertension X3

No = 0

> 0.4 × 109/L = 1Monocyte count X4

≤ 0.4 × 109/L = 0

Soft = 1Pancreatic texture X5

Hard = 0

> 3 mm = 1Pancreatic duct diameter X6

≤ 3mm = 0

> 414 min = 1Operation time X7

≤ 414 min = 0

> 1069 U/L = 1Am

≤ 1069 U/L = 0

BMI: Body mass index; Am: Amylase.

ROC curve analysis showed that BMI, hypertension, soft pancreatic texture, and surgery time were valuable predictors 
of PF after LPD in patients with pancreatic cancer, with AUCs of 0.655, 0.661, 0.873, and 0.758, respectively. Our study 
limitations were that we used a small sample size from a single center, only considered clinical factors, and failed to 
comprehensively analyze patients’ lifestyles and genetic factors. In the future, it is still necessary to study a larger sample 
size, adopt a multicenter study design, and consider patients’ lifestyles and genetic backgrounds to further analyze 
factors relating to the development of PF after LPD treatment for pancreatic cancer.
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Table 5 Results of logistic regression analysis of multiple factors influencing pancreatic fistula in patients with pancreatic cancer after 
laparoscopic pancreaticoduodenectomy

Variable B value SE value Wald value P value OR 95%CI

Sex 1.086 1.039 1.091 0.296 2.961 0.386-22.71

BMI (kg/m²) 2.637 1.022 6.661 0.010 13.978 1.886-103.581

Hypertension 2.138 0.989 4.67 0.031 8.484 1.22-58.994

monocyte count (× 109/L) 1.591 1.135 1.966 0.161 4.909 0.531-45.372

Pancreatic texture 3.738 1.019 13.448 < 0.001 42.015 5.698-309.782

Pancreatic duct diameter -0.755 1.122 0.452 0.501 0.470 0.052-4.244

Operation time (min) 2.735 1.146 5.694 0.017 15.41 1.63-145.674

Am (U/L) 1.662 1.056 2.476 0.116 5.268 0.665-41.734

BMI: Body mass index; Am: Amylase.

Table 6 Receiver operating characteristic curve analysis of influencing factors predicting pancreatic fistula after laparoscopic 
pancreaticoduodenectomy in patients with pancreatic cancer

Factor AUC Sensitivity Specificity 95%CI P value

BMI (kg/m²) 0.655 0.467 0.844 0.496-0.815 0.045

Hypertension 0.661 0.667 0.656 0.518-0.805 0.038

Pancreatic texture 0.837 0.733 0.941 0.702-0.972 < 0.001

Operation time (min) 0.758 0.800 0.715 0.634-0.881 0.001

AUC: Area under the curve; BMI: Body mass index; CI: Confidence interval.

Figure 1 Receiver-operating characteristic analysis of influencing factors predicting pancreatic fistula after laparoscopic 
pancreaticoduodenectomy in pancreatic cancer patients. BMI: Body mass index.

CONCLUSION
In summary, high BMI, soft pancreatic texture, long surgery time, and hypertension are all risk factors for PF after LPD in 
patients with pancreatic cancer. For patients with a high BMI (> 24.91 kg/m²), their weights should be controlled by 
strengthening diet management combined with appropriate exercise measures. Patients with high blood pressure should 
undergo corresponding antihypertensive therapy preoperatively. If the patient’s pancreas is found to have a soft texture 
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during the operation, the surgeon should be as cautious as possible, manage the anastomosis carefully, and control the 
operation time by continuously improving surgical skills and teamwork.
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Abstract
BACKGROUND 
Patients with resectable gastric adenocarcinoma accompanied by vascular cancer 
thrombus (RGAVCT) have a poor prognosis, with a 5-year survival rate ranging 
from 18.42%-53.57%. These patients need a reasonable postoperative treatment 
plan to improve their prognosis.

AIM 
To determine the most effective postoperative chemotherapy regimen for patients 
with RGAVCT.

METHODS 
We retrospectively collected the clinicopathological data of 530 patients who un-
derwent radical resection for gastric cancer between January 2017 and January 
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2022 and who were pathologically diagnosed with gastric adenocarcinoma with a choroidal cancer embolus. Fur-
thermore, we identified the high-risk variables that can influence the prognosis of patients with RGAVCT by asse-
ssing the clinical and pathological features of the patients who met the inclusion criteria. We also assessed the 
significance of survival outcomes using Mantel-Cox univariate and multivariate analyses. The subgroups of pa-
tients with stages I, II, and III disease who received single-, dual-, or triple-drug regimens following surgery were 
analyzed using SPSS 25.0 and the ggplot2 package in R 4.3.0.

RESULTS 
In all, 530 eligible individuals with RGAVCT were enrolled in this study. The median overall survival (OS) of 
patients with RGAVCT was 24 months, and the survival rates were 80.2%, 62.5%, and 42.3% at 12, 24, and 59 
months, respectively. Preoperative complications, tumor size, T stage, and postoperative chemotherapy were 
identified as independent factors that influenced OS in patients with RGAVCT according to the Cox multivariate 
analysis model. A Kaplan-Meier analysis revealed that chemotherapy had no effect on OS of patients with stage I 
or II RGAVCT; however, chemotherapy did have an effect on OS of stage III patients. Stage III patients who were 
treated with chemotherapy consisting of dual- or triple-agent regimens had better survival than those treated with 
single-agent regimens, and no significant difference was observed in the survival of patients treated with chemo-
therapy consisting of dual- or triple-agent regimens.

CONCLUSION 
For patients with stage III RGAVCT, a dual-agent regimen of postoperative chemotherapy should be recom-
mended rather than a triple-agent treatment, as the latter is associated with increased frequency of adverse events.

Key Words: Vascular cancer embolism; Postoperative chemotherapy regimen; Gastric adenocarcinoma; Risk factors; Survival

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: In patients with resectable gastric adenocarcinoma accompanied by vascular cancer thrombus (RGAVCT), 
postoperative chemotherapy has an independent effect on overall survival and may even improve survival. Patients with 
stage I and II RGAVCT should not receive postoperative chemotherapy, and low-toxicity single-agent therapy is advised 
even in the presence of high-risk variables. For patients with stage III RGAVCT, a dual-agent regimen of postoperative 
chemotherapy should be recommended rather than a triple-agent treatment, as the latter is associated with increased risks.
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INTRODUCTION
According to the 2020 Tumor Report[1], gastric cancer (GC) ranked fourth among all cancers according to the number of 
new cases, with approximately 1.1 million cases per year. GC ranked third in terms of mortality rate, with approximately 
760000 deaths per year. GC is an important life-threatening disease and one of the most common malignant tumors 
worldwide. China ranks second and third in terms of new cases and deaths related to GC, respectively[2]. Studies by 
Zhang[3] and the Asian Cancer Research Group[4] marked significant advancements in the molecular typing of GC, 
thereby leading to enhanced medical treatment strategies. For stage III GC, the 5-year survival rate following surgery is 
34.8%-54.6%[5], and radical surgical resection remains the preferred course of treatment. When tumor cells infiltrate the 
interior of lymphatic or vascular vessels, which are composed of endothelial cells, the condition is referred to as lym-
phatic and blood vessel invasion (LBVI)[6]. The literature indicates a 5-year survival rate of 18.42%-53.57% for patients 
with postoperatively resectable stomach cancer and pathologically identified vascular thrombus, which indicates a poor 
prognosis[7]. Consequently, the presence of vascular thrombus plays a significant role in the poor prognosis of patients 
with stomach cancer. Currently, few exploratory investigations on vascular tumor thrombus in gastric adenocarcinoma 
have been published, and thus the clinicopathological characteristics of this condition remain unknown. To identify 
alternative therapies to increase the survival of patients with resectable gastric adenocarcinoma accompanied by vascular 
cancer thrombus (RGAVCT), we retrospectively examined the clinical and pathological features of 530 patients with RG-
AVCT and conducted pertinent survival analyses. This manuscript was written according to the STROBE checklist.

https://www.wjgnet.com/1948-9366/full/v16/i6/1618.htm
https://dx.doi.org/10.4240/wjgs.v16.i6.1618
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MATERIALS AND METHODS
Clinical information
Clinicopathological data were retrospectively collected from 530 patients (107 women and 423 men) who underwent 
radical surgery for GC at Shanxi Cancer Hospital between January 2017 and January 2022 and who were pathologically 
diagnosed with stomach adenocarcinoma with a vascular cancer embolus. Patient ages ranged from 28-83 years (median, 
63 years). This study was approved by the Clinical Research Ethics Committee of Shanxi Cancer Hospital (approval 
number: KY2023010). During their first visit to the hospital, all patients provided written informed consent for the co-
llection and release of their medical information.

Inclusion and exclusion criteria: The inclusion criteria were as follows: (1) Radical resection of GC at Shanxi Cancer 
Hospital; (2) postoperative pathological confirmation of gastric adenocarcinoma or adenocarcinoma of the gastroeso-
phageal junction; (3) postoperative pathological evidence of vascular cancer thrombus; (4) clinical stage I, II, or III disease; 
and (5) availability of complete clinicopathological data. The exclusion criteria were as follows: (1) Presence of other 
tumors; (2) nonradical resection, such as surgery with positive margins or palliative surgery; and (3) incomplete or una-
vailable pathological data.

Staging and Ki-67 positivity: Pathological and histological staging was performed according to the 2019 version of the 
World Health Organization Classification of Tumors of the Digestive System. Ki-67 positivity < 30% was considered low 
expression, while Ki-67 positivity ≥ 30% was considered high expression.

Follow-up: Regular gastroenterology outpatient reviews, hospitalization, and telephone interviews were used for patient 
survival follow-up. The deadline for follow-up was March 2023. Overall survival (OS) was defined as the time from the 
date of surgery to the date of death or the end of follow-up.

Information collection
Clinical information: Patient information, including sex, age at the time of surgery, medical history, family history, 
preoperative complications, surgical procedures, and postoperative chemotherapy, was collected.

Pathological information: The pathology report included information regarding the location and size of the tumor, the 
degree of tumor differentiation, the Lauren classification, LBVI, neural invasion, the depth of invasion, the total number 
of cleared lymph nodes, and immunohistochemistry findings.

Research participants and chemotherapy regimens: To ensure the authenticity and reliability of our results, we collected 
information on patients who received postoperative adjuvant chemotherapy at our hospital.

Statistical analysis
SPSS (version 25.0; IBM, Armonk, NY) and R 4.3.0 (R Foundation, Vienna, Austria) were used for the statistical analysis. 
The rank-sum test was used to evaluate the skewed distributions, which are expressed as the mean and standard de-
viation of the quantitative data. Mantel-Cox univariate regression analysis was used to identify possible prognostic fac-
tors. The clinicopathological variables that affected survival time were then analyzed using a multivariate Cox regression 
model to identify significant factors that might affect the prognosis of patients with RGAVCT. The Kaplan-Meier method 
was used to calculate the survival rates, and the log-rank test was used for intergroup comparisons of the survival curves. 
The survival curves were compared between groups using R 4.3.0. In R 4.3.0, the forest plot of the factors that influenced 
the survival of patients with RGAVCT was plotted using the “survival” and “forest plot” packages; the Kaplan-Meier 
survival curves for patients with RGAVCT were drawn using the “ggplot2” and “survminer” programs. Statistical sig-
nificance was established at P < 0.05. The statistical methods used in this study were reviewed by Professor Yu HM from 
the Department of Health Statistics, Shanxi Medical University.

RESULTS
Clinicopathologic features of patients with RGAVCT
The 530 patients with RGAVCT who met the inclusion criteria ranged in age from 28–83 (median, 63) years (Table 1). A 
4:1 male-to-female ratio was noted, with 423 men and 107 women. A total of 9.2% of patients had a family history of 
tumors, and 86.4% of patients had no preoperative complications. For those patients who did experience preoperative 
complications, 7.7%, 1.9%, 1.1%, and 2.8% experienced gastrointestinal obstruction, gastrointestinal hemorrhage, other 
complications (such as perforation, gastric retention, and anemia), and multiple complications, respectively. Open sur-
gery was performed in 61.9% of patients, laparoscopic surgery in 33.8%, and combined thoracic and abdominal surgery in 
4.3%. Postoperative chemotherapy was administered to approximately 74.3% of patients.

According to the Union for International Cancer Control TNM staging system (8th edition), 10 patients (1.9%) were 
categorized as stage IB, 43 (8.1%) as stage IIA, 80 (15.1%) as stage IIB, 132 (24.9%) as stage IIIA, 171 (32.3%) as stage IIIB, 
and 94 (17.7%) as stage IIIC. The RGAVCT tumor sites were mainly distributed in the proximal (54%), distal (27.2%), and 
gastric bodies (18.9%). Tumors were predominantly poorly differentiated (54.3%), intermediate-poorly differentiated 
(35.5%), and moderately differentiated (10.2%); none were well differentiated.
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Table 1 Univariate analysis of the demographic, clinical, and pathological risk variables in 530 patients with resectable gastric 
adenocarcinoma accompanied by vascular cancer thrombus

Characteristic n (%) χ2 P value

Age, yr

    < 60 211 (39.8) 5.943 0.015

    ≥ 60 319 (60.2)

Sex

    Male 423 (79.8) 7.533 0.006

    Female 107 (20.2)

Past history

    No 289 (54.5) 3.76 0.052

    Yes 241 (45.5)

Family history

    No 479 (90.4) 4.711 0.030

    Yes 51 (9.6)

Preoperative complications

    No 458 (86.4) 1.982 0.037

Digestive tract obstruction 41 (7.7)

Alimentary tract hemorrhage 10 (1.9)

    Others1 6 (1.1)

    ≥ 2 complications 15 (2.8)

Surgical method

    Open abdominal 328 (61.9) 1.853 0.396

    Laparoscopy 179 (33.8)

Joint thoracoabdominal 23 (4.3)

Chemotherapy

    No 136 (25.7) 63.834 <0.001

    Yes 394 (74.3)

Tumor site

    Proximal 286 (54) 2.217 0.330

    Distal 144 (27.2)

    Body 100 (18.9)

Differentiation

    Moderate 54 (10.2) 5.742 0.057

    Moderate-poor 188 (35.5)

    Poor 288 (54.3)

Lauren classification

    Diffused type 182 (34.3) 11.859 0.008

    Intestinal type 62 (11.7)

    Mixed type 252 (47.5)

    NA 34 (6.4)

Neural invasion

    Absence 247 (46.6) 5.899 0.015
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    Presence 283 (53.4)

Tumor size, cm

    < 5 231 (43.6) 8.976 0.003

    ≥ 5 299 (56.4)

HER2 expression

    Negative 458 (86.4) 0.495 0.482

    Positive 72 (13.6)

MMR status

    dMMR 14 (2.6) 0.229 0.633

    pMMR 516 (97.4)

Ki-67 expression

    Low 8 (1.5) 6.019 0.014

    High 522 (98.5)

T stage

    2 44 (8.5) 25.459 < 0.001

    3 374 (70.6)

    4a 93 (17.5)

    4b 18 (3.4)

N stage

    0 37 (7) 42.8 < 0.001

    1 104 (19.6)

    2 137 (25.8)

    3a 158 (29.8)

    3b 94 (17.7)

Stage

    IB 10 (1.9) 62.765 < 0.001

    IIA 43 (8.1)

    IIB 80 (15.1)

    IIIA 132 (24.9)

    IIIB 171 (32.3)

    ШC 94 (17.7)

1Others includes perforation, gastric retention and anemia.
dMMR: Defective mismatch repair; pMMR: Proficient mismatch repair.

The Lauren classification was predominantly mixed (47.5%) or diffused (34.3%), while the intestinal type was less 
frequent (11.7%). Neural invasion was observed in 53.4% of the patients. Tumors > 5 cm were found in 56.4% of the 
patients. Immunohistochemistry indicated Her-2 positivity (3+ or 2+ fluorescent in situ hybridization positivity) in ap-
proximately 13.6% of the patients. Moreover, mismatch repair proteins (MLH1, PMS2, MSH2, and MSH6) were absent in 
2.6% and were expressed in 97.4% of the patients. Ki-67 was highly expressed in 98.5% of the patients.

Survival analysis of patients with RGAVCT
The median OS (mOS) of patients with RGAVCT was 24 months, with survival rates of 80.2%, 62.5%, 54.8%, and 42.3% at 
12, 24, 37, and 59 months, respectively. The postoperative chemotherapy group had an mOS of 25 months, and the 
survival rates were 86.8%, 71.3%, 64.2%, and 52.8% at 12, 24, 37, and 53 months, respectively. The mOS was 15 months in 
the group that did not receive chemotherapy, and the survival rates were 61%, 38.1%, 28.5%, and 19% at 12, 24, 34, and 59 
months, respectively. Patients with stage I and II cancer had an mOS of 27 months, with survival rates of 89.5%, 80%, 
74.6%, and 52.2% at 12, 24, 34, and 59 months, respectively (Figure 1A). The mOS of patients with stage III cancer was 23 
months, with survival rates of 77.8%, 57.8%, 49.5%, and 40.1% at 12, 24, 37, and 53 months, respectively. The best survival 
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Figure 1 Survival curve of resectable gastric adenocarcinoma accompanied by vascular cancer thrombus patients. A: Stage I and II; B: Stage 
III. OS: Overall survival.

rate was observed in patients with stage IIIA cancer, followed by those with stage IIIB cancer, while the worst survival 
rate was observed in patients with stage IIIC cancer (Figure 1B).

Analysis of the factors influencing survival of patients with RGAVCT
The univariate analysis by Mantel-Cox regression revealed significant differences (P < 0.05) in age, sex, family history, 
preoperative complications, postoperative chemotherapy, Lauren classification, neural invasion status, tumor size, Ki-67 
expression, T and N stage, and clinical stage, and these factors were significantly correlated with the OS of patients with 
RGAVCT. A multivariate Cox analysis of the significant influencing factors revealed that preoperative complications (P = 
0.035), postoperative chemotherapy [P < 0.001; hazard ratio (HR) = 0.35; 95% confidence interval (CI) = 0.26-0.46], tumor 
size (P = 0.035; HR = 1.36; 95%CI = 1.02-1.80), and T stage (P = 0.005) were independent factors that affected OS (Figure 2).

RGAVCT postoperative chemotherapy regimen and survival correlation analysis
Of the 394 patients with RGAVCT who were administered postoperative adjuvant chemotherapy, 323 received che-
motherapy at our institution (23 received a single-agent regimen, 272 received a dual-agent regimen, and 28 received a 
triple-agent regimen), and 71 received chemotherapy outside our hospital.

The univariate analysis revealed no significant difference between postoperative chemotherapy and survival in pa-
tients with stage I and II RGAVCT (P = 0.527). Preoperative complications, postoperative pathological neural invasion, 
and Ki-67 expression were factors that were found to influence the survival of patients with stage I and II RGAVCT (P < 
0.05).

The Cox multivariate analysis revealed that preoperative complications (P = 0.021), neural invasion (P = 0.02; HR = 
2.47; 95%CI = 1.16-5.28), and Ki-67 expression (P = 0.007; HR = 0.05; 95%CI = 0.01-0.44) were independent factors found to 
influence the survival of patients with stage I and II RGAVCT (Table 2). However, postoperative chemotherapy did not 
affect the OS of high-risk patients with stage I and II RGAVCT (P = 0.653).

The Kaplan-Meier analysis revealed that postoperative chemotherapy affected the OS of patients with stage III 
RGAVCT (P < 0.001) (Figure 3A). Furthermore, compared with patients treated with a single-agent regimen, individuals 
who were treated with chemotherapy consisting of dual- or triple-agent regimens had higher survival rates (P = 0.047 and 
P = 0.034) (Figure 3B and C), and no significant difference was observed between the survival of patients treated with 
dual-agent regimens and that of those treated with triple-agent regimens (P = 0.646) (Figure 3D).

DISCUSSION
The aim of this study was to determine the most effective postoperative chemotherapy regimen for patients with RG-
AVCT. According to the analysis, no significant survival difference was observed between patients with stage III RG-
AVCT treated with double-drug regimens and those treated with triple-drug regimens, but their survival rates were 
better than those who received single-drug regimens. For patients with stage III RGAVCT, a dual-agent regimen of post-
operative chemotherapy should be recommended rather than a triple-agent treatment, as the latter is associated with 
increased adverse events.



Yang ZF et al. Chemotherapy regimen of RGAVCT

WJGS https://www.wjgnet.com 1624 June 27, 2024 Volume 16 Issue 6

Table 2 Univariate and multivariate analyses of 133 patients with stage I and stage II resectable gastric adenocarcinoma accompanied 
by vascular cancer thrombus to determine which clinicopathological characteristics are risk factors

Univariate analysis Multivariate analysis
Characteristic N

χ2 P value HR (95%CI) P value

Preoperative complications

    No 115 27.724 < 0.001 1 0.021

    Digestive tract obstruction 4 2.15 (0.50-9.32) 0.304

    Alimentary tract hemorrhage 1 2.90 (0.38-22.41) 0.307

    Others1 3 7.07 (1.91-26.15) 0.003

Neural invasion

    Absence 73 10.014 0.002 1

    Presence 50 2.47 (1.16-5.28) 0.02

Ki-67 expression

    Low 1 5.58 0.018 1

    High 122 0.05 (0.01-0.44) 0.007

1Others includes perforation, gastric retention and anemia.
HR: Hazard ratio; CI: Confidence interval.

Figure 2  Multivariate analysis of risk factors in 530 patients with resectable gastric adenocarcinoma accompanied by vascular cancer 
thrombus.

GC is a life-threatening disease and is one of the primary causes of cancer-related death worldwide. The introduction 
of novel anticancer medications, neoadjuvant radiation, adjuvant chemotherapy, and late-stage palliative care are among 
the numerous advancements in the systemic treatment of GC. These measures have significantly increased the survival 
rates of patients with GC. However, high postoperative recurrence and metastasis rates adversely affect the survival of 
patients with GC. The postoperative clinicopathological features of GC are also the primary prognostic factors associated 
with this disease. In a study by Chen et al[8], the depth of tumor infiltration, extent of lymph node metastasis, extent of 
distant metastasis, and pathological score were used to predict the prognosis and OS of patients with GC. The impact of 
vascular cancer embolism on the prognosis of malignant tumors has received considerable attention because of detailed 
research on tumor prognostic variables and the concept of micrometastasis[9,10]. Vascular cancer emboli are tumor cells 
that form aggregates with fibrin clots, coexist with erythrocytes, infiltrate the endothelial cell space arrangement of the 
surrounding tissue in the absence of erythrocytes, or invade the smooth muscle cell space arrangement[11,12].

Torre et al[13] reported a 2:1 male-to-female ratio in the global incidence of GC in 2012, while Sung et al[1] reported that 
the global incidence of GC in 2020 was approximately 7.2% for men and 4.4% for women. These studies show that the 
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Figure 3 Comparison of chemotherapy schemes in 323 patients with stage Ш resectable gastric adenocarcinoma accompanied by 
vascular cancer thrombus. A: Comparison of chemotherapy schemes for Stage Ш patients; B: Comparison of single drug and double drug resistances; C: 
Comparison of single drug and triple drug resistances; D: Comparison of double drug and triple drug resistances. OS: Overall survival.

number of men with GC is greater than that of women. The male-to-female ratio of patients with RGAVCT in this study 
was 4:1, which was much higher than the global male-to-female ratio of GC patients. Consequently, vascular cancer em-
boli are more likely to occur in males with GC.

Regarding the baseline characteristics of patients with RGAVCT, our study revealed that the type of surgery (open, 
laparoscopic, or combined thoracoabdominal) had no effect on OS. Moreover, we found that surgeons involved in clinical 
assessments selected the appropriate surgical approach based on the specific conditions of the patients. In more than half 
(53.4%) of the patients with RGAVCT and concomitant neural invasion, we found that vascular cancer embolus and 
neural invasion were likely to occur simultaneously. Among the patients with RGAVCT who were analyzed, 10 had stage 
IB RGAVCT, 123 had stage II RGAVCT, and 397 had stage III RGAVCT, which accounted for 74.9% of all patients. This 
indicates that vascular cancer embolisms occurred more often in patients with advanced GC. The median survival time 
(mOS = 23 months) and survival rates at 12 months (77.8%), 24 months (57.8%), 34 months (49.5%), and 53 months 
(40.1%) of patients with stage III RGAVCT were significantly lower than those of patients with stages I and II RGAVCT 
(mOS = 27 months; 12 months, 89.5%; 59 months, 52.2%).

The risk factors for GC include many immutable variables, such as age[14], sex, and race/ethnicity. Additionally, some 
modifiable risk factors, such as Helicobacter pylori infection[15], smoking[16], and high nitrate and nitrite diets, have also 
been identified. Several known hereditary cancer syndromes are associated with GC, including hereditary diffuse GC 
(CDH1) syndrome, the most strongly associated syndrome, which occurs in approximately 80% of patients[17]. The mul-
tivariate analysis identified preoperative complications, postoperative chemotherapy, tumor size, and T stage as inde-
pendent factors that affect the OS of patients with RGAVCT, with postoperative chemotherapy as the intervening factor. 
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In addition, a previous study[18] showed that lymph node metastasis in early GC can be predicted using nomograms, 
decision trees, and deep learning models. To better understand the prognostic factors of patients with RGAVCT, the 
derived prognostic elements can be utilized to construct a deep learning model. This model can then be applied to va-
lidate these factors using external databases.

In this study, the mOS was 25 months in the chemotherapy group, which was greater than that in the nonchemo-
therapy group (15 months), which indicates that chemotherapy could prolong the survival of patients with RGAVCT. 
Several studies[19-21] have suggested that postoperative chemotherapy can improve the prognosis of patients with GC. 
However, postoperative chemotherapy is the only intervening factor among the independent factors that affect the OS of 
patients with RGAVCT, and a rational postoperative chemotherapy regimen can further improve the prognosis of these 
patients. A clinical consensus[22] has been established that postoperative adjuvant therapy should be recommended for 
patients who undergo D2 radical surgery and who do not receive preoperative treatment for postoperative pathological 
stage II and III progressive GC. In this study, 530 patients were evaluated based on clinical stage, and we found that 
postoperative chemotherapy did not affect the OS of patients with stage I and II RGAVCT. We further investigated whe-
ther postoperative chemotherapy influenced the survival of high-risk patients with stage I and II RGAVCT. We found 
that preoperative complications, postoperative pathological neural invasion, and Ki-67 expression were independent 
factors that affected the survival of patients with stages I and II RGAVCT according to the univariate and multivariate 
analyses. However, the OS of patients with stage I and II RGAVCT who had a combination of high-risk factors was not 
affected by postoperative chemotherapy.

We explored the effect of postoperative chemotherapy on the OS of patients with stage III RGAVCT (P < 0.001) and 
discovered a substantial difference in survival between patients who received postoperative chemotherapy and those 
who did not. The recent JACCRO GC-07 study[23], which investigated chemotherapy regimens and clinical outcomes, 
showed that the continuation of an oral S-1 monotherapy regimen (DS sequential S-1) after six cycles of postoperative 
docetaxel combined with S-1 improved the survival of patients with stage III GC compared with S-1 alone (3-year re-
currence-free survival: S-1/docetaxel group, 65.9% vs S-1 group, 49.6%; P = 0.0007). Moreover, combination therapy 
inhibited hematologic, lymphatic, and peritoneal recurrence. An analysis of the effects of dosing regimens on the survival 
of patients with stage III RGAVCT who received postoperative adjuvant chemotherapy at our institution showed that 
postoperative chemotherapy prolonged survival, that dual- and triple-agent regimens resulted in an equal survival be-
nefit, and that both were better than a single-agent regimen. The CLASSIC study[24] used capecitabine combined with 
oxaliplatin in a dual-agent adjuvant chemotherapy regimen for advanced GC. The 5-year disease-free survival rate (68%) 
and 5-year OS rate (78%) with this regimen were better than those in the observation group (53% and 69%, for the 5-year 
disease-free survival and the 5-year OS, respectively). Therefore, postoperative chemotherapy for advanced GC should 
involve a dual-agent regimen of capecitabine and oxaliplatin. Another study[25] showed that the XELOX double-agent 
regimen was as effective as both regimens in the first-line treatment of advanced GC, unlike the EOX triple-agent re-
gimen. This study, for the first time, established the optimal two-drug chemotherapy strategy for patients with stage III 
RGAVCT and identified the clinical features of patients with RGAVCT. However, our chemotherapeutic program design 
was not standardized, and the sample size was small, which limits the accuracy of the data in this study. A deep learning 
model using external databases for predicting variables will be created in the future to confirm the predictions for pa-
tients with RGAVCT. Long-term, randomized, controlled clinical research is also necessary to investigate the effect of 
chemotherapy regimens on the survival of patients with RGAVCT.

CONCLUSION
Postoperative chemotherapy has an independent effect on OS in patients with RGAVCT and can increase survival. 
However, chemotherapy administered after surgery had little effect on the OS of patients with stage I and II RGAVCT. 
Moreover, triple-agent treatment is associated with more adverse events than other forms of treatment. Therefore, we 
recommend that patients with stage II RGAVCT receive dual-agent chemotherapy. The clinical implications and future 
scope are clear.
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Abstract
BACKGROUND 
Upper gastrointestinal (GI) signet ring cell carcinomas (SRCC) confer a poor 
prognosis. The benefit of operative intervention for this patient group is contro-
versial in terms of overall survival.

AIM 
To investigate factors relating to survival in patients with upper GI SRCC.

METHODS 
A retrospective, tertiary, single-centre review of patients who were diagnosed 
with oesophageal, gastroesophageal junction and gastric SRCC was performed. 
The primary outcome was to compare mortality of patients who underwent 
operative management with those who had nonoperative management. Secon-
dary outcomes included assessing the relationship between demographic and 
histopathological factors, and survival.

RESULTS 
One hundred and thirty-one patients were included. The one-year survival for the 
operative group was 81% and for the nonoperative group was 19.1%. The five-
year survival in the operative group was 28.6% vs 1.5% in the nonoperative group. 
The difference in overall survival between groups was statistically significant (HR 
0.19, 95%CI (0.13-0.30), P < 0.001). There was no difference in survival when ad-
justing for age, smoking status or gender. On multivariate analysis, patients who 
underwent surgical management, those with a lower stage of disease, and those 
with a lower Charlson Comorbidity Index (CCI) had significantly improved sur-
vival.

CONCLUSION 

https://www.f6publishing.com
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Well-selected patients with upper GI SRCC appear to have reasonable medium-term survival following surgery. 
Offering surgery to a carefully selected patient group may improve the outcome for this disease.

Key Words: Signet ring cell carcinoma; Gastric cancer; Oesophageal cancer; Poorly cohesive gastric cancer; Diffuse gastric 
cancer

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This retrospective review confirms that in a select group of patients, surgical management for upper gastro-
intestinal signet ring cell carcinoma may provide a survival benefit and should be considered. Demographic factors such as 
age, smoking status and gender do not have a relationship with survival. Patients who had surgical management, those with a 
lower Charlson Comorbidity Index, and those with a lower stage of disease had significantly improved survival.

Citation: Grinlinton M, Furkert C, Maurice A, Angelo N, Booth M. Gastroesophageal signet ring cell carcinoma morbidity and 
mortality: A retrospective review. World J Gastrointest Surg 2024; 16(6): 1629-1636
URL: https://www.wjgnet.com/1948-9366/full/v16/i6/1629.htm
DOI: https://dx.doi.org/10.4240/wjgs.v16.i6.1629

INTRODUCTION
Signet ring cell carcinomas (SRCC) are a rare and aggressive subtype of adenocarcinoma, found most frequently in the 
stomach. SRCC has specific oncogenesis and phenotypic and treatment resistance heterogeneity. The 2019 WHO classi-
fication defines poorly cohesive SRCC as a histological subtype of malignant gastric epithelial tumours[1]. It is charac-
terised by prominent cytoplasmic mucin within the cells and an eccentrically placed crescent-shaped nucleus. The Lauren 
classification morphologically categorises gastric tumours as ‘intestinal’ or ‘diffuse’[2]. Intestinal tumours tend to be more 
organised, and arrange themselves into tubular or glandular structures. Diffuse tumours include SRCC, and are less di-
fferentiated and more infiltrative. The loss of expression of adhesion molecules such as E-cadherin allows a more invasive 
and diffuse growth pattern[3].

Oesophageal SRCC is less common than gastric SRCC, ranging from 0.6%-9% of all oesophageal adenocarcinomas[3]. 
Oesophageal SRCC is an aggressive disease with poor chemoradiation response and diminished survival. The incidence 
of gastric SRCC has increased by more than 400% in the United States since the 1970s[4]. SRCC is estimated to account for 
33%-71% of gastric adenocarcinomas[5,6].

Operative management for patients with SRCC of the oesophagus and stomach is generally viewed as the standard of 
care. However, survival is low and response to chemotherapy is typically poor in this subgroup of patients. Given its 
historical associations as a negative predictive factor in terms of mortality, the primary outcome was to identify whether 
operative management improves the prognosis of patients with oesophageal, gastroesophageal junction (GOJ) and gastric 
SRCC. Secondary outcomes were to identify exact characteristics that determine patient prognosis.

MATERIALS AND METHODS
Study design
All patients diagnosed with histologically confirmed oesophageal, GOJ or gastric SRCC between January 2010 and 
December 2020 were included for review from a single, tertiary surgical unit. The study was approved by the New Zea-
land Health and Disability Ethics Committee. Patient consent was not required due to the retrospective nature of the 
study. Electronic records were reviewed to obtain information on patient demographics including age, gender, ethnicity, 
comorbidities, histology, clinical and pathological staging, management, recurrence, and survival. Overall survival was 
obtained by reviewing the patient’s date of death on the clinical database. If the patient was still alive, the last known date 
of patient contact was recorded.

Staging, neoadjuvant therapy and operative management
Clinical and pathological staging were performed in accordance to the American Joint Committee on Cancer Staging 
Manual and Handbook (Seventh Edition)[7]. Patient management was determined after discussion at a multidisciplinary 
meeting with a panel of experts. Appropriate patients with locally advanced cancer were treated with neoadjuvant che-
motherapy, determined by local best practice guidelines, prior to operative intervention. The most common regime used 
was fluorouracil, leucovorin, oxaliplatin and docetaxel, given to 21 patients. The next most common regime was epi-
rubicin, cisplatin and capecitabine, given to nine patients. Two patients had neoadjuvant radiation therapy included in 
their treatment protocol.
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The initial clinical stage was compared with the final pathologic stage to determine response to induction therapy. 
Histopathological response to chemotherapy was evaluated in the final surgical specimen by using tumour regression 
grade. Operative management depended on tumour location. 45 patients underwent a partial or total gastrectomy, 14 
patients had an Ivor-Lewis oesophagectomy, three patients had a palliative operation such as a bypass procedure, and 
one patient had an endoscopic resection. Palliative bypass patients were included in the operative group.

Statistical analysis
Patients were analysed on an intention-to-treat basis. T-test and chi-square tests were used to determine differences in 
baseline characteristics between the operative and nonoperative groups. Survival analysis using the log-rank test for 
univariate comparisons and Cox regression for multivariate analysis was used to determine differences in overall sur-
vival between those that underwent surgery and those that did not. Survival statistics were calculated using the Kaplan-
Meier method. Survival was measured from the date of histological diagnosis to the date of death or follow-up as of 31st 
August 2023.

RESULTS
Patient characteristics
One hundred and thirty-one patients were identified in the 10-year period with oesophageal, GOJ or gastric SRCC. The 
majority of these were gastric (67.2%), followed by oesophageal (21.4%) and GOJ (12.2%) cancers. Patient demographics 
are summarised in Table 1. 52 patients were women and 79 were men. The mean patient age was 63.3 years. 63 (48%) 
patients underwent operative intervention. The average intensive care unit and total length of stay were 2.6 d and 16.1 d. 
Of the 68 patients who did not undergo resection, 47 (69.1%) were due to inoperable disease, 11 (16.2%) were deemed 
unfit for surgery due to comorbidities, seven (10.3%) patients declined operative management, two (2.9%) patients had an 
acute deterioration and died while waiting for an operation, and one (1.5%) reason was unknown. The Charlson Co-
morbidity Index (CCI) was significantly higher in the nonoperative group (7.7 ± 2.5 vs 6.5 ± 2.1, P < 0.001). The number of 
patients with stage IV disease in the nonoperative group compared with the operative group was significant when com-
pared with other stages on univariate analysis (P < 0.001).

Survival analysis
Factors were analysed to identify if they contributed to patient survival. This is summarised in Table 2. The mean overall 
survival for all patients from the date of diagnosis was 2.1 years, and the median survival was 10.5 months. In the 
operative group, the mean survival was 3.2 years and the median survival was 2.5 years. In the nonoperative group, the 
mean survival was 22.4 months and the median survival was 3.3 months. 26/63 (41.3%) patients were reported to have a 
recurrence. The mean time from the date of operation to the date of recurrence was 18.1 months. The mean length of 
survival from date of recurrence was 7.6 months. Only 3/63 (4.8%) patients who had a documented recurrence survived 
within the time period of follow-up.

Late outcomes
The one-year survival for the operative group was 81% vs 19.1% in the nonoperative group. The five-year survival in the 
operative group was 28.6% vs 1.5% in the nonoperative group. The difference in overall survival between groups was 
statistically significant [HR 0.19, 95%CI (0.13, 0.30), P < 0.001]. This is represented by Figures 1 and 2.

On univariate analysis, there was no statistically significant difference in survival when adjusting for age, smoking 
status or gender. Asian patients appeared to have improved survival when compared with other ethnicities [HR 0.45, 
95%CI (0.24-0.84), P = 0.013]. There were no other statistically significant survival differences within other ethnic groups.

Survival of patients who received neoadjuvant chemotherapy prior to surgery was directly compared with those who 
did not. The survival effect of neoadjuvant chemotherapy in operative patients did not reach statistical significance [HR 
1.87, 95%CI (0.93-3.76), P = 0.080]. The small number of patients limited further analysis.

Surgical samples were analysed to determine histological response to chemotherapy. The histopathological analysis of 
the 31 patients showed 13 specimens with more than 50% of residual tumour (grade 3), 12 specimens with 10%-50% 
residual tumour (grade 2), four with less than 10% residual tumour (grade 1), and in two patients the response was not 
recorded. Neoadjuvant chemotherapy was therefore only partially or completely effective in 51.6% of selected operative 
candidates.

On multivariate analysis, patients who underwent surgical management, those with a lower stage of disease, and those 
with a lower CCI had significantly improved survival when accounting for other confounding factors.

Multivariate analysis was performed comparing operative with nonoperative groups, adjusting for the presence of 
stage IV disease as well as CCI. This found that even when adjusting for stage IV disease, the operative group had 
improved survival (P = 0.031). This would suggest that surgery may confer benefit, even after the confounding effect of 
stage, metastatic disease and patient comorbidities is considered.

Asian ethnicity was no longer significant after multivariate analysis. This may suggest that Asian patients presented 
with an earlier stage of disease, that they were more likely to have operative management, or that they benefited more 
from surgery than other ethnicities.
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Table 1 Patient demographics and comorbidities

Variables Operative group (N = 63) Nonoperative group (N = 68) P value

Demographics

    Age 63.3 66.7

    Age > 50 yr, n (%) 57 (90.5) 53 (78.0)

    Male sex, n (%) 37 (58.7) 42 (61.8)

Ethnicity

    European 33 44

    Asian 15 4 0.013

    Pacific Peoples 6 8

    Māori 7 10

    MELAA 0 2 0.004

    Unknown 2 0

Tumour location

    Oesophageal 9 19

    Gastro-oesophageal 10 6

    Gastric 44 43

Pathological stage

    I 18 11

    II 10 6

    III 30 5

    IV 5 46 < 0.001

Current smoker 9 11

Charlson Comorbidity Index 6.5 ± 2.1 7.7 ± 2.5 0.0073

Figure 1  Survival for signet ring adenocarcinoma in operative vs nonoperative groups.

DISCUSSION
This study found that operative management of gastric, oesophageal and GOJ SRCCs appeared to be beneficial in a select 
group of patients. Patients with upper GI SRCC appear to benefit from surgical intervention, regardless of whether the 
tumour arises from the oesophagus or stomach. Analysing oesophageal, gastric and GOJ SRCCs separately may give 
more information about tumour-specific prognosis. However, dividing these patients further into subgroups limits 
meaningful analysis and results would be underpowered due to small numbers. In this study there was no significant 
difference in survival depending on location of the tumour. This suggests that the current paradigm of primary operative 
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Table 2 Demographic factors and their relationship with survival

Univariate analysis - factors associated with survival

Demographic factors Hazard ratio P value

Age 1.003 (0.99-1.02)

Male 0.93 (0.63-1.38)

Smoker 1.12 (0.63-1.98)

European 1.24 (0.84-1.84)

Asian 0.45 (0.24-0.84) 0.013

Pacific Peoples 0.92 (0.50-1.69)

Māori 1.35 (0.78-2.34)

MELAA 11.3 (2.62-48.64) 0.001

Unknown 0.66 (0.16-2.76)

Surgery 0.20 (0.13-0.30) < 0.001

Stage IV 5.13 (3.35-7.87) < 0.001

Stage (overall) 2.23 (1.78-2.79) < 0.001

Charlson Comorbidity Index 1.27 (1.18-1.38) < 0.001

Proportion of signet ring cells 1.07 (0.72-1.58)

Neoadjuvant chemotherapy 1.87 (0.93-3.76)

Multivariate analysis - factors associated with survival

Stage 1.62 (1.30-2.01) < 0.001

Surgery 0.27 (0.17-0.42) < 0.001

Charlson Comorbidity Index 1.19 (1.08-1.30) < 0.001

Asian ethnicity 0.75 (0.39-1.43)

Figure 2  Overall survival of signet ring adenocarcinoma by stage I-V.

management in this group of patients is appropriate both in gastric and oesophageal tumours.

SRCC overview
SRCC is a rare pathological entity that is increasing in frequency worldwide. SRCC histology is an independent predictor 
of poor prognosis when compared with adenocarcinoma not otherwise specified (NOS) of the GI tract. Patients diagnosed 
with SRCC are typically younger and present with more advanced disease. Surgery and systemic therapy are understood 
to improve survival, although this is less successful than in NOS patients[8].
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There is a paucity of literature directly comparing oesophageal and gastric SRCC. Piessen et al[9] found that gastric 
SRCCs were more likely to have metastasised to peritoneal tissues at the time of diagnosis, but are associated with a 
better prognosis than oesophageal SRCCs.

Gastric SRCC
Gastric SRCCs are aggressive tumours with a poor prognosis. Studies have found that gastric SRCCs are more infiltrative, 
diagnosed at a more advanced stage, have a greater incidence of lymph node metastases and peritoneal spread, and are 
more chemoresistant when compared with gastric adenocarcinoma NOS[5,6,9,10].

A recent study found that signet ring histology was an independent predictor for poor survival, and that perioperative 
chemotherapy for gastric SRCC provided no survival benefit[6]. Neoadjuvant chemotherapy also appeared to have a li-
mited effect on patients in our study, although the study was not powered to analyse this outcome, and therefore the 
results must be interpreted with caution.

Despite these findings, there is ongoing controversy in the literature about whether SRCC is consistently a negative 
prognostic factor. Research is often restricted to noncomparative retrospective reviews, which can limit meaningful 
interpretation. A meta-analysis by Nie et al[11] found that SRCC may behave differently in early vs advanced gastric 
cancer, portending a better prognosis in early disease and a worse prognosis in advanced disease.

Multiple reports in Asian countries have found that SRCC features in gastric cancer were not found to be predictive of 
poor prognosis, and may even be associated with a better survival[12,13]. This finding is seen specifically in early gastric 
cancer, and may be because of lead time bias, or younger age at presentation[14].

A large database study in the United States of 10246 patients with gastric cancer found that patients with SRCC were 
more likely to present at stage 3-4, have lymph node spread and distant metastases, but did not have a worse prognosis
[15]. The study also noted that Asian ethnicity appeared to confer a survival advantage. This was also seen in our cohort 
in the univariate, but not multivariate analysis. These results may suggest molecular or genetic factors that confer a 
survival benefit, rather than environmental factors such as screening programs and improved access to endoscopy.

Oesophageal SRCC
Oesophageal SRCC is less well studied than gastric SRCC due to its rarity. Multiple studies support the finding that 
oesophageal SRCC carries a worse prognosis when compared with adenocarcinoma NOS, regardless of stage at pre-
sentation[16,17]. Enlow et al[18] found that patients with oesophageal and GOJ SRCC cancers were less chemoresponsive, 
more likely to have disseminated disease, and had a worse prognosis when compared with adenocarcinoma NOS pa-
tients.

Limitations
This study is limited by its retrospective nature and the fact that it was carried out at a single institution. Known con-
founders such as age, smoking status and comorbidities were adjusted for in our statistical analysis but, as a retro-
spective, non-randomised study, there are likely to be unknown confounders that may have influenced the outcome. 
These may include subjective fitness for surgery, and patient wishes that are difficult to quantify in a formal statistical 
analysis beyond what has been adjusted for already.

Improved survival was seen even after accounting for stage, metastatic disease and CCI. This would suggest that there 
is a true possible survival benefit of surgery independent of patient factors, however selection bias may account for this.

Another limitation of this study is its record of patient deaths. This is dependent on the accuracy of the institutional 
regional electronic records used to access patient information. If a patient had moved to a different location, their death 
may not have been captured. However, this limitation applied equally to both operative and nonoperative groups, which 
reduces potential bias.

Despite these limitations, this study is one of the few in Australasia to analyse the outcomes of patients with this rare 
disease. This is one of the largest cohorts described for this illness in Aotearoa New Zealand. This adds to the sparse body 
of existing surgical literature on upper GI SRCC. The results of this study aim to improve evidence-based local clinical 
practice.

CONCLUSION
This study supports the decision to pursue operative management in a well-selected group of patients with upper GI 
SRCC. Operative intervention appeared to result in an improved survival for these patients. The survival advantage 
extended to at least five years. Age, smoking status and gender had no correlation with survival. Earlier tumour stage, 
and a lower CCI were other significant factors associated with improved survival. Despite the aggressive nature, high 
recurrence rate and subsequent mortality of SRCC, operative management should be considered as the first line strategy 
in appropriate patients with upper GI SRCC. Long term survival is possible in appropriately selected patients.
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Abstract
BACKGROUND 
Early gastric cancer (EGC) is a common malignant tumor of the digestive system, 
and its lymph node metastasis and survival prognosis have been concerning. By 
retrospectively analyzing the clinical data of EGC patients, we can better under-
stand the status of lymph node metastasis and its impact on survival and prog-
nosis.

AIM 
To evaluate the prognosis of EGC patients and the factors that affect lymph node 
metastasis.

METHODS 
The clinicopathological data of 1011 patients with EGC admitted to our hospital 
between January 2015 and December 2023 were collected in a retrospective cohort 
study. There were 561 males and 450 females. The mean age was 58 ± 11 years. 
The patient underwent radical gastrectomy. The status of lymph node metastasis 
in each group was determined according to the pathological examination results 
of surgical specimens. The outcomes were as follows: (1) Lymph node metastasis 
in EGC patients; (2) Analysis of influencing factors of lymph node metastasis in 
EGC; and (3) Analysis of prognostic factors in patients with EGC. Normally 
distributed measurement data are expressed as mean ± SD, and a t test was used 
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for comparisons between groups. The data are expressed as absolute numbers or percentages, and the chi-square 
test was used for comparisons between groups. Rank data were compared using a nonparametric rank sum test. A 
log-rank test and a logistic regression model were used for univariate analysis. A logistic stepwise regression 
model and a Cox stepwise regression model were used for multivariate analysis. The Kaplan-Meier method was 
used to calculate the survival rate and construct survival curves. A log-rank test was used for survival analysis.

RESULTS 
Analysis of influencing factors of lymph node metastasis in EGC. The results of the multifactor analysis showed 
that tumor length and diameter, tumor site, tumor invasion depth, vascular thrombus, and tumor differentiation 
degree were independent influencing factors for lymph node metastasis in patients with EGC (odds ratios = 1.80, 
1.49, 2.65, 5.76, and 0.60; 95%CI: 1.29–2.50, 1.11–2.00, 1.81–3.88, 3.87-8.59, and 0.48-0.76, respectively; P < 0.05). 
Analysis of prognostic factors in patients with EGC. All 1011 patients with EGC were followed up for 43 (0–13) 
months. The 3-year overall survival rate was 97.32%. Multivariate analysis revealed that age > 60 years and lymph 
node metastasis were independent risk factors for prognosis in patients with EGC (hazard ratio = 9.50, 2.20; 95%CI: 
3.31-27.29, 1.00-4.87; P < 0.05). Further analysis revealed that the 3-year overall survival rates of gastric cancer 
patients aged > 60 years and ≤ 60 years were 99.37% and 94.66%, respectively, and the difference was statistically 
significant (P < 0.05). The 3-year overall survival rates of patients with and without lymph node metastasis were 
95.42% and 97.92%, respectively, and the difference was statistically significant (P < 0.05).

CONCLUSION 
The lymph node metastasis rate of EGC patients was 23.64%. Tumor length, tumor site, tumor infiltration depth, 
vascular cancer thrombin, and tumor differentiation degree were found to be independent factors affecting lymph 
node metastasis in EGC patients. Age > 60 years and lymph node metastasis are independent risk factors for EGC 
prognosis.

Key Words: Gastric neoplasms; Lymph node metastasis; Prognosis; Influencing factor; Retrospective study

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The clinical data of patients with early gastric cancer (EGC) were retrospectively analyzed to investigate the lymph 
node metastasis and its influence on survival and prognosis. We will focus on the incidence of lymph node metastasis in 
patients with EGC and the correlation between the number of metastatic lymph nodes and the survival of patients. The 
results of this study are helpful to further understand the pathological characteristics of EGC patients and their impact on 
prognosis, and provide scientific basis for developing personalized treatment and improving the quality of life of patients.

Citation: Liu DY, Hu JJ, Zhou YQ, Tan AR. Analysis of lymph node metastasis and survival prognosis in early gastric cancer patients: 
A retrospective study. World J Gastrointest Surg 2024; 16(6): 1637-1646
URL: https://www.wjgnet.com/1948-9366/full/v16/i6/1637.htm
DOI: https://dx.doi.org/10.4240/wjgs.v16.i6.1637

INTRODUCTION
Early gastric cancer (EGC) is an adenocarcinoma that is limited to the gastric mucosa or submucosa, regardless of tumor 
size and lymph node metastasis[1-3]. In recent years, with the continuous improvement in the diagnosis and treatment of 
gastric cancer in our country, the detection rate of early-stage gastric cancer has been continuously increasing, and the 5-
year survival rate is > 90%. Although the prognosis of EGC patients is good, the 5-year survival rate of EGC patients with 
lymph node metastasis is significantly lower than that of patients without lymph node metastasis[4]. The status of lymph 
node metastasis determines the treatment of EGC and affects the prognosis.

EGC research revealed that a large number of poorly differentiated cases involved the lower part of the stomach. This 
observation sparked our interest in a retrospective analysis of lymph node metastasis and survival outcomes in EGC 
patients. In clinical practice, low-differentiated cases typically show more aggressive characteristics, and their tendency to 
appear in the lower part of the stomach has attracted our attention[5]. There are several possible reasons. First, the lower 
part of the stomach has a more complex anatomical structure due to its anatomical location, close to the pylorus and 
gastric antrum, which may complicate the growth and spread of tumors in the lower part of the stomach. Additionally, 
the lower part of the stomach has more mucosal structure than the upper part. The submucosal tissue is also less dense, 
which may make it easier for tumor cells to enter lymphatic and blood vessels[6]. In addition, disease factors specific to 
the lower stomach, such as atrophic gastritis and Helicobacter pylori infection, may also be associated with low differen-
tiation in gastric cancer and lymph node metastasis.

https://www.wjgnet.com/1948-9366/full/v16/i6/1637.htm
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Early stomach cancer is the early stage of cancer, when the cancer cells are mostly confined to the stomach wall and 
have not yet spread to the lymph nodes or beyond[7]. Lymph node metastasis is an important sign of gastric cancer 
progression, which means that cancer cells enter lymphatic vessels from the primary site, reach lymph nodes, and 
continue to grow and spread. The occurrence and degree of lymph node metastasis have important influences on the 
prognosis of gastric cancer patients[8-10]. With the progress of medical technology, the diagnosis rate of EGC has 
improved, but lymph node metastasis is still a key factor affecting the prognosis of patients[11]. The presence of lymph 
node metastases in EGC can provide valuable information about the patient's prognosis and help physicians develop a 
more precise treatment plan. Studying the relationship between lymph node metastasis and the prognosis of EGC 
patients is helpful for further understanding the development of gastric cancer and providing clinicians with more 
targeted treatment recommendations to improve the survival rate and quality of life of patients[12-14]. Moreover, for 
patients with EGC with lymph node metastasis, effective treatments, such as surgery, chemotherapy, and radiotherapy, 
should be actively adopted to curb the spread of cancer cells and improve the cure rate[15].

Both anatomical pathways and tumor biology can help us understand the basic principle of lymph node metastasis, 
which is more concentrated in the first station. Anatomically, the lymphatic system forms specific channels in the body 
that direct tissue fluid and cellular waste from tissues to lymph nodes. When cancer cells invade lymphatic vessels and 
penetrate their walls, they usually first travel along an anatomical path to the nearest lymph node, the "first stop" of 
lymphatic metastasis. Tumor biology also influences this pattern; for example, tumor cells within lymphatic vessels may 
be influenced by specific factors that make them more inclined to stay and grow in specific lymph nodes along the 
anatomical path.

This study retrospectively analyzed the clinicopathological data of 1011 patients with EGC admitted to our department 
between January 2015 and December 2023 to explore the factors affecting lymph node metastasis and the prognosis of 
EGC patients.

MATERIALS AND METHODS
General clinical data analysis
The clinicopathological data of 1011 patients with EGC were collected in a prospective cohort study. There were 561 
males and 450 females. The mean age was 58 ± 11 years. Among the 1011 patients, 577 had a tumor length ≤ 2 cm, and 434 
had a length > 2 cm. The tumors were highly differentiated in 214 patients, moderately differentiated in 296 patients, and 
poorly differentiated in 501 patients. The tumors were located in the upper part of the stomach in 90 patients, the middle 
part of the stomach in 193 patients, and the lower part of the stomach in 728 patients. The depth of tumor invasion was 
mucosa (stage T1a) in 446 patients and submucosa (stage T1b) in 565 patients.

This study was approved by our hospital, and patients and their families signed informed consent forms.

Inclusion criteria: (1) A postoperative pathological examination confirmed EGC; (2) A radical gastrectomy was 
performed; (3) No antitumor therapy was administered before surgery; and (4) Complete clinicopathological data were 
available.

Exclusion criteria: (1) A postoperative pathological examination confirmed advanced gastric cancer; (2) Patients with a 
preoperative history of neoadjuvant therapy; (3) Other malignant tumors; (4) Gastric stump cancer; (5) Recurrent cancer; 
(6) Special types of gastric tumors, such as lymphoma, neuroendocrine tumors, and stromal tumors; and (7) Clinicopatho-
logical data were missing.

Research methods
The patient underwent radical gastrectomy. According to the pathological examination results of surgical specimens, 
lymph node metastasis in each group was determined according to the statistics of the 13th edition of the gastric cancer 
treatment protocol.

Observation indicators and evaluation criteria
Observation indicators: (1) Lymph node metastasis in EGC includes the lymph node metastasis rate, lymph node 
metastasis rate in different T stages, lymph node metastasis in different groups, and lymph node metastasis in different 
locations; (2) Analysis of influencing factors of lymph node metastasis in EGC: Sex, age, body mass index (BMI), family 
history of gastric cancer, smoking history, drinking history, tumor length, tumor site, tumor invasion depth, vascular 
cancer thrombus, nerve invasion, and tumor differentiation degree; and (3) Analysis of factors influencing the prognosis 
of patients with EGC: Number of patients with follow-up, follow-up time, and survival of patients. The clinicopathologic 
factors included sex, age, BMI, family history of gastric cancer, smoking history, drinking history, tumor length, tumor 
site, depth of tumor invasion, vascular cancer thrombus, nerve invasion, degree of tumor differentiation, and lymph node 
metastasis.

Evaluation criteria: The T and N stages were determined according to the American Joint Commission on Cancer (AJCC) 
8th edition tumor-node-metastasis (TNM) staging criteria. The system classifies patients into different stages based on the 
primary tumor, lymph node metastasis, and distant metastasis status. Specifically, the T stage reflects the size and 
aggressiveness of the primary tumor in the stomach, the N stage reflects the presence of lymph node metastasis, and the 
M stage reflects the presence of distant metastasis. We retrospectively analyzed the patients' clinical data, classified them 
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according to the AJCC-TNM staging system, and recorded the number of patients, clinical features, and lymph node 
metastasis in each stage group.

Follow-up visit
Follow-up was conducted by outpatient visits or telephone to determine the survival of patients, and the follow-up time 
was up to May 2023.

Statistical analysis
SPSS 25.0 statistical software was used for the analysis. Normally distributed measurement data are expressed as mean ± 
SD, and a t test was used for comparisons between groups. The data are expressed as absolute numbers or percentages, 
and the chi-square test was used for comparisons between groups. Rank data were compared using a nonparametric rank 
sum test. A log-rank test and a logistic regression model were used for univariate analysis. A logistic stepwise regression 
model and a Cox stepwise regression model were used for multivariate analysis. The Kaplan-Meier method was used to 
calculate the survival rate and construct survival curves. A log-rank test was used for survival analysis. P < 0.05 was 
considered to indicate statistical significance.

RESULTS
Lymph node metastasis in EGC
In 1011 patients with early-stage gastric cancer, the rate of lymph node metastasis was 23.64% (239/1011), among which 
the rate of lymph node metastasis was 11.88% (53/446) in patients with stage T1a disease and 32.92% (186/565) in 
patients with stage T1b disease. In 239 patients with lymph node metastasis, lymph node metastasis was mainly concen-
trated in the first-station lymph node, and in groups 1, 2, 3, 4, 5, 6, 7, 8, 9, and 10, lymph node metastasis was 7, 11, 135, 
59, 39, 91, 6, 8, 8, 8, and 6, respectively. The same patient may have multiple lymph node metastases. Lymph node 
metastasis at different tumor sites: 4, 2, and 1 patients were included in the 2nd, 3rd, and 5th groups of upper gastric tumors, 
respectively. There were 3, 7, 36, 15, 3, and 5 patients with lymph node metastasis in groups 1, 2, 3, 3, 6, 4, 4, and 6, 
respectively. There were 4, 97, 44, 35, and 86 patients with lymph node metastasis in groups 1, 3, 4, 5, and 6, respectively.

Analysis of influencing factors of lymph node metastasis in EGC
One-way analysis revealed that the factors that affected lymph node metastasis in EGC patients were tumor differen-
tiation, tumor length, tumor location, tumor invasion depth, vascular thrombus, and tumor differentiation. Sex, age, BMI, 
family history of gastric cancer, smoking history, and drinking history were not correlated with lymph node metastasis in 
patients with EGC (P > 0.05; Table 1).

The results of the multifactor analysis showed that tumor length, tumor location, tumor invasion depth, vascular 
cancer thrombus, and tumor differentiation degree were independent factors affecting lymph node metastasis in EGC 
patients (P < 0.05; Table 2).

Analysis of factors influencing the prognosis of patients with EGC
All 1011 patients with EGC were followed up for 43 (0–13) months. The 3-year overall survival rate was 97.32%. 
Univariate analysis revealed that age, vascular thrombus, and lymph node metastasis were factors related to the 
prognosis of EGC patients (P < 0.05). Sex, BMI, family history of gastric cancer, smoking history, drinking history, tumor 
length, tumor site, depth of tumor invasion, nerve invasion, and degree of tumor differentiation were not correlated with 
the prognosis of EGC patients (P > 0.05; Table 3).

The results of multivariate analysis showed that age > 60 years and lymph node metastasis were independent risk 
factors for the prognosis of EGC patients (P < 0.05; Table 4). Further analysis revealed that the 3-year overall survival 
rates of gastric cancer patients aged > 60 years and ≤ 60 years were 99.37% and 94.66%, respectively, and the difference 
was statistically significant (χ² = 25.33, P < 0.001; Figure 1A). The 3-year overall survival rates of patients with and 
without lymph node metastasis were 95.42% and 97.92%, respectively, and the difference was statistically significant (χ² = 
5.69, P = 0.017; Figure 1B).

DISCUSSION
The main treatment methods for EGC include simple surgery and endoscopic resection[16]. Compared with surgical 
resection, endoscopic resection has the advantages of less trauma and a greater postoperative quality of life and is the 
preferred treatment for EGC[17]. However, the risk of tumor recurrence after endoscopic resection is greater than that 
after surgical resection because the lymph nodes cannot be removed. Therefore, for EGC patients with lymph node 
metastasis, surgical operations are still needed to achieve radical resection of the tumor[18-20]. Lymph node metastasis is 
also a key factor affecting the prognosis of patients with EGC. The results of this study showed that the 3-year overall 
survival rate of patients with lymph node metastasis was significantly lower than that of patients without lymph node 
metastasis[21]. Therefore, accurately predicting the risk of lymph node metastasis in EGC and understanding the law of 
lymph node metastasis in EGC are conducive to selecting appropriate surgical methods and improving therapeutic 
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Table 1 Univariate analysis of lymph node metastasis in 1011 patients with early gastric cancer

Clinicopathological factors Assignment Lymph node metastasis (n = 239) No lymph node metastasis (n = 772) χ² P value

Sex

        Male 1 131 430

        Female 0 108 342

0.06 0.809

Age

        ≤ 60 yr old 0 131 432

        > 60 yr old 1 108 340

0.10 0.755

BMI

        ≤ 24 kg/m² 1 162 539

        > 24 kg/m² 0 77 233

0.56 0.511

Family history of gastric cancer

        Yes 1 92 284

        No 0 147 488

0.23 0.633

Smoking history

        Yes 1 84 266

        No 0 155 506

0.04 0.845

Drinking history

        Yes 1 67 191

        No 0 172 581

1.04 0.308

Tumor size

        ≤ 2 cm 0 99 478

        > 2 cm 1 140 294

31.29 < 0.001

Tumor location

        Upper part of the stomach 1 6 84

        Mid-stomach 2 50 143

        Lower part of the stomach 3 183 545

15.82 < 0.001

Tumor invasion depth

        Mucosal lining 0 53 393

        Submucosa 1 186 379

61.11 < 0.001

Vasculatogenic cancer thrombus

        No 0 102 64

        Yes 1 137 708

157.26 < 0.001

Nerve invasion

        No 0 21 24

        Yes 1 218 748

13.83 < 0.001

Degree of tumor differentiation

        Low differentiation 1 125 376

        Medium differentiation 2 88 208

        High differentiation 3 26 188

Z = -2.45 0.014

BMI: Body mass index.
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Table 2 Multivariate analysis of lymph node metastasis in 1011 patients with early gastric cancer

Clinicopathological factors Regression coefficients SE Wald OR 95%CI P value

Tumor diameter 0.59 0.17 12.15 1.80 1.29-2.50 < 0.001

Tumor site 0.40 0.15 7.10 1.49 1.11-1.00 0.008

Depth of tumor invasion 0.97 0.20 24.84 2.65 1.81-3.88 < 0.001

Vasculatogenic cancer thrombus 1.75 0.20 73.99 5.76 3.87-8.59 < 0.001

Degree of tumor differentiation -0.50 0.12 18.68 0.60 0.48-0.76 < 0.001

OR: Odds ratio.

Figure 1 Overall survival curves of patients. A: Postoperative overall survival curves of patients aged < 60 years and > 60 years with early gastric cancer; B: 
Overall survival curve of patients with early gastric cancer without lymph node metastasis and with lymph node metastasis.

efficacy.
The results of this study showed that the lymph node metastasis rate of EGC patients was 23.64% (239/1011), which 

was similar to the findings of other studies[22]. There are many factors affecting lymph node metastasis in EGC, among 
which vascular invasion, depth of tumor invasion, and tumor size are recognized as influencing factors[23]. Multifactor 
analysis in this study showed that the length of the tumor, its location, its invasion depth, the presence of a vascular 
cancer thrombus, and its degree of differentiation were all separate factors that affected lymph node metastasis in EGC 
patients[24]. Among the many factors related to lymph node metastasis in EGC, the indicators that can be used for 
preoperative evaluation include tumor length, tumor site, and tumor invasion depth[25-27]. Preoperative operators can 
use endoscopic ultrasound and gastroscopy to accurately evaluate EGC and guide the selection of appropriate treatment
[28].

The results of this study showed that lymph node metastasis in EGC patients was mainly concentrated in the first 
station lymph node[29]. The rate of lymph node metastasis differed among different tumor sites, and the rate of lymph 
node metastasis differed among groups[30]. Although the patterns of lymph node metastasis differed among the different 
sites of EGC, Group 3 lymph node metastasis was detected in all of the patients, which should be the focus of further 
studies. One study examined the clinical and pathological information of 33 people with EGC who had lymph node 
metastasis. Group 3 had the most lymph node metastasis, followed by Group 4. This is consistent with the results of this 
study. D2 lymph node dissection has become the standard surgical procedure for advanced gastric cancer[31-33].

The results showed that lymph node metastasis in gastric cancer was affected by the degree of tumor differentiation, 
the depth of invasion, and the extent of lymphatic vessel invasion. In particular, patients with low differentiation, deep 
invasion, and obvious lymphatic vessel invasion were more likely to have lymph node metastasis. In addition, the 
patient's age, sex, comorbidities, and other factors may also affect the incidence and prognosis of lymph node metastasis.

Lymph node metastasis in EGC is mainly concentrated in the first-station lymph node, and most patients with EGC 
may have excessive lymph node dissection[34]. In summary, this study revealed that we need to determine whether a 
patient has lymph node metastasis before surgery for early-stage gastric cancer, to ensure that the right lymph node 
dissection is performed to the greatest extent possible after radical treatment, and to improve the overall survival of 
patients[35]. The results of this study showed that age > 60 years and lymph node metastasis were independent risk 
factors affecting the prognosis of patients with EGC[36]. Further analysis revealed statistically significant differences in 3-
year overall survival rates between patients aged > 60 years and those aged ≤ 60 years with and without lymph node 
metastasis[37]. Another study showed that vascular thrombus is an independent risk factor affecting the prognosis of 
patients with EGC and can be used as a reference index for postoperative adjuvant treatment. Age is an important 
predictor of the prognosis of gastric cancer patients, and there are significant differences in clinicopathological features 
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Table 3 Univariate analysis of prognosis in 1011 patients with early gastric cancer

Clinicopathological factors Assignment Cases 3-year overall survival rate (%) χ² P value

Sex

        Male 1 561 96.6

        Female 0 450 98.0

1.89 0.169

Age

        ≤ 60 yr old 0 563 98.9

        > 60 yr old 1 448 97.3

5.95 0.015

BMI

        ≤ 24 kg/m² 0 701 97.4

        > 24 kg/m² 1 310 96.9

0.76 0.384

Family history of gastric cancer

        Yes 1 376 96.6

        No 0 635 99.3

1.69 0.193

Smoking history

        Yes 1 350 97.9

        No 0 661 98.8

1.42 0.233

Drinking history

        Yes 1 258 98.8

        No 0 753 98.4

1.09 0.297

Tumor length

        ≤ 2 cm 0 577 97.5

        > 2 cm 1 434 96.9

0.14 0.708

Tumor location

        Upper part of the stomach 1 90 97.4

        Mid-stomach 2 193 98.1

        Lower part of the stomach 3 728 98.2

0.57 0.752

Tumor invasion depth

        Mucosal lining 0 446 98.0

        Submucosa 1 565 96.6

3.39 0.066

Vasculatogenic cancer thrombus

        No 0 166 97.8

        Yes 1 845 94.4

5.26 0.022

Nerve invasion

        No 0 45 98.8

        Yes 1 966 95.1

0.30 0.587

Degree of tumor differentiation

        Low differentiation 1 501 97.7

        Medium differentiation 2 296 97.6

        High differentiation 3 214 95.6

4.21 0.122

Lymph node metastases

        No 0 772 97.9

        Yes 1 239 95.0

7.11 0.008
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BMI: Body mass index.

Table 4 Multivariate analysis of prognosis in 1011 patients with early gastric cancer

Clinicopathological factors Regression coefficients SE Wald RR 95%CI P value

Age > 60 yr 2.25 0.54 17.47 9.5 3.31-27.29 < 0.001

Lymph node metastases 0.79 0.40 3.81 2.2 1.00-4.87 0.049

RR: Risk ratio.

and prognostic factors among different age groups[38]. Lymph node metastasis is an independent risk factor for the 
postoperative prognosis of gastric cancer patients and can better guide the diagnosis and treatment of postoperative 
patients[39-41]. This study revealed that people over 60 years old who have EGC and who undergo postoperative 
pathological examination that revealed lymph node metastasis should receive additional chemotherapy or radiotherapy 
after surgery to help them live longer.

CONCLUSION
In summary, the rate of lymph node metastasis in EGC patients was 23.64%. Tumor length, tumor site, tumor invasion 
depth, vascular cancer thrombin, and tumor differentiation degree were found to be independent factors affecting lymph 
node metastasis in EGC patients. Age > 60 years and lymph node metastasis are independent risk factors for EGC 
patients.
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Abstract
BACKGROUND 
The neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR) 
are novel inflammatory indicators that can be used to predict the severity and 
prognosis of various diseases. We categorize acute pancreatitis by etiology into 
acute biliary pancreatitis (ABP) and hypertriglyceridemia-induced acute pancre-
atitis (HTGP).

AIM 
To investigate the clinical significance of NLR and PLR in assessing persistent 
organ failure (POF) in HTGP and ABP.

METHODS 
A total of 1450 patients diagnosed with acute pancreatitis (AP) for the first time at 
Shanxi Bethune Hospital between January 2012 and January 2023 were enrolled. 
The patients were categorized into two groups according to the etiology of AP: 
ABP in 530 patients and HTGP in 241 patients. We collected and compared the 
clinical data of the patients, including NLR, PLR, and AP prognostic scoring 
systems, within 48 h of hospital admission.

RESULTS 
The NLR (9.1 vs 6.9, P < 0.001) and PLR (203.1 vs 160.5, P < 0.001) were signi-
ficantly higher in the ABP group than in the HTGP group. In the HTGP group, 
both NLR and PLR were significantly increased in patients with severe AP and 

https://www.f6publishing.com
https://dx.doi.org/10.4240/wjgs.v16.i6.1647
mailto:fxfyisheng@163.com


Xu MS et al. Ten-year follow-up of AP

WJGS https://www.wjgnet.com 1648 June 27, 2024 Volume 16 Issue 6

those with a SOFA score ≥ 3. Likewise, in the ABP group, NLR and PLR were significantly elevated in patients with 
severe AP, modified computed tomography severity index score ≥ 4, Japanese Severity Score ≥ 3, and modified 
Marshall score ≥ 2. Moreover, NLR and PLR showed predictive value for the development of POF in both the ABP 
and HTGP groups.

CONCLUSION 
NLR and PLR vary between ABP and HTGP, are strongly associated with AP prognostic scoring systems, and have 
predictive potential for the occurrence of POF in both ABP and HTGP.

Key Words: Acute pancreatitis; Gallstone; Hypertriglyceridemia; Neutrophil-to-lymphocyte ratio; Platelet-to-lymphocyte ratio; 
Persistent organ failure

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR) are novel inflammatory 
indicators that can effectively predict disease severity and prognosis. In this study, starting from the two common causes of 
acute pancreatitis (AP), the difference between the NLR and PLR in hypertriglyceridemia-induced acute pancreatitis 
(HTGP) and acute biliary pancreatitis (ABP) was explored retrospectively, and the predictive value of the NLR and PLR for 
persistent organ failure in HTGP and ABP were determined. To help clinicians maintain a high degree of vigilance in the 
early stages of AP, timely treatment interventions are needed to reduce the mortality of AP.

Citation: Xu MS, Xu JL, Gao X, Mo SJ, Xing JY, Liu JH, Tian YZ, Fu XF. Clinical study of neutrophil-to-lymphocyte ratio and 
platelet-to-lymphocyte ratio in hypertriglyceridemia-induced acute pancreatitis and acute biliary pancreatitis with persistent organ 
failure. World J Gastrointest Surg 2024; 16(6): 1647-1659
URL: https://www.wjgnet.com/1948-9366/full/v16/i6/1647.htm
DOI: https://dx.doi.org/10.4240/wjgs.v16.i6.1647

INTRODUCTION
Acute pancreatitis (AP) is a common exocrine inflammatory disorder[1] characterized by the activation of cytokine 
cascades, leading to systemic inflammation[2], severe abdominal pain, and multiorgan dysfunction[3]. Approximately 
one-third of patients may progress to severe pancreatitis[4], ultimately leading to pancreatic necrosis and persistent organ 
failure (POF), with a mortality rate of 1%-5%.

In European and North American countries, the main etiological factors of AP are gallstones (50%) and alcohol 
consumption (25%)[5], with hypertriglyceridemia (HTG) being the third leading cause, accounting for 10% of all pancre-
atitis episodes. However, epidemiological studies in China have shown that gallstones account for 63.0% of AP cases, 
hyperlipidemia for 8.5%, and alcohol-induced cases 7.4%[6]. With changes in the dietary habits of the human population, 
the proportion of hyperlipidemia-related cases is continuously increasing. Approximately, 15%-20% of patients with 
severe HTG (> 11.0 mmol/L) are estimated to develop AP, leading to persistent multiorgan failure[7]. The inflammatory 
mechanisms underlying AP remain unclear[8], and there is significant clinical heterogeneity. Currently, no specific drugs 
are available to alter the disease[9]. Although many patients with AP may appear relatively stable upon admission, their 
ultimate prognosis often falls short of expectations as the disease progresses. Therefore, a reliable and objective 
assessment method is required to assist in the clinical prognostic evaluation of AP.

Several AP scoring systems are currently available to assist clinicians in predicting the prognosis of AP patients. 
Common scores include the Bedside Index for Severity in Acute Pancreatitis (BISAP) score, modified computed to-
mography severity index (MCTSI), Modified Marshall score, Sequential Organ Failure Assessment (SOFA) score, and 
Japanese Severity Score (JSS). However, these scoring systems are time consuming and require extensive clinical data in 
combination with imaging[10]. In situations with limited resources, it may not be feasible to obtain all the parameters of 
these scoring systems promptly, leading to difficulties in the early assessment of AP severity and impacting patient ma-
nagement and prognosis. Therefore, there has been an ongoing search for a simple, practical, quantifiable, easily collec-
tible, and readily available indicator for predicting AP severity[11]. Serum biomarkers such as white blood cell count, 
neutrophil count, lymphocyte count, platelet count, and C-reactive protein[12] have been identified as having good value 
in predicting the prognosis and severity of AP[13].

Recently, novel serum biomarkers such as the neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio 
(PLR) have shown high value in predicting the severity of various diseases, including inflammation and tumors[14]. 
Studies have demonstrated that an elevated NLR within 48 h of admission is significantly associated with severe AP 
(SAP) and serves as an independent prognostic indicator for AP[15]; PLR has also been identified as an auxiliary marker 
for predicting the severity of AP[11]. Although these studies have explored the prognostic value of NLR and PLR in AP, 
there is a lack of comparative analyses regarding their prognostic significance in patients with AP of different etiologies. 
In this study, we aimed to evaluate and compare the prognostic values of NLR and PLR in HTG-induced acute pancre-
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atitis (HTGP) and acute biliary pancreatitis (ABP) in terms of the development of POF. Additionally, we compared their 
effectiveness and practicality with those of the existing scoring systems.

MATERIALS AND METHODS
Patient characteristics
We retrospectively analyzed 1450 patients diagnosed with AP for the first time at Shanxi Bethune Hospital between 
January 2012 and January 2023. After strict selection, 771 patients were included. This study was retrospective, and all 
data were derived from the Hospital Information System (HIS). Informed consent was obtained from each patient upon 
admission, with informed consent forms stored in the HIS. This study strictly adhered to the principles of the Declaration 
of Helsinki and was approved by the Ethics Committee of Shanxi Bethune Hospital (ethics approval No: YXLL-2023-237).

The diagnosis of AP requires two of the following three criteria: (1) Typical abdominal pain; (2) Serum amylase or 
lipase elevation ≥ 3 times the upper limit of normal; and (3) Characteristic findings of AP on contrast-enhanced computed 
tomography (CT), magnetic resonance imaging, or abdominal ultrasonography[16].

The diagnostic criteria for ABP are based on the diagnosis of AP, where imaging can confirm impaired emptying of the 
bile and pancreatic ducts at the ampulla of Vater because of causes such as gallbladder stones, common bile duct stones, 
and biliary tract infections[17]. The diagnostic criteria for HTGP are as follows: in the presence of an AP diagnosis, if the 
serum triglyceride (TG) level is ≥ 11.3 mmol/L, or when the TG level is between 5.65 and 11.3 mmol/L, if other causes of 
AP are excluded, a high suspicion of HTGP should be considered[18].

Patients were stratified based on disease severity using the revised Atlanta classification (RAC) as follows: (1) Mild 
acute pancreatitis (MAP), no organ failure or local or systemic complications; (2) Moderate to severe acute pancreatitis, 
transient organ failure (resolution within 48 h) or local complications; and (3) SAP: POF (lasting > 48 h)[2]. The diagnosis 
of organ failure (OF) was based on the Modified Marshall Scoring System, with any organ score ≥ 2 defining the presence 
of OF. OF lasting more than 48 h was defined as POF[19]. During the study period, 1450 patients were diagnosed with AP 
(Figure 1). Patients with etiologies other than gallstone or HTG were excluded. All patients were followed-up until 
discharge or death.

Inclusion criteria: (1) Meet the diagnostic criteria for AP, HTGP, and ABP; (2) Age ≥ 18 years; (3) Hospitalized within 48 h 
after onset of symptoms; (4) Patients admitted to Shanxi Bethune Hospital for the first time with a diagnosis of AP; and 
(5) Complete clinical data.

Exclusion criteria: (1) Incomplete clinical data or missing medical records; (2) Chronic pancreatitis, pancreatitis of other 
types such as alcohol-induced, trauma-induced, or pregnancy-related; (3) Patients with history of tumors, infections, 
immune system disorders, or hematological diseases; and (4) Use of antibiotics or corticosteroids within the past week.

Data collection
General Information: sex, age, height (cm), weight (kg), body mass index (BMI), underlying diseases (hypertension, 
diabetes, etc.), and presence or absence of POF. Laboratory and imaging indicators within 24 h of admission included 
liver and kidney function, complete blood count, coagulation function, arterial blood gas analysis, and abdominal CT.

Statistical analysis
The statistical software SPSS (version 26.0) was used for the data analysis. Normally distributed continuous variables are 
expressed as mean ± SD. The median (interquartile range, 25th-75th percentile) was used for variables that did not follow a 
normal distribution. Differences between the two groups were analyzed using Student’s t-test. Binary logistic regression 
analysis was used to identify risk factors. The diagnostic performance of the indicators was evaluated using receiver 
operating characteristic curves, with a significance level of P < 0.05 indicating statistically significant differences.

RESULTS
Patient characteristics
Comparison of the baseline characteristics of patients: 466 male and 305 female patients with AP. In total, 128 patients had 
diabetes, 190 had hypertension, and 188 had hyperlipidemia. According to the Modified Marshall Scoring criteria, among 
patients with AP, 234 had POF and 537 did not have POF. The ABP group had a higher average age, lower BMI, lower 
male-to-female ratio, and lower proportion of smokers. The HTGP group had higher white blood cell, lymphocyte, and 
platelet counts. However, NLR (9.1 vs 6.9, P < 0.001) and PLR (203.1 vs 160.5, P < 0.001) were significantly higher in the 
ABP group than in the HTGP group. In terms of liver function indicators, the HTGP group had higher levels of 
cholesterol and TGs, whereas the other indicators were lower than those in the ABP group. The ABP group also had a 
higher proportion of patients with hypertension. The average length of hospital stay was shorter in the HTGP group than 
in the ABP group; however, the SAP incidence rate was higher in the HTGP group than in the ABP group. There were no 
significant differences between the two groups in terms of intensive care unit (ICU) admission rate, systemic inflam-
matory response syndrome (SIRS), POF incidence rate, and mortality rate. In the AP scoring system, there were no 
significant differences in the SOFA scores. The MCTSI score and JSS were higher in the HTGP group than in the ABP 
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Figure 1 Flow chart of patient enrollment. AP: Acute pancreatitis; HTGP: Hypertriglyceridemia-induced acute pancreatitis; ABP: Acute biliary pancreatitis.

group, whereas the Modified Marshall and BISAP scores were significantly higher in the ABP group (Table 1).

Group analysis of NLR and PLR about the previous AP scoring system
We conducted a group analysis based on the etiology of AP. Regarding HTGP, patients with severe pancreatitis (defined 
according to the RAC) and a SOFA score ≥ 3 (P < 0.05) exhibited significantly higher PLR and NLR (Table 2).

The relationship between NLR, PLR, and the AP scoring system was more pronounced in ABP. In ABP, patients with 
severe pancreatitis (defined according to the RAC), MCTSI score ≥ 4, JSS ≥ 3, and Modified Marshall score ≥ 2 exhibited 
significantly higher PLR and NLR. However, when the BISAP score was ≥ 3 (15.6, P = 0.002) and SOFA score ≥ 3 (12.4, P < 
0.001), only NLR showed a significant increase, whereas PLR did not show statistical significance (Table 3).

Comparison of the predictive value of NLR, PLR, and the AP scoring system for POF in HTGP
We calculated the area under the curve (AUC) of the NLR and PLR to predict the occurrence of POF in HTGP patients 
and compared them with the previous AP scoring system (Figure 2A). In HTGP patients, neither NLR nor PLR showed a 
significant advantage in predicting POF (NLR-AUC 0.619, 95%CI: 0.55-0.69; PLR-AUC 0.622, 95%CI: 0.55-0.70). In 
contrast, the SOFA and Modified Marshall scores had higher predictive values, with AUCs of 0.827 and 0.772, sensit-
ivities of 71.3% and 66.3%, and specificities of 82.0% and 79.5%, respectively (Table 4).

Comparison of the predictive value of NLR, PLR, and the AP scoring system for POF in ABP
Similarly, we calculated the AUC of NLR and PLR to predict the occurrence of POF in ABP patients and compared them 
with the previous AP scoring system (Figure 2B). In ABP patients, NLR and PLR also did not demonstrate significant 
advantages in predictive value (NLR-AUC 0.668, 95%CI: 0.62-0.72; PLR-AUC 0.569, 95%CI: 0.52-0.62). However, the 
Modified Marshall score and JSS showed higher predictive values for biliary AP, with AUCs of 0.761 and 0.760, sensit-
ivities of 67.5% and 59.1%, and specificities of 70.5% and 78.2%, respectively (Table 5).

DISCUSSION
AP is characterized by the activation of innate and adaptive immune responses, resulting in inflammation. AP manifests 
as an acute abdomen, primarily characterized by local pancreatic inflammation caused by the abnormal activation of 
pancreatic enzymes, leading to digestive effects on the pancreas and surrounding organs. An excessive inflammatory 
response can result in the transfer of a large number of inflammatory factors to the pancreas, causing pancreatic damage, 
and ultimately affecting multiple organs and systems throughout the body, leading to SAP[20]. The mortality rate of SAP 
is as high as 15%-30%, while that of MAP is only 0-1%. Furthermore, the clinical presentation of AP is unreliable and lacks 
specificity, with a sensitivity of less than 40% for predicting adverse outcomes[21].

Therefore, early identification, accurate staging, and timely treatment of SAP are crucial for reducing the incidence and 
mortality rates of AP[22]. Existing research has demonstrated that early prediction of AP severity allows for effective 
intervention, thereby improving patient outcomes[23].
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Table 1 Baseline characteristics

Characteristics Overall (771) HTGP (241) ABP (530) P value

Age (yr) 49 (37.0; 63.0) 37 (26.0; 53.8) 56 (30.0; 84.0) < 0.001

Sex, n (%) < 0.001

Male 466 (60.4) 184 (76.3) 282 (53.2)

Female 305 (39.6) 57 (23.7) 248 (46.8)

BMI (kg/m2) 26 (23.4; 28.7) 27.8 (22.0; 35.3) 25.4 (19.0; 33.7) < 0.001

Smoking, n (%) < 0.001

N 515 (66.8) 131 (54.4) 384 (72.5)

Y 256 (33.2) 110 (45.6) 146 (27.5)

Drinking, n (%) < 0.001

N 550 (71.3) 147 (61) 403 (76)

Y 221 (28.7) 94 (39) 127 (24)

Diabetes, n (%) < 0.001

N 643 (83.4) 173 (71.8) 470 (88.7)

Y 128 (16.6) 68 (28.2) 60 (11.3)

Hypertension, n (%) < 0.001

N 581 (75.4) 202 (83.8) 379 (71.5)

Y 190 (24.6) 39 (16.2) 151 (28.5)

Hyperlipidemia, n (%) < 0.001

N 583 (75.6) 88 (36.5) 495 (93.4)

Y 188 (24.4) 153 (63.5) 35 (6.6)

Laboratory data

ALT 63.6 (26.0; 181.3) 31.9 (9.7; 111.7) 108.8 (13; 616.8) < 0.001

AST 46.2 (24.4; 130.2) 28.8 (13.0; 114.1) 70.1 (16.1; 638.0) < 0.001

ALP 108.9 (79.1; 108.9) 101.1 (41.9; 118.1) 108.9 (55.3; 258.5) < 0.001

γ-GT 219.5 (119.7; 219.5) 219.5 (17.6; 318.2) 219.5 (31.0; 696.6) < 0.001

ALB 36.4 (31.8; 41.4) 37.0 (21.6; 48.6) 36.3 (18.3; 48.3) 0.018

TBIL 23.7 (14.4; 36.7) 19.9 (3.0; 44.4) 27.1 (5.1; 106.1) < 0.001

DBIL 8.8 (3.8; 13.4) 4.0 (0.6; 15.1) 11.2 (2.5; 67.2) < 0.001

TC 4.8 (3.4; 5.4) 6.8 (3.3; 17.7) 4.0 (1.0; 5.5) < 0.001

TG 1.9 (0.9; 3.9) 7.4 (1.0; 38.8) 1.1 (0.3; 3.9) < 0.001

SCr 75.9 (62.9; 86.9) 79.0 (43.4; 157.4) 75.0 (48.4; 127.3) 0.174

AMY 256.0 (82.6; 729.5) 191.6 (30.0; 927.5) 343.1 (38.4; 2053.5) < 0.001

LPS 344.3 (97.7; 878.8) 323.2 (47.5; 1312.0) 391.9 (28.4; 1709.6) 0.15

PT-S 12.8 (11.9; 13.3) 12.2 (10.7; 14.4) 12.9 (11.1; 16.0) < 0.001

FIB 4.4 (3.3; 5.2) 5.2 (2.6; 9.0) 4.1 (2.4; 6.9) < 0.001

WBC 11.1 (7.7; 14.5) 11.8 (5.8; 21.0) 10.6 (4.6; 20.2) < 0.001

Lym 1.1 (0.7; 1.5) 1.3 (0.7; 3.1) 1.0 (0.4; 2.1) < 0.001

RBC 4.6 (4.1; 5.1) 5.0 (4.0; 6.1) 4.4 (3.4; 5.7) < 0.001

RDW 13.3 (12.5; 14.1) 13.2 (9.8; 14.4) 13.5 (9.9; 16.2) 0.003

PLT 203.0 (164.0; 254.0) 223.0 (134.1; 391.0) 197.0 (103.6; 339.4) < 0.001

PDW 16.8 (16.3; 17.4) 17.3 (12.8; 19.1) 16.6 (11.8; 18.1) < 0.001



Xu MS et al. Ten-year follow-up of AP

WJGS https://www.wjgnet.com 1652 June 27, 2024 Volume 16 Issue 6

NLR 8.3 (4.5; 14.2) 6.9 (1.6; 18.9) 9.1 (2.1; 33.1) < 0.001

PLR 184.3 (131.6; 273.6) 160.5 (70.3; 379.0) 203.1 (83.4; 518.6) < 0.001

Atlanta classification, n (%) 0.001

MAP 437 (56.7) 125 (51.9) 312 (58.9)

MSAP 156 (20.2) 40 (16.6) 116 (21.9)

SAP 178 (23.1) 76 (31.5) 102 (19.2)

Scoring systems

MCTSI 4.0 (2.0; 6.0) 4.0 (2.0; 8.0) 4.0 (2.0; 8.0) 0.005

JSS 1.0 (0; 2.0) 1.0 (0; 4.0) 1.0 (0; 4.0) 0.029

BISAP 1.0 (0; 1.0) 0 (0; 2.0) 1.0 (0; 2.0) < 0.001

Modified Marshall 2.0 (1.0; 4.0) 2.0(0; 5.9) 2.0 (0; 7.0) 0.049

SOFA 1.0 (0; 3.0) 1.0 (0; 4.0) 1.0 (0; 5.0) 0.163

POF, n (%) 0.247

N 537 (69.6) 161 (66.8) 376 (70.9)

Y 234 (30.4) 80 (33.2) 154 (29.1)

SIRS, n (%) 0.956

N 465 (60.3) 145 (60.2) 320 (60.4)

Y 306 (39.7) 96 (39.8) 210 (39.6)

Hospital stay (d) 13.5 (9.4; 19.2) 12.0 (5.2; 29.3) 14.3 (5.4; 36.1) < 0.001

Mortality, n (%) 0.556

N 762 (98.8) 239 (99.2) 523 (98.7)

Y 9 (1.2) 2 (0.8) 7 (1.3)

N: No; Y: Yes; BMI: Body mass index; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; ALP: Alkaline phosphatase; γ-GT: Gamma-
glutamyl transferase; ALB: Albumin; TBIL: Total bilirubin; DBIL: Direct bilirubin; TC: Total cholesterol; TG: Triglycerides; SCr: Serum creatinine; AMY: 
Serum amylase; LPS: Lipase; PT-S: Prothrombin time; FIB: Fibrinogen; WBC: White blood cell; Lym: Lymphocyte; RBC: Red blood cell; RDW: Red blood 
cell distribution width; PLT: Platelet; PDW: Platelet distribution width; MCTSI: Modified computed tomography severity index score; JSS: Japanese 
Severity Score; BISAP: Bedside Index of Severity in Acute Pancreatitis; Modified Marshall: Modified Organ Dysfunction Score; SOFA: Sequential Organ 
Failure Assessment Score; SIRS: Systemic Inflammatory Response Syndrome; NLR: Neutrophil-to-lymphocyte ratio; PLR: Platelet-to-lymphocyte ratio; 
HTGP: Hypertriglyceridemia-induced acute pancreatitis; ABP: Acute biliary pancreatitis.

Figure 2 Receiver operating characteristic curve. A: Receiver operating characteristic (ROC) curve for the prediction of persistent organ failure (POF) in 
hypertriglyceridemia-induced acute pancreatitis by neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), and the acute pancreatitis (AP) Scoring 
System; B: ROC curve for the prediction of POF in acute biliary pancreatitis by NLR, PLR, and the AP Scoring System. ROC: Receiver operating characteristic; 
MCTSI: Modified computed tomography severity index; JSS: Japanese Severity Score; BISAP: Bedside Index for Severity in Acute Pancreatitis; SOFA: Sequential 
Organ Failure Assessment; NLR: Neutrophil-to-lymphocyte ratio; PLR: Platelet-to-lymphocyte ratio.
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Table 2 Correlation analysis of neutrophil-to-lymphocyte ratio, platelet-to-lymphocyte ratio with the acute pancreatitis Scoring System 
in hypertriglyceridemia-induced acute pancreatitis

Parameters PLR P value NLR P value

Atlanta classification 0.000 0.005

Mild/moderate 152.1 (110.8; 198.0) 6.3 (3.5; 10.2)

Severe 188.2 (137.9; 265.6) 7.9 (5.5; 12.6)

MCTSI 0.087 0.235

    < 4 150.6 (113.4; 197.4) 6.1 (3.4; 10.1)

    ≥ 4 161.7 (119.1; 240.6) 7.0 (4.4; 11.2)

JSS 0.754 0.815

    < 3 159.0 (119.9; 228.0) 6.9 (3.9; 11.2)

    ≥ 3 161.2 (108.2; 257.6) 7.0 (5.0; 10.2)

BISAP 0.384 0.395

    < 3 159.1 (119.0; 228.4) 6.9 (4.0; 10.9)

    ≥ 3 171.6 (136.7; 244.4) 9.1 (5.8; 12.9)

Modified Marshall 0.167 0.813

    < 2 156.2 (113.4; 214.1) 6.8 (3.8; 11.6)

    ≥ 2 165.1 (132.0; 239.1) 7.0 (4.9; 10.3)

SOFA 0.011 0.005

    < 3 155.6 (113.2; 214.9) 6.4 (3.6; 10.1)

    ≥ 3 175.0 (136.0; 259.6) 8.0 (5.9; 12.8)

MCTSI: Modified computed tomography severity index score; JSS: Japanese Severity Score; BISAP: Bedside Index of Severity in Acute Pancreatitis; 
Modified Marshall: Modified Organ Dysfunction Score; SOFA: Sequential Organ Failure Assessment Score; NLR: Neutrophil-to-lymphocyte ratio; PLR: 
Platelet-to-lymphocyte ratio.

Among the etiological factors of AP, gallstones and alcohol consumption are the predominant causes[24], and the 
incidence of HTG has been increasing annually. Currently, HTG is the second most common etiology of AP in Chinese 
patients[25]. Compared to AP caused by other etiologies, HTGP is characterized by a tendency to develop severe disease 
and frequent recurrence, which presents unique challenges in its diagnosis and treatment. The exact mechanisms 
underlying the development of HTGP are not yet fully understood; however, the prevailing theory suggests that 
chylomicrons play a central role. Chylomicrons are lipid-protein particles rich in TGs synthesized from dietary lipids 
within intestinal cells. They consist of a TG-rich core and carry esterified cholesterol and phospholipids[26]. When serum 
TG levels exceed 10 mmol/L, chylomicrons appear in the bloodstream[27], which can impede circulation in the capillary 
bed, leading to ischemia. In addition, chylomicrons increase plasma viscosity, causing capillary blockage, ischemia, and 
cellular acidosis. Moreover, chylomicrons undergo hydrolysis within the pancreatic vascular bed, releasing free fatty 
acids (FFA) that exceed the binding capacity of plasma albumin. The unbound FFA self-aggregate into micellar structures 
with detergent-like properties[28]. These toxic structures can damage the platelets, endothelial cells, and acinar cells, 
leading to pancreatic cell ischemia and acidosis. Acidosis, in turn, enhances the toxicity of FFA by activating pancreatic 
proteases, ultimately triggering AP[29]. A prospective study conducted by Nawaz et al[30] demonstrated that HTGP is an 
independent risk factor for POF. Compared with AP caused by other etiologies, HTGP has been shown to have a higher 
severity and incidence of complications[31,32]. This is in line with the conclusions of this study, which demonstrated that 
HTGP was more severe than ABP, but there was no significant difference in the rates of SIRS or POF between the two 
groups.

ABP is caused by various factors such as gallbladder stones, common bile duct stones, biliary tract infection, abnormal 
sphincter of Oddi spasm, and stenosis, which impair the emptying of the biliary and pancreatic ducts and cause abnormal 
biliary pressure. This results in bile reflux into the pancreatic duct, obstruction of pancreatic fluid drainage, and abnormal 
activation of pancreatic enzymes[33]. The mechanisms underlying the development of HTGP and ABP are completely 
different. However, both eventually lead to pancreatic cell injury and release of inflammatory mediators. Therefore, the 
use of inflammatory markers to assess the prognosis of pancreatitis caused by various mechanisms is particularly 
important.

Currently, there is increasing evidence supporting a close association between inflammatory mediators and the 
pathogenesis of AP[34], Inflammatory signals released by pancreatic acinar cells can mediate the recruitment and 
activation of circulating inflammatory cells[35]. Ultimately, excessive activation of inflammatory mediators can trigger a 
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Table 3 Correlation Analysis of neutrophil-to-lymphocyte ratio, platelet-to-lymphocyte ratio with the acute pancreatitis Scoring System 
in acute biliary pancreatitis

Parameters PLR P value NLR P value

Atlanta classification 0.002 0.000

Mild/moderate 194.0 (136.2; 286.2) 8.1 (4.3; 13.8)

Severe 239.1 (171.0; 358.9) 16.0 (8.9; 21.8)

MCTSI 0.021 0.000

    < 4 190.8 (135.4; 268.6) 7.4 (4.0; 12.8)

    ≥ 4 212.7 (145.3; 322.9) 11.2 (6.0; 17.6)

JSS 0.006 0.000

    < 3 194.5 (139.2; 287.6) 8.2 (4.3; 14.2)

    ≥ 3 250.6 (150.7; 359.1) 16.5 (8.7; 22.9)

BISAP 0.921 0.002

    < 3 203.8 (141.9; 295.9) 8.9 (4.5; 15.7)

    ≥ 3 192.9 (130.4; 329.9) 15.6 (11.2; 20.4)

Modified Marshall 0.015 0.000

    < 2 181.2 (134.0; 272.3) 6.0 (3.5; 12.0)

    ≥ 2 217.2 (145.2; 314.6) 11.3 (6.2; 18.3)

SOFA 0.555 0.000

    < 3 198.5 (140.4; 296.4) 8.2 (4.1; 14.5)

    ≥ 3 212.2 (142.1; 311.3) 12.4 (7.3; 19.3)

MCTSI: Modified computed tomography severity index score; JSS: Japanese Severity Score; BISAP: Bedside Index of Severity in Acute Pancreatitis; 
Modified Marshall: Modified Organ Dysfunction Score; SOFA: Sequential Organ Failure Assessment Score; NLR: Neutrophil-to-lymphocyte ratio; PLR: 
Platelet-to-lymphocyte ratio.

Table 4 Predictive performance of neutrophil-to-lymphocyte ratio, platelet-to-lymphocyte ratio, and the acute pancreatitis Scoring 
System for the occurrence of persistent organ failure in hypertriglyceridemia-induced acute pancreatitis

95%CI
Parameters AUC

Lower Upper
Sensitivity Specificity P value

MCTSI 0.718 0.649 0.786 0.650 0.733 < 0.001

JSS 0.703 0.631 0.775 0.663 0.720 < 0.001

BISAP 0.705 0.634 0.775 0.725 0.652 < 0.001

Modified Marshall 0.772 0.708 0.835 0.663 0.795 < 0.001

SOFA 0.827 0.772 0.882 0.713 0.820 < 0.001

PLR 0.622 0.546 0.699 0.413 0.826 0.002

NLR 0.619 0.546 0.693 0.800 0.720 0.003

CI: Confidence interval; AUC: Area under the curve; MCTSI: Modified computed tomography severity index score; JSS: Japanese Severity Score; BISAP: 
Bedside Index of Severity in Acute Pancreatitis; Modified Marshall: Modified Organ Dysfunction Score; SOFA: Sequential Organ Failure Assessment Score; 
NLR: Neutrophil-to-lymphocyte ratio; PLR: Platelet-to-lymphocyte ratio.

systemic inflammatory response, leading to SAP.
NLR is a systemic inflammation marker based on the complete blood cell count and was initially proposed as a means 

of evaluating systemic inflammation and stress response in critically ill patients[36]. Generally, the neutrophil count in 
blood increases with the progression of inflammatory diseases. However, in certain conditions, such as cachexia, "false-
negative" results may occur. The lymphocyte count also reflects the patient's immune status, which tends to decrease with 
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Table 5 Predictive performance of neutrophil-to-lymphocyte ratio, platelet-to-lymphocyte ratio, and the acute pancreatitis Scoring 
System for the occurrence of persistent organ failure in acute biliary pancreatitis

95%CI
Parameters AUC

Lower Upper
Sensitivity Specificity P value

MCTSI 0.573 0.517 0.629 0.409 0.729 0.008

JSS 0.760 0.715 0.805 0.591 0.782 < 0.001

BISAP 0.694 0.645 0.743 0.448 0.827 < 0.001

Modified Marshall 0.761 0.717 0.804 0.675 0.705 < 0.001

SOFA 0.746 0.703 0.789 0.942 0.465 < 0.001

PLR 0.569 0.516 0.621 0.727 0.418 0.013

NLR 0.668 0.618 0.717 0.532 0.761 < 0.001

CI: Confidence interval; AUC: Area under the curve; MCTSI: Modified computed tomography severity index score; JSS: Japanese Severity Score; BISAP: 
Bedside Index of Severity in Acute Pancreatitis; Modified Marshall: Modified Organ Dysfunction Score; SOFA: Sequential Organ Failure Assessment Score; 
NLR: Neutrophil-to-lymphocyte ratio; PLR: Platelet-to-lymphocyte ratio.

the progression of inflammatory diseases. However, lymphocyte count often decreases significantly only in the later 
stages of the disease, making it inadequate to reflect disease progression[37]. Therefore, NLR is considered more reliable 
than either neutrophil or lymphocyte count alone in predicting patient prognosis and survival rates[38]. Generally, NLR 
increases with the occurrence of systemic inflammatory diseases and severity of inflammation, which is consistent with 
the development of certain diseases[39]. Additionally, the measurement of NLR and PLR is simple, rapid, and cost-
effective and does not cause discomfort to patients because it only requires a peripheral blood sample. Numerous studies 
have demonstrated that a high NLR can serve as an independent prognostic factor for various diseases, including liver 
cirrhosis[40], acute respiratory distress syndrome[41], and others.

The PLR has also been recognized as an inflammatory marker that can better predict clinical outcomes in patients with 
systemic inflammation than individual platelet or lymphocyte counts. Platelets play a crucial role in the interactions 
between inflammation and microvascular dysfunction. Under high levels of pro-inflammatory cytokines and in the pre-
sence of cellular debris and viral proteins, platelets can be directly activated, leading to increased aggregation, clotting, or 
degradation. This can result in a decreased platelet counts[42]. Therefore, PLR tends to decrease during the early stages of 
disease progression. However, in patients with severe conditions, the PLR significantly increases, which is associated 
with a substantial decrease in the lymphocyte count[43]. Changes in the PLR were positively correlated with other 
markers of systemic inflammation, especially the NLR. In the past decade, the PLR has emerged as a laboratory marker 
for predicting various conditions such as tumors, thrombosis, and metabolic diseases. These include peripheral arterial 
occlusive disease[44], colorectal tumors[45], acute coronary syndrome[46], acute pulmonary embolism[47], and others.

Azab et al[48] was the first to apply the NLR in patients with AP. They found that NLR was a better predictor of ICU 
admission rates and prolonged hospital stays in AP patients. However, this study did not assess the impact of NLR on 
organ failure. Suppiah et al[15] found a significant correlation between increased NLR within the first 48 h of hospital-
ization and SAP. They identified NLR as an independent prognostic indicator for SAP. However, the study had a small 
sample size (n = 146), with only 22 patients diagnosed with SAP. Zhang et al[14] indicated that an elevated NLR in the 
Chinese population was associated with POF, prolonged ICU stay, and increased in-hospital mortality. However, few 
studies have compared AP according to etiology. Silva-Vaz et al[49] found that the NLR had the best predictive value for 
severity in the ABP group. Huang et al[50] found that the NLR was only predictive of SAP in the HTGP group; however, 
this study had a small sample size of 23 patients in the HTGP group with SAP. Therefore, in this study, we excluded 
pancreatitis caused by factors other than biliary or HTG etiology. After grouping AP based on etiology, our findings were 
similar to those of Silva-Vaz et al[49], with higher values of NLR and PLR observed in the ABP group. NLR and PLR were 
both independent predictors of POF in ABP and HTGP. However, NLR and PLR did not demonstrate significant 
differences between these two types of pancreatitis, suggesting that although ABP and HTGP have different pathogenic 
mechanisms, the changes in routine blood tests have a similar effect on the progression of AP complicated by POF. In our 
study findings, compared to the HTGP group, patients in the ABP group exhibited higher levels of liver function 
indicators such as aspartate aminotransferase, alanine aminotransferase, and total bilirubin. This can be attributed to the 
presence of biliary obstruction, which leads to increased biliary pressure in the ABP, resulting in the accumulation of 
bilirubin and bile acids in the liver. The toxic effects of these substances can cause metabolic disturbances and even hepa-
tocellular degeneration and necrosis. The average length of hospital stay was shorter in the HTGP group than in the ABP 
group. This is because patients in the ABP group often require surgical intervention to relieve biliary obstruction, in 
addition to general supportive and medical treatments, which, to some extent, prolong their hospital stay[51]. In this 
study, the incidence of SAP was higher in the HTGP group than in the ABP group. This finding is consistent with that of 
Anderson et al[31]. Furthermore, animal studies have shown that experimental mouse models of HTGP exhibit higher 
levels of pancreatic lipase activity and greater histological damage to the pancreatic tissue, making them more prone to 
progressing to SAP[52].
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However, there were no significant differences between the two groups in terms of ICU admission rates, SIRS, POF 
incidence, and mortality rates. This may be attributed to the early and timely assessment, standardized treatment, and 
combined interventions implemented in our hospital, which prevented the further progression of AP to some extent. 
These findings highlight the crucial role of early assessment in guiding AP progression and intervention.

Additionally, the patients in the HTGP group had a younger average age, were predominantly male, and had a higher 
BMI than those in the ABP group. This is consistent with the clinical characteristics evaluated in international prospective 
cohorts that assessed HTGP[53]. No significant differences in the SOFA scores between the HTGP and ABP groups in the 
AP scoring system was observed. The MCTSI scores and JSS were higher in the HTGP group than in the ABP group. This 
can be attributed to the fact that both the MCTSI score and JSS involve assessment of the extent of pancreatic morpho-
logical changes, and studies have indicated a close relationship between pancreatic adipocytes and TGs. Pancreatic 
adipocytes are specialized cells found within pancreatic tissue and are primarily responsible for synthesizing and storing 
TGs to regulate pancreatic lipid metabolism. Under normal conditions, TGs are stored within pancreatic adipocytes and 
released when needed for energy and other biological processes. However, under certain circumstances, such as pancre-
atitis or pancreatic dysfunction, pancreatic adipocytes may be affected, leading to abnormal TG synthesis and metabo-
lism. Therefore, when AP is caused by TGs, there is an increase in the volume of pancreatic adipocytes, which contributes 
to extensive pancreatic tissue necrosis[54]. Modified Marshall scores were higher in the ABP group than in the HTGP 
group. Currently, no literature explicitly indicates a higher incidence of organ failure in patients with ABP. However, 
recent studies have shown that in the HTGP group, there is a significant increase in the risk of organ failure only in males 
(excluding females), which to some extent lowers the overall incidence of organ failure in the HTGP group[55]. BISAP 
scores were significantly higher in the ABP group than in the HTGP group. This may be attributed to the fact that one of 
the scoring criteria in the BISAP is age > 60 years. In this study, there were 225 patients in the ABP group aged > 60 years, 
accounting for 42.5% of the total, whereas in the HTGP group, there was only one patient aged > 60 years, accounting for 
0.4% of the total.

An et al[56] confirmed that inflammatory cytokines play a major role in the early stages of HTGP, which is consistent 
with the results of this study. The data collected in this group were laboratory test results within 48 h of admission, 
representing the early stage of AP progression. The HTGP group of inflammatory markers (white blood cell, lymphocyte, 
and platelet counts) were higher in the HTGP group than in the ABP group. Previous studies have indicated a positive 
correlation between the NLR and PLR and the severity of AP[57,58]. This finding was confirmed only in the ABP group 
regarding NLR. This inconsistency with previous studies may be attributed to the lack of etiological stratification of AP, 
as the pathophysiological mechanisms of AP may differ according to the underlying causes.

However, this study had several limitations. First, this was a single-center study, and further validation in multiple 
large-scale pancreatitis centers is required. Second, because of the different clinical manifestations of AP patients upon 
admission, most patients were not tested for C-reactive protein, procalcitonin, and cytokines after admission. Therefore, 
we did not compare NLR and PLR with other biomarkers such as C-reactive protein, procalcitonin, and cytokines. Third, 
because our dataset lacked sufficient information to assess all the potential confounding factors, we included only one 
clinical outcome (POF) in the analysis. Moreover, we did not report changes in NLR or PLR during the treatment course, 
which could potentially provide a better prognostic assessment of AP.

Despite these limitations, this study has several merits. We collected cases of AP from our hospital over the past 
decade, starting from the etiological grouping of AP, performed an etiological grouping of AP, and explored the 
differences in NLR and PLR between the two subgroups (ABP and HTGP). Furthermore, all laboratory parameters were 
derived from blood samples obtained before treatment initiation, minimizing the possible influence of fluid resuscitation 
and medication on white blood cell, lymphocyte, and platelet counts.

CONCLUSION
The NLR and PLR differed between ABP and HTGP. In patients with ABP, both the NLR and PLR values were higher 
than those in patients with HTGP. NLR and PLR had predictive value for POF in both ABP and HTGP.

FOOTNOTES
Author contributions: Xu MS and Mo SJ designed the study; Xu MS, Xu JL, and Gao X collected data; Xu JL and Gao X analyzed and 
interpreted the results; Xu MS and Mo SJ drafted and revised the manuscript; all authors have approved the final manuscript.

Supported by Shanxi Province “136” Revitalization Medical Project Construction Funds, No. 2019XY004.

Institutional review board statement: This study was reviewed and approved by the Ethics Committee of the Shanxi Bethune Hospital 
(approval No. YXLL-2023-237)

Informed consent statement: Informed consent was voluntarily signed by the patients when they received treatment, and the informed 
consent forms were stored in Hospital Information System.

Conflict-of-interest statement: The authors declare that they have no competing interests.

Data sharing statement: The data that support the findings of this study are available on request from the corresponding author, The 



Xu MS et al. Ten-year follow-up of AP

WJGS https://www.wjgnet.com 1657 June 27, 2024 Volume 16 Issue 6

data are not publicly available due to privacy or ethical restrictions.

Open-Access: This article is an open-access article that was selected by an in-house editor and fully peer-reviewed by external reviewers. 
It is distributed in accordance with the Creative Commons Attribution NonCommercial (CC BY-NC 4.0) license, which permits others to 
distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the 
original work is properly cited and the use is non-commercial. See: https://creativecommons.org/Licenses/by-nc/4.0/

Country/Territory of origin: China

ORCID number: Mu-Sen Xu 0000-0002-5222-0633; Yan-Zhang Tian 0000-0002-5839-0473; Xi-Feng Fu 0000-0001-7540-2379.

S-Editor: Yan JP 
L-Editor: A 
P-Editor: Che XX

REFERENCES
1 Szatmary P, Grammatikopoulos T, Cai W, Huang W, Mukherjee R, Halloran C, Beyer G, Sutton R. Acute Pancreatitis: Diagnosis and 

Treatment. Drugs 2022; 82: 1251-1276 [PMID: 36074322 DOI: 10.1007/s40265-022-01766-4]
2 Banks PA, Bollen TL, Dervenis C, Gooszen HG, Johnson CD, Sarr MG, Tsiotos GG, Vege SS; Acute Pancreatitis Classification Working 

Group. Classification of acute pancreatitis--2012: revision of the Atlanta classification and definitions by international consensus. Gut 2013; 
62: 102-111 [PMID: 23100216 DOI: 10.1136/gutjnl-2012-302779]

3 Petrov MS, Yadav D. Global epidemiology and holistic prevention of pancreatitis. Nat Rev Gastroenterol Hepatol 2019; 16: 175-184 [PMID: 
30482911 DOI: 10.1038/s41575-018-0087-5]

4 Garcea G, Gouda M, Hebbes C, Ong SL, Neal CP, Dennison AR, Berry DP. Predictors of severity and survival in acute pancreatitis: validation 
of the efficacy of early warning scores. Pancreas 2008; 37: e54-e61 [PMID: 18815539 DOI: 10.1097/MPA.0b013e3181771451]

5 Johnson CD, Besselink MG, Carter R. Acute pancreatitis. BMJ 2014; 349: g4859 [PMID: 25116169 DOI: 10.1136/bmj.g4859]
6 Huang SW, Mao EQ, Wang HS, Zhao B, Chen Y, Qu HP, Chen EZ. Clinical characteristics of 5375 cases of acute pancreatitis from a single 

Chinese center, 1996-2015. Chin Med J (Engl) 2019; 132: 1233-1236 [PMID: 31140993 DOI: 10.1097/CM9.0000000000000208]
7 Adiamah A, Psaltis E, Crook M, Lobo DN. A systematic review of the epidemiology, pathophysiology and current management of 

hyperlipidaemic pancreatitis. Clin Nutr 2018; 37: 1810-1822 [PMID: 29056284 DOI: 10.1016/j.clnu.2017.09.028]
8 Habtezion A, Gukovskaya AS, Pandol SJ. Acute Pancreatitis: A Multifaceted Set of Organelle and Cellular Interactions. Gastroenterology 

2019; 156: 1941-1950 [PMID: 30660726 DOI: 10.1053/j.gastro.2018.11.082]
9 Vege SS, DiMagno MJ, Forsmark CE, Martel M, Barkun AN. Initial Medical Treatment of Acute Pancreatitis: American Gastroenterological 

Association Institute Technical Review. Gastroenterology 2018; 154: 1103-1139 [PMID: 29421596 DOI: 10.1053/j.gastro.2018.01.031]
10 Pavlidis TE, Pavlidis ET, Sakantamis AK. Advances in prognostic factors in acute pancreatitis: a mini-review. Hepatobiliary Pancreat Dis Int 

2010; 9: 482-486 [PMID: 20943456]
11 Junare PR, Debnath P, Nair S, Chandnani S, Udgirkar S, Thange R, Jain S, Deshmukh R, Rathi P, Contractor Q, Deshpande A. Complete 

hemogram: simple and cost-effective in staging and predicting outcome in acute pancreatitis. Wien Klin Wochenschr 2021; 133: 661-668 
[PMID: 33620577 DOI: 10.1007/s00508-021-01821-2]

12 Kaplan M, Ates I, Oztas E, Yuksel M, Akpinar MY, Coskun O, Kayacetin E. A New Marker to Determine Prognosis of Acute Pancreatitis: 
PLR and NLR Combination. J Med Biochem 2018; 37: 21-30 [PMID: 30581338 DOI: 10.1515/jomb-2017-0039]

13 Cho SK, Jung S, Lee KJ, Kim JW. Neutrophil to lymphocyte ratio and platelet to lymphocyte ratio can predict the severity of gallstone 
pancreatitis. BMC Gastroenterol 2018; 18: 18 [PMID: 29370777 DOI: 10.1186/s12876-018-0748-4]

14 Zhang Y, Wu W, Dong L, Yang C, Fan P, Wu H. Neutrophil to lymphocyte ratio predicts persistent organ failure and in-hospital mortality in 
an Asian Chinese population of acute pancreatitis. Medicine (Baltimore) 2016; 95: e4746 [PMID: 27631223 DOI: 
10.1097/MD.0000000000004746]

15 Suppiah A, Malde D, Arab T, Hamed M, Allgar V, Smith AM, Morris-Stiff G. The prognostic value of the neutrophil-lymphocyte ratio (NLR) 
in acute pancreatitis: identification of an optimal NLR. J Gastrointest Surg 2013; 17: 675-681 [PMID: 23371356 DOI: 
10.1007/s11605-012-2121-1]

16 Mederos MA, Reber HA, Girgis MD. Acute Pancreatitis: A Review. JAMA 2021; 325: 382-390 [PMID: 33496779 DOI: 
10.1001/jama.2020.20317]

17 Zver T, Calame P, Koch S, Aubry S, Vuitton L, Delabrousse E. Early Prediction of Acute Biliary Pancreatitis Using Clinical and Abdominal 
CT Features. Radiology 2022; 302: 118-126 [PMID: 34636635 DOI: 10.1148/radiol.2021210607]

18 Yang AL, McNabb-Baltar J. Hypertriglyceridemia and acute pancreatitis. Pancreatology 2020; 20: 795-800 [PMID: 32571534 DOI: 
10.1016/j.pan.2020.06.005]

19 Siregar GA, Siregar GP. Management of Severe Acute Pancreatitis. Open Access Maced J Med Sci 2019; 7: 3319-3323 [PMID: 31949538 
DOI: 10.3889/oamjms.2019.720]

20 van den Berg FF, Boermeester MA. Update on the management of acute pancreatitis. Curr Opin Crit Care 2023; 29: 145-151 [PMID: 
36727757 DOI: 10.1097/MCC.0000000000001017]

21 Steinberg WM. Predictors of severity of acute pancreatitis. Gastroenterol Clin North Am 1990; 19: 849-861 [PMID: 2269521 DOI: 
10.1016/S0889-8553(21)00517-3]

22 Karakayali FY. Surgical and interventional management of complications caused by acute pancreatitis. World J Gastroenterol 2014; 20: 
13412-13423 [PMID: 25309073 DOI: 10.3748/wjg.v20.i37.13412]
Bülbüller N, Doğru O, Ayten R, Akbulut H, Ilhan YS, Cetinkaya Z. Procalcitonin is a predictive marker for severe acute pancreatitis. Ulus 23

https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0000-0002-5222-0633
http://orcid.org/0000-0002-5222-0633
http://orcid.org/0000-0002-5839-0473
http://orcid.org/0000-0002-5839-0473
http://orcid.org/0000-0001-7540-2379
http://orcid.org/0000-0001-7540-2379
http://www.ncbi.nlm.nih.gov/pubmed/36074322
https://dx.doi.org/10.1007/s40265-022-01766-4
http://www.ncbi.nlm.nih.gov/pubmed/23100216
https://dx.doi.org/10.1136/gutjnl-2012-302779
http://www.ncbi.nlm.nih.gov/pubmed/30482911
https://dx.doi.org/10.1038/s41575-018-0087-5
http://www.ncbi.nlm.nih.gov/pubmed/18815539
https://dx.doi.org/10.1097/MPA.0b013e3181771451
http://www.ncbi.nlm.nih.gov/pubmed/25116169
https://dx.doi.org/10.1136/bmj.g4859
http://www.ncbi.nlm.nih.gov/pubmed/31140993
https://dx.doi.org/10.1097/CM9.0000000000000208
http://www.ncbi.nlm.nih.gov/pubmed/29056284
https://dx.doi.org/10.1016/j.clnu.2017.09.028
http://www.ncbi.nlm.nih.gov/pubmed/30660726
https://dx.doi.org/10.1053/j.gastro.2018.11.082
http://www.ncbi.nlm.nih.gov/pubmed/29421596
https://dx.doi.org/10.1053/j.gastro.2018.01.031
http://www.ncbi.nlm.nih.gov/pubmed/20943456
http://www.ncbi.nlm.nih.gov/pubmed/33620577
https://dx.doi.org/10.1007/s00508-021-01821-2
http://www.ncbi.nlm.nih.gov/pubmed/30581338
https://dx.doi.org/10.1515/jomb-2017-0039
http://www.ncbi.nlm.nih.gov/pubmed/29370777
https://dx.doi.org/10.1186/s12876-018-0748-4
http://www.ncbi.nlm.nih.gov/pubmed/27631223
https://dx.doi.org/10.1097/MD.0000000000004746
http://www.ncbi.nlm.nih.gov/pubmed/23371356
https://dx.doi.org/10.1007/s11605-012-2121-1
http://www.ncbi.nlm.nih.gov/pubmed/33496779
https://dx.doi.org/10.1001/jama.2020.20317
http://www.ncbi.nlm.nih.gov/pubmed/34636635
https://dx.doi.org/10.1148/radiol.2021210607
http://www.ncbi.nlm.nih.gov/pubmed/32571534
https://dx.doi.org/10.1016/j.pan.2020.06.005
http://www.ncbi.nlm.nih.gov/pubmed/31949538
https://dx.doi.org/10.3889/oamjms.2019.720
http://www.ncbi.nlm.nih.gov/pubmed/36727757
https://dx.doi.org/10.1097/MCC.0000000000001017
http://www.ncbi.nlm.nih.gov/pubmed/2269521
https://dx.doi.org/10.1016/S0889-8553(21)00517-3
http://www.ncbi.nlm.nih.gov/pubmed/25309073
https://dx.doi.org/10.3748/wjg.v20.i37.13412


Xu MS et al. Ten-year follow-up of AP

WJGS https://www.wjgnet.com 1658 June 27, 2024 Volume 16 Issue 6

Travma Acil Cerrahi Derg 2006; 12: 115-120 [PMID: 16676250]
24 Zerem E, Kurtcehajic A, Kunosić S, Zerem Malkočević D, Zerem O. Current trends in acute pancreatitis: Diagnostic and therapeutic 

challenges. World J Gastroenterol 2023; 29: 2747-2763 [PMID: 37274068 DOI: 10.3748/wjg.v29.i18.2747]
25 Mukherjee R, Nunes Q, Huang W, Sutton R. Precision medicine for acute pancreatitis: current status and future opportunities. Precis Clin 

Med 2019; 2: 81-86 [PMID: 35692449 DOI: 10.1093/pcmedi/pbz010]
26 Rahmany S, Jialal I.   Biochemistry, Chylomicron. 2023 Jul 17. In: StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing; 2024 

Jan- [PMID: 31424741]
27 Gan SI, Edwards AL, Symonds CJ, Beck PL. Hypertriglyceridemia-induced pancreatitis: A case-based review. World J Gastroenterol 2006; 

12: 7197-7202 [PMID: 17131487 DOI: 10.3748/wjg.v12.i44.7197]
28 Valdivielso P, Ramírez-Bueno A, Ewald N. Current knowledge of hypertriglyceridemic pancreatitis. Eur J Intern Med 2014; 25: 689-694 

[PMID: 25269432 DOI: 10.1016/j.ejim.2014.08.008]
29 de Pretis N, Amodio A, Frulloni L. Hypertriglyceridemic pancreatitis: Epidemiology, pathophysiology and clinical management. United 

European Gastroenterol J 2018; 6: 649-655 [PMID: 30083325 DOI: 10.1177/2050640618755002]
30 Nawaz H, Koutroumpakis E, Easler J, Slivka A, Whitcomb DC, Singh VP, Yadav D, Papachristou GI. Elevated serum triglycerides are 

independently associated with persistent organ failure in acute pancreatitis. Am J Gastroenterol 2015; 110: 1497-1503 [PMID: 26323188 DOI: 
10.1038/ajg.2015.261]

31 Anderson F, Thomson SR, Clarke DL, Buccimazza I. Dyslipidaemic pancreatitis clinical assessment and analysis of disease severity and 
outcomes. Pancreatology 2009; 9: 252-257 [PMID: 19407479 DOI: 10.1159/000212091]

32 Tsuang W, Navaneethan U, Ruiz L, Palascak JB, Gelrud A. Hypertriglyceridemic pancreatitis: presentation and management. Am J 
Gastroenterol 2009; 104: 984-991 [PMID: 19293788 DOI: 10.1038/ajg.2009.27]

33 Oppenlander KE, Chadwick C, Carman K. Acute Pancreatitis: Rapid Evidence Review. Am Fam Physician 2022; 106: 44-50 [PMID: 
35839366]

34 Yang ZW, Meng XX, Xu P. Central role of neutrophil in the pathogenesis of severe acute pancreatitis. J Cell Mol Med 2015; 19: 2513-2520 
[PMID: 26249268 DOI: 10.1111/jcmm.12639]

35 Noel P, Patel K, Durgampudi C, Trivedi RN, de Oliveira C, Crowell MD, Pannala R, Lee K, Brand R, Chennat J, Slivka A, Papachristou GI, 
Khalid A, Whitcomb DC, DeLany JP, Cline RA, Acharya C, Jaligama D, Murad FM, Yadav D, Navina S, Singh VP. Peripancreatic fat 
necrosis worsens acute pancreatitis independent of pancreatic necrosis via unsaturated fatty acids increased in human pancreatic necrosis 
collections. Gut 2016; 65: 100-111 [PMID: 25500204 DOI: 10.1136/gutjnl-2014-308043]

36 Huang Z, Fu Z, Huang W, Huang K. Prognostic value of neutrophil-to-lymphocyte ratio in sepsis: A meta-analysis. Am J Emerg Med 2020; 
38: 641-647 [PMID: 31785981 DOI: 10.1016/j.ajem.2019.10.023]

37 Vidal AC, Howard LE, de Hoedt A, Cooperberg MR, Kane CJ, Aronson WJ, Terris MK, Amling CL, Taioli E, Fowke JH, Freedland SJ. 
Neutrophil, lymphocyte and platelet counts, and risk of prostate cancer outcomes in white and black men: results from the SEARCH database. 
Cancer Causes Control 2018; 29: 581-588 [PMID: 29663110 DOI: 10.1007/s10552-018-1031-2]

38 Kumarasamy C, Sabarimurugan S, Madurantakam RM, Lakhotiya K, Samiappan S, Baxi S, Nachimuthu R, Gothandam KM, Jayaraj R. 
Prognostic significance of blood inflammatory biomarkers NLR, PLR, and LMR in cancer-A protocol for systematic review and meta-analysis. 
Medicine (Baltimore) 2019; 98: e14834 [PMID: 31192906 DOI: 10.1097/MD.0000000000014834]

39 Jiang J, Liu R, Yu X, Yang R, Xu H, Mao Z, Wang Y. The neutrophil-lymphocyte count ratio as a diagnostic marker for bacteraemia: A 
systematic review and meta-analysis. Am J Emerg Med 2019; 37: 1482-1489 [PMID: 30413366 DOI: 10.1016/j.ajem.2018.10.057]

40 Peng Y, Li Y, He Y, Wei Q, Xie Q, Zhang L, Xia Y, Zhou X, Feng X, Chen K, Chen S, Chen W, Long Q, Chai J. The role of neutrophil to 
lymphocyte ratio for the assessment of liver fibrosis and cirrhosis: a systematic review. Expert Rev Gastroenterol Hepatol 2018; 12: 503-513 
[PMID: 29629626 DOI: 10.1080/17474124.2018.1463158]

41 Wang Y, Ju M, Chen C, Yang D, Hou D, Tang X, Zhu X, Zhang D, Wang L, Ji S, Jiang J, Song Y. Neutrophil-to-lymphocyte ratio as a 
prognostic marker in acute respiratory distress syndrome patients: a retrospective study. J Thorac Dis 2018; 10: 273-282 [PMID: 29600057 
DOI: 10.21037/jtd.2017.12.131]

42 Sarkar S, Kannan S, Khanna P, Singh AK. Role of platelet-to-lymphocyte count ratio (PLR), as a prognostic indicator in COVID-19: A 
systematic review and meta-analysis. J Med Virol 2022; 94: 211-221 [PMID: 34436785 DOI: 10.1002/jmv.27297]

43 Kosidło JW, Wolszczak-Biedrzycka B, Matowicka-Karna J, Dymicka-Piekarska V, Dorf J. Clinical Significance and Diagnostic Utility of 
NLR, LMR, PLR and SII in the Course of COVID-19: A Literature Review. J Inflamm Res 2023; 16: 539-562 [PMID: 36818192 DOI: 
10.2147/JIR.S395331]

44 Gary T, Pichler M, Belaj K, Hafner F, Gerger A, Froehlich H, Eller P, Rief P, Hackl G, Pilger E, Brodmann M. Platelet-to-lymphocyte ratio: a 
novel marker for critical limb ischemia in peripheral arterial occlusive disease patients. PLoS One 2013; 8: e67688 [PMID: 23844064 DOI: 
10.1371/journal.pone.0067688]

45 Tan D, Fu Y, Su Q, Wang H. Prognostic role of platelet-lymphocyte ratio in colorectal cancer: A systematic review and meta-analysis. 
Medicine (Baltimore) 2016; 95: e3837 [PMID: 27310960 DOI: 10.1097/MD.0000000000003837]

46 Li W, Liu Q, Tang Y. Platelet to lymphocyte ratio in the prediction of adverse outcomes after acute coronary syndrome: a meta-analysis. Sci 
Rep 2017; 7: 40426 [PMID: 28071752 DOI: 10.1038/srep40426]

47 Wang Q, Ma J, Jiang Z, Ming L. Prognostic value of neutrophil-to-lymphocyte ratio and platelet-to-lymphocyte ratio in acute pulmonary 
embolism: a systematic review and meta-analysis. Int Angiol 2018; 37: 4-11 [PMID: 28541022 DOI: 10.23736/S0392-9590.17.03848-2]

48 Azab B, Jaglall N, Atallah JP, Lamet A, Raja-Surya V, Farah B, Lesser M, Widmann WD. Neutrophil-lymphocyte ratio as a predictor of 
adverse outcomes of acute pancreatitis. Pancreatology 2011; 11: 445-452 [PMID: 21968329 DOI: 10.1159/000331494]

49 Silva-Vaz P, Abrantes AM, Morgado-Nunes S, Castelo-Branco M, Gouveia A, Botelho MF, Tralhão JG. Evaluation of Prognostic Factors of 
Severity in Acute Biliary Pancreatitis. Int J Mol Sci 2020; 21 [PMID: 32560276 DOI: 10.3390/ijms21124300]

50 Huang L, Chen C, Yang L, Wan R, Hu G. Neutrophil-to-lymphocyte ratio can specifically predict the severity of hypertriglyceridemia-induced 
acute pancreatitis compared with white blood cell. J Clin Lab Anal 2019; 33: e22839 [PMID: 30737845 DOI: 10.1002/jcla.22839]

51 Bougard M, Barbier L, Godart B, Le Bayon-Bréard AG, Marques F, Salamé E. Management of biliary acute pancreatitis. J Visc Surg 2019; 
156: 113-125 [PMID: 30385271 DOI: 10.1016/j.jviscsurg.2018.08.002]

52 Hofbauer B, Friess H, Weber A, Baczako K, Kisling P, Schilling M, Uhl W, Dervenis C, Büchler MW. Hyperlipaemia intensifies the course of 
acute oedematous and acute necrotising pancreatitis in the rat. Gut 1996; 38: 753-758 [PMID: 8707124 DOI: 10.1136/gut.38.5.753]

http://www.ncbi.nlm.nih.gov/pubmed/16676250
http://www.ncbi.nlm.nih.gov/pubmed/37274068
https://dx.doi.org/10.3748/wjg.v29.i18.2747
http://www.ncbi.nlm.nih.gov/pubmed/35692449
https://dx.doi.org/10.1093/pcmedi/pbz010
http://www.ncbi.nlm.nih.gov/pubmed/31424741
http://www.ncbi.nlm.nih.gov/pubmed/17131487
https://dx.doi.org/10.3748/wjg.v12.i44.7197
http://www.ncbi.nlm.nih.gov/pubmed/25269432
https://dx.doi.org/10.1016/j.ejim.2014.08.008
http://www.ncbi.nlm.nih.gov/pubmed/30083325
https://dx.doi.org/10.1177/2050640618755002
http://www.ncbi.nlm.nih.gov/pubmed/26323188
https://dx.doi.org/10.1038/ajg.2015.261
http://www.ncbi.nlm.nih.gov/pubmed/19407479
https://dx.doi.org/10.1159/000212091
http://www.ncbi.nlm.nih.gov/pubmed/19293788
https://dx.doi.org/10.1038/ajg.2009.27
http://www.ncbi.nlm.nih.gov/pubmed/35839366
http://www.ncbi.nlm.nih.gov/pubmed/26249268
https://dx.doi.org/10.1111/jcmm.12639
http://www.ncbi.nlm.nih.gov/pubmed/25500204
https://dx.doi.org/10.1136/gutjnl-2014-308043
http://www.ncbi.nlm.nih.gov/pubmed/31785981
https://dx.doi.org/10.1016/j.ajem.2019.10.023
http://www.ncbi.nlm.nih.gov/pubmed/29663110
https://dx.doi.org/10.1007/s10552-018-1031-2
http://www.ncbi.nlm.nih.gov/pubmed/31192906
https://dx.doi.org/10.1097/MD.0000000000014834
http://www.ncbi.nlm.nih.gov/pubmed/30413366
https://dx.doi.org/10.1016/j.ajem.2018.10.057
http://www.ncbi.nlm.nih.gov/pubmed/29629626
https://dx.doi.org/10.1080/17474124.2018.1463158
http://www.ncbi.nlm.nih.gov/pubmed/29600057
https://dx.doi.org/10.21037/jtd.2017.12.131
http://www.ncbi.nlm.nih.gov/pubmed/34436785
https://dx.doi.org/10.1002/jmv.27297
http://www.ncbi.nlm.nih.gov/pubmed/36818192
https://dx.doi.org/10.2147/JIR.S395331
http://www.ncbi.nlm.nih.gov/pubmed/23844064
https://dx.doi.org/10.1371/journal.pone.0067688
http://www.ncbi.nlm.nih.gov/pubmed/27310960
https://dx.doi.org/10.1097/MD.0000000000003837
http://www.ncbi.nlm.nih.gov/pubmed/28071752
https://dx.doi.org/10.1038/srep40426
http://www.ncbi.nlm.nih.gov/pubmed/28541022
https://dx.doi.org/10.23736/S0392-9590.17.03848-2
http://www.ncbi.nlm.nih.gov/pubmed/21968329
https://dx.doi.org/10.1159/000331494
http://www.ncbi.nlm.nih.gov/pubmed/32560276
https://dx.doi.org/10.3390/ijms21124300
http://www.ncbi.nlm.nih.gov/pubmed/30737845
https://dx.doi.org/10.1002/jcla.22839
http://www.ncbi.nlm.nih.gov/pubmed/30385271
https://dx.doi.org/10.1016/j.jviscsurg.2018.08.002
http://www.ncbi.nlm.nih.gov/pubmed/8707124
https://dx.doi.org/10.1136/gut.38.5.753


Xu MS et al. Ten-year follow-up of AP

WJGS https://www.wjgnet.com 1659 June 27, 2024 Volume 16 Issue 6

53 Pothoulakis I, Paragomi P, Archibugi L, Tuft M, Talukdar R, Kochhar R, Goenka MK, Gulla A, Singh VK, Gonzalez JA, Ferreira M, Barbu 
ST, Stevens T, Nawaz H, Gutierrez SC, Zarnescu NO, Easler J, Triantafyllou K, Pelaez-Luna M, Thakkar S, Ocampo C, de-Madaria E, Wu 
BU, Cote GA, Tang G, Papachristou GI, Capurso G. Clinical features of hypertriglyceridemia-induced acute pancreatitis in an international, 
multicenter, prospective cohort (APPRENTICE consortium). Pancreatology 2020; 20: 325-330 [PMID: 32107193 DOI: 
10.1016/j.pan.2020.02.010]

54 Navina S, Acharya C, DeLany JP, Orlichenko LS, Baty CJ, Shiva SS, Durgampudi C, Karlsson JM, Lee K, Bae KT, Furlan A, Behari J, Liu S, 
McHale T, Nichols L, Papachristou GI, Yadav D, Singh VP. Lipotoxicity causes multisystem organ failure and exacerbates acute pancreatitis 
in obesity. Sci Transl Med 2011; 3: 107ra110 [PMID: 22049070 DOI: 10.1126/scitranslmed.3002573]

55 Lee PJ, Lahooti A, Culp S, Boutsicaris A, Holovach P, Wozniak K, Lahooti I, Paragomi P, Hinton A, Pothoulakis I, Talukdar R, Kochhar R, 
Goenka MK, Gulla A, Gonzalez JA, Singh V, Bogado MF, Stevens T, Babu ST, Nawaz H, Gutierrez SC, Zarnescu N, Capurso G, Easler J, 
Triantafyllou K, Peláez Luna M, Thakkar S, Ocampo C, de-Madaria E, Cote GA, Wu BU, Hart PA, Krishna SG, Lara L, Han S, Papachristou 
GI. Obesity and alcoholic etiology as risk factors for multisystem organ failure in acute pancreatitis: Multinational study. United European 
Gastroenterol J 2023; 11: 383-391 [PMID: 37096304 DOI: 10.1002/ueg2.12390]

56 An F, Zhan Q, Xia M, Jiang L, Lu G, Huang M, Guo J, Liu S. From moderately severe to severe hypertriglyceridemia induced acute 
pancreatitis: circulating miRNAs play role as potential biomarkers. PLoS One 2014; 9: e111058 [PMID: 25365448 DOI: 
10.1371/journal.pone.0111058]

57 Abaylı B, Gençdal G, Değirmencioğlu Ş. Correlation between neutrophil/lymphocyte ratio and Ranson score in acute pancreatitis. J Clin Lab 
Anal 2018; 32: e22437 [PMID: 29575044 DOI: 10.1002/jcla.22437]

58 Li Y, Zhao Y, Feng L, Guo R. Comparison of the prognostic values of inflammation markers in patients with acute pancreatitis: a retrospective 
cohort study. BMJ Open 2017; 7: e013206 [PMID: 28348184 DOI: 10.1136/bmjopen-2016-013206]

http://www.ncbi.nlm.nih.gov/pubmed/32107193
https://dx.doi.org/10.1016/j.pan.2020.02.010
http://www.ncbi.nlm.nih.gov/pubmed/22049070
https://dx.doi.org/10.1126/scitranslmed.3002573
http://www.ncbi.nlm.nih.gov/pubmed/37096304
https://dx.doi.org/10.1002/ueg2.12390
http://www.ncbi.nlm.nih.gov/pubmed/25365448
https://dx.doi.org/10.1371/journal.pone.0111058
http://www.ncbi.nlm.nih.gov/pubmed/29575044
https://dx.doi.org/10.1002/jcla.22437
http://www.ncbi.nlm.nih.gov/pubmed/28348184
https://dx.doi.org/10.1136/bmjopen-2016-013206


WJGS https://www.wjgnet.com 1660 June 27, 2024 Volume 16 Issue 6

World Journal of 

Gastrointestinal SurgeryW J G S
Submit a Manuscript: https://www.f6publishing.com World J Gastrointest Surg 2024 June 27; 16(6): 1660-1669

DOI: 10.4240/wjgs.v16.i6.1660 ISSN 1948-9366 (online)

ORIGINAL ARTICLE

Retrospective Study

Tumor recurrence and survival prognosis in patients with advanced 
gastric cancer after radical resection with radiotherapy and 
chemotherapy

Shuang-Fa Nie, Chen-Yang Wang, Lei Li, Cheng Yang, Zi-Ming Zhu, Jian-Dong Fei

Specialty type: Gastroenterology 
and hepatology

Provenance and peer review: 
Unsolicited article; Externally peer 
reviewed.

Peer-review model: Single blind

Peer-review report’s classification
Scientific Quality: Grade A 
Novelty: Grade A 
Creativity or Innovation: Grade A 
Scientific Significance: Grade A

P-Reviewer: Stan FG, Romania

Received: February 7, 2024 
Revised: April 24, 2024 
Accepted: May 9, 2024 
Published online: June 27, 2024 
Processing time: 144 Days and 3.9 
Hours

Shuang-Fa Nie, Chen-Yang Wang, Lei Li, Cheng Yang, Jian-Dong Fei, Department of General 
Surgery, The First Affiliated Hospital of Hebei North University, Zhangjiakou 75000, Hebei 
Province, China

Zi-Ming Zhu, Department of Gastrointestinal Surgery, Zhongshan Hospital of Fudan University, 
Shanghai 200032, China

Corresponding author: Jian-Dong Fei, Doctor, Department of General Surgery, The First 
Affiliated Hospital of Hebei North University, No. 12 Changqing Road, Qiaoxi District, 
Zhangjiakou 75000, Hebei Province, China. 20669645@qq.com

Abstract
BACKGROUND 
Advanced gastric cancer is a common malignancy that is often diagnosed at an 
advanced stage and is still at risk of recurrence after radical surgical treatment. 
Chemoradiotherapy, as one of the important treatment methods for gastric cancer, 
is of great significance for improving the survival rate of patients. However, the 
tumor recurrence and survival prognosis of gastric cancer patients after radio-
therapy and chemotherapy are still uncertain.

AIM 
To analyze the tumor recurrence after radical radiotherapy and chemotherapy for 
advanced gastric cancer and provide more in-depth guidance for clinicians.

METHODS 
A retrospective analysis was performed on 171 patients with gastric cancer who 
received postoperative adjuvant radiotherapy and chemotherapy in our hospital 
from 2021 to 2023. The Kaplan-Meier method was used to calculate the recurrence 
rate and survival rate; the log-rank method was used to analyze the single-factor 
prognosis; and the Cox model was used to analyze the prognosis associated with 
multiple factors.

RESULTS 
The median follow-up time of the whole group was 63 months, and the follow-up 
rate was 93.6%. Stage II and III patients accounted for 31.0% and 66.7%, respec-
tively. The incidences of Grade 3 and above acute gastrointestinal reactions and 
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hematological adverse reactions were 8.8% and 9.9%, respectively. A total of 166 patients completed the entire 
chemoradiotherapy regimen, during which no adverse reaction-related deaths occurred. In terms of the recurrence 
pattern, 17 patients had local recurrence, 29 patients had distant metastasis, and 12 patients had peritoneal 
implantation metastasis. The 1-year, 3-year, and 5-year overall survival (OS) rates were 83.7%, 66.3%, and 60.0%, 
respectively. The 1-year, 3-year, and 5-year disease-free survival rates were 75.5%, 62.7%, and 56.5%, respectively. 
Multivariate analysis revealed that T stage, peripheral nerve invasion, and the lymph node metastasis rate (LNR) 
were independent prognostic factors for OS.

CONCLUSION 
Postoperative intensity-modulated radiotherapy combined with chemotherapy for gastric cancer treatment is well 
tolerated and has acceptable adverse effects, which is beneficial for local tumor control and can improve the long-
term survival of patients. The LNR was an independent prognostic factor for OS. For patients with a high risk of 
local recurrence, postoperative adjuvant chemoradiation should be considered.

Key Words: Tumor recurrence; Survival prognosis; Advanced gastric cancer; Radical resection; Retrospective study

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This study analyzed the tumor recurrence and survival prognosis of patients with advanced gastric cancer after 
radical radiotherapy and chemotherapy, and explored the related influencing factors. By collecting clinical data of patients 
for analysis, we will reveal the actual situation of postoperative recurrence rate and survival rate, and further explore the 
possible influencing factors, so as to provide scientific basis for clinical practice. The innovation of this study lies in the in-
depth analysis of the recurrence pattern and prognostic factors of gastric cancer patients after radical radiotherapy and 
chemotherapy, which provides a new idea for the formulation of individualized treatment plan, and is expected to provide an 
important reference for the management and prognosis assessment of patients with advanced gastric cancer.

Citation: Nie SF, Wang CY, Li L, Yang C, Zhu ZM, Fei JD. Tumor recurrence and survival prognosis in patients with advanced 
gastric cancer after radical resection with radiotherapy and chemotherapy. World J Gastrointest Surg 2024; 16(6): 1660-1669
URL: https://www.wjgnet.com/1948-9366/full/v16/i6/1660.htm
DOI: https://dx.doi.org/10.4240/wjgs.v16.i6.1660

INTRODUCTION
Globally, the incidence and mortality of gastric cancer rank fifth and third, respectively, among all tumor diseases[1-3]. 
Between 2013 and 2023, the overall survival (OS) of gastric cancer patients in China significantly improved[4]. However, 
the prognosis of patients who have received radical gastrectomy and postoperative adjuvant chemotherapy is still not 
ideal, especially within 2 years after surgery, when more than 60% of patients relapse[5]. Although the clinical 
significance of adjuvant chemoradiation (CRT) after D0 or D1 Lymph node dissection has not been confirmed by large 
randomized clinical trials, with the release of the INT-0116 study results, postoperative adjuvant CRT is still the standard 
treatment for these gastric cancer patients[6]. At present, there is no global consensus on the optimal treatment for locally 
advanced gastric cancer[7-10].

Current guidelines in China recommend D2 radical surgery as the standard procedure for locally advanced gastric 
cancer. However, even in some of the best gastric cancer diagnosis and treatment centers in China, nearly half of the 
patients with advanced gastric cancer do not receive a standard D2 radical operation[11]. In other hospitals, especially 
primary hospitals, the proportion of patients receiving standard D2 radical surgery may be lower. Radiotherapy is an 
effective local treatment and can be used as a supplement to surgical treatment, so adjuvant chemoradiotherapy is crucial 
for the treatment of gastric cancer[12]. At present, the clinical evidence of adjuvant CRT after D2 radical surgery, 
especially for patients with different relapse patterns, is insufficient.

Therefore, this study reviewed and analyzed the recurrence pattern and related influencing factors of patients with 
locally advanced gastric cancer in our hospital, providing a new clinical basis for the choice of treatment for these 
patients.

MATERIALS AND METHODS
Entry criteria
(1) Gastric cancer patients who received postoperative CRT treatment in Zhongshan Hospital Affiliated to Fudan 
University from September 2021 to September 2023; (2) Receiving R0 resection of gastric cancer and > D 1 lymph node 
dissection (according to the definition of lymph node dissection in the 3rd edition of Japanese gastric cancer stage); (3) No 
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distant metastasis or peritoneal implantation metastasis; (4) Regular follow-up after treatment; and (5) Complete clinical 
data.

Treatment plan
All patients underwent radical resection. A total of 44.4% (76 patients) underwent distal subtotal gastrectomy, 15.2% (26 
patients) underwent proximal subtotal gastrectomy, 33.9% (58 patients) underwent total gastrectomy, and 6.5% (11 
patients) underwent combined organ resection. Patients received intensity-modulated radiotherapy (IMRT) at a median 
dose of 45 Gy (41.1–50.4 Gy) or 1.8 Gy/time once a day. The range of irradiation included the tumor bed, anastomosis, 
duodenal stump, and a specific lymph node drainage area. Radiation was not considered in the tumor bed area of 
patients with PT-1 and PT-2M0 gastric cancer. The delineation range of the lymph node drainage area (including residual 
and perigastric lymph nodes, peritruncus lymph nodes, hilar splenic lymph nodes, hepatoduodenal lymph nodes or hilar 
hepatic lymph nodes, pancreaticoduodenal lymph nodes, and paraaortic lymph nodes) depends on the tumor site. The 
median duration of radiotherapy was 35 days (30–45 d).

All enrolled patients received adjuvant chemotherapy before and after radiotherapy. The chemotherapy regimens used 
were as follows: capecitabine + oxaliplatin (81 patients, 47.4%), Ticeo + oxaliplatin (29 patients, 17.0%), epirubicin + 
oxaliplatin + fluorouracil (14 patients, 8.2%), oxaliplatin + fluorouracil + calcium folinate (15 patients, 8.8%), and other 
regimens. Adjuvant chemotherapy was administered from 3 to 8 wk after surgery, and simultaneous chemoradiotherapy 
was administered from 8 to 18 wk after surgery.

Follow-up information
The median follow-up period was 63 months (3–144 months) as of September 30, 2023. The first patient underwent 
radical gastrectomy in July 2021, and the last patient was treated in April 2023. During follow-up, 11 of 171 patients 
(6.4%) were lost to follow-up. All patients who completed adjuvant CRT therapy were regularly followed up, including 
medical history, physical examination, routine blood, biochemical and electrolyte tests, tumor marker analysis, chest, 
abdominal, and pelvic computed tomography (positron emission tomography-computed tomography if necessary), and 
endoscopy. All patients were followed up every 3 months for the first 2 years after completion of treatment, every 6 
months for patients 2 to 5 years old, and annually for patients over 5 years old.

Recurrence pattern definition
Local recurrence refers to the recurrence of anastomosis, duodenal stump, tumor bed, or stomach stump. Regional 
recurrence refers to recurrence in areas such as the perigastric, hilar, peripancreatic, and paraaortic lymph node drai-
nages. Peritoneal metastasis refers to peritoneal, colorectal, and ovarian metastases. Distant metastasis refers to metastasis 
to distant organs such as the liver, bone, or lungs or to lymph nodes other than regional lymph nodes.

All patients' medical records were retrospectively analyzed, and all relapses or metastases were recorded. If two or 
more sites recurred or metastasized at the same time, they were counted separately. The OS period was defined as the 
time from surgery to death, including tumor-specific death or death from any other cause. Disease-free survival (DFS) 
was defined as the time from surgery to initial progression or death. Local relapse-free survival (LFFS), regional relapse-
free survival (RFFS), peritoneal metastasis-free survival (PFFS), and distant metastasis-free survival (DFFS) refer to the 
time from surgery to local recurrence, regional recurrence, peritoneal metastasis, and distant metastasis, respectively.

Statistical analysis
The Kaplan-Meier method in SPSS 25.0 software was used to calculate the OS rate, DFS rate, LFFS rate, RFFS rate, PFFS 
rate, DFFS rate, and locoregional failure-free survival (LRFFS) rate curves. Factors including age, sex, hospital of surgery, 
mode of surgery, primary tumor location, pathological type, Lauren classification, number of lymph nodes dissected, 
lymph node metastasis rate (LNR), postoperative T stage, postoperative N stage, postoperative TNM stage, lymphatic 
vessel invasion (LVI), peripheral nerve invasion (PNI), and concurrent chemical and adjuvant chemotherapy were 
analyzed. The Kaplan-Meier method was used to analyze the relationships between the prognosis and survival curves of 
different LNR subgroups, and a log-rank test was performed to compare the differences between groups. Multivariate 
prognosis analysis was performed by the Cox regression model, and P < 0.05 was considered to indicate statistical 
significance.

RESULTS
General clinical data analysis
A total of 171 patients were enrolled, including 124 males and 47 females aged 27–76 years (median 60 years). The 
primary lesions were located in the upper 1/3 of the stomach, the middle 1/3 of the stomach, the lower 1/3 of the 
stomach, and the whole stomach in 43 patients (25.2%), 37 patients (21.6%), 76 patients (44.4%), and 15 patients (8.8%), 
respectively. Nearly half (42.7%) of the enrolled patients had N stage N3 disease, 5-56 lymph nodes (median 19), and 0-47 
positive lymph nodes (median 5). Patients with stages IIA, IIB, IIIA, IIIB, and IIIc accounted for 17.5%, 13.5%, 24.6%, 
26.3%, and 15.8%, respectively, of the patients, as shown in Table 1.

Survival and prognosis analysis
As of September 2020, 60 patients (35.1%) had died, and 47 patients (27.5%) experienced recurrence or metastasis. As 
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Table 1 Clinical data of 171 gastric cancer patients

Project n (%) Project n (%)

Age (yr) T staging

≤ 40 6 (3.5) T1 8 (4.7)

41-65 126 (73.7) T2 21 (12.3)

≥ 66 39 (22.8) T3 86 (50.3)

Gender T4a 31 (18.1)

Male 124 (72.5) T4b 25 (14.6)

Female 47 (27.5) N stages

Surgical hospital N0 24 (14.0)

Court 102 (59.6) N1 33 (19.3)

Outer courtyard 69 (40.4) N2 41 (24.0)

Operation N3a 58 (33.9)

Subtotal proximal gastrectomy 26 (15.2) N3b 15 (8.8)

Subtotal distal gastrectomy 76 (44.4) Clinical stages

Total gastrectomy 58 (33.9) IB 4 (2.3)

Gastrectomy and other organ 11 (6.5) IIA 30 (17.5)

Primary lesion site IIB 23 (13.5)

1/3 upper stomach 37 (21.6) IIIA 42 (24.6)

1/3 stomach 76 (44.4) IIIB 45 (26.3)

1/3 subgastric 15 (8.8) IIIC 27 (15.8)

Whole stomach 15 (8.8) Lymphatic invasion

Pathological type Negative 82 (48.0)

Medium to high differentiation 58 (33.9) Positive 89 (52.0)

Poorly differentiated 91 (53.2) Peripheral nerve invasion

Mucinous adenocarcinoma 9 (5.3) Negative 91 (53.2)

Signet-ring cell carcinoma 12 (7.0) Positive 80 (46.8)

Neuroendocrine degeneration 1 (0.6) Synchronous chemotherapy

                Lauren typing Capecitabine 95 (55.6)

Intestinal 69 (40.4) Tegafur 25 (14.6)

Diffuse 95 (55.5) Other 51 (29.8)

Mixed unclassified 7 (4.1) Adjuvant chemotherapy regimen

Number of lymph nodes cleaned XELOX 81 (47.4)

< 15 57 (33.3) SOX 29 (17.0)

≥ 15 114 (66.7) FOLFOX 15 (8.8)

Positive lymph nodes EOF 14 (8.2)

LNR ≤ 0.3 89 (52.0) FLOT 5 (2.9)

0.3 < LNR ≤ 0.7 58 (33.9) other 27 (15.7)

LNR > 0.7 24 (14.1)

Age [yr, median (range)] 60 (27-76)

Number of lymph nodes cleaned [n, median (Range)] 19 (5-56)

Number of positive lymph nodes [n, median (Range)] 5 (0-47)
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LNR: Lymph node metastasis rate.

shown in Figure 1A, the 1-year, 3-year, and 5-year OS rates and 1-year, 3-year, and 5-year DFS rates of the enrolled 
patients were 83.7%, 66.3%, 60.0%, 75.5%, 62.7%, and 56.5%, respectively. Single-factor analysis revealed that the Lauren 
classification, LNR, PNI, T stage, and N stage were factors affecting OS. The LNR, T stage, and N stage are factors 
affecting DFS. Multifactor analysis revealed that T stage, the LNR, and the PNI were independent prognostic factors 
affecting OS (Table 2). As shown in Figure 1B, the 5-year survival rates of the different LNR subgroups were 75.6%, 
54.8%, and 26.2%, respectively. T stage was an independent prognostic factor for DFS (Table 3).

Analysis of recurrence
During follow-up, 47 patients (27.5%) had a total of 60 recurrences and metastases. Local recurrence, regional recurrence, 
abdominal metastasis, and distant metastasis accounted for 2.9%, 8.2%, 7.0%, and 17.0%, respectively. In terms of the 
recurrence mode (Table 4), 34 patients (72.3%) had a single recurrence mode, and 13 patients (27.7%) had a double 
recurrence mode. Distant metastases were the most common single-recurrence-mode metastases. In contrast, abdominal 
metastasis, regional recurrence, and local recurrence were less common. Four patients developed regional recurrence plus 
distant metastasis, a combination that was most common in the dual recurrence pattern group. As shown in Tables 5 and 
6, in patients with recurrence and metastasis, the proportions of liver, bone, lung, brain, spleen, and adrenal gland 
metastases were 29.8%, 23.4%, 21.3%, 8.5%, 2.1%, and 2.1%, respectively.

Survival analysis of each recurrence mode
As shown in Figure 1C, the 3-year LFFS rate, PFFS rate, RFFS rate, LRFFS rate, and DFFS rate were 95.3%, 91.2%, 90.7%, 
87.7%, and 82.0%, respectively. The 3-year survival of patients with each recurrence mode was as follows: 2 of 5 patients 
with local recurrence died; of the 14 patients with regional recurrence, 6 died. Of the 12 patients with abdominal meta-
stasis, nine died. Of the 29 patients with distant metastasis, 23 died. Univariate analysis revealed that N stage was the 
most influential factor for all failure modes except abdominal metastasis, while T stage only affected LRFFS. LVI is the 
factor that affects PFFS, while the LNR is the factor that affects DFFS. Multifactor analysis revealed that T stage was an 
independent prognostic factor for LRFFS (P = 0.006) and PFFS (P = 0.003), as shown in Tables 7 and 8. No independent 
prognostic factors for DFFS were found in this study.

Adverse reaction analysis
Of all the patients, only five did not complete radiotherapy. All patients received concurrent chemotherapy, and 26 of 
them experienced dose reduction or a longer interval between treatments. The incidences of Grade 3 and above acute 
gastrointestinal reactions and hematological adverse reactions were 8.8% and 9.9%, respectively.

DISCUSSION
Although the incidence and mortality of gastric cancer have decreased in recent decades, the number of new cases per 
year is still very high due to population aging[13]. There are few specific clinical manifestations in patients with early 
gastric cancer, and with the exception of South Korea and Japan, gastric cancer screening is not routinely performed in 
other countries worldwide, fewer than half of patients receive D2 radical surgery, even in several good gastric cancer 
diagnosis and treatment centers[14-16]. Multiple studies have shown that even if the standard R0/D2 radical surgery 
requirements are met, the local recurrence rate after surgery can still reach 20% to 40%[17]. Radiotherapy is an effective 
local treatment that can compensate for incomplete surgical lymph node dissection to a certain extent. Therefore, 
adjuvant radiotherapy for gastric cancer is highly important for improving the local control rate of tumors and the long-
term survival rate of patients.

The American INT-0116 study used adjuvant CRT as the standard treatment for high-risk gastric cancer patients 
undergoing radical resection[6]. However, there are some difficulties and challenges in adopting this scheme in China. 
One of the greatest problems we had was incomplete lymph node dissection; only 10% of patients met the criteria for D2 
dissection. Another factor was the high rate of adverse reactions; 17% of patients in the INT-0116 study stopped treatment 
because of adverse reactions to adjuvant therapy. Since 2010, the guidelines for the diagnosis and treatment of gastric 
cancer issued by the National Health Commission have been updated to the third edition, which emphasizes the need for 
adjuvant radiotherapy and chemotherapy for high-risk locally advanced gastric cancer patients with one of the following 
conditions: patients who underwent R1 or R2 resection; patients who underwent D0 or D1 resection with pathological 
stage T 3-4 and/or N+ without distant metastasis; and patients who underwent R0 or D2 resection with pathological 
stage T 3-4 or more regional lymph node metastases. Because standard D2 radical surgery is uncommon in Chinese 
patients with stomach cancer, the goal of this retrospective study was to determine how well and how badly adjuvant 
CRT works after surgery, how often treatment fails, and how often clinical data related to recurrence patterns are 
available for patients who underwent > D1 resection and adjuvant CRT. At the same time, patients enrolled in this study 
were treated from 2008 to 2020, with a span of 12 years. To avoid heterogeneity caused by improvements in the scope and 
number of lymph nodes removed by radical gastrectomy and advancements in radiotherapy technology, patients who 
underwent gastric cancer D1 resection, conventional radiotherapy, or 3D-CRT were excluded from this study. Patients 
with gastric cancer > D1 who underwent IMRT after resection were selected for analysis. First, the 3-year OS and DFS 
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Table 2 Multivariate analysis of prognostic factors related to overall survival rate

Multivariate analysis
Factors Univariate analysis

Hazard ratio 95%CI P value

Age 0.092 1.659 0.977-2.815 0.061

Pathological type 0.063 0.826 0.263-2.593 0.743

Lauren typing 0.037 0.488 0.054-4.449 0.525

LNR < 0.001 2.174 1.115-3.862 0.015

T stage 0.005 1.636 1.108-2.415 0.013

N stage < 0.001 1.135 0.774-1.665 0.516

PNI 0.008 1.719 1.006-2.937 0.047

PNI: Peripheral nerve invasion; LNR: Lymph node metastasis rate.

Table 3 Multivariate analysis of prognostic factors related to disease-free survival rate

Multivariate analysis
Factors Univariate analysis

Hazard ratio 95%CI P value

Pathological type 0.096 0.850 0.276-2.618 0.778

Lauren typing 0.053 0.521 0.058-4.705 0.561

LNR < 0.001 1.182 0.792-1.763 0.413

T stage 0.002 1.573 1.102-2.245 0.013

N stage < 0.001 1.310 0.918-1.869 0.136

PNI 0.054 1.395 0.853-2.282 0.185

PNI: Peripheral nerve invasion; LNR: Lymph node metastasis rate.

Table 4 The proportion of different recurrence patterns in 47 recurrent gastric cancer patients out of 171 cases

Recurrence pattern Cases Proportion (%) Recurrence pattern Cases Proportion (%)

Single mode 34 72.3 Dual mode 13 27.7

Local recurrence 1 2.1 Local recurrence + abdominal metastasis 2 4.3

Regional recurrence 5 10.6 Local recurrence + regional recurrence 2 4.3

Abdominal metastasis 5 10.6 Regional recurrence + abdominal metastasis 3 6.4

Distant metastasis 23 48.9 Regional recurrence + distant metastasis 4 8.5

Multi mode 0 0 Abdominal metastasis + distant metastasis 2 4.3

rates of this study were 66.3% and 62.7%, respectively, and the 5-year OS and DFS rates were 60.0% and 56.5%, 
respectively, which were more favorable than the results of the INT-0116 study. However, this approach is slightly 
inferior to that used by artists[6,9,18]. This may be due to the earlier stage of tumors in the Korean ARTIST study and 
more aggressive lymph node dissection. In the ARTIST study, only 40% of patients with stage III disease were enrolled, 
while in this study, the proportion of patients with stage III disease was as high as 66.7%, which may be related to the 
lack of large-scale gastric cancer screening programs in China. Second, the study revealed that both local (2.9%) and 
regional (8.1%) recurrence rates were low. These rates were much lower than those found in previous clinical studies 
from Western countries and were similar to those found in South Korea. This finding showed that chemoradiotherapy 
after surgery may help control tumors locally and regionally. In this study, distant metastasis was the most common 
failure mode. In addition, the local recurrence rate in China is 32.4%, and previous studies have shown that the incidence 
of local recurrence in patients after adjuvant chemotherapy is 7.8%-29.3%[5,18,19].

Traditional postoperative adjuvant chemotherapy and perioperative chemotherapy for gastric cancer have a high 
adverse reaction rate and a low completion rate. The previous Korean CLASSIC study, Japanese ACTS GC study, 
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Table 5 Recurrence patterns in 47 out of 171 gastric cancer patients with relapses of proportion a

Recurrence pattern Cases Proportion a (%) Recurrence pattern Cases Proportion a (%)

Local recurrence 5 10.6 Distant metastasis 29 61.7

Gastric stump 1 2.1 Liver 14 29.8

Anastomotic opening 4 8.5 Bone 11 23.4

Regional recurrence 14 29.8 Lungs 10 21.3

Abdominal metastasis 12 25.5 Brain 4 8.5

Peritoneum 9 19.1 Spleen 1 2.1

Ovary 2 4.3 Adrenal gland 1 2.1

Colorectal 1 2.1 Non regional Lymph nodes 1 2.1

Table 6 Recurrence patterns in 47 out of 171 gastric cancer patients with relapses of proportion b

Recurrence pattern Cases Proportion b (%) Recurrence pattern Cases Proportion b (%)

Local recurrence 5 2.9 Abdominal metastasis 12 7.0

Regional recurrence 14 8.2 Distant metastasis 29 17.0

Table 7 Analysis of prognostic factors related to local recurrence

Multivariate analysis
Factors Univariate analysis

Hazard ratio 95%CI P value

Gender 0.210 0.961 0.561-1.648 0.886

Pathological type 0.109 0.547 0.216-1.387 0.204

LNR 0.079 1.253 0.850-1.846 0.255

T stage 0.040 1.643 1.155-2.337 0.006

N stage 0.020 1.271 0.902-1.790 0.171

LVI 0.060 1.211 0.742-1.975 0.443

LVI: Lymphatic vessel invasion; LNR: Lymph node metastasis rate.

Table 8 Analysis of prognostic factors related to abdominal metastasis

Multivariate analysis
Factors Univariate analysis

Hazard ratio 95%CI P value

Pathological type 0.149 0.462 0.189-1.132 0.091

Cleaning lymph nodes 0.161 0.923 0.550-1.551 0.763

T stage 0.195 1.700 1.199-2.410 0.003

LVI 0.012 1.221 0.745-2.002 0.428

LVI: Lymphatic vessel invasion.

European FNCLCC/FFCD study, and MAGIC study had grade 3–4 adverse reaction rates as high as 56.0%, 20.7%, 40.0%, 
and 38.0%, respectively. However, the completion rates were only 67.0%, 65.8%, 49.5%, and 23.0%, respectively[20-23]. At 
present, a number of studies on adjuvant therapy for gastric cancer have shown that combining chemotherapy with 
radiotherapy can reduce the number of cycles of chemotherapy and the total dose of chemotherapy drugs to a certain 
extent and alleviate related adverse reactions, thus improving the completion rate of postoperative adjuvant therapy[24]. 
In the ARTIST study, patients with gastric cancer after radical surgery were randomly assigned to the chemotherapy 
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Figure 1 Kaplan-Meier curves in patients with gastric cancer. A: Overall survival (OS) and disease-free survival; B: OS between different lymph node 
metastasis rate subgroups; C: Local relapse-free survival, regional relapse-free survival, locoregional failure-free survival, peritoneal metastasis-free survival and 
distant metastasis-free survival. OS: Overall survival; DFS: Disease-free survival; LNR: Lymph node metastasis rate; LFFS: Local relapse-free survival; RFFS: 
Regional relapse-free survival; LRFFS: Locoregional failure-free survival; PFFS: Peritoneal metastasis-free survival; DFFS: Distant metastasis-free survival.

alone group or the combined chemoradiotherapy group. The results showed that the completion rate of the combined 
chemoradiotherapy group reached 81.7%, which was greater than that of the chemotherapy alone group (75.4%). At the 
same time, the adverse reaction rate of the combined group was lower. Compared with the INT-0116 study and the 
ARTIST study, this study revealed a lower incidence of grade 3–4 gastrointestinal adverse reactions, which may be partly 
related to the application of IMRT[25]. Studies have confirmed that IMRT is superior to 2D or 3D radiotherapy because it 
provides a more accurate dose distribution for the planned target area and reduces the risk of radiation-related adverse 
reactions[26-28]. Using IMRT technology, under the premise of effectively controlling the tumor, the dose of exposure to 
the surrounding normal tissue can also be reduced.

CONCLUSION
Postoperative IMRT and chemotherapy given at the same time are well tolerated and have acceptable side effects in the 
Chinese population. This approach helps control local tumors and improves long-term survival for people with locally 
advanced gastric cancer > D1 after resection. The LNR can be used as an important prognostic indicator for patients with 
gastric cancer > D1 undergoing adjuvant chemoradiotherapy after resection.
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Abstract
BACKGROUND 
Colorectal cancer (CRC) is a common malignant tumor, and liver metastasis is one 
of the main recurrence and metastasis modes that seriously affect patients’ 
survival rate and quality of life. Indicators such as albumin bilirubin (ALBI) score, 
liver function index, and carcinoembryonic antigen (CEA) have shown some 
potential in the prediction of liver metastasis but have not been fully explored.

AIM 
To evaluate its predictive value for liver metastasis of CRC by conducting the 
combined analysis of ALBI, liver function index, and CEA, and to provide a more 
accurate liver metastasis risk assessment tool for clinical treatment guidance.

METHODS 
This study retrospectively analyzed the clinical data of patients with CRC who 
received surgical treatment in our hospital from January 2018 to July 2023 and 
were followed up for 24 months. According to the follow-up results, the enrolled 
patients were divided into a liver metastasis group and a nonliver metastasis 
group and randomly divided into a modeling group and a verification group at a 
ratio of 2:1. The risk factors for liver metastasis in patients with CRC were 
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analyzed, a prediction model was constructed by least absolute shrinkage and selection operator (LASSO) logistic 
regression, internal validation was performed by the bootstrap method, the reliability of the prediction model was 
evaluated by subject-work characteristic curves, calibration curves, and clinical decision curves, and a column 
graph was drawn to show the prediction results.

RESULTS 
Of 130 patients were enrolled in the modeling group and 65 patients were enrolled in the verification group out of 
the 195 patients with CRC who fulfilled the inclusion and exclusion criteria. Through LASSO regression variable 
screening and logistic regression analysis. The ALBI score, alanine aminotransferase (ALT), and CEA were found 
to be independent predictors of liver metastases in CRC patients [odds ratio (OR) = 8.062, 95% confidence interval 
(CI): 2.545-25.540], (OR = 1.037, 95%CI: 1.004-1.071) and (OR = 1.025, 95%CI: 1.008-1.043). The area under the 
receiver operating characteristic curve (AUC) for the combined prediction of CRLM in the modeling group was 
0.921, with a sensitivity of 78.0% and a specificity of 95.0%. The H-index was 0.921, and the H-L fit curve had χ2 = 
0.851, a P value of 0.654, and a slope of the calibration curve approaching 1. This indicates that the model is 
extremely accurate, and the clinical decision curve demonstrates that it can be applied effectively in the real world. 
We conducted internal verification of one thousand resamplings of the modeling group data using the bootstrap 
method. The AUC was 0.913, while the accuracy was 0.869 and the kappa consistency was 0.709. The combination 
prediction of liver metastasis in patients with CRC in the verification group had an AUC of 0.918, sensitivity of 
85.0%, specificity of 95.6%, C-index of 0.918, and an H-L fitting curve with χ2 = 0.586, P = 0.746.

CONCLUSION 
The ALBI score, ALT level, and CEA level have a certain value in predicting liver metastasis in patients with CRC. 
These three criteria exhibit a high level of efficacy in forecasting liver metastases in patients diagnosed with CRC. 
The risk prediction model developed in this work shows great potential for practical application.

Key Words: Albumin-bilirubin; Carcinoembryonic antigen; Colorectal cancer; Tumor metastasis; Prediction model

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This study investigated the application of the albumin bilirubin (ALBI) and liver function indices (aspartate 
aminotransferase, alanine aminotransferase, total bilirubin, etc.) combined with carcinoembryonic antigen (CEA) for the 
prediction of liver metastasis in patients with colorectal cancer (CRC). Through retrospective analysis of clinical data, we 
explored the associations of the ALBI and CEA level with liver metastasis in patients with CRC and established predictive 
models. The results of this study will provide clinicians with a simple and effective way to assess the risk of liver metastasis 
in patients with CRC and guide the development of treatment options that can help improve patient prognosis and survival.

Citation: Wang ZM, Pan SP, Zhang JJ, Zhou J. Prediction and analysis of albumin-bilirubin score combined with liver function index 
and carcinoembryonic antigen on liver metastasis of colorectal cancer. World J Gastrointest Surg 2024; 16(6): 1670-1680
URL: https://www.wjgnet.com/1948-9366/full/v16/i6/1670.htm
DOI: https://dx.doi.org/10.4240/wjgs.v16.i6.1670

INTRODUCTION
According to the statistics of National Cancer Center of China in 2023, there are approximately 4.08 million newly 
diagnosed colorectal cancer (CRC) patients and 196000 deaths in China each year, ranking second and fourth in 
malignant tumors, respectively[1-4]. The main reason for the poor prognosis of CRC patients is liver metastasis, which 
occurs in approximately 50% of CRC patients at the initial visit or immediately after surgery. The median survival time of 
patients who underwent radical resection of liver metastases was 35 months, and the 5-year survival rate was 30%-57%
[5]. The median survival time of patients without radical resection of liver metastases was less than 7 months, and the 5-
year survival rate was only 5%. Therefore, early detection of liver metastasis can significantly improve the long-term 
prognosis and reduce the mortality of CRC patients[6-8].

At present, imaging is the main method for detecting liver metastasis in CRC patients, but it has high equipment 
requirements, is strongly affected by the professional level of imaging doctors, and has high examination costs[9]. 
Therefore, a simple, economical, and objective detection method is urgently needed. Clinical studies have shown that 
abnormal changes in liver function indexes occur when malignant tumors develop liver metastases[10-12], so routine 
liver function index detection is expected to detect liver metastases early[13]. A new model for evaluating liver function, 
the albumin bilirubin (ALBI) score, which is composed of bilirubin and serum albumin (ALB) levels, has been proposed
[14]. The liver function was divided into 3 levels: The higher the level was, the worse the liver function was. Recent 
studies have shown that ALBI scores correlate with the prognosis of a variety of cancers, including CRC with liver 
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metastases, resectable gastric cancer, and resectable pancreatic cancer[15]. Carcinoembryonic antigen (CEA) is a widely 
recognized broad-spectrum tumor marker[16]. The detection of serum CEA levels before and after surgery can predict 
hepatic and occult metastasis of CRC. Several studies have shown that patients with a serum CEA concentration ≥ 15 μg/
L after CRC surgery are at increased risk of distant metastasis[17-19].

Currently, there are no studies that have integrated the ALBI score with traditional liver function markers and CEA to 
predict CRC hepatic metastases. This study aimed to investigate the predictive value of a certain factor for CRC liver 
metastasis and to offer novel insights for the clinical identification and prediction of such metastasis.

MATERIALS AND METHODS
Study subjects and categorization
This retrospective analysis involved CRC patients who underwent surgery in our hospital between January 2018 and July 
2023. The inclusion criteria for patients were as follows: (1) Had CRC confirmed through surgical pathology; (2) Had 
complete laboratory blood routine examination and tumor marker detection data; and (3) Had no prior treatment with 
chemoradiotherapy or hormone therapy before admission.

The exclusion criteria were as follows: (1) Had a follow-up duration of less than 24 months; (2) Had liver lesions in 
patients with liver metastasis confirmed as noncolorectal metastatic carcinoma by pathology or history combined with 
imaging; (3) Had a history of other malignant tumors or blood system diseases; and (4) Had primary malignant tumors at 
other sites.

According to the incidence of liver metastasis within 24 months after discharge, CRC patients were divided into a liver 
metastasis group and a nonliver metastasis group and randomly divided into a modeling group and a verification group 
at a ratio of 2:1. This research was approved by the Ethics Committee of Xiangya Hospital of Central South University 
(Approval number: 2023A-402), and patients who provided informed consent were excluded.

Data collection
The basic information of the patients, including age, sex, body mass index, primary tumor location, past history, 
prehospital treatment, preoperative laboratory examination, imaging results, and postoperative pathological diagnosis, 
was obtained through the electronic medical records system. The laboratory test results included aspartate aminotrans-
ferase/alanine aminotransferase transferase (AST/ALT), total protein (TP), ALB, globulin (GLO), ALB/GLO (A/G), 
gamma-glutamyltransferase (GGT), alkaline phosphatase (ALP), alpha-fetoprotein (AFP), CEA, carbohydrate antigen 125 
(CA125), and CA19-9 levels. The ALBI score was calculated based on the results of laboratory tests. Follow-up 
information was obtained via electronic medical records or telephone consultations.

Sample size estimation
The sample size was estimated according to the formula: n = Z2 × P × (1-P)/d2. Previous studies reported that the 
incidence of postoperative liver metastasis in CRC patients was 15%-25%, that is, P = 15%, Z = 1.96, d = 0.05, and the 
minimum sample size of CRC patients was calculated to be 196.

Bias control analysis
The research subjects were selected strictly according to the inclusion and exclusion criteria. Data were entered and 
checked by two people to minimize subjective bias.

Statistical analysis
SPSS 26.0 (IBM Corp., Armonk, NY, United States) and R 4.2.2 software were used for the statistical analysis. The 
Wilcoxon rank sum test was used for comparisons between groups. Counting data are expressed as a percentage of cases, 
and a χ2 test was used for comparisons between groups. In the modeling group, with the occurrence of liver metastasis as 
the dependent variable, least absolute shrinkage and selection operator (LASSO) regression variables were screened using 
the “glmnet” package, and the best λ value was selected through 10-fold cross-validation. The LASSO logistic regression 
model was constructed using the forward LR method, the receiver operating characteristic (ROC) curve was plotted, the 
area under the ROC curve (AUC) was calculated, its differentiation was evaluated, and the calibration curve and clinical 
decision curve were used to analyze its calibration and clinical benefit. At the same time, the bootstrap method was used 
to verify the modeling group internally. For the bilateral test, P < 0.05 indicated a statistically significant difference.

RESULTS
General patient data collection and analysis
Finally, 195 CRC patients who met the inclusion and exclusion criteria were enrolled in this study, and the enrollment 
process is shown in Figure 1. There were 113 males and 82 females. The average age was 60.05 ± 12.3 years, ranging from 
26 to 90 years. The differences between the two groups in the primary tumor location, total bilirubin, direct bilirubin, 
ALT, AST, ALT/AST, TP, ALB, A/G, GGT, ALP, CEA, CA125, CA19-9, and ALBI scores were statistically significant (P < 
0.05) (Table 1).
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Table 1 Baseline data between liver metastasis group and non-liver metastasis group (n = 195)

Index Liver metastases group (n = 70) Non-liver metastases group (n = 125) P value

Age (mean ± SD, yr) 58.3 ± 12.5 61.7 ± 12.0 0.067

Gender, n (%) 0.865

Man 40 (57.1) 73 (58.4)

Female 30 (42.9) 52 (41.6)

Primary tumor location, n (%) 0.042

Colon 38 (54.3) 49 (39.2)

Rectum 32 (45.7) 76 (60.8)

BMI, M (P25, P75), kg/m2 22.5 (21.4, 24.7) 22.1 (20.2, 25.0) 0.28

TBIL, M (P25, P75), μmol/L 14.9 (11.6, 24.7) 12.8 (9.4, 16.9) 0.001

DBIL, M (P25, P75), μmol/L 7.2 (4.3, 10.6) 3.3 (2.3, 5.4) < 0.001

IBIL, M (P25, P75), μmol/L 9.3 (5.2, 14.3) 8.8 (6.0, 12.1) 0.642

ALT, M (P25, P75), U/L 31.5 (16.0, 54.8) 17.0 (10.0, 25.0) < 0.001

AST, M (P25, P75), U/L 40.0 (27.8, 87.3) 20.0 (16.0, 25.5) < 0.001

AST/ALT, M (P25, P75) 1.6 (1.1, 2.2) 1.4 (0.9, 1.7) 0.005

TP, M (P25, P75), g/L 65.1 (58.9, 70.6) 69.4 (64.3, 73.4) 0.001

ALB, M (P25, P75), g/L 36.3 (29.5, 40.2) 41.4 (38.3, 44.1) < 0.001

GLO, M (P25, P75), g/L 29.3 (24.7, 33.5) 28.3 (24.0, 31.0) 0.124

A/G (mean ± SD) 1.2 ± 0.4 1.5 ± 0.3 < 0.001

GGT, M (P25, P75), U/L 59.0 (25.8, 148.0) 18.0 (13.0, 25.5) < 0.001

ALP, M (P25, P75), U/L 122.5 (77.5, 211.0) 76.0 (63.0, 90.5) < 0.001

AFP, M (P25, P75), μg/L 2.6 (1.6, 3.4) 2.5 (1.8, 3.2) 0.845

CEA, M (P25, P75), μg/L 79.5 (12.5, 476.0) 2.9 (1.8, 5.9) < 0.001

CA125, M (P25, P75), U/mL 21.3 (11.0, 54.7) 11.1 (7.9, 16.7) < 0.001

CA19-9, M (P25, P75), U/mL 85.5 (17.3, 801.7) 10.9 (7.5, 17.0) < 0.001

ALBI score, M (P25, P75) -2.3 (-2.7, -1.6) -2.8 (-3.0, -2.6) < 0.001

BMI: Body mass index; TBIL: Total bilirubin; DBIL: Direct bilirubin; IBIL: Indirect bilirubin; ALT: Alanine aminotransferase; AST: Aspartate 
aminotransferase; TP: Total protein; ALB: Albumin; GLO: Globulin; A/G: Albumin/globulin; GGT: Gamma-glutamyltransferase; ALP: Alkaline 
phosphatase; AFP: Alpha-fetoprotein; CEA: Carcinoembryonic antigen; CA125: Carbohydrate antigen 125; ALBI: Albumin bilirubin.

The patients were randomly divided into a modeling group (130 patients) and a verification group (65 patients) at a 
ratio of 2:1. In the modeling group, there were 50 patients with liver metastasis and 80 patients without liver metastasis. 
In the verification group, there were 20 patients with liver metastasis and 45 patients without liver metastasis. There was 
no significant difference in the basic data between the two groups (all P > 0.05), as shown in Table 2.

Construction of the LASSO logistic regression prediction model
In the modeling group, variable screening was performed using LASSO regression with whether patients developed liver 
metastases as the dependent variable, and the optimal λ value was selected through 10-fold cross-validation (Figure 2). In 
this study, λmin was selected as the best λ value, LASSO regression and the forward LR method were applied for logistic 
analysis (Table 3). Based on the results of the statistical regression analysis, three variables, ALBI, ALT, and CEA, were 
included in the statistical regression prediction model.

Internal evaluation and internal verification of the prediction models
In the modeling group, the AUC of the ALBI score and the combination of ALT and CEA for the prediction of liver 
metastasis in patients with CRC was 0.921 (Figure 3), the sensitivity was 78.0%, the specificity was 95.0% (Table 4). For the 
data of the modeling group, the internal verification of 1000 samples was carried out by the bootstrap method (Figures 4 
and 5). The accuracy was 0.869, the kappa consistency was 0.709, and the AUC was 0.913. When the ALT, CEA, and ALBI 
scores were used to diagnose CRC liver metastases alone, the bottom of the curve of CEA was the largest (AUC = 0.897), 
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Table 2 Baseline data between modeling group and validation group (n = 195)

Index Modeling group (n = 130) Validation group (n = 65) P value

Age (mean ± SD, yr) 60.3 ± 11.8 60.8 ± 31.2 0.772

Gender, n (%) 0.473

Man 73 (56.2) 40 (61.5)

Female 57 (43.8) 25 (38.5)

Primary tumor location, n (%) 0.222

Colon 62 (47.7) 25 (38.5)

Rectum 68 (52.3) 40 (61.5)

BMI, M (P25, P75), kg/m2 22.3 (20.3, 24.9) 22.0 (20.6, 25.0) 0.992

TBIL, M (P25, P75), μmol/L 13.3 (10.2, 18.0) 14.0 (9.6, 18.7) 0.825

DBIL, M (P25, P75), μmol/L 4.7 (2.8, 7.3) 3.9 (2.7, 7.1) 0.462

IBIL, M (P25, P75), μmol/L 8.7 (5.5, 11.9) 9.6 (5.6, 13.0) 0.412

ALT, M (P25, P75), U/L 17.5 (11.0, 31.0) 20.0 (11.0, 33.0) 0.518

AST, M (P25, P75), U/L 24.5 (17.0, 36.0) 24.0 (17.5, 38.0) 0.846

AST/ALT, M (P25, P75) 1.4 (0.9, 1.8) 1.4 (0.9, 1.9) 0.715

TP, M (P25, P75), g/L 68.3 (63.8, 72.9) 67.1 (61.8, 73.0) 0.348

ALB, M (P25, P75), g/L 40.1 (35.8, 43.5) 39.1 (36.8, 42.7) 0.666

GLO, M (P25, P75), g/L 28.7 (24.4, 32.4) 28.4 (24.0, 31.4) 0.556

A/G (mean ± SD) 1.4 ± 0.4 1.4 ± 0.3 0.991

GGT, M (P25, P75), U/L 22.5 (14.0, 52.3) 22.0 (14.5, 40.5) 0.828

ALP, M (P25, P75), U/L 80.0 (63.8, 111.0) 86.0 (67.0, 110.0) 0.606

AFP, M (P25, P75), μg/L 2.5 (1.7, 3.3) 2.7 (1.6,3.2) 0.607

CEA, M (P25, P75), μg/L 4.7 (2.0, 33.3) 5.3 (2.5, 35.3) 0.514

CA125, M (P25, P75), U/mL 12.6 (8.6, 23.2) 31.2 (9.1, 22.7) 0.792

CA19-9, M (P25, P75), U/mL 13.9 (8.1, 52.6) 15.2 (8.2, 52.4) 0.697

ALBI score, M (P25, P75) -2.7 (-2.9, -2.3) -2.7 (-2.9, -2.4) 0.522

BMI: Body mass index; TBIL: Total bilirubin; DBIL: Direct bilirubin; IBIL: Indirect bilirubin; ALT: Alanine aminotransferase; AST: Aspartate 
aminotransferase; TP: Total protein; ALB: Albumin; GLO: Globulin; A/G: Albumin/globulin; GGT: Gamma-glutamyltransferase; ALP: Alkaline 
phosphatase; AFP: Alpha-fetoprotein; CEA: Carcinoembryonic antigen; CA125: Carbohydrate antigen 125; ALBI: Albumin bilirubin.

Table 3 Multivariate Logistic regression analysis of factors influence liver metastasis of colorectal cancer

95%CI
Variable β Error Wald Freedom P value OR

Lower limit Upper limit

ALT (U/L) 0.036 0.017 4.734 1 0.030 1.037 1.004 1.071

CEA (μg/L) 0.025 0.009 8.017 1 0.005 1.025 1.008 1.043

ALBI score 2.087 0.588 12.588 1 0.000 8.062 2.545 25.540

Constant term 3.047 1.555 3.839 1 0.050 21.058 -

ALT: Alanine aminotransferase; CEA: Carcinoembryonic antigen; ALBI: Albumin bilirubin; OR: Odds ratio; CI: Confidence interval.
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Table 4 Diagnostic efficacy between individual and combined detection of alanine aminotransferase, carcinoembryonic antigen, and 
albumin bilirubin score in modeling group

Testing index AUC Sensitivity (%) Specificity (%) P value

ALT 0.704 58.0 85.0 < 0.001

CEA 0.897 84.0 87.5 < 0.00

ALBI score 0.825 84.0 72.5 < 0.001

ALT combined with CEA 0.896 80.0 912 < 0.00

ALT combined with ALBI score 0.858 80.0 78.7 < 0.001

CEA combined with ALBI score 0. 91 82.0 86.3 < 0.001

Combination of the three 0.921 78.0 95.0 < 0.001

ALT: Alanine aminotransferase; CEA: Carcinoembryonic antigen; ALBI: Albumin bilirubin; AUC: Area under the receiver operating characteristic curve.

Figure 1 Patient inclusion and randomization flow charts.

and the combined performance of the three was the highest in diagnosing CRC liver metastases (Table 4). The combined 
prediction of the AUC of the verification group was 0.918 (Figure 3), the sensitivity of spirit was 85.0%, the specificity was 
95.6% (Table 5), the C-index was 0.918, and the H-L fitting curve χ2 = 0.586, P = 0.746.

Visualization of risk prediction models
Based on the results of the statistical regression analysis, a column graph of liver metastasis in CRC was drawn, as shown 
in Figure 6. For example, if the ALBI score of a certain research object is -3.0, 100 μg/L CEA, and 50 U/L ALT are 
projected vertically to the scoring axis, and the obtained scores are added: 7 + 10 + 4 = 21. The corresponding position of 
21 points on the total score axis was found, and the predicted risk value projected vertically down to the risk axis of CRC 
liver metastasis was approximately 0.70.
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Table 5 Diagnostic efficacy between individual and combined detection of alanine aminotransferase, carcinoembryonic antigen, and 
albumin bilirubin score in verification group

Testing index AUC Sensitivity (%) Specificity (%) P value

ALT 0.774 75.0 73.3 < 0.001

CEA 0.864 75.0 88.9 < 0.001

ALBI score 0.659 45.0 97.8 0.042

ALT combined with CEA 0.916 85.0 95.6 < 0.001

ALT combined with ALBI score 0.784 60.0 91.1 < 0.001

CEA combined with ALBI score 0.834 70.0 100.0 < 0.001

Combination of the three 0.918 85.0 95.6 < 0.001

ALT: Alanine aminotransferase; CEA: Carcinoembryonic antigen; ALBI: Albumin bilirubin; AUC: Area under the receiver operating characteristic curve.

Figure 2 Feature variable selection based on least absolute shrinkage and selection operator regression. A: Tenfold cross-validation chart; B: 
Shrinkage coefficient chart.

Figure 3 Receiver operating characteristic curve of the model for predicting liver metastasis in patients with colorectal cancer. A: Modeling 
group; B: Verification group. ALT: Alanine aminotransferase; CEA: Carcinoembryonic antigen; ALBI: Albumin-bilirubin.

DISCUSSION
Based on the analysis of the patient’s ALBI score, conventional liver function indicators, tumor markers, etc., this study 
concluded that the ALBI score, ALT level, and CEA level were independent predictors of the occurrence of liver 
metastases in CRC patients. The prediction model was then established by statistical logistic regression[20-22]. H-L fitting 
curve: χ2 = 0.586, P = 0.746. These results indicate that the combined prediction of CRC liver metastasis is effective, and 
the risk prediction model constructed by the three methods has good clinical application prospects.

Due to the small number and low concentration of tumor cells in CRC liver metastases, routine imaging examinations 
(such as computed tomography, magnetic resonance imaging, etc.) cannot make an early diagnosis of CRC liver 
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Figure 4 Calibration curves of the least absolute shrinkage and selection operator logistic regression model. A: Modeling group; B: Verification 
group.

Figure 5 Decision curve analysis of the least absolute shrinkage and selection operator logistic regression model. A: Modeling group; B: 
Verification group.

Figure 6 Nomogram prediction model for liver metastasis of colorectal cancer. ALT: Alanine aminotransferase; CEA: Carcinoembryonic antigen; 
ALBI: Albumin-bilirubin.
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metastases[23]. Therefore, it is urgent to find a better method to accurately identify CRC liver metastases at an early stage
[24-26]. CEA is present in malignant tumors of the gastrointestinal tract and pancreatic endoderm-derived epithelium, is 
overexpressed in CRC patients, and is distributed throughout the cell membrane. Previous studies have shown that high 
CEA expression is significantly correlated with CRC metastasis[27-29]. Serum CEA increases 6 months before imaging 
findings of liver metastases, and serum CEA, CA19-9, and AFP are significantly greater in CRC patients with liver 
metastases than in those without liver metastases[30]. The mechanism underlying the correlation between high CEA 
expression and CRC liver metastasis is as follows: CEA reduces the death of cancer cells in the blood by inhibiting 
apoptosis. CEA binds to the Kupffer cell receptor protein and changes the liver microenvironment, which is conducive to 
the survival of cancer cells. CEA upregulates cell adhesion molecules associated with metastasis. Recent studies have 
suggested that CEA reexamination every 2-3 months after CRC surgery is helpful for the early detection of liver 
metastasis[31-33]. Another study reported that the sensitivity of serum CEA in the diagnosis of CRC liver metastasis was 
only 36.5%[34], which made it difficult to meet the requirements of early detection of liver metastasis. The level of CEA in 
advanced CRC patients and other gastrointestinal malignancies is significantly increased, but early CEA detection alone 
may result in false-positive and false-negative results in the diagnosis of CRC liver metastases, and the diagnostic 
accuracy is low[35-37].

Following the introduction of the ALBI score, several studies have applied it to the prediction of CRC liver metastases, 
resectable gastric cancer, and resectable pancreatic cancer[38]. Compared with the Child-Pugh score, the most commonly 
used liver function evaluation index in clinical practice, the ALBI measures two subjective indicators of hepatic enceph-
alopathy and ascites. In addition, data acquisition is more convenient[39]. However, the ALBI score contains only two 
indicators, there is no upper limit effect, and the ALBI score is biased if the patient has hypoproteinaemia or hyperbiliru-
binemia (such as obstructive jaundice)[40]. In addition, this score was originally proposed for liver cancer patients 
without considering the influence of other causes, and further studies are needed to confirm its practicality and accuracy 
for detecting liver function abnormalities caused by other causes. The above studies suggest that there are certain 
limitations in predicting CRC liver metastasis based only on tumor markers, liver function, and other single indicators, 
which may easily lead to misdiagnosis and missed diagnosis[41]. Therefore, in this study, the ALBI score was combined 
with conventional liver function indicators and CEA to detect CRC liver metastasis at an early stage.

The C-index of the CRC liver metastasis risk prediction model established in this study based on the ALBI score, ALT, 
and CEA was 0.921 and 0.918, respectively, in the modeling group and verification group, and the correlation between 
the two curves in the calibration chart was good and consistent[42]. The clinical decision curve also showed good clinical 
application value. According to the analysis, the AUCs of the ALBI score, ALT level, CEA level, and their combination for 
predicting CRC liver metastasis were 0.825, 0.704, 0.897, and 0.921, respectively. With the introduction of the ALBI score, 
several studies have applied it to the prediction of CRC liver metastasis, resectable gastric cancer, and resectable 
pancreatic cancer[43]. Compared with the Child-Pugh score, which is the most commonly used liver function indicator in 
clinical practice, the ALBI removes two subjective indicators, namely, hepatic encephalopathy and ascites, and data 
acquisition is more convenient. However, the ALBI score contains only two indicators, there is no upper limit effect, and 
the ALBI score is biased if the patient has hypoproteinaemia or hyperbilirubinemia (such as obstructive jaundice). In 
addition, this score was originally proposed based on liver cancer patients without considering the influence of other 
causes, and further studies are needed to confirm its practicality and accuracy for detecting liver function abnormalities 
caused by other causes[44]. The above studies suggest that there are certain limitations in predicting CRC liver metastasis 
based only on tumor markers, liver function, and other single indicators, which may easily lead to misdiagnosis and 
missed diagnosis. Therefore, in this study, the ALBI score was combined with conventional liver function indicators and 
CEA to detect CRC liver metastasis at an early stage.

This study has the following shortcomings: (1) As a single-center retrospective study, there may be bias in case 
selection; and (2) Because of the lack of multicenter data for external validation of the model, large sample sizes and 
multicenter clinical data are still needed to improve the validity and reliability of the model.

CONCLUSION
In summary, the ALBI score combined with the ALT and CEA levels has high specificity and accuracy in predicting CRC 
liver metastasis and will be valuable for improving the diagnosis and treatment of CRC liver metastasis patients.
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Abstract
BACKGROUND 
The Da Vinci robot-assisted surgery technique has been widely used in laparo-
scopic mesangectomy for rectal cancer. However, the short-term efficacy of these 
procedures compared to traditional laparoscopic surgery remains controversial. 
The purpose of this study was to compare and analyze the short- and medium-
term efficacy of Da Vinci robot and laparoscopic surgery in total mesangectomy 
(TME) for rectal cancer, so as to provide guidance and reference for clinical 
practice.

AIM 
To investigate the safety and long-term efficacy of robotic and laparoscopic total 
mesorectal resection for the treatment of rectal cancer.

METHODS 
The clinicopathologic data of 240 patients who underwent TME for rectal cancer 
in the Anorectal Department of People’s Hospital of Xinjiang Uygur Autonomous 
Region from August 2018 to March 2023 were retrospectively analyzed. Among 
them, 112 patients underwent laparoscopic TME (L-TME) group, and 128 patients 
underwent robotic TME (R-TME) group. The intraoperative, postoperative, and 
follow-up conditions of the two groups were compared.

RESULTS 
The conversion rate of the L-TME group was greater than that of the R-TME 
group (5.4% vs 0.8%, χ2 = 4.417, P = 0.036). The complication rate of the L-TME 
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group was greater than that of the R-TME group (32.1% vs 17.2%, χ2 = 7.290, P = 0.007). The percentage of positive 
annular margins in the L-TME group was greater than that in the R-TME group (7.1% vs 1.6%, χ2 = 4.658, P = 0.031). 
The 3-year disease-free survival (DFS) rate and overall survival (OS) rate of the L-TME group were lower than 
those of the R-TME group (74.1% vs 85.2%, χ2 = 4.962, P = 0.026; 81.3% vs 91.4%, χ2 = 5.494, P = 0.019); in patients 
with American Joint Committee on Cancer stage III DFS rate and OS rate in the L-TME group were significantly 
lower than those in the R-TME group (52.5% vs 76.1%, χ2 = 5.799, P = 0.016; 65.0% vs 84.8%, χ2 = 4.787, P = 0.029).

CONCLUSION 
Compared with the L-TME group, the R-TME group had a better tumor prognosis and was more favorable for 
patients with rectal cancer, especially for patients with stage III rectal cancer.

Key Words: Rectal tumor; Robots; Laparoscopy; Total mesangectomy; Survival prognosis; Retrospective analysis

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This study compared the short- and medium-term efficacy of Da Vinci robot-assisted surgery with traditional 
laparoscopic surgery in total mesangectomy for rectal cancer, involving indexes such as operation time, postoperative 
complications, postoperative pain, and postoperative rehabilitation. By comparing and analyzing the advantages and 
disadvantages of the two surgical methods, the influence on the treatment effect and quality of life of the patients was 
evaluated, and the scientific basis for clinical decision-making was provided.

Citation: Gao WG, Shi W, Gong XC, Li ZW, Tuoheti Y. Comparative analysis of the short and medium-term efficacy of the Da Vinci 
robot versus laparoscopic total mesangectomy for rectal cancer. World J Gastrointest Surg 2024; 16(6): 1681-1690
URL: https://www.wjgnet.com/1948-9366/full/v16/i6/1681.htm
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INTRODUCTION
With the continuous development of medical technology, Da Vinci robot technology and laparoscopic mesangectomy for 
the treatment of rectal cancer have gradually emerged[1]. Rectal cancer is a common malignant tumor, and continuous 
innovations in its treatment are essential for improving the survival rate and quality of life of patients[2]. Due to its 
precision and minimal invasiveness, Da Vinci robot technology has gradually become a popular choice for rectal cancer 
surgery[3]. Compared with traditional surgical methods, the Da Vinch robot is more flexible during surgery, allowing 
doctors to complete complex anatomical structure resection under a highly enlarged field of view, which is expected to 
reduce the incidence of surgical complications[4-6]. On the other hand, laparoscopic mesangectomy for rectal cancer, as a 
representative traditional surgical method, has achieved remarkable efficacy in the treatment of rectal cancer, but its 
limitations and invasiveness are still problems that cannot be ignored. Studies have shown that the Da Vinci robot may 
have better operability in rectal cancer surgery, but whether it is more effective than laparoscopic surgery in the short or 
medium term still needs further research[7-9]. Therefore, the aim of this study was to comprehensively compare the 
short- and medium-term treatment effects of the Da Vinci robot and laparoscopic total mesangectomy (L-TME) for rectal 
cancer, providing clinicians with a more scientific and objective basis to optimize the selection of rectal cancer surgical 
programs[10]. The purpose of this study was to provide patients with safer and more effective surgical treatment, 
promote continuous progress in the field of rectal cancer surgery, and contribute to patient rehabilitation and quality of 
life.

With the widespread application of L-TME for rectal cancer, people have begun to pay attention to its long-term 
oncological outcomes[11]. Previous studies have shown that the short-term efficacy of L-TME is better than that of open 
surgery, but the long-term efficacy is similar. At present, many studies have confirmed the short-term tumor prognosis of 
robotic TME (R-TME) for rectal cancer[12]. However, only a few studies have reported its long-term efficacy, and the 
long-term oncological outcomes of L-TME and R-TME are still controversial. This study analyzed and compared the 
safety and long-term efficacy of R-TME and L-TME.

MATERIALS AND METHODS
General patient data analysis
This study was a retrospective study. Clinicopathological data of 240 patients with rectal cancer undergoing TME were 
collected from August 2018 to March 2023 in the Anorectal Department of People’s Hospital of Xinjiang Uygur 
Autonomous Region, including 112 patients undergoing L-TME and 128 patients undergoing R-TME. Laparoscopic 
model: CLV-S190.

https://www.wjgnet.com/1948-9366/full/v16/i6/1681.htm
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Inclusion and exclusion criteria
The inclusion criteria were as follows: (1) Colorectal adenocarcinoma confirmed by pathological biopsy. Preoperative 
computed tomography (CT) or magnetic resonance imaging (MRI) was performed to evaluate lymph node spread and 
determine the depth of tumor invasion. Tumor-node-metastasis (TNM) stages I-III were used. The tumor staging criteria 
used were the American Joint Committee on Cancer (AJCC)/Union International Against Cancer Colorectal Cancer TNM 
Staging System (8th edition); (2) Imaging examination ruled out liver, lung, and other distant metastases; and (3) Surgery 
was generally tolerated. The exclusion criteria for patients were as follows: (1) Had a tumor invading other adjacent 
organs; (2) Had serious underlying disease; (3) Had combined perforation, obstruction, or emergency surgery; (4) Had 
received neoadjuvant chemoradiotherapy before surgery; (5) Had undergone palliative resection; and (6) Had multiple 
colorectal cancers. All patients and their families signed informed consent before surgery. This study was approved by 
the Ethics Committee of the Cancer Hospital, Chinese Academy of Medical Sciences.

The following data were collected: (1) General information: Age, sex, body mass index (BMI), American Society of 
Anesthesiologists grade, preoperative serum carcinoembryonic antigen, tumor distance from the anal margin and distri-
bution (as determined by electronic colonoscopy), clinical stage, comorbidities, NRS2002 score, low anterior rectal 
resection syndrome, International Questionnaire on Erectile Function-5, and follow-up A surname; (2) Perioperative 
indexes: Conversion rate of laparotomy, postoperative hospital stay, postoperative complications, and Clavien-Dindo 
grade; (3) Oncological results: The number of lymph nodes removed, pathological grade, AJCC stage, positive rate of 
annular margin, vascular and nerve invasion, and mesorectal excision (complete: Complete mesenteric tissue, smooth 
surface, defect depth ≤ 5 mm; nearly complete: The mesangial tissue surface was irregular, the defect depth was ≥ 5 mm; 
and the musculi propria was not reached). Incomplete: Small mesangial tissue defects as deep as the muscularis propria; 
and (4) Survival analysis: Disease-free survival (DFS), overall survival (OS), local recurrence, and distant metastasis. The 
3-year DFS was defined as the percentage of patients who were free of disease recurrence within 3 years; the 3-year OS 
was defined as the percentage of patients who were still alive at 3 years of follow-up after surgery.

Surgical method
To facilitate the free anterior rectal space, the uterus was routinely suspended for female patients, and the bladder was 
suspended for male patients. As shown in Figure 1A, during the procedure, robotic arm II lifted the vascular ridge of the 
upper rectal artery to enter the Toldt space at the level of the sacral promontory and free it upward to the root of the 
inferior mesenteric artery. The left colic artery was found and preserved, the superior rectal artery and the sigmoid artery 
were cut off, the inferior mesenteric vein was cut off, the Toldt space continued to open to the head, and the descending 
colon and lateral peritoneum of the sigmoid colon were cut. With the continuation of the rectum from the pelvic floor to 
the hiatus of the levator anal muscle, the extreme attachment margin of the mesentery indicates that total mesentery 
resection has been completed, as shown in Figure 1B and C.

The separation sequence was lateral first, then posterior, and finally anterior to the rectum. Because the posterior 
ligament is shielded by the cluster of hiatal ligaments, it is not easy to access the sphincter space. However, gently pulling 
the puborectal muscle around the rectum from the left and right sides can easily enter the internal and external sphincter 
spaces. The sphincter gap is loose and without a vascular gap, and the robot’s electric hook is delicate and flexible. The 
three-step separation method of the robot electric hook, which is combined with “a little bit of water burning”, “blunt 
pushing”, and “tracing line burning”, is adopted to achieve sharp and accurate separation in the sphincter gap, accurately 
control the depth and depth of the operating plane, and progress layer by layer, as shown in Figure 1D and E. When 
separation reaches the dentate line level, the loose sphincter space disappears, and a cluster of venous plexuses can be 
seen in front of the rectum, as shown in Figure 1F.

Further distal separation is prone to damaging the intestinal tube and causing easy bleeding. This is the limit distance 
for complete abdominal path ionization of the robot and the scope of partial intersphincteric resection (ISR) resection, as 
shown in Figure 1G. For subtotal ISR or complete ISR, a combined transanal path is needed, as shown in Figure 1H. The 
reconstruction of the digestive tract was as follows: Part of the ISR was separated from the enterotomy tube through the 
pelvic cavity with a straight-line cutting and closing device, and the coloanal canal anastomosis was completed under an 
endoscope. Subtotal and complete ISR require a combined abdominal-transanal route to free the rectum, drag out the 
rectum and tumor through the anus, disentangle the enterotomy under direct vision, complete colo-anal anastomosis 
(Figure 1I), and complete a prophylactic ileostomy in the right lower abdomen.

Follow-up method
Follow-up was conducted according to the Guidelines for Colorectal Cancer Diagnosis and Treatment of the Chinese 
Society of Clinical Oncology. Patients with AJCC stage I disease were followed up every 6 months. Patients with AJCC 
stages II to III disease were treated once every 3 months. Follow-up included: (1) Physical examination, mainly digital 
rectal examination; (2) Blood collection and serum tumor marker analysis; (3) Abdominal ultrasound examination; (4) 
Electronic colonoscopy; and (5) Enhanced CT or MRI examination of the chest, abdominal cavity, and pelvic cavity once a 
year. The follow-up period ends in March 2023.

Statistical analysis
SPSS 26.0 statistical software was used for data analysis. Normally distributed measurement data are expressed as the 
mean ± SD, and a t test was used for comparisons between groups. The measurement data with a skewed distribution are 
expressed as the median (interquartile distance), and a nonparametric test (Mann-Whitney U test) was used for 
comparisons between groups. The χ2 test or Fisher’s exact probability test was used to compare the data between groups. 
The Kaplan-Meier method was used for survival analysis, and the log-rank test was used for comparisons between 
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Figure 1 The surgical procedure for the Da Vinci robot diagram. A: The left colic artery was preserved, and the lymph nodes in group 253 were 
dissected; B: Free retrorectal space; C: Free anterior rectal space; D: Hiatal ligament; E: The puborectal muscle was redrawn to free the sphincter space through the 
abdominal path; F: Anterior wall venous plexus; G: Complete abdominal path intersphincter separation; H: Free the sphincter space via the anal route; I: Colo-anal 
end-to-end anastomosis.

groups. P < 0.05 was considered to indicate statistical significance.

RESULTS
General clinical data of the patients
A total of 240 patients with rectal cancer were included, including 151 males and 89 females. The mean age was 61 ± 9 
years, ranging from 37 to 84 years. The average BMI was 23 ± 2.89 kg/m2. There was no significant difference in the 
comparison of general data between the two groups (all P > 0.05), as shown in Table 1.

Analysis of surgical indexes
The intraoperative conversion rate of the L-TME group was greater than that of the R-TME group (P < 0.05). There were 
more postoperative complications in the L-TME group than in the R-TME group (P < 0.05). The hospital stay in the L-
TME group was longer than that in the R-TME group (P < 0.05). In the L-TME group, 6 patients with anastomotic fistula 
were treated with enterostomy, 5 patients with intestinal obstruction were treated with adhesive release, 1 patient with 
urinary retention was treated with ultrasound-guided vesical puncture fistula, 2 patients with anastomotic stenosis were 
treated with balloon dilation, and 1 patient with sexual dysfunction was transferred to the urology department for 
treatment. In the R-TME group, 4 patients with anastomotic fistulas underwent enterostomy, 2 patients with intestinal 
obstruction underwent adhesion lysis, and 1 patient with pulmonary embolism was transferred to the intensive care unit 
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Table 1 Comparison of general data of rectal cancer patients between the two groups

Clinicopathological indicators L-TME group (n = 112) R-TME group (n = 128) Statistical P value

ASA grading χ2 = 0.006 0.997

Class I 59 68

Class II 39 44

Class III 14 16

Preoperative serum CEA 2.93 (6.06) 3.13 (4.78) Z = -0.005 0.996

Tumor distance from anal margin (cm) 6 (6) 5 (6) Z = -0.963 0.335

Distance distribution of tumor from anal 
margin

χ2 = 0.592 0.744

< 5 cm 29 34

5-10 cm 65 69

10-15 cm 18 25

Comorbidities

Diabetes 24 28 χ2 = 0.007 0.933

Dypertension 32 26 χ2 = 2.223 0.136

Chronic obstructive pulmonary disease 15 12 χ2 = 0.966 0.326

Emphysema 6 8 χ2 = 0.087 0.768

Varicose veins of the lower extremities 4 3 χ2 = 0.318 0.573

Deep vein thrombosis of the lower 
extremities

2 1 χ2 = 0.488 0.485

Sinus bradycardia 1 3 χ2 = 0.767 0.381

Atrial fibrillation 1 2 χ2 = 0.217 0.641

NRS2002 Score χ2 = 1.493 0.222

0-2 points 99 106

≥ 3 points 13 22

TNM staging χ2 = 0.138 0.933

Stage I 34 38

Stage II 42 46

Stage III 36 44

LARS χ2 = 5.070 0.079

None 89 115

Mild 19 11

Severe 4 2

IIEF-5 score 112 128 χ2 = 7.443 0.059

Accessibility 90 118

Mild impairment 13 5

Moderate impairment 7 4

Severe impairment 2 1

Follow-up time (months) 43.5 (11.5) 42.0 (5.8) Z = -1.593 0.111

L-TME: Laparoscopic total mesorectal resection; R-TME: Robotic total mesorectal resection; ASA: American Society of Anesthesiologists; CEA: 
Carcinoembryonic antigen; TNM: Tumor-node-metastasis; LARS: Low anterior rectal resection syndrome; IIEF-5: International Questionnaire on Erectile 
Function-5.
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for treatment. The other complications all improved after conservative treatment without special treatment, as shown in 
Table 2.

Postoperative pathological findings
Compared with those in the L-TME group, the number of lymph nodes dissected was greater in the R-TME group, and 
the number of positive circumferential margins was lower in the R-TME group (P < 0.05). There were no significant 
differences in tumor diameter, pathological grade, AJCC stage, neurovascular invasion, or complete mesenteric resection 
rate between the two groups (all P > 0.05), as shown in Table 3.

Survival analysis and follow-up
The median follow-up time was 43 months, and the follow-up time ranged from 6 to 60 months. There were no severe 
complications, such as ostomy hernia, delayed anastomotic fistula, or death of the ostomy, in the two groups. There was 
no significant difference in the recurrence rate between the two groups (P > 0.05). The 3-year DFS and OS of AJCC stage 
III patients in the L-TME group were lower than those in the R-TME group (74.1% vs 85.2%, P = 0.045; 81.4% vs 91.4%, P = 
0.03) (Figure 2 and Table 4).

DISCUSSION
L-TME has obvious advantages in terms of short-term efficacy, such as less trauma, faster recovery, and fewer complic-
ations[13]. However, due to the 2D laparoscopic surgical field of view, inflexibility of long straight-stem instruments, 
limited pelvic anatomical space, and complex anatomical levels, manual operation for low-position straight bowel cancer 
patients is more difficult[14-16]. In 2006, Pigazzi and others completed the first robotic rectal cancer surgery. The Da Vinci 
robotic surgery system is more suitable for accurate operation in narrow surgical spaces due to its high-definition 3D 
surgical field of view, automatic filtering of the operator’s hand tremor, independent operating table, and high-degree-of-
freedom robotic arm, which can reduce operator fatigue and ensure smooth operation[17]. The quality of surgical 
specimen removal should be improved, thereby reducing local recurrence and improving OS[18].

Switching to laparotomy not only increases the risk of death within 30 d but also affects local recurrence and OS in 
patients with rectal cancer during long-term follow-up[19]. In this study, the rate of conversion to laparotomy was 5.4% 
in the L-TME group and 0.8% in the R-TME group, and these differences were statistically significant. A recently 
published meta-analysis of randomized controlled trials of laparoscopic vs robotic rectal cancer surgery showed that the 
rate of conversion to laparotomy was lower in the robotic group than in the laparoscopic group, which is consistent with 
the results of this study. Technological advances in robotic systems have enabled surgeons to perform more precise 
dissections in the narrow pelvis, reducing the need to switch to laparotomy and thus reducing the incidence of 
postoperative complications[20-22].

In this study, more Clavien-Dindo grade 3 complications occurred in the L-TME group. It has been reported that grade 
3 complications after radical resection of colorectal cancer have a negative impact on patient OS and DFS. The L-TME 
group had a relatively longer postoperative hospital stay due to the greater incidence of major postoperative complic-
ations, which could explain the poor survival rate caused by the delayed initiation of adjuvant chemotherapy[23]. The R-
TME group had a lower rate of postoperative complications, which may be one reason for the improved survival rate. 
Previous studies have shown that R-TME and L-TME have similar long-term survival rates[24-26]. However, another 
study showed that L-TME and R-TME had 3-year OS rates of 70% and 93%, respectively, and 3-year DFS rates of 69% and 
84%, respectively, indicating that R-TME had better long-term survival[27]. The results of this study showed that the 3-
year OS and DFS rates for L-TME and R-TME patients who underwent robotic surgery were similar to those reported by 
the institute for patients with AJCC stage I to III rectal cancer. Local recurrence is the most common long-term 
complication in patients with rectal cancer[28]. The goal of the TME is to reduce local recurrence and improve OS while 
allowing patients to maintain an appropriate quality of life[29]. In this study, the local recurrence rate of R-TME was 
2.7%, which is lower than that reported in previous studies[30-32].

Specimen quality is considered to be an important factor affecting the prognosis of rectal cancer patients, in which 
complete mesocrectomy and a negative circumferential margin (CRM) play important roles[33,34]. In this study, the R-
TME group had a complete mesenteric resection rate similar to that of the L-TME group, which is consistent with 
previous findings. The results of this study showed that the rate of CRM positivity was greater in the L-TME group than 
in the R-TME group, and previous studies revealed that the rate of CRM positivity was greater in the L-TME group[35-
37]. The unique advantages of robotic technology allow surgeons to maximize the replication of open TME principles, 
obtain better histopathological results, and improve the long-term survival rate of patients.

CONCLUSION
Compared with the L-TME group, the R-TME group achieved a lower conversion rate for laparotomies and a better 
tumor prognosis, especially for patients with AJCC stage III rectal cancer.
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Table 2 Comparison of intraoperative and postoperative outcomes of rectal cancer patients

Clinical indicators L-TME group (n = 112) R-TME group (n = 128) Statistical P value

Conversion to laparotomy 6 1 χ2 = 4.417 0.036

Complications χ2 = 7.290 0.007

Yes 36 22

Not 76 106

Complications Clavien-Dindo χ2 = 6.847 0.144

Class I 95 118

Class II 3 2

Class III 14 6

Class IV 0 1

Level V 0 1

Postoperative complications

Anastomal fistula 13 5 χ2 = 5.106 0.024

Anastomotic bleeding 3 2 χ2 = 0.365 0.546

The anastomotic is narrow 4 2 χ2 = 0.989 0.32

Urinary tract infections 2 1 χ2 = 0.488 0.485

Urinary retention 3 2 χ2 = 0.365 0.546

Ileus 8 6 χ2 = 0.656 0.418

Infection of the incision in the abdominal wall 2 3 χ2 = 0.091 0.763

Pulmonary embolism 0 1 - 1

Sexual dysfunction 1 0 - 0.467

Length of postoperative hospital stay (d) 17 (3) 6 (2) Z = -2.541 0.011

L-TME: Laparoscopic total mesorectal resection; R-TME: Robotic total mesorectal resection.

Table 3 Comparison of postoperative pathological examination results between the two groups of rectal cancer patients

Pathological indicators L-TME group (n = 112) R-TME group (n = 128) Statistical P value

Number of lymph nodes dissected 12 (7) 16 (8) Z = -3.295 0.001

Tumor diameter (cm) 4.0 (1.5) 3.5 (2.4) Z = -0.006 0.996

Pathological grading χ2 = 0.607 0.738

High differentiation 5 8

Medium differentiation 95 104

Low differentiation 12 16

Positive circumcision margin (case) 8 2 χ2 = 4.658 0.031

AJCC staging χ2 = 0.002 0.999

Phase I 28 32

Phase II 44 50

Phase III 40 46

Mesorectal resection (case) χ2 = 5.060 0.08

completely 104 126

Near-complete 6 2
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Imperfection 2 0

Nerve invasion 23 18 χ2 = 1.767 0.184

Vascular invasion 25 20 χ2 = 1.758 0.185

L-TME: Laparoscopic total mesorectal resection; R-TME: Robotic total mesorectal resection; AJCC: American Joint Committee on Cancer.

Table 4 Comparison of the 3-year survival outcomes of rectal cancer patients

TNM staging Phase I Phase II Phase III

Number of cases % Number of cases % Number of cases % Number of cases %

83 74.1 25 89.3 37 84.1 21 52.5

109 85.2 30 93.8 44 88 35 76.1

4.962 0.403 0.323 5.799

Disease-free survival

0.026 0.525 0.57 0.016

91 81.3 26 92.9 39 88.6 26 65

117 91.4 31 96.9 47 94 39 84.8

5.494 0.499 0.852 4.787

Total survival

0.019 0.48 0.356 0.029

TNM: Tumor-node-metastasis.

Figure 2 Comparison of the 3-year disease-free survival rate and overall survival rate between laparoscopic mesangectomy and robotic 
mesangectomy. A: 3-year disease-free survival rate; B: 3-year overall survival rate. L-TME: Laparoscopic total mesorectal resection; R-TME: Robotic total 
mesorectal resection.
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Abstract
BACKGROUND 
Given the current organ shortage crisis, split liver transplantation (SLT) has 
emerged as a promising alternative for select end-stage liver disease patients.

AIM 
To introduce an ex-vivo liver graft splitting approach and evaluate its safety and 
feasibility in SLT.

METHODS 
A retrospective analysis was conducted on the  liver transplantation data from 
cases performed at our center between April 1, 2022, and May 31, 2023. The study 
included 25 SLT cases and 81 whole liver transplantation (WLT) cases. Total ex-
vivo liver splitting was employed for SLT graft procurement in three steps. Patient 
outcomes were determined, including liver function parameters, postoperative 
complications, and perioperative mortality. Group comparisons for categorical 
variables were performed using the χ²-test.

RESULTS 
In the study, postoperative complications in the 25 SLT cases included hepatic 
artery thrombosis (n = 1) and pulmonary infections (n = 3), with no perioperative 
mortality. In contrast, among the 81 patients who underwent WLT, complications 
included perioperative mortality (n = 1), postoperative pulmonary infections 
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(n = 8), abdominal infection (n = 1), hepatic artery thromboses (n = 3), portal vein thrombosis (n = 1), and intra-
abdominal bleeding (n = 5). Comparative analysis demonstrated significant differences in alanine aminotransferase 
(176.0 vs 73.5, P = 0.000) and aspartate aminotransferase (AST) (42.0 vs 29.0, P = 0.004) at 1 wk postoperatively, and 
in total bilirubin (11.8 vs 20.8, P = 0.003) and AST (41.5 vs 26.0, P = 0.014) at 2 wk postoperatively. However, the 
overall incidence of complications was comparable between the two groups (P > 0.05).

CONCLUSION 
Our findings suggest that the total ex-vivo liver graft splitting technique is a safe and feasible approach, especially 
under the expertise of an experienced transplant center. The approach developed by our center can serve as a 
valuable reference for other transplantation centers.

Key Words: Split liver transplantation; Transplantation; Liver splitting; Ex-vivo;  In-situ

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Split liver transplantation has become a routine procedure at many transplant centers, and there are currently two 
main approaches for the generation of split-liver allografts: In-situ splitting and ex-vivo splitting. While in-situ splitting, 
which involves liver division within the organ donor’s body before procurement, is the prevailing technique adopted by most 
transplant centers, the utilization of ex-vivo splitting, wherein the liver is divided after procurement, remains limited. Our 
findings suggest that the ex-vivo liver graft splitting technique is a safe and feasible approach, especially under the expertise 
of an experienced transplant center.

Citation: Zhao D, Xie QH, Fang TS, Zhang KJ, Tang JX, Yan X, Jin X, Xie LJ, Xie WG. How to apply ex-vivo split liver 
transplantation safely and feasibly: A three-step approach. World J Gastrointest Surg 2024; 16(6): 1691-1699
URL: https://www.wjgnet.com/1948-9366/full/v16/i6/1691.htm
DOI: https://dx.doi.org/10.4240/wjgs.v16.i6.1691

INTRODUCTION
Given the current organ shortage crisis, split liver transplantation (SLT) has emerged as a promising alternative for select 
patients with end-stage liver disease[1-4], offering clinical outcomes akin to those achieved through whole liver 
transplantation (WLT)[5-7]. The techniques for SLT involve primarily splitting off the left lateral section and the right 
trisegment, followed by further partitioning into the left and right hemi-livers or liver segments, contingent on the 
compatibility conditions between the donor and recipient[8,9].

There are currently two main approaches for the generation of split-liver allografts: In-situ splitting and ex-vivo 
splitting. While in-situ splitting, which involves liver division within the organ donor’s body before procurement, is the 
prevailing technique adopted by most transplant centers, the utilization of ex-vivo splitting, wherein the liver is divided 
after procurement, remains limited[4,10,11]. Despite its potential benefits, ex-vivo splitting is currently employed by only 
a few specialized centers. Ding et al[12] previously reported that out of 11 liver grafts, only 2 (18.2%) underwent ex-vivo 
splitting. Similarly, Xu et al[13] performed only 20 (14.3%) SLT procedures out of the 140 liver transplantations.

Interestingly, SLT has become a routine procedure at our transplant center, and the total ex-vivo liver graft splitting 
technique has become our preferred approach. Despite the significance of ex-vivo liver graft splitting, there are few 
detailed reports on this splitting technique. To address this knowledge gap, our present study presents a comprehensive 
summary of our center’s practice and technical approach to ex-vivo liver graft splitting, aiming to evaluate its safety and 
feasibility and provide a reference for surgeons in other transplant centers.

MATERIALS AND METHODS
Study design and patients
Clinical data from 122 liver transplantation cases performed at Shenzhen Third People’s Hospital were initially collected 
between April 1, 2022, and May 31, 2023. The study enrolled 81 cases of WLT, 16 cases of living-donor liver 
transplantation, and 25 cases of SLT. A total of 106 cases, comprising of SLT and WLT recipients, were eventually 
included in our study. Comprehensive data, including clinical records, surgical reports, laboratory findings, and imaging 
results, were obtained for each case. Liver function parameters, incidence of surgical complications, and perioperative 
mortality rate were independently analyzed for the SLT and WLT groups. All the patients provided informed consent 
before operation, and the study was approved by the ethics committee of Shenzhen Third People’s Hospital (No. 2022-
133).
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Donor liver evaluation methods
Before organ procurement, all potential organ donors received comprehensive preoperative evaluations, including 
complete blood counts, liver function tests, renal function tests, infectious disease pathogen screening, and inflammation 
marker testing. Additionally, imaging studies, such as liver ultrasound or contrast-enhanced computed tomography (CT) 
scans, were performed.

Donor liver splitting procedure
The liver graft splitting procedure was performed using the total ex-vivo splitting technique. Following liver procurement, 
the donor liver was partitioned while immersed in a cold storage solution. The splitting of the left lateral section and the 
right trisegment involved three main steps: (1) Division of the first porta hepatis: The anatomical structures of the first 
porta hepatis were dissected, followed by the separate division of the left branch of the portal vein and the left branch of 
the hepatic artery. Next, the division site of the left hepatic duct was identified under biliary probe guidance. Following 
bile duct resection, the splitting line on the visceral surface of the liver was marked (Figure 1); (2) Division of the second 
porta hepatis: The suprahepatic inferior vena cava was gently elevated, and the root of the left hepatic vein was bluntly 
separated to fully expose the site where the left hepatic vein joins the inferior vena cava. After dividing the left hepatic 
vein, the surface splitting line of the liver on the diaphragmatic aspect was marked, connecting it to the visceral surface 
splitting line (Figure 2); and (3) Division of liver parenchyma: A clamp-crushing technique was utilized for dividing the 
liver parenchyma to avoid thermal injury to liver tissues. Smaller vessels were ligated with titanium clips, while larger 
vessels were ligated using silk or Prolene sutures. Throughout the procedure, continuous monitoring of anatomical 
structures with positional changes was performed to ascertain the precise division plane and avoid injuries to critical 
intrahepatic structures (Figure 3). After completing the division of the right trisegment and the left lateral section, the 
caudate lobe on the left side of the inferior vena cava was excised. The surgical procedure depicted above is further 
detailed in Figures 1-3.

Statistical analysis
All statistical analyses were performed using SPSS 24.0 statistical software. The descriptive statistics are expressed as 
frequencies (%) for categorical variables, and median (interquartile range) for continuous variables. Group comparisons 
for categorical variables were performed using the χ²-test. For metric variables, the Mann-Whitney U test was used. A 
two-sided P-value < 0.05 was considered statistically significant.

RESULTS
Clinical data of donors
Between April 1, 2022 and May 31, 2023, 13 liver grafts were subjected to splitting. These grafts were procured from 13 
brain-dead organ donors, with all exhibiting hemodynamic stability preoperatively, with minimal or no use of vasoactive 
drugs. The median age of the liver donors was 31 years, and they had a median preoperative total bilirubin (TB) level of 
20.76 μmol/L, median alanine aminotransferase (ALT) level of 43.3 U/L, median aspartate aminotransferase (AST) level 
of 83 U/L, and median intensive care unit (ICU) stay duration of 4 d.

The liver graft splitting procedure was conducted using the total ex-vivo splitting technique, whereby both the left 
lateral section and the right trisegment were divided in all cases. Following the procedure, 26 liver segments were 
obtained (13 left lateral sections and 13 right trisegments). Among these liver segments, 25 were allocated to our 
transplant center by the China Organ Transplant Response System, while one right trisegment was given to another 
transplant center. During the liver graft splitting procedure for the 12 cases in which the right trisegment was utilized for 
liver transplantation, the caudate lobe located on the left side of the inferior vena cava was consistently excised. Further 
details regarding the donor liver information can be found in Table 1.

Clinical data of liver transplant recipients
All 106 Liver transplant procedures retrospectively analyzed in this study were successfully performed. The age of WLT 
cases was younger than that of SLT cases (49.00 vs 1.83, P = 0.001), and there were more decompensated cirrhosis 
recipients in WLT cases (48 vs 5, P = 0.001). Out of the 81 WLT cases, 66 were carried out using the classic in-situ liver 
transplantation technique, while the remaining 15 utilized the modified piggyback liver transplantation technique. As for 
the 25 SLT cases, 13 pediatric recipients received left lateral section grafts, and 7 adult and 5 pediatric recipients received 
right trisegment grafts. In the 12 patients who underwent SLT with the right trisegment graft, we conducted the removal 
of ischemic hepatic tissue from Segment IV while preserving the middle hepatic vein during the surgical procedure.

Postoperative results and complications
Among the 81 cases of WLT, one perioperative death occurred, while the remaining patients were successfully 
discharged. The postoperative complications primarily included pulmonary infections in 8 cases (9.9%), intra-abdominal 
infections in 1 (1.2%), incisional infections in 1 (1.2%), herpes zoster infection in 1 (1.2%), hepatic artery thrombosis in 3 
(3.7%), portal vein thrombosis in 1 (1.2%), intra-abdominal bleeding in 5 (6.2%), graft-versus-host disease (GVHD) in 1 
(1.2%), and acute kidney injury in 1 (1.2%). The patient with intra-abdominal bleeding underwent exploratory 
laparotomy to achieve hemostasis, while those with hepatic artery or portal vein thrombosis received surgical 
thrombectomy. The patient who experienced GVHD passed away on postoperative day 56 despite aggressive treatment. 
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Figure 1 Procedure of splitting the first porta hepatis. A: Separation of the left and right branches of the portal vein (arrow indicating the left portal vein); B: 
Division of the left portal vein (arrow) followed by suturing of the proximal end; C: Identification and division of the left hepatic artery (arrow); D: Identification of the 
division site of the left hepatic duct (blue arrow) under biliary probe guidance (black arrow); E: Incision of the left hepatic duct anterior wall (arrow) and reconfirmation 
of the left hepatic duct, right hepatic duct, and suspected bile duct openings using the probe; F: Division of the left hepatic duct, confirming the landmark for the 
division of liver parenchyma in the first porta hepatis.

Figure 2 Step-by-step process involved in splitting the second porta hepatis. A: Elevation of the suprahepatic inferior vena cava followed by blunt 
dissection of the liver tissue at the junction of the left hepatic vein and the inferior vena cava (arrow) to fully expose the left hepatic vein; B: Separating and dividing 
the left hepatic vein (arrow) using a vascular occlusion clamp on the inferior vena cava side; C: Formation of the middle hepatic vein and the opening of the inferior 
vena cava (arrow points to the formed vessel opening); D: Identification of the two openings of the left hepatic vein in the left lateral segment (blue arrow and black 
arrow); E: Removal of the liver tissue between the two openings of the left hepatic vein (arrow) to form a single opening; F: Display of the formed opening of the left 
hepatic vein.

Subsequent follow-ups, ranging from 2 to 15 mo, revealed that 76 patients recovered well and had no abnormalities.
Among the 25 subjects that underwent SLT, one experienced hepatic artery thrombosis on postoperative day 3, which 

was successfully treated by surgical thrombectomy, leading to a favorable recovery. Another three patients developed 
postoperative pulmonary infections, but there were no instances of bile leakage or intestinal leakage, and no periop-
erative deaths were reported. All 25 patients were discharged without complications and showed no abnormalities 
during a follow-up period ranging from 4 to 15 mo.
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Table 1 Clinical data of 13 donor liver cases

No. Gender Age 
(yr)

Type of 
donation Cause of death

Preoperative Na+ 
concentration 
(mmol/L)

Preoperative 
TB (μmol/L)

Preoperative 
ALT (U/L)

Preoperative 
AST (U/L)

ICU stay 
duration 
(d)

1 Male 31 DBD Craniocerebral 
injury

143 57.80 37.0 41.0 3

2 Female 12 DBD Hypoxic-ischemic 
encephalopathy

140 13.40 42.0 53.0 4

3 Female 42 DBD Craniocerebral 
injury

146 50.80 45.0 83.0 5

4 Male 44 DBD Cerebral 
hemorrhage

143 45.30 18.0 37.0 4

5 Male 36 DBD Craniocerebral 
injury

150 13.80 131.0 172.0 4

6 Male 34 DBD Cerebral 
hemorrhage

156 23.40 267.5 293.2 2

7 Male 12 DBD Hypoxic-ischemic 
encephalopathy

136 13.00 43.3 93.1 11

8 Male 31 DBD Cerebral 
hemorrhage

150 26.80 15.0 25.0 10

9 Male 25 DBD Craniocerebral 
injury

143 54.50 177.0 83.0 4

10 Female 9 DBD Hypoxic-ischemic 
encephalopathy

148 3.05 103.0 227.0 10

11 Male 8 DBD Hypoxic-ischemic 
encephalopathy

149 10.21 22.7 22.9 4

12 Female 29 DBD Cerebral 
hemorrhage

148 20.76 37.0 42.0 7

13 Male 40 DBD Cerebral 
hemorrhage

132 12.20 166.0 85.0 5

DBD: Donation after brain death; TB: Total bilirubin; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; Na+: Sodium ion; ICU: Intensive 
care unit.

Figure 3 Procedure of liver parenchymal division. A: Identification of the landmark line on the visceral surface of the liver for liver parenchymal division (0.5-
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1.0 cm to the right of the liver round ligament); B: Landmark line on the diaphragmatic surface of the liver for liver parenchymal division (on the right of the falciform 
ligament); C: Liver parenchymal division in the flat position, using titanium clips for small vessels (arrow); D: Adjusting the position of the liver during parenchymal 
division (suprahepatic inferior vena cava facing upwards), using silk sutures or ligatures for larger vessels (arrow); E: Continued liver parenchymal division with the 
liver flipped (suprahepatic inferior vena cava facing downward); F: Display of the two smooth liver segment surfaces after completion of the splitting process (arrow).

A comparison of postoperative data between SLT and WLT revealed statistically significant differences in ALT (176.0 
vs 73.5, P = 0.000) and AST (42.0 vs 29.0, P = 0.004) levels at 1 wk post-surgery. Additionally, at 2 wk post-surgery, there 
were statistically significant differences in TB (11.8 vs 20.8, P = 0.003) and AST (41.5 vs 26.0, P = 0.014) levels. However, no 
statistically significant difference was observed in the overall incidence of postoperative complications between the two 
groups (P > 0.05). Further details can be found in Table 2.

DISCUSSION
In the face of a critical shortage of available donor organs, SLT represents a valuable approach to address this pressing 
issue. SLT involves the division of a single high-quality liver into two parts, thereby saving the lives of two recipients
[14]. The success of SLT hinges on ensuring that each split portion of the liver maintains intact anatomical structures, 
encompassing the inflow vessels (hepatic artery and portal vein), outflow vessels (hepatic veins), and biliary tract. 
Additionally, adherence to conventional criteria for SLT, such as the graft-to-recipient weight ratio (GRWR), is crucial. 
Typically, a GRWR greater than 1% for adults[8,15] and between 2% to 4% for children is recommended. In our study, all 
the 25 recipients of SLT met these criteria and did not experience postoperative complications such as large-for-size or 
small-for-size graft syndromes. However, some scholars reported that the ideal graft weight is approximately 1-3% of the 
recipient weight[16].

Different transplant centers primarily adopt either in-situ or ex-vivo splitting approaches. Reyes et al[17] previously 
reported that the survival rates of recipients undergoing in-situ and ex-vivo liver splitting were comparable and similar to 
the survival rates of WLT recipients, in line with the findings of our study. Our literature review revealed that the 
majority of transplant centers have a preference for the in-situ liver-splitting approach[8,12,18]. In-situ liver splitting 
involves performing the procedure within the donor’s body for liver procurement. This approach offers several 
advantages[19,20], including shorter cold ischemia time, simultaneous hemostasis during liver parenchymal transection, 
and facilitated intraoperative cholangiography. However, it may also have certain drawbacks, such as potential delays in 
procuring other organs and the need for coordination between transplant centers. Recent literature has explored the use 
of normothermic perfusion devices for liver splitting, which holds the potential to mitigate some of the limitations 
associated with in-situ splitting. Although this technology shows promise, it has not yet been widely adopted in clinical 
practice, and its clinical effectiveness requires further observation and research[21].

By contrast, ex-vivo splitting, which we primarily use, avoids these drawbacks. However, it requires a skilled surgical 
team familiar with ex-vivo liver anatomy to prevent damage to critical structures. Although some literature reported a 
higher incidence of biliary and vascular complications in adult recipients undergoing ex-vivo splitting compared to in-situ 
splitting[22], in our study, out of the 25 cases of SLT, only one adult recipient suffered from hepatic artery thrombosis 
postoperatively. Besides, there was no incidence of other biliary or vascular complications in the remaining cases. 
Importantly, the overall incidence of postoperative complications showed no statistically significant difference between 
the SLT and WLT groups (P > 0.05). As mentioned in the Methods section, recipients undergoing liver right trisegment 
graft surgery had the caudate lobe and ischemic segment IV of the liver excised during the procedure, likely contributing 
to the absence of bile leakage and intra-abdominal infections postoperatively[23,24].

Postoperative liver function tests revealed statistically significant differences between the SLT group and the WLT 
group in ALT (176.0 vs 73.5, P = 0.000) and AST (42.0 vs 29.0, P = 0.004) levels at 1 wk postoperatively, as well as in TB 
(11.8 vs 20.8, P = 0.003) and AST (41.5 vs 26.0, P = 0.014) levels at 2 wk after surgery. Herein, the higher postoperative ALT 
and AST levels observed in the SLT group at 1 wk and the elevated AST level at 2 wk might be associated with ischemic 
necrosis on the transection plane of the liver. Although the difference in TB at 2 wk showed statistical significance, both 
groups had median values within the normal range, indicating good postoperative liver function.

The safety of SLT relies not only on a surgical team with extensive experience but also on a comprehensive evaluation 
and careful selection of the donor liver prior to the surgery. Several studies[12,14,25] have emphasized the importance of 
choosing relatively young donors with stable hemodynamics, short ICU stays, no significant steatosis or infections, and 
no apparent vascular or biliary anomalies. At our center, we adhere to specific criteria for selecting split liver donors, 
which include individuals under 45 years of age (with a median age of 31 years in this study) exhibiting stable hemody-
namics, absence of significant steatosis or infections, and no apparent vascular or biliary anomalies. It has been reported 
that intraoperative cholangiography is a necessary examination[14,20], but we did not perform intraoperative cholan-
giography in this study, because no bile duct variation was found before surgery. However, it is essential to note that 
cholangiography should be considered if suspicious ductal structures are encountered during the surgery. In the study, 
all 25 recipients had no relevant biliary complications postoperatively.
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Table 2 Clinical data comparison between split liver transplantation and whole liver transplantation cases

Split liver transplantation (n = 25) Whole liver transplantation (n = 81) P value

Gender (male/female) 17/8 65/16 0.273

Age (yr) 1.83 (0.55, 43.00) 49 (40.50, 55.00) 0.001

Underlying diseases

Decompensated cirrhosis 5 48 0.001

Liver cancer 2 15 0.210

One-week postoperative indicators

TB 26.400 (12.950, 34.350) 28.250 (17.525, 48.925) 0.274

ALT 176.0 (81.5, 259.5) 73.5 (43.5, 115.5) 0.000

AST 42.00 (32.00, 79.00) 29.00 (20.25, 49.25) 0.004

GGT 139.0 (102.5, 227.5) 118.0 (64.0, 174.0) 0.117

Two-week postoperative indicators

TB 11.80 (7.95, 20.55) 20.80 (15.20, 26.30) 0.003

ALT 63.0 (29.5, 82.5) 40.0 (21.0, 82.0) 0.154

AST 41.5 (20.5, 61.5) 26.0 (17.0, 41.0) 0.014

GGT 81.0 (54.5, 182.5) 114 (56.0, 201.0) 0.528

Postoperative complications 0.584

Intra-abdominal bleeding 0 5

Hepatic artery thrombosis 1 3

Pulmonary infections 3 8

Abdominal infection 0 1

Bile leakage 0 0

Intestinal leakage 0 0

30-d postoperative mortality 0 1

TB: Total bilirubin; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; GGT: Gamma-glutamyl transferase.

CONCLUSION
In this retrospective analysis of consecutive ex-vivo SLT cases conducted over the past year, the methods and steps of ex-
vivo liver graft splitting technique were summarized in detail, and our study demonstrated that the total ex-vivo liver 
splitting approach with three steps is safe and feasible, especially when performed in experienced transplant centers. 
Importantly, this approach has been found to address concerns associated with the geographical distance between organ 
donor hospitals and transplant centers, as well as potential risks of prolonged surgical duration during organ 
procurement and potential harm to other donated organs. However, follow-up studies with large samples are warranted 
due to the relatively small number of cases, in order to allow more donor livers suitable for cleavage to be split and to 
benefit more liver transplant recipients.
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Abstract
BACKGROUND 
The incidence of cholelithiasis has been on the rise in recent years, but the choice 
of procedure is controversial.

AIM 
To investigate the efficacy of laparoscopic cholecystectomy (LC) combined with 
endoscopic papillary balloon dilation (EPBD) in patients with gallbladder stones 
(GS) with common bile duct stones (CBDS).

METHODS 
The clinical data of 102 patients with GS combined with CBDS were selected for 
retrospective analysis and divided into either an LC + EPBD group (n = 50) or an 
LC + endoscopic sphincterotomy (EST) group (n = 52) according to surgical 
methods. Surgery-related indexes, postoperative recovery, postoperative complic-
ations, and expression levels of inflammatory response indexes were compared 
between the two groups.

RESULTS 
Total surgical time, stone free rate, rate of conversion to laparotomy, and succ-
essful stone extraction rate did not differ significantly between the LC + EPBD 
group and LC + EST group. Intraoperative hemorrhage, time to ambulation, and 
length of hospitalization in the LC + EPBD group were lower than those of the LC 
+ EST group (P < 0.05). The rate of total complications of the two groups was 
9.80% and 17.65%, respectively, and the difference was not statistically significant. 
No serious complications occurred in either group. At 48 h postoperatively, the 
expression levels of interleukin-6, tumor necrosis factor-α, high-sensitivity C-
reactive protein, and procalcitonin were lower in the LC + EPBD group than in 
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the LC + EST group (P < 0.05). At 3 d postoperatively, the expression levels of aspartate transaminase, alanine 
transaminase, and total bilirubin were lower in the LC + EPBD group than in the LC + EST group (P < 0.05).

CONCLUSION 
LC combined with EPBD and LC combined with EST are both effective procedures for the treatment of GS with 
CBDS, in which LC combined with EPBD is beneficial to shorten the patient’s hospitalization time, reduce the 
magnitude of elevated inflammatory response indexes, and promote postoperative recovery.

Key Words: Gallbladder stone; Common bile duct stone; Endoscopic papillary balloon dilation; Laparoscopic cholecystectomy; 
Endoscopic sphincterotomy

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The study investigated the efficacy of laparoscopic cholecystectomy (LC) combined with endoscopic papillary 
balloon dilation (EPBD) and LC combined with endoscopic sphincterotomy (EST) in the treatment of gallbladder stones 
with common bile duct stones. The results demonstrated a significant reduction in intraoperative bleeding and postoperative 
recovery time in the LC + EPBD group compared to the LC + EST group. Additionally, there was a notable improvement in 
inflammatory indexes and liver function. Therefore, LC combined with EPBD may be beneficial to the hospitalization time 
and inflammatory response of such patients.

Citation: Liu HD, Zhang Q, Xu WS, Jin S. Clinical efficacy of laparoscopic cholecystectomy combined with endoscopic papillary 
balloon dilation in treatment of gallbladder stones with common bile duct stones: A retrospective study. World J Gastrointest Surg 
2024; 16(6): 1700-1708
URL: https://www.wjgnet.com/1948-9366/full/v16/i6/1700.htm
DOI: https://dx.doi.org/10.4240/wjgs.v16.i6.1700

INTRODUCTION
In recent years, there has been a notable increase in the incidence of cholelithiasis. Notably, the prevalence of gallbladder 
stones (GS) combined with common bile duct stones (CBDS) reaches as high as 20%[1]. The pathogenesis of GS combined 
with CBDS is multifactorial, involving genetic predisposition and dietary habits, and it is a common disease in clinical 
surgery. If not treated in time, it can lead to serious complications such as biliary obstruction, posing a life-threatening 
risk to the patient[2]. GS combined with CBDS is an important clinical problem. In symptomatic patients, the primary 
goal is to achieve complete stone removal and perform cholecystectomy, while for asymptomatic patients, there remains a 
lack of standardized treatment options[3]. Studies have found that approximately 25% of patients with GS experience 
symptoms and/or complications, with a 1%-2% incidence of serious complications. The primary etiology of complic-
ations lies in the migratory nature of stones, with common manifestations including biliary pain, pancreatitis, bile duct 
obstruction, and cholangitis. These complications are typically precipitated by stone migration[4].

The selection of a safer and more effective treatment method for patients with GS combined with CBDS is of par-
amount importance at present. In general, laparoscopic cholecystectomy (LC) is considered as the preferred method for 
treating benign gallbladder diseases because of its advantages of short operation time, minimal trauma, and rapid 
postoperative recovery[5]. In addition, LC combined with endoscopic papillary balloon dilation (EPBD) and LC 
combined with endoscopic sphincterotomy (EST) have been widely used to treat GS combined with CBDS[6]. The 
application of EPBD has been reported to result in a decreased occurrence of recurrent cholecystitis, cholangitis, and bile 
duct stones when compared to EST[7]. A randomized controlled trial showed that the incidence of postoperative pancre-
atitis after EPBD was 16.7%, which was significantly higher than that of EST surgery[8]. However, another study 
indicated that the incidence of pancreatitis could be reduced by prolonging the duration of EPBD balloon dilatation[9]. 
This implies that there remains a degree of debate concerning the selection between these two methodologies. Therefore, 
this retrospective clinical study aimed to compare the efficacy of LC combined with EPBD vs LC combined with EST for 
treating GS combined with CBDS in 102 patients in the Gastroenterology Department of our hospital.

MATERIALS AND METHODS
General information
The clinical data of 102 patients with GS combined with CBDS in the Department of Gastroenterology of the Third 
Affiliated Hospital of Qiqihar Medical University Hospital from December 2018 to December 2023 were selected for a 
retrospective study, and they were divided into either an EPBD + LC group (n = 50) or an EST + LC group (n = 52) 
according to the surgical methods.

https://www.wjgnet.com/1948-9366/full/v16/i6/1700.htm
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The inclusion criteria were: (1) Patients meeting the diagnostic criteria for GS and CBDS in the 7th edition of Surgery; (2) 
Patients with a diagnosis of the condition confirmed by computed tomography, magnetic resonance imaging, and other 
imaging examinations before surgery; (3) Patients with a diameter of the common bile duct ≥ 0.8 cm, and the maximum 
diameter of CBDS < 2.0 cm; (4) Patients aged 42-75 years old; (5) Patients providing written informed consent; and (6) 
Patients with no contraindications to surgery or anesthesia.

The exclusion criteria were: (1) Patients with a prior history of upper abdominal surgery; (2) Patients diagnosed with 
neoplasms affecting the gallbladder or biliary system; (3) Patients with acute septic cholangitis or acute pancreatitis; and 
(4) Patients with incomplete clinical data. The study was approved by the Ethics Committee of the Third Affiliated 
Hospital of Qiqihar Medical University (No. 2023LW-3) and all participants provided written informed consent. The 
study was conducted in accordance with the Declaration of Helsinki.

Treatment methods
Before the treatment of choledocholithiasis, patients were required to undergo a routine preoperative evaluation to assess 
their cardiovascular and respiratory fitness. Additionally, they must adhere to a fasting period of 6 h prior to surgery. The 
LC + EPBD group was treated as follows. First, the patient was given lidocaine local anesthesia to anesthetize the 
pharynx. Then, operating endoscopically, a guidewire was placed at the opening of the papilla and a dilatation balloon 
was placed in the position of the guidewire. The balloon dilation was observed and, following confirmation of proper 
dilation, the guidewire and balloon catheter were withdrawn from the body. Next, the stones were removed from the 
common bile duct using a reticular basket to ensure that they were completely removed and the duct was clear. A 
nasobiliary tube was placed for drainage after the procedure and an LC was scheduled at a later time.

The LC + EST group was treated as follows. The patient was positioned in the left lateral decubitus position and 
received general anesthesia. A duodenoscope was then inserted through the oral cavity, followed by a precise incision 
made in the papillary sphincter using a high-frequency electric knife. Next, stones were removed from the common bile 
duct using a reticular basket for stone extraction, and a nasobiliary tube was placed for drainage. Food and water were 
fasted for 24 h postoperatively, and LC was performed after the patient’s condition was stabilized.

Observation indicators
Observational indicators included patients’ general information, surgical success rate, surgery-related indexes, post-
surgical recovery, and complications (before discharge). Inflammatory indexes [interleukin-6 (IL-6), IL-10, tumor necrosis 
factor-α (TNF-α), high-sensitivity C-reactive protein (hs-CRP), and procalcitonin (PCT)], hepatic function indexes 
[aspartate transaminase (AST), alanine transaminase (ALT), and total bilirubin (TBIL)], surgery-related indexes (stone 
free rate, total operation time, intraoperative hemorrhage, rate of conversion to laparotomy, etc.), postoperative recovery 
[visual analogue scale (VAS) score at 6 h postoperatively, time to postoperative exhaust, time to ambulation, length of 
hospitalization, etc.], and complications (hemorrhage, cholecystitis, acute pancreatitis, etc.) were also recorded.

Surgical success rate was judged by the following criteria. “Significantly effective” referred to the complete resolution 
of clinical symptoms, total elimination of stones, and restoration of normal gastrointestinal function within 24 h post-
surgery without any complications. “Effective” meant achieving clinical symptom improvement, complete stone removal, 
and restoration of normal gastrointestinal function within 7 d after surgery without any infections or complications. 
“Ineffective” meant not meeting the criteria for symptoms, stones, and gastrointestinal function mentioned above. The 
surgical success rate was calculated as (significantly effective + effective) cases/total cases × 100%.

Evaluation of therapeutic effects
The efficacy for a duration of 14 d was assessed based on the criteria outlined in the Surgery of Hepatobiliary Oncology: 
Significantly effective: Ultrasonography revealed a significant reduction in the thickness and size of the gallbladder wall, 
approaching normal levels. No recurrence has been observed for three consecutive months; effective: Although the 
volume of the gallbladder wall and lower gallbladder was not within normal range, it exhibited obvious thinning and 
shrinkage, leading to significant alleviation of clinical symptoms; ineffective: Absence of any alteration in the volume of 
the gallbladder wall and lower gallbladder, coupled with a lack of reduction or even exacerbation of clinical symptoms.

Statistical analysis
SPSS 22.0 software was used for statistical analyses. Measurement data are expressed as the mean ± SD, and comparisons 
between groups were conducted using a t-test. Count data are presented as n (%), and comparisons between groups were 
performed using a χ2 test. A P value of less than 0.05 was considered statistically significant.

RESULTS
General information of patients
The comparison of age, gender, body mass index, size of bile duct stones, diameter of common bile duct, and number of 
bile duct stones between the two groups of patients did not reveal any statistically significant differences (P > 0.05) 
(Table 1).

Surgical success rate
There was no significant difference in the success rates between the two groups (P > 0.05) (Table 2).
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Table 1 General data of the two patient groups

Variable LC + EPBD group (n = 50) LC + EST group (n = 52) t/χ2 P value

Age (year) 57.22 ± 8.03 58.19 ± 8.74 -0.584 0.560

Gender (male/female) 25/24 24/28 0.151 0.698

BMI 22.35 ± 3.21 23.15 ± 3.91 -1.127 0.263

Size of bile duct stones (mm) 8.18 ± 2.19 8.56 ± 2.57 -0.797 0.427

Diameter of the common bile duct (mm) 11.84 ± 1.40 12.12 ± 1.59 -0.925 0.357

Number of bile duct stones (n) 3.02 ± 1.22 2.77 ± 1.17 1.062 0.291

LC: Laparoscopic cholecystectomy; EST: Endoscopic sphincterotomy; EPBD: Endoscopic papillary balloon dilation; BMI: Body mass index.

Table 2 Comparison of surgical success rates between the two groups, n (%)

Item LC + EPBD group (n = 50) LC + EST group (n = 52) χ2 P value

Significantly effective 38 (76.00) 37 (71.20) 0.527 0.768

Effective 9 (18.00) 10 (19.20)

Ineffective 3 (6.00) 5 (9.60)

Surgical success rate 47 (94.00) 44 (90.40)

LC: Laparoscopic cholecystectomy; EST: Endoscopic sphincterotomy; EPBD: Endoscopic papillary balloon dilation.

Surgery-related indicators
Total operation time, rate of conversion to laparotomy, stone removal rate, and success rate of stone extraction did not 
differ significantly between the two groups (P > 0.05). Intraoperative hemorrhage, time to ambulation, and length of 
hospitalization were significantly lower in the LC + EPBD group than in the LC + EST group (P < 0.05) (Table 3).

Comparison of postoperative recovery between the two groups
Comparison of VAS score at 6 h postoperatively and time to postoperative exhaust between the two groups showed no 
statistically significant difference (P > 0.05). The time to ambulation and hospitalization time of patients in the LC + EPBD 
group were significantly shorter than those of the LC + EST group (P < 0.05) (Table 4).

Comparison of complications after surgery in the two groups
The overall incidence of complications in the LC + EPBD and LC + EST groups was 7.84% and 9.80%, respectively. All the 
complications resolved after conservative treatment. Although the number of cases of pancreatitis in the LC + EPBD 
group was more than that of the LC + EST group, and the number of cases with cholangitis and abdominal infection was 
significantly less than that of the LC + EST group (P > 0.05) (Table 5).

Expression of inflammatory response indicators
Before surgery, IL-6, IL-10, TNF-α, hs-CRP, and PCT were not significantly different between the two groups (P > 0.05). 
At 48 h after surgery, IL-6, TNF-α, hs-CRP, and PCT in the LC + EPBD group were significantly lower than those of the 
LC + EST group (P < 0.05) (Table 6).

Comparison of preoperative and postoperative liver function indexes between the two groups
The expression levels of AST, ALT, and TBIL were not significantly different between the two groups before operation (P 
> 0.05). At 3 d after surgery, AST, ALT, and TBIL in both groups were lower than preoperative values, and AST, ALT, 
and TBIL in the LC + EPBD group were significantly lower than those of the LC + EST group (P < 0.05) (Table 7).

DISCUSSION
Cholelithiasis, a common biliary tract disease both domestically and internationally, can be categorized into cholesterol 
stones, pigment calculus, and combination calculus based on their composition. It is often caused by bile stasis, bacterial 
infections, and other factors leading to the formation of single or multiple stone obstructions in any part of the biliary 
tract system. Consequently, symptoms such as abdominal pain, nausea and vomiting, and jaundice may occur[10].
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Table 3 Surgery-related indicators in the two groups

Item LC + EPBD group (n = 50) LC + EST group (n = 52) t/χ2 P value

Total operation time (min) 94.16 ± 14.32 92.37 ± 12.85 0.667 0.507

Intraoperative hemorrhage (mL) 32.98 ± 8.95 37.48 ± 8.85 -2.554 0.012

Rate of conversion to laparotomy, n (%) 0 0 / /

Success rate of stone extraction, n (%) 48 (96.00) 49 (94.20) 1.000

Stone removal rate, n (%) 48 (96.00) 50 (96.20) 1.000

LC: Laparoscopic cholecystectomy; EST: Endoscopic sphincterotomy; EPBD: Endoscopic papillary balloon dilation.

Table 4 Comparison of postoperative recovery between the two groups

Item LC + EPBD group (n = 50) LC + EST group (n = 52) t P value

VAS score 3.06 ± 0.74 3.21 ± 0.87 -0.945 0.347

Time to postoperative exhaust (d) 1.34 ± 0.63 1.42 ± 0.67 -0.648 0.519

Time to ambulation (d) 1.32 ± 0.62 1.82 ± 0.51 -4.502 < 0.001

Hospitalization time (d) 11.52 ± 1.76 11.98 ± 1.48 -1.433 0.155

LC: Laparoscopic cholecystectomy; EST: Endoscopic sphincterotomy; EPBD: Endoscopic papillary balloon dilation; VAS: Visual analogue scale.

Table 5 Comparison of complications after surgery in the two groups, n (%)

Item LC + EPBD group (n = 50) LC + EST group (n = 52) χ2 P value

Pancreatitis 3 (6.00) 2 (3.80) 0.675

Cholangitis 1 (2.00) 2 (3.80) 1.000

Abdominal infection 0 1 (1.90) 1.000

Death 0 0 /

Perforation 0 0 /

Overall complications 4 (8.00) 5 (9.60) 1.000

LC: Laparoscopic cholecystectomy; EST: Endoscopic sphincterotomy; EPBD: Endoscopic papillary balloon dilation.

Historically, surgical interventions such as open exploratory cholecystectomy and choledochotomy for stone extraction 
have been the primary treatments for GS combined with CBDS. The advancement of minimally invasive endoscopic 
techniques has led to the development of various surgical procedures for treating GS combined with CBDS, although 
there is still some controversy regarding the optimal treatment method. Studies have confirmed that LC is a safe and 
effective procedure for treating GS, observing gallbladder structures and adhesions under laparoscopic guidance, re-
ducing perioperative stress reactions, and promoting rapid postoperative physical recovery[11]. The combination of LC 
with EST and EPBD represents two distinct approaches for the treatment of GS combined with CBDS, offering the 
advantages of reduced invasiveness, diminished pain, accelerated recovery, and shortened hospitalization duration[12]. 
According to the national and international literature, the combination of LC with EPBD and EST has demonstrated 
significant clinical benefits in the treatment of GS combined with CBDS[13,14]. The efficacy of EST in the treatment of GS 
combined with CBDS is widely acknowledged, although it carries potential risks including hemorrhage, perforation, and 
permanent impairment of sphincter function[15,16]. To mitigate these complications, the EPBD technique was introduced 
for the management of GS combined with CBDS. This technique involves utilizing a biliary dilatation balloon to enlarge 
the biliary orifice without incising the papillary sphincter, as initially reported by Ishii et al[17].

The incidence of bleeding and perforation during EPBD was reported to be extremely low, particularly in the presence 
of coagulation disorders or anatomical alterations. Additionally, the efficacy of stone removal was found to be 
comparable to that achieved with EST[18]. The findings of this study demonstrated that the combination of LC and EPBD 
exhibited advantages in terms of intraoperative hemorrhage, time to ambulation, and length of hospitalization. These 
results suggest that LC combined with EPBD may effectively reduce intraoperative hemorrhage and promote patient 
recovery. This could be attributed to the avoidance of papillary sphincter incision by EPBD, which preserves the integrity 
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Table 6 Expression of inflammatory response indicators in the two groups

Indicator LC + EPBD group (n = 50) LC + EST group (n = 52) t P value

IL-6 (pg/mL)

Preoperative 12.96 ± 2.83 13.21 ± 3.25 0.426 0.671

48 h postoperatively 20.43 ± 3.02 24.84 ± 3.51 6.783 < 0.001

IL-10 (pg/mL)

Preoperative 17.35 ± 3.94 16.21 ± 4.06 1.439 0.153

48 h postoperatively 13.43 ± 2.25 13.26 ± 2.47 0.347 0.729

TNF-α (pg/mL)

Preoperative 18.35 ± 4.32 18.92 ± 4.75 0.624 0.534

48 h postoperatively 36.36 ± 8.35 46.22 ± 8.95 5.744 < 0.001

hs-CRP (mg/L)

Preoperative 4.43 ± 1.38 4.78 ± 1.67 1.177 0.242

48 h postoperatively 15.07 ± 3.04 18.75 ± 5.16 4.361 < 0.001

PCT (ng/mL)

Preoperative 0.35 ± 0.14 0.32 ± 0.16 1.039 0.301

48 h postoperatively 1.42 ± 0.47 1.51 ± 0.38 1.069 0.290

LC: Laparoscopic cholecystectomy; EST: Endoscopic sphincterotomy; EPBD: Endoscopic papillary balloon dilation; IL: Interleukin; TNF: Tumor necrosis 
factor; hs-CRP: High-sensitivity C-reactive protein; PCT: Procalcitonin.

Table 7 Comparison of liver function indicators in the two groups

Indicator LC + EPBD group (n = 50) LC + EST group (n = 52) t P value

AST (U/L)

Preoperative 54.72 ± 4.36 55.24 ± 5.55 0.525 0.600

3 d postoperatively 30.56 ± 5.64 41.91 ± 6.03 9.804 < 0.001

ALT (U/L)

Preoperative 72.84 ± 6.92 71.43 ± 7.58 0.973 0.333

3 d postoperatively 47.94 ± 7.37 59.35 ± 7.58 7.699 < 0.001

TBIL (umol/L)

Preoperative 52.14 ± 6.42 54.22 ± 7.15 1.537 0.127

3 d postoperatively 24.14 ± 6.45 27.22 ± 7.05 2.293 0.024

LC: Laparoscopic cholecystectomy; EST: Endoscopic sphincterotomy; EPBD: Endoscopic papillary balloon dilation; AST: Aspartate transaminase; ALT: 
Alanine transaminase; TBIL: Total bilirubin.

of biliary-intestinal union and maintains its physiological function. In addition, the incidence of postoperative complic-
ations was lower in both groups, which proved that both LC combined EPBD and LC combined EST have high safety and 
could effectively avoid excessive injury to the body. Although the incidence of pancreatitis was higher in the LC + EPBD 
group compared to the LC + EST group, the difference did not reach statistical significance. Some researchers suggest that 
pancreatitis may be attributed to sphincter dilatation leading to intramucosal hemorrhage, edema, and subsequent 
obstruction of the pancreatic duct[19]. Meanwhile, several studies have demonstrated a negative correlation between the 
duration of EPBD and the risk of pancreatitis. Additionally, it has been observed that balloon dilatation for ≤ 1 min 
increases the likelihood of pancreatitis in patients with CBDS. However, prolonging the duration to at least > 3 min 
effectively reduces the incidence of pancreatitis[20]. Therefore, EPBD may be a safe and effective alternative to EST for the 
treatment of GS combined with CBDS.

In addition, patients often have different stress responses during surgery, which may suppress the immune response 
and heighten inflammation levels, increasing the risk of postoperative complications. The control of inflammation is a 
crucial determinant for disease prognosis and recovery[21]. IL-6, TNF-α, hs-CRP, and PCT are all common indicators of 
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inflammatory response in the body, and are associated with the risk of gallstone disease. Among them, IL-6 is an 
important pro-inflammatory factor, which is produced by a variety of immune cells stimulated by various factors to 
participate in the body’s inflammatory and immune responses[22]. Studies have shown that IL-6 overexpression in the 
biliary epithelium causes inflammatory cell infiltration and increases the thickness of the gallbladder wall, thus inducing 
gallstones[23]. IL-6 also induces the liver to release the non-specific acute phase protein CRP, which is normally expressed 
at low levels, but when an acute inflammatory response is initiated, CRP rises dramatically, exerting an anti-inflam-
matory effect and reducing excessive tissue damage[24]. TNF-α production is often significantly increased during trauma, 
inflammation, and infection. Wan et al[25] confirmed that it was elevated after GS combined with CBDS, which may 
reflect the body’s stress to inflammation and trauma.

PCT, serving as a biomarker for assessing inflammatory response, typically remains at a basal level. However, during 
the period of inflammation, its expression level becomes elevated, reflecting the severity of inflammation within the body
[26]. The severity of acute cholecystitis is positively correlated with PCT, making it a valuable laboratory indicator for 
assessing the severity of this complication in gallstone patients[27]. In this study, both groups exhibited high levels of IL-
6, TNF-α, hs-CRP, and PCT after surgery. However, the elevation of IL-6, TNF-α, hs-CRP, and PCT was comparatively 
lower in the LC + EPBD group than in the LC + EST group. This difference can be attributed to the fact that in the LC + 
EPBD group, repeated lithotripsy is avoided during surgery, thereby mitigating biliary tract injury and reducing tra-
umatic operations such as resection and other stress reactions.

The liver function indexes, including ALT, AST, and TBIL, can serve as indicators of hepatocellular injury severity. In 
patients with GS combined with CBDS, significantly elevated levels of serum AST, ALT, and TBIL were observed. This 
finding may be attributed to the impact of artificial pneumoperitoneum during surgery on hepatic tissue hemodynamics 
and subsequent reduction in blood flow through the hepatic artery and portal vein leading to impaired liver function
[28]. In addition, a meta-analysis found that CBDS was the most common etiology for significantly elevated ALT levels (> 
500 IU/L), and that approximately one-third of patients with CBDS would present with ALT or AST > 500 IU/L[29]. The 
elevation of TBIL levels in certain pathological conditions may augment and predispose to the development of gallstones
[30]. In this study, the preoperative liver function indexes of the patients were consistent with previous findings. The LC 
+ EPBD group demonstrated a significant reduction in AST, ALT, and TBIL levels, indicating that this approach 
effectively improved liver function. This could be attributed to the fact that LC combined with EPBD obviated the need 
for incising the papillary sphincter, thereby mitigating local damage and reducing inflammatory factor release, ultimately 
safeguarding liver function.

This study, however, still has certain limitations, such as small sample size, which may somewhat restrict the general-
izability of the findings. The limited duration of the study precluded a comprehensive evaluation of long-term outcomes 
and complication rates. Furthermore, potential confounding factors that were not adequately controlled for in the study, 
such as inter-individual variations among patients and uncertainty surrounding complications, may have influenced the 
objectivity of the findings. The current study necessitates further expansion of the sample size and longer follow-up 
periods in order to comprehensively evaluate the actual efficacy and safety of this surgical procedure.

CONCLUSION
In summary, both LC combined with EPBD and LC combined with EST are effective for the treatment of GS with CBDS. 
In the present study, LC combined with EPBD achieved better clinical benefits, and was conducive to shortening the 
hospitalization time, reducing inflammatory stress response, and improving the liver function. However, there were 
some limitations, which must be validated in the future by using large samples and other research methods. In addition, 
according to literature reports[31], traditional Chinese medicine such as Da Chaihu Tang, anti-inflammatory and bile-
relieving Tang, and Xiao Chaihu Tang play a crucial role in the treatment of GS combined with CBDS. These medications 
have been shown to significantly reduce cholesterol and bile acid levels, expedite the body’s recovery, and effectively 
decrease stone recurrence rates. Therefore, the the synergistic treatment program of Chinese and Western medicines can 
be used to improve patients' postoperative recovery and reduce the occurrence of complications.
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Abstract
BACKGROUND 
Locally advanced gastric cancer (LAGC) is a common malignant tumor. In recent 
years, neoadjuvant chemotherapy has gradually become popular for the treatment 
of LAGC.

AIM 
To investigate the efficacy of oxaliplatin combined with a tigio neoadjuvant 
chemotherapy regimen vs a conventional chemotherapy regimen for LAGC.

METHODS 
Ninety patients with LAGC were selected and randomly divided into control and 
study groups with 45 patients in each group, according to the numerical table 
method. The control group was treated with conventional chemotherapy, and the 
study group was treated with oxaliplatin combined with tigio-neoadjuvant che-
motherapy. The primary outcome measures were the clinical objective response 
rate (ORR) and surgical resection rate (SRR), whereas the secondary outcome 
measures were safety and Karnofsky Performance Status score.

RESULTS 
The ORR in the study group was 80.00%, which was significantly higher than that 
of the control group (57.78%). In the study group, SRR was 75.56%, which was 
significantly higher than that of the control group (57.78%). There were 15.56% 
adverse reactions in the study group and 35.56% in the control group. These 
differences were statistically significant between the two groups.

CONCLUSION 
The combination of oxaliplatin and tigio before surgery as neoadjuvant 
chemotherapy for patients with LAGC can effectively improve the ORR and SRR 
and is safe.
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Core Tip: This study identified the following highlights. The objective response rate in the study was 80.00%, which was 
significantly higher than that of the control group (57.78%). In the study group, 75.56% of the tumors were resected, which 
was significantly higher than that of the control group (57.78%). There were 15.56% adverse reactions in the study group 
and 35.56% in the control group. These differences were statistically significant between the two groups.
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INTRODUCTION
According to the Global Cancer Statistics Report 2022, stomach cancer is the fifth most common malignancy worldwide 
and one of the leading causes of cancer-related deaths[1]. As of 2022, there were approximately 1089103 new cases of 
gastric cancer (GC) worldwide and approximately 768793 deaths[2]. GC is usually diagnosed at advanced stages in 
Chinese patients, and surgical resection remains the primary choice of treatment. However, in locally advanced GC 
(LAGC), only a small percentage of cases are surgically resected, and the proportion of radical resections is even low[3]. 
After exploratory laparotomy, the opportunity for surgery is often lost because the tumor invades adjacent organs, has 
extensive infiltration and metastasis, or only palliative resection can be performed, and the postoperative survival rate is 
low[4].

With the advancement of diagnostic and treatment technology in recent years, comprehensive treatment of GC has 
made some progress[5]. However, there is still a 20% 5-year survival rate for LAGC, and the postoperative recurrence rate 
and mortality rate remain high[6]. It is estimated that around 60% of the patients with GC will have local recurrence or 
distant metastasis even after radical resection (R0 resection)[7]. The proportion of patients with GC in stages II-III in our 
country is as high as 58.0%[8]. To improve the rate of R0 resection and reduce the incidence of postoperative recurrence 
and metastasis, the addition of neoadjuvant therapy undoubtedly brings new hope for the survival and benefits of 
patients with GC.

Studies have shown that neoadjuvant chemotherapy is a type of systemic chemotherapy for patients before surgery 
that plays a role in shrinking tumors and facilitating follow-up treatment[9,10]. Compared with conventional treatment, 
neoadjuvant chemotherapy has more significant clinical efficacy, higher drug safety, better disease control effects, and 
higher application value in advanced tumors[11,12]. Japan is advocating a chemotherapy regimen based on tigio (S-1)
[13]. Tigio, a derivative of fluorouracil, is an oral anticancer agent with definite efficacy in the adjuvant treatment of GC. 
Five-year survival data from a Japanese trial of tigio-assisted chemotherapy for GC confirmed an improvement in 5-year 
OS in patients receiving tigio-assisted chemotherapy (71.7% vs 61.1%)[14]. However, due to the limited efficacy of single-
drug chemotherapy, multi-drug combination regimens are often used clinically. In the ARTIST2 trial, it was shown that 
postoperative adjuvant (oxaliplatin + tigio) or SOX + radiotherapy could effectively extend disease-free survival in D2-
resectable stage II/ III GC patients compared to tigio monotherapy[15]. Currently, regarding the neoadjuvant treatment 
of LAGC, a large-scale phase III clinical trial in China has confirmed the remarkable efficacy of the neoadjuvant scheme, 
and thus determined that oxaliplatin plus S-1 is the first choice for neoadjuvant chemotherapy of LAGC in China[16].

In this study, we compared the effectiveness of oxaliplatin combined with a tigio neoadjuvant chemotherapy regimen 
to a conventional chemotherapy regimen for LAGC to further improve the clinical efficacy in patients with LAGC.

MATERIALS AND METHODS
General information
Ninety patients with clinically diagnosed LAGC between June 2022 and June 2023 were included in this study. Patients 
were randomly divided into a study group (45 patients) and a control group (45 patients). Both groups underwent B-
ultrasonography and magnetic resonance imaging to detect abdominal lymph node metastasis, lesion infiltration, and 
organ metastasis. Upper gastrointestinal barium meal test revealed normal digestion.

Inclusion and exclusion criteria
The inclusion criteria[17] were as follows: pathologically diagnosed LAGC, aged between 18 and 75 years, did not receive 
chemotherapy or radiotherapy, no distant metastasis, signed the informed consent form, the expected survival time was 

https://www.wjgnet.com/1948-9366/full/v16/i6/1709.htm
https://dx.doi.org/10.4240/wjgs.v16.i6.1709
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more than 6 months, and the Karnofsky Performance Status (KPS) score was > 60 points. The exclusion criteria were as 
follows: those whose physical signs did not meet the standards for chemotherapy, history of GC-related diagnosis and 
treatment, combined with other malignant tumors, and pregnant and lactating women.

Ethical approval
The hospital ethics committee approved informed consent forms for all chemotherapy patients.

Treatment methods
The 90 enrolled patients underwent routine and complete examinations, routine blood tests, liver and kidney function 
tests, electrocardiography, and cardiac ultrasonography. Antiemetics, stomach and liver protection, and other treatments 
were routinely administered before medication; specifically, 30 min before medication, patients were instructed to take 
intramuscular diphenhydramine and intravenously administered cimetidine (300.0 mg), and dexamethasone (7.5 mg) at 
21:00 the previous night and 6 h in the morning of chemotherapy, and patients were administered antiemetic treatment 
with drugs, such as granisetron and metoclopramide.

In the control group, conventional chemotherapy was administered, that is, on the 1st d of chemotherapy, epirubicin 75 
mg/m2 + cisplatin 40 mg/m2. The treatment course was 21 d.

The study group was treated with neoadjuvant chemotherapy[15], specifically, oxaliplatin and tigio combined 
treatment, oxaliplatin intravenous infusion on the first day of treatment at an infusion dose of 130 mg/m2 (the first day), 
and tigio oral therapy at the same time at a dose of 80 mg/m2 twice a day. Both groups were treated for 21 d, and the 
duration of treatment for both groups was more than two courses.

Observation indicators
Primary observation indicators: Evaluation of the objective response rate (ORR). According to RECIST1.0 standards[18]: 
(1) The tumor disappears completely and a complete response (CR) is achieved; (2) partial response (PR), the lesion 
shrinks by ≥ 50%; (3) the tumor is stable, and the lesions shrink by < 50% or increase by < 25%; and (4) tumor progression, 
with lesions increasing by ≥ 25%. The calculation method of clinical remission rate in each group is: (Complete remission 
+ partial remission)/number of cases × 100%.

Surgical resection rate (SRR): Patients undergoing surgical resection/ total patients treated per group × 100%.

Secondary observation indicators: Adverse reactions: The incidence of adverse reactions in the two groups before and 
after treatment was analyzed. KPS scores: Before and after treatment, the KPS scores were compared between the two 
groups.

Statistical analysis
This group used SPSS 26.0 for the analysis and processing of the research data. Measurement data were expressed as 
(mean ± SD), t-tests were used to compare measurements, and count data were expressed as percentages (%). Chi-square 
tests were used to compare count data between groups, with P < 0.05 indicating statistically significant differences 
between the groups.

RESULTS
Comparison of general data
The research flowchart is presented in Figure 1. A total of 25 men and 20 women participated in this study. Average age 
was 48.8 ± 9.5 years and body mass index (BMI) was 23.50 ± 3.12. Of these patients, 4 had diabetes, 18 had hypertension, 9 
had hyperlipidemia, and 2 had arrhythmia; 16 were smokers and 20 were alcoholics. A total of 24 men and 21 women 
participated in this study. Their average age was 49.5 ± 9.8 years and BMI was 24.01 ± 2.85. Among them, 5 had diabetes, 
14 had hypertension, 11 had hyperlipidemia, and 1 had arrhythmia; 18 were smokers and 22 were alcoholics. There were 
no statistically significant differences in the general information between the two groups during the study period (P > 
0.05), indicating comparability. Table 1 presents the results of the study.

Comparative analysis of recent treatment efficacy
Statistical analysis of the recent treatment efficacy in the two groups of patients revealed that among the 45 patients in the 
study group, 11 were classified as CR, 25 as PR, 6 cases as stable disease (SD), and 3 cases as progressive disease (PD). The 
ORR was 80.00% (36/45), and the disease control rate (DCR) was 93.33% (42/45). In the control group, there were 9 
patients with CR, 17 with PR, 12 with SD, and 7 with PD. The ORR was 57.78% (26/45) and the DCR was 84.44% (38/45). 
The clinical efficacy was higher in the study group than that in the control group, and statistically significant differences 
were observed between the two groups (P < 0.05) (Table 2).

Comparison of the SRR
The study group had a significantly higher resection rate of 75.56% than that of the control group (57.78%). The 
differences between the groups were statistically significant (P < 0.05). The results are presented in Figure 2A.
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Table 1 Comparison of clinical data between the two groups

Index Study group (n = 45) Control group (n = 45) χ2/t P value

Sex 0.044 0.832

Male 25 24

Female 20 21

Age (yr) 48.80 ± 9.50 49.50 ± 9.80 0.639 0.524

BMI (kg/m2) 23.50 ± 3.12 24.01 ± 2.85 0.796 0.427

Complications (n) 0.795 0.672

Diabetes 4 5

Hypertension 18 14

Hyperlipidemia 9 11

Arrhythmia 2 1

Smoking history (n) 0.189 0.664

Yes 16 18

No 29 27

Drinking history (n) 0.179 0.673

Yes 20 22

No 25 23

BMI: Body mass index.

Table 2 Analysis of short-term efficacy of patients between two groups

Study group (n = 45) Control group (n = 45)
Index

n % n %
χ2 P value

CR 11 24.44 9 20.00

PR 25 55.56 17 37.78

SD 6 13.33 12 26.67

PD 3 6.67 7 15.56

ORR (CR + PR) 36 80.00 26 57.78 11.519 0.011

DCR (CR + PR + SD) 42 93.33 38 84.44 4.215 0.016

CR: Complete response; PR: Partial response; SD: Stable disease; PD: Progressive disease; ORR: Overall response Rate; DCR: Disease control rate.

Comparison of KPS scores
Compared with that before treatment, a significant improvement in KPS scores was observed in the study group (P < 
0.05). The results are presented in Figure 2B.

Comparison of adverse reactions
Based on the statistical results, 15.56% of the study group experienced adverse reactions compared to 35.56% of the 
control group (P < 0.05), indicating a statistically significant difference. as shown in Table 3.

DISCUSSION
LAGC is a common malignant tumor in clinical practice. Most patients are asymptomatic in the early stages and are often 
treated at a later stage because of gastrointestinal reactions[19]. After gastroscopy and pathological examination, these 
tumors are often found in the middle and late stages, thus losing the best period for surgery[20]. Neoadjuvant 
chemotherapy has become a new treatment method for some patients with middle and advanced malignant tumors in 
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Table 3 Comparison of adverse reactions between the two groups

Study group (n = 45) Control group (n = 45)
Index

n % n %
χ2 P value

Abnormal liver function 1 2.22 5 11.11

Nausea and vomiting 3 6.67 6 13.33

Diarrhoea 2 4.44 3 6.67

Decreased white blood cells 1 2.22 2 4.44

Total 7 15.56 16 35.56 10.512 < 0.001

Figure 1 Flow chart. ORR: Overall response rate; DCR: Disease control rate; SRR: Surgical resection rate; KPS: Karnofsky Performance Status.

Figure 2 The surgical resection rate and Karnofsky Performance Status scores between the two groups. A: Surgical resection rate; B: Karnofsky 
Performance Status scores. KPS: Karnofsky Performance Status.

recent years, aiming to control and shrink the progression of the lesions through chemotherapy and then achieve 
therapeutic purpose through surgical treatment[21]. This type of therapy mainly uses a combination of two or three 
drugs; however, the number of drugs must be selected according to the patient’s body indicators and tolerance before 
treatment[22].

The results of this study showed that the ORR of the study group was 80.00% after treatment, which was significantly 
higher than that of the control group (57.78%) (P < 0.05). Compared with the control group, the study group had a 
resection rate of 75.56%, while the control group had a resection rate of 57.78%, and the two groups differed significantly 
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(P < 0.05). This finding is consistent with those of the previous studies[23-25]. Analysis of the reasons: Compared with 
traditional chemotherapy methods, oxaliplatin and tigio combined neoadjuvant chemotherapy regimen can effectively 
reduce focal diameter and control disease progression through the rational combination of multiple therapeutic drugs, 
thus further reducing the tumor stage of patients and providing a basis for the implementation of further treatment. In 
addition, neoadjuvant chemotherapy can have a good inhibitory effect on the metastasis and proliferation of cancer cells 
in patients, which can further improve the treatment effect, avoid the risk of patient prognosis recurrence, and improve 
the quality of life. However, in actual treatment, three drugs, two drugs, or single drugs should be carefully selected 
according to the physical strength and age of patients to reduce adverse reactions and improve the patient’s quality of 
life.

According to this study, the study group experienced adverse reactions at a rate of 15.56% compared with the control 
group’s 35.56%, which was statistically significant (P < 0.05). There was a significantly greater improvement in KPS score 
in the research group than that in the control group, with P < 0.05, which is in general agreement with the findings of Cui 
et al[26] and Dimpel et al[27]. This may be because the combined application of oxaliplatin and tigio can play a synergistic 
role in enhancing the antitumor effect. Oxaliplatin is a platinum-based anticancer drug that inhibits DNA replication and 
transcription, thereby inhibiting the proliferation of tumor cells. Tigio is an oral fluorouracil analog that inhibits the 
growth of tumor cells by inhibiting enzymes, such as thymidylate synthase, which interferes with DNA synthesis. The 
combined use of these two drugs is advantageous and improves their therapeutic effects. Simultaneously, the oral 
administration of tigio is more convenient than intravenous administration, and its metabolites are less toxic to normal 
cells, which can reduce the incidence of adverse reactions.

Limitation
This study has several limitations. First, this was a single-center study, and a selection bias may have influenced the 
results. As a retrospective study, there were some limitations, such as the lack of a thorough research plan and 
information bias. Second, this study did not include indicators of blood drawing in patients before and after surgery. If 
more detailed biochemical indicators are available and their data statistics and analyses are performed, it may further 
explain why neoadjuvant chemotherapy does not increase the incidence of recent postoperative complications. Third, the 
sample size of this study was small, and the representation of the whole population was limited; therefore, this study still 
needs to be verified by a prospective study with a larger sample size.

CONCLUSION
In conclusion, for patients with LAGC, compared with conventional chemotherapy, oxaliplatin combined with tigio as a 
preoperative neoadjuvant chemotherapy regimen can effectively increase the ORR and SRR, has certain safety, and 
improve its clinical therapeutic effect.
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Abstract
BACKGROUND 
Laparoscopic-assisted radical gastrectomy (LARG) is the standard treatment for 
early-stage gastric carcinoma (GC). However, the negative impact of this proce-
dure on respiratory function requires the optimized intraoperative management 
of patients in terms of ventilation.

AIM 
To investigate the influence of pressure-controlled ventilation volume-guaranteed 
(PCV-VG) and volume-controlled ventilation (VCV) on blood gas analysis and 
pulmonary ventilation in patients undergoing LARG for GC based on the lung 
ultrasound score (LUS).

METHODS 
The study included 103 patients with GC undergoing LARG from May 2020 to 
May 2023, with 52 cases undergoing PCV-VG (research group) and 51 cases 
undergoing VCV (control group). LUS were recorded at the time of entering the 
operating room (T0), 20 minutes after anesthesia with endotracheal intubation 
(T1), 30 minutes after artificial pneumoperitoneum (PP) establishment (T2), and 15 
minutes after endotracheal tube removal (T5). For blood gas analysis, arterial 
partial pressure of oxygen (PaO2) and partial pressure of carbon dioxide (PaCO2) 
were observed. Peak airway pressure (Ppeak), plateau pressure (Pplat), mean airway 
pressure (Pmean), and dynamic pulmonary compliance (Cdyn) were recorded at T1 
and T2, 1 hour after PP establishment (T3), and at the end of the operation (T4). 
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Postoperative pulmonary complications (PPCs) were recorded. Pre- and postoperative serum interleukin (IL)-1β, 
IL-6, and tumor necrosis factor-α (TNF-α) were measured by enzyme-linked immunosorbent assay.

RESULTS 
Compared with those at T0, the whole, anterior, lateral, posterior, upper, lower, left, and right lung LUS of the 
research group were significantly reduced at T1, T2, and T5; in the control group, the LUS of the whole and partial 
lung regions (posterior, lower, and right lung) decreased significantly at T2, while at T5, the LUS of the whole and 
some regions (lateral, lower, and left lung) increased significantly. In comparison with the control group, the whole 
and regional LUS of the research group were reduced at T1, T2, and T5, with an increase in PaO2, decrease in 
PaCO2, reduction in Ppeak at T1 to T4, increase in Pmean and Cdyn, and decrease in Pplat at T4, all significant. The research 
group showed a significantly lower incidence of PPCs than the control group within 3 days postoperatively. 
Postoperative IL-1β, IL-6, and TNF-α significantly increased in both groups, with even higher levels in the control 
group.

CONCLUSION 
LUS can indicate intraoperative non-uniformity and postural changes in pulmonary ventilation under PCV-VG 
and VCV. Under the lung protective ventilation strategy, the PCV-VG mode more significantly improved intraop-
erative lung ventilation in patients undergoing LARG for GC and reduced lung injury-related cytokine production, 
thereby alleviating lung injury.

Key Words: Lung ultrasound score; Pressure-controlled ventilation volume-guaranteed; Laparoscopic-assisted radical 
gastrectomy; Blood gas analysis indexes; Pulmonary ventilation

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This study mainly analyzed the effects of pressure-controlled ventilation volume-guaranteed (PCV-VG) and 
volume-controlled ventilation (VCV) on blood gas analysis and pulmonary ventilation in patients with gastric carcinoma 
(GC) undergoing laparoscopic-assisted radical gastrectomy (LARG) based on the lung ultrasound score (LUS). We 
performed validation analyses by evaluating the peak airway pressure (Ppeak), plateau pressure (Pplat), mean airway pressure 
(Pmean), dynamic pulmonary compliance (Cdyn), occurrence of postoperative pulmonary complications (PPCs), and levels of 
serum interleukin (IL)-1β, IL-6, and tumor necrosis factor-α before and after surgery. We confirmed that LUS can indicate 
non-uniformity and postural changes in lung ventilation under the two ventilation modes. However, PCV-VG is superior to 
VCV in significantly alleviating lung injury and inflammatory responses in patients undergoing LARG for GC, improving 
lung ventilation, and exerting a protective effect against PPCs. Thus, PCV-VG is a practical ventilation option in clinical 
practice.

Citation: Tan J, Bao CM, Chen XY. Lung ultrasound score evaluation of the effect of pressure-controlled ventilation volume-
guaranteed on patients undergoing laparoscopic-assisted radical gastrectomy. World J Gastrointest Surg 2024; 16(6): 1717-1725
URL: https://www.wjgnet.com/1948-9366/full/v16/i6/1717.htm
DOI: https://dx.doi.org/10.4240/wjgs.v16.i6.1717

INTRODUCTION
Gastric carcinoma (GC) is the third leading cause of death from tumors worldwide and the fifth most prevalent 
malignancy. It often occurs in the elderly and is characterized by a progressive decline in physical function[1,2]. Risk 
factors include dietary factors, such as high salt, oil, and sugar intake; unhealthy lifestyle habits like smoking and alcohol 
consumption; and Helicobacter pylori infection, all of which contribute to an increased risk of developing GC[3]. Over 1 
million new GC cases are diagnosed every year and nearly 800000 deaths, with a 5-year survival of 36.3%[4]. This is 
because of the low cure rate and high treatment difficulty due to the nonspecific manifestations in early GC cases the loss 
of the best time for surgery in advanced ones[5]. Laparoscopic-assisted radical gastrectomy (LARG), the standard 
treatment for early-stage GC, is advantageous over conventional open gastrectomy in minimal invasiveness, good visual-
ization, lesser intraoperative bleeding, and faster postoperative recovery[6,7]. However, anesthesia, mechanical synchron-
ization, and other factors involved in the procedure may induce various negative effects on the patient’s respiratory 
function and cause adverse events, such as abnormal blood gas analysis indexes, uneven pulmonary ventilation, and 
postoperative pulmonary complications (PPCs)[8,9].

Therefore, the optimized management of LARG would be highly beneficial to avoid such adverse events and improve 
the efficacy and safety of patients. This paper evaluated the influence of pressure-controlled ventilation volume-
guaranteed (PCV-VG) on blood gas analysis indexes and pulmonary ventilation in patients undergoing LARG for GC 
and compared it with volume-controlled ventilation (VCV) as the control. A comparative evaluation was also conducted 
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based on the lung ultrasound score (LUS), which has not been analyzed by other investigators[10]. VCV is a ventilation 
mode that applies a uniform flow rate, which may increase the peak airway pressure (Ppeak) in the alveoli, leading to lung 
loss in patients[11]. In contrast, as a more advanced dual-control ventilation mode, PCV-VG delivers pressure-controlled 
gas, with the pressure control level automatically adjusted according to factors, such as the patient’s lung resistance and 
compliance, resulting in a lower Ppeak and higher dynamic pulmonary compliance (Cdyn). These features may help prevent 
lung pressure-related losses[12,13]. The LUS is a non-invasive and radiation-free lung scoring standard used to evaluate 
pulmonary ventilation[14]. This study evaluated the clinical effect of PCV-VG in LARG based on the LUS and is hereby 
reported in detail.

MATERIALS AND METHODS
Patients and general data
The participants were 103 patients undergoing LARG for GC at the Lishui District People’s Hospital from May 2020 to 
May 2023. The research group (n = 52) underwent PCV-VG, whereas the control group (n = 51) underwent VCV.

Criteria for patient enrollment and exclusion
The inclusion criteria were as follows: Patients that presented GC symptoms and met the diagnostic criteria for GC; no 
extensive infiltration of surrounding tissues and organs or distant metastasis; underwent LARG under general anesthesia; 
and complete case records.

The exclusion criteria were the following: Severe dysfunction of the heart, lung, kidneys, etc.; psychological illness or 
mental disturbance; pulmonary bullae, asthma, or moderate to severe ventilation dysfunction; and neuromuscular 
diseases, lung surgery history, or preoperative anemia (hemoglobin ≤ 70 g/L).

Anesthesia methods
All patients were conventionally monitored for blood pressure, electrocardiography, and SpO2 after entering the 
operating room. A radial artery puncture needle was inserted under local anesthesia with 1 mL of 2% lidocaine for 
invasive mean arterial pressure (MAP) monitoring. The anesthesia induction scheme consisted of midazolam (0.02 mg/
kg), sufentanil (0.5 μg/kg), etomidate (0.2 mg/kg), and rocuronium bromide (0.6 mg/kg). Catheterization was performed 
in the right internal jugular deep vein. After establishing an artificial pneumoperitoneum (PP), the patient was placed in a 
dorsal elevated position at 30°. Sevoflurane (1%–2%), remifentanil (0.1–0.3 μg/kg/min), dexmedetomidine (0.2 μg/kg/h), 
and rocuronium bromide (5–6 μg/kg/min) were used for anesthesia maintenance, with the dosage adjusted depending 
on the anesthesia depth. The bispectral index was maintained at 40–60. The intraoperative fluctuation amplitude of MAP 
was controlled to not exceed 20% of the base value. If the MAP decreased > 20% of the base value after rehydration the-
rapy, norepinephrine was given at 0.01–0.5 μg/kg/min. The patient was placed in a supine position following artificial 
PP. The withdrawal time of rocuronium bromide and dexmedetomidine was 40 min or so before the end of the 
procedure; sevoflurane was discontinued approximately 10 min before the surgery was completed, and remifentanil was 
withdrawn immediately postoperatively. After the patient regained consciousness and reached the indication for 
extubation, the tracheal catheter was removed, and a postoperative intravenous analgesia pump was used for pain relief. 
Subsequently, the patient was transferred to the post-anesthesia care unit.

Ventilation parameter setting
After endotracheal intubation, the patients in the research and control groups were placed under PCV-VG and VCV, 
respectively. Protective ventilation strategies were adopted in both groups: inhaled oxygen concentration: 60%; fresh gas 
velocity: 1.5 L/min; tidal volume: 8 mL/kg; respiratory rate (RR): 12 breaths/min; inspiratory/expiratory: 1:2; PETCO2 
(adjusted by respiratory rate): 30–35 mmHg; and pressure: 35 cmH2O.

Detection indicators
A portable ultrasound machine was used to record the LUS of patients at the time of entering the operating room (T0), 20 
min after anesthesia with endotracheal intubation (T1), 30 min after establishing artificial PP (T2), and 15 min after 
endotracheal tube removal (T5). The LUS was divided into 12 pulmonary zones: the chest wall was divided into anterior, 
lateral, and posterior sides based on the anterior and posterior axillary lines. Each part was then divided into upper and 
lower sections to make up 12 evaluable lung regions. The possible total score of the 12 Lung regions was 0–36 points, with 
a higher score indicating greater lung ventilation injury.

Arterial blood was collected at T0, T1, T2, and T5, and blood gas analysis was performed to record the arterial partial 
pressure of oxygen (PaO2) and partial pressure of carbon dioxide (PaCO2).

The Ppeak, platform pressure (Pplat), mean airway pressure (Pmean), and Cdyn were monitored and recorded at T1, T2, T3 (1 
h after PP establishment), and T4 (at the end of surgery).

For PPCs, incidence of adverse events, such as pneumonia, hypoxemia, bronchospasm, atelectasis, and pneumothorax, 
were recorded and the total incidence calculated.

Venous blood (3 mL) was drawn on an empty stomach pre- and postoperatively and centrifuged to obtain serum for 
measuring interleukin (IL)-1β, IL-6, and tumor necrosis factor-α (TNF-α) levels by enzyme-linked immunosorbent assay.
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Table 1 Comparison of general patient characteristics

Indicators Control group (n = 51) Research group (n = 52) χ2/t P value

Sex (male/female) 25/26 24/28 0.085 0.771

Age (years) 58.78 ± 8.01 61.13 ± 7.40 1.547 0.125

Body mass index (kg/m2) 21.49 ± 2.40 22.12 ± 3.01 1.173 0.244

Duration of pneumoperitoneum (minutes) 66.25 ± 12.89 64.63 ± 13.6 0.620 0.537

ASA grade (II/III) 28/23 25/27 0.480 0.488

ASA: America Society of Anesthesiologists.

Statistical analyses
Continuous variables (e.g., age, body mass index, PP duration, LUS, PaO2, and PaCO2) were expressed mean ± SE. To 
identify statistical significance (threshold: P < 0.05), the independent sample t-test was performed for inter-group 
comparisons of continuous variables and paired t test for intra-group comparisons before and after treatment. Categorical 
variables [sex, America Society of Anesthesiologist (ASA) grade, etc.) were expressed as rate (percentage) and compared 
between groups using the χ2 test. The collected experimental data were analyzed using SPSS20.0.

RESULTS
Comparison of general data
The two patient cohorts were similar in sex, age, body mass index, PP duration, ASA grade, and other general data (P > 
0.05; Table 1).

Comparison of LUS
We compared the LUS of the different lung regions between the two patient groups. Compared with those at T0, the 
whole, anterior, lateral, posterior, upper, lower, left, and right lung LUS of the research group were significantly lower at 
T1, T2, and T5 (P < 0.05). In the control group, the whole, posterior, and lower lung region LUS decreased significantly at 
T2 (P < 0.05), whereas the whole, upper, lower, left, and right lung LUS increased at T5 (P < 0.05). At T0, the two groups 
exhibited marked differences in anterior, lateral, posterior, upper, lower, left, and right lung region LUS (P < 0.05). At T1, 
T2, and T5, the research group had significantly lower LUS for the whole lung and all lung regions than the control group 
(P < 0.05; Figure 1).

Comparison of PaO2 and PaCO2

The blood gas analysis indexes at each time point were comparatively analyzed. The two groups showed similar PaO2 
and PaCO2 at T0 (P > 0.05) and a significant increase in the two indexes at T1 and T2 (P < 0.05). PaO2 and PaCO2 were 
significantly lower at T5 but did not differ significantly with T0 Levels (P > 0.05). PaO2 and PaCO2 at T1 and T2 were 
higher in the research group than in the control group (P < 0.05). PaCO2 initially decreased in both groups at T1, increased 
significantly at T2 (P < 0.05), and decreased significantly at T5 to a level that was still higher than that at T0 (P < 0.05). 
Significant inter-group differences was also observed in PaCO2 at T1 and T5 (P < 0.05) (Figure 2).

Comparisons on the Ppeak, Pplat, Pmean, and Cdyn

The two groups differed significantly in the Ppeak and Cdyn at T1 (P < 0.05). Ppeak and Pplat increased significantly in both 
groups at T2 and T3 compared at T1, while at T4, these two indicators in reduced significantly to levels that did not differ 
significantly from those at T1 (P > 0.05). The research group had lower Ppeak at T2, T3, and T4 and Pplat at T4 than the 
control group (P < 0.05). Compared with T1, the Pmean and Cdyn in both groups decreased significantly at T2 and T3. At T4, 
the Pmean of both groups increased to levels comparable with those at T1 (P > 0.05). The Cdyn of both groups also rose 
significantly but remained significantly lower than that at T1 (P < 0.05). The research group showed higher Pmean at T2 and 
T4 and higher Cdyn at T2, T3, and T4 compared with the control group (P < 0.05; Figure 3).

Comparison of PPCs
The most common PPCs in the research group was hypoxemia, followed by atelectasis, bronchospasm, and pneumo-
thorax. The most common PPC in the control group patients was hypoxemia, followed by atelectasis, pneumonia, and 
bronchospasm and pneumothorax. The incidence of PPCs was markedly lower in the research group than in the control 
group (P < 0.05; Table 2).

Comparisons of IL-1β, IL-6, and TNF-α
Preoperative IL-1β, IL-6, and TNF-α did not differ significantly between the groups (P > 0.05). However, all of them 
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Figure 1 Comparison of lung ultrasound scores. A-H: Changes in lung ultrasound scores of the (A) whole, (B) anterior, (C) lateral, (D) posterior, (E) upper, 
(F) lower, (G) left, and (H) right lung regions across time points. aP < 0.05 and bP < 0.01, compared with T0; cP < 0.05, vs control group.
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Figure 2 Comparison of (arterial partial pressure of oxygen) PaO2 and (partial pressure of carbon dioxide) PaCO2. A and B: Changes in (A) 
PaO2 and (B) PaCO2 at various time points. aP < 0.05 and bP < 0.01, compared with T0; cP < 0.05 vs control group.

Figure 3 Comparisons of peak airway pressure (Ppeak), plateau pressure (Pplat), mean airway pressure (Pmean), and dynamic pulmonary 
compliance (Cdyn). A-D: Changes in (A) Ppeak, (B) Pplat, (C) Pmean, and (D) Cdyn across time points. aP < 0.05 and bP < 0.01, compared with T1; cP < 0.05 vs control 
group.

increased significantly in both patient cohorts postoperatively (P < 0.05), with a more significant increase in the control 
group (P < 0.05; Figure 4).

DISCUSSION
Although the treatment of GC has been continuously optimized and the incidence rate reduced, LARG remains the best 
choice for the treatment of non-metastatic GC[15]. The advantages of LARG have been established, but this procedure 
still carries a risk of postoperative adverse events[16]; thus, further optimization of the management of this procedure is 
required.
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Table 2 Comparison of postoperative pulmonary complications, n (%)

Indicators Control group (n = 51) Research group (n = 52) χ2 P value

Pneumonia 3 (5.88) 0 (0.00)

Hypoxemia 7 (13.73) 4 (7.69)

Bronchospasm 2 (3.92) 2 (3.85)

Atelectasis 5 (9.80) 3 (5.77)

Pneumothorax 2 (3.92) 1 (1.92)

Total 19 (37.25) 10 (19.23) 4.135 0.042

Figure 4 Comparison of interleukin-1β, interleukin-6 and tumor necrosis factor-α. A-C: Pre- and post-treatment (A) IL-1β, (B) IL-6, and (C) TNF-α 
levels. aP < 0.05 and bP < 0.01, compared with T1; cP < 0.05 vs control group.

The whole, anterior, lateral, posterior, upper, lower, left, and right lung LUS decreased significantly in the research 
group at T1, T2, and T5, whereas the control group only showed significantly lower whole, posterior, and lower lung LUS 
at T2. Moreover, the research group had evidently lower LUS of the whole lung and all regional lung regions than the 
control group at T1, T2, and T5. These data indicate that, compared with VCV, PCV-VG can achieve uniform ventilation 
by expanding trapped and unventilated alveoli, thereby more effectively reducing lung ventilation damage. The LUS 
results in the control group indicate optimal functional residual capacity due to the patient’s dorsal elevated position after 
VCV intervention and artificial PP establishment, in addition to the minimal pulmonary vascular resistance at this time, 
which ultimately resulted in more blood flow in the lower lung and the basolateral region, thereby improving the lung 
ventilation and the ventilation/blood flow ratio in these regions[17,18]. The lower and left lung LUS were the highest in 
the control group at T5, indicating that the LUS can indicate overall and regional ventilation changes perioperatively 
under both ventilation modes. PCV-VG, a ventilation modality optimized based on PCV and VCV, prevents venti-
lation–perfusion mismatches by ensuring a more uniform ventilation distribution and preventing peak inspiratory 
pressure from rising. This is primarily achieved by automatically changing ventilation parameters to allow the patient to 
inhale the target tidal volume at each forced breath on the premise of not increasing airway pressure[19,20]. Although 
VCV can guarantee a patient’s target minute ventilation, patients are particularly susceptible to factors, such as 
barotrauma and changes in lung gas distribution, because of causes such as compliance or resistance[21].

Blood gas analysis revealed that the research group had significantly higher levels of PaO2 at T1 and T2 and signi-
ficantly lower levels of PaCO2 at T1 and T5, indicating that PCV-VG intervention in patients undergoing LARG can 
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significantly optimize lung ventilation function, similar to the results reported by Toker et al[22]. Furthermore, the Ppeak 
and Pplat in the research group were significantly lower than those in the control, whereas Pmean and Cdyn were significantly 
higher. This indicates that PCV-VG is more effective in protecting lung function under long-term mechanical ventilation 
in patients undergoing LARG, thereby more efficiently optimizing lung respiratory mechanics and improving the 
ventilation/blood flow ratio. Higher Ppeak and lower Cdyn have been linked to serious imbalances in the ventilation/blood 
flow ratio associated with alveolar overdistension and increased pulmonary vascular resistance[23]. Turan Civraz et al[24] 
reported that PCV-VG implemented in patients undergoing laparoscopic abdominal surgery is significantly advant-
ageous over VCV in providing optimal ventilation pressure and maintaining high dynamic compliance, similar to our 
findings. Hypoxemia and atelectasis were the most common PPCs in the two groups, with a notably lower incidence in 
the research group than in the control group. Postoperatively IL-1β, IL-6, and TNF-α were significantly increased in the 
research group but still considerably lower than those in the control group, indicating that PCV-VG intervention can 
significantly inhibit postoperative inflammatory responses in patients undergoing LARG. IL-1β is closely related to 
mechanical ventilation-associated inflammatory cascades, whereas IL-6 is significantly associated with the injuries of the 
alveolar epithelium and extracellular matrix and ventilation-related lung tissue loss. Likewise, TNF-α is strongly 
correlated with early inflammatory reaction related to mechanical ventilation[25,26].

This study has several limitations. First, the study was conducted at a single center, which may limit the generaliz-
ability of the results. Second, the retrospective study design may introduce selection bias and confounding variables. 
Third, the factors influencing the occurrence of PPCs in patients was not performed. Future studies need to address these 
three aspects to generate more robust results.

CONCLUSION
This study demonstrated that LUS can indicate non-uniformity and postural changes in lung ventilation under the two 
ventilation modes. Compared with VCV, PCV-VG intervention more significantly alleviated lung injury, improved lung 
ventilation, and reduced inflammation in patients undergoing LARG for GC, while exerting protective activity against 
PPCs, making it the more practical ventilation option in clinical practice.
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Abstract
BACKGROUND 
Endoscopic retrograde cholangiopancreatography (ERCP), with its clinical ad-
vantages of less trauma and faster recovery, has become the primary treatment for 
choledocholithiasis.

AIM 
To investigate the effects of different ERCP procedures on the sphincter of Oddi.

METHODS 
The clinical data of 91 patients who underwent ERCP at Yixing Hospital of 
Traditional Chinese Medicine between February 2018 and February 2021 were 
analyzed retrospectively. The patients were divided into endoscopic sphinc-
terotomy (EST, n = 24) and endoscopic papillary balloon dilation (EPBD, n = 67) 
groups. The duration of operation, pancreatic development, pancreatic sphinc-
terotomy, intubation difficulties, stone recurrence, and incidence of reflux cho-
langitis and cholecystitis were statistically analyzed in patients with a history of 
choledocholithiasis, pancreatitis, and Oddi sphincter dysfunction in the EST and 
EPBD groups.

RESULTS 
Differences in hypertension, diabetes, increased bilirubin, small diameter of the 
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common bile duct, or ampullary diverticulum between the two groups were not significant. Statistically significant 
differences were observed between the two groups concerning sex and age (< 60 years). Patients with a history of 
choledocholithiasis, pancreatitis, and Oddi sphincter dysfunction were higher in the EST group than in the EPBD 
group. The number of cases of pancreatic development, pancreatic duct sphincterotomy, and difficult intubation 
were higher in the EST group than in the EPBD group. The number of Oddi’s sphincter manometries, ERCP 
surgical outcomes, and guidewires entering the pancreatic duct several times in EST group were lower than those 
in the EPBD group. The numbers of stone recurrences, reflux cholangitis, and cholecystitis were higher in the EST 
group than in the EPBD group.

CONCLUSION 
In summary, common bile duct stones, pancreatitis history, and multiple guided wire introductions into the 
pancreatic duct are independent risk factors for EST and EPBD. Based on this evidence, this study can provide 
actionable insights for clinicians and researchers.

Key Words: Oddi; Cholangiopancreatography; Endoscopic retrograde; Risk factors; Endoscopic sphincterotomy; Endoscopic 
papillary balloon dilation

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This study suggests that the number of cases of pancreatic development, sphincterotomy of pancreatic duct, 
difficulty intubation, recurrence of calculus, reflux cholangitis and cholecystitis in endoscopic sphincterotomy (EST) group 
were higher than those in endoscopic papillary balloon dilation (EPBD) group. Moreover, choledocholithiasis, history of 
pancreatitis, and multiple guides leads into the pancreatic duct are independent risk factors for EST and EPBD. Clinical re-
identification of Oddi sphincter function will ensure rational and standardized patient treatment.

Citation: Fu K, Yang YY, Chen H, Zhang GX, Wang Y, Yin Z. Effect of endoscopic sphincterotomy and endoscopic papillary balloon 
dilation endoscopic retrograde cholangiopancreatographies on the sphincter of Oddi. World J Gastrointest Surg 2024; 16(6): 1726-
1733
URL: https://www.wjgnet.com/1948-9366/full/v16/i6/1726.htm
DOI: https://dx.doi.org/10.4240/wjgs.v16.i6.1726

INTRODUCTION
Choledocholithiasis is a common and frequently occurring disease worldwide, accounting for a substantial proportion of 
digestive system diseases[1,2]. It affects more than 10% of the Western population[3]. In addition to genetic factors, age, 
sex, nutrition, obesity, rapid weight change, and exercise are closely related to the development of choledocholithiasis[3]. 
With a rapidly developing economy and consequently improving living standards in China[4], the choledocholithiasis 
incidence in China is rising yearly owing to increasingly severe population aging and obesity[5]. Endoscopic retrograde 
cholangiopancreatography (ERCP) has become the chief clinical treatment for choledocholithiasis because of its clinical 
advantages of less trauma and faster recovery in this period of advanced science and technology and improved medical 
technology and hospital hardware facilities. According to multicenter clinical research data, the recurrence rate in 
patients with choledocholithiasis after ERCP is 4%-24%[6]. Therefore, the high recurrence rate of choledocholithiasis has 
become the focus of attention for surgeons worldwide[6]. Presently, domestic and foreign studies on the recurrence 
mechanism of choledocholithiasis mainly focus on crucial issues such as biliary microecology, duodenal papilla sphincter 
functional damage and abnormalities caused by surgery, and individual biliary anatomical differences[7].

Choledocholithiasis is a common digestive disease occurring in the middle and lower segments of the common bile 
duct[8,9]. The main symptom of the disease is suppurative cholangitis, which can be severe and even life-threatening[10]. 
After decades of development, ERCP has many advantages, such as less trauma, less pain, faster recovery, and fewer 
postoperative complications, and is widely used for diagnosing and treating choledocholithiasis[10]. The primary and 
emerging procedures of ERCP include endoscopic sphincterotomy (EST), endoscopic papillary balloon dilation (EPBD), 
endoscopic sphincterotomy plus balloon dilation (ESBD), and endoscopic endoclip papilloplasty (EEPP)[11].

The delicate and complex structure of the Oddi sphincter is composed of the common bile duct, pancreatic duct, and 
ampullary sphincters[12]. The common bile duct sphincter is the strongest muscle fiber of the common bile duct located 
at its end and the main component of the Oddi sphincter[13]. Its contraction can be close to the end of the common bile 
duct. The Oddi sphincter is the controlling valve of the bile-pancreatic duct passage; thus, it can effectively prevent the 
reflux of duodenal contents, prevent bacteria and other retrograde infections, and indirectly regulate the secretion and 
storage of bile and pancreatic juice[14]. It plays an irreplaceable role in maintaining the normal physiological function of 
the bile-pancreatic duct. Protecting the function of Oddi’s sphincter during ERCP has received increasing attention from 
physicians[15].

https://www.wjgnet.com/1948-9366/full/v16/i6/1726.htm
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This study was critical for analyzing the factors influencing post-ERCP pancreatitis (PEP), an independent risk factor 
for PEP, and for undertaking corresponding measures to prevent PEP. In this study, we analyzed primary indicators 
(common bile duct stones, history of pancreatitis, Oddi sphincter dysfunction, and pancreatic imaging) and secondary 
indicators (pancreatic sphincterotomy, Oddi’s sphincter manometries, and ERCP operation failure). This study invest-
igated the effects of different ERCP techniques on the Oddi sphincter.

MATERIALS AND METHODS
General information
The clinical data of 91 patients who underwent ERCP at Yixing Hospital of Traditional Chinese Medicine between 
February 2018 and February 2021 were analyzed retrospectively. The patients were divided into EST (n = 24) and EPBD (
n = 67) groups. All experiments were conducted in accordance with the guidelines issued by the Institutional Care and 
Use Committee at our hospital. All selected personnel provided informed consent.

Inclusive criteria: (1) With a complete clinical history; (2) who underwent ERCP; (3) 18-70 years old; (4) with normal 
serum amylase levels before the operation; and (5) with signed informed consent forms.

Exclusion criteria: (1) Combination of benign or malignant biliary stricture; (2) history of biliary pancreatitis; (3) 
incomplete medical or follow-up data; and (4) patients with serious diseases, such as malignant tumors, cirrhosis, 
leukemia, etc.

Diagnostic criteria for pancreatitis
Diagnostic criteria: (1) Symptoms lasting more than 24 h, such as abdominal pain, nausea, and vomiting; (2) needs hospit-
alization for diagnosis and treatment or more than 2 d; (3) worsening and reappearing abdominal pain; and (4) a reported 
postoperative serum amylase level of > 500 U/L as in the literature[1].

Statistics and data collection
Data were collected from the two groups on age, sex, hypertension, diabetes, common bile duct stones, pancreatitis, 
bilirubin, common bile duct diameter, ampullary diverticulum, Oddi sphincter dysfunction, pancreatic imaging, ERCP 
type, pancreatic sphincterotomy, Oddi sphincter manometry, operation duration (> 1 h), ERCP outcome, difficulty in 
intubation (> 5 times), and presence of a guidewire entering numerous times into the pancreatic duct.

Statistical analyses were performed using GraphPad Prism 7 software (GraphPad Software, Inc.). Data are presented as 
the mean ± SD. Differences between groups were analyzed using the Student’s t-test. Multiple groups were analyzed 
using one-way ANOVA. P < 0.05 was considered statistically significant.

RESULTS
Effect of ERCP on the Oddi sphincter function
Under ERCP, EST is used to treat choledocholithiasis, and the incision diameter of the papillary sphincter is usually ≥ 1 
cm (Figure 1). The specific surgical method of EPBD involves reaching the duodenal papilla through the duodenoscope 
inserting the guidewire into the common bile duct through the imaging catheter, and then removing the catheter. Based 
on the size of the stone and obstruction of the bile duct, balloon catheters with different diameters were selected for 
expansion (Figure 2).

Comparison of clinical data between two groups
Differences in hypertension, diabetes, increased bilirubin, small common bile duct diameter, and ampullary diverticulum 
between the two groups were nonsignificant (P > 0.05). Statistically significant differences were observed between the 
two groups concerning sex and age < 60 years (P < 0.05). The number of patients with a history of choledocholithiasis, 
pancreatitis, and Oddi sphincter dysfunction was higher in the EST group than in the EPBD group (P < 0.05; Table 1).

Analysis of Influencing Factors between the two groups
No significant differences were observed between the two groups in the ERCP type, choledochal sphincterotomy, or 
operation duration (> 1 h; P > 0.05). The number of pancreatic developments, sphincterotomies of the pancreatic duct, 
and difficult intubations was higher in the EST group than in the EPBD group (P < 0.05). Meanwhile, the number of 
Oddi’s sphincter manometries, ERCP surgical outcomes, and guidewires entering the pancreatic duct several times in the 
EST group were lower than those in the EPBD group (P < 0.05; Table 2).

Effect of main operative methods on Oddi sphincter
The number of stone recurrences, reflux cholangitis, and cholecystitis cases was higher in the EST group than in the EPBD 
group (P < 0.05; Table 3).
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Table 1 Comparison of clinical data between the two groups, n (%)

Group EST group (n = 24) EPBD group (n = 67)

Gender

Man 8 (33.33) 35 (52.24)

Woman 16 (66.67) 32 (47.76)

Age (yr)

< 60 22 (91.67) 33 (49.25)

≥ 60 2 (8.33) 34 (50.75)

History of hypertension 13 (54.17) 33 (49.25)a

History of diabetes 16 (66.67) 35 (52.34)a

History of choledocholithiasis 18 (75.00) 36 (53.73)

History of pancreatitis 19 (79.17) 28 (41.79)

Hyperbilirubin 13 (54.17) 34 (50.75)

Small diameter of common bile duct 11 (45.83) 31 (46.27)

Ampullary diverticulum 10 (41.67) 30 (44.78)

Oddi sphincter dysfunction 20 (83.33) 21 (31.34)a

aP < 0.05 was considered statistically significant.
EST: Endoscopic sphincterotomy; EPBD: Endoscopic papillary balloon.

Table 2 Analysis of influencing factors, n (%)

Group EST group (n = 24) EPBD group (n = 67)

Pancreatic development 18 (75.00) 30 (44.78)a

ERCP type 12 (50.00) 34 (50.75)

Sphincterotomy of pancreatic duct 14 (58.33) 27 (40.30)a

Oddi sphincter manometry 13 (54.17) 47 (70.15)a

Choledochal sphincterotomy 6 (25.00) 30 (44.78)

Operation duration (> 1 h) 5 (20.83) 14 (20.90)

ERCP surgical outcome 2 (8.33) 14 (20.90)a

difficult intubation 16 (66.67) 21 (31.34)a

The guide wire enters the pancreatic duct several times 16 (66.67) 64 (95.52)a

aP < 0.05 was considered statistically significant.
EST: Endoscopic sphincterotomy; EPBD: Endoscopic papillary balloon.

DISCUSSION
Although a commonly used method for treating pancreaticobiliary system diseases, ERCP is invasive and prone to 
postoperative complications[16]. One such common complication is pancreatitis, which may lead to death if not treated 
timely[16]. The pathogenesis of PEP remains unclear; however, nipple intubation can lead to nipple water in patients, 
Oddi sphincter spasms, and obstruction of pancreatic juice drainage, resulting in pancreatitis[17-19]. In this study, 
differences in hypertension, common bile duct diameter, and ampullary diverticulum between the two groups were 
nonsignificant. The current study had some limitations. Large-sample clinical research on the effect of ESBD, especially 
EEPP, on the Oddi sphincter is still lacking, and the follow-up time for long-term complications is relatively short. This 
insufficiency persisted in this experiment.

The duodenal papillary sphincter, the Oddi sphincter, refers to the circular sphincter surrounding the end of the 
common bile duct, pancreatic ductal end, and ampulla, including the common bile duct, pancreatic duct, and ampullary 
sphincters[20]. It plays a “switch” role in the secretion of bile and pancreatic juice and principally maintains the fluid 
pressure of the biliary system, preventing the reflux of duodenal juice and the mutual communication between bile and 
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Table 3 Effect on Oddi sphincter of several main operative methods, n (%)

Group EST group (n = 24) EPBD group (n = 67)

Stone recurrence 3 (12.50) 4 (5.97)a

Refluxing cholangitis 2 (8.33) 2 (3.00)a

Cholecystitis 4 (16.67) 1 (1.49)a

aP < 0.05 was considered statistically significant.
EST: Endoscopic sphincterotomy; EPBD: Endoscopic papillary balloon.

Figure 1 Operation process of endoscopic sphincterotomy. A: Duodenal papilla (arrow direction is longitudinal incision direction); B: During endoscopic 
sphincterotomy; C: After endoscopic sphincterotomy.

Figure 2 Operation process of endoscopic papillary balloon dilation. A: Common bile duct intubation; B: Balloon dilation of duodenal papilla; C: After 
airbag expansion; D: Stone extraction through expanded duodenal papilla.

pancreatic juice[21]. The dysfunction and structural damage of the Oddi sphincter will lead to diminished or loss of its 
“on-off” function, leading to cholestasis, duodenal fluid reflux, etc[22]. The clinical manifestations include biliary 
obstruction, biliary infection, pancreatitis, and recurrence of common bile duct stones[14,23]. In this study, the number of 
patients with a history of choledocholithiasis, pancreatitis, and Oddi sphincter dysfunction was higher in the EST group 
than in the EPBD group.

With the deepening of clinical exploration, choledocholithiasis surgery improvement, and the popularization of 
laparoscopy and endoscopy, laparoscopic common bile duct exploration (LCBDE) and ERCP have become the main 
clinical treatment methods for choledocholithiasis[24]. LCBDE is more traumatic and has a prolonged recovery period 
than ERCP[25]. However, regarding the long-term therapeutic effects, the stone recurrence rate was lower after LCBDE. 
ERCP is mainly combined with EPBD or EST, both of which are accompanied by varying degrees of damage to sphincter 
function and structure, leading to poor functioning of the “switch” of the Oddi sphincter postoperatively and 
consequently to cholestasis and infection of the biliary system, a major anatomical factor in stone recurrence[1]. In this 
study, the number of cases of pancreatic development, sphincterotomy of the pancreatic duct, and difficult intubation 
were higher in the EST group than in the EPBD group. Meanwhile, the number of Oddi’s sphincter manometries, ERCP 
surgical outcomes, and guidewires entering the pancreatic duct several times in the EST group were lower than those in 
the EPBD group.

Self-factors included age, sex, choledocholithiasis, a history of pancreatitis and Oddi sphincter dysfunction, pancreatic 
imaging, pancreatic sphincterotomy, Oddi sphincter manometry, ERCP failure, difficulty in intubation, and multiple 
access of the guidewire to the pancreatic duct[1]. Therefore, preventive measures should be implemented to reduce the 
incidence of PEP.
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Compared with the attempt of EPBD at relaxing the duodenal papillary sphincter for stone extraction utilizing 
balloons, the damage to the function of the duodenal papillary sphincter caused by EPBD is considerable[26]. The long-
term risk of choledocholithiasis recurrence is markedly increased because of the loss of function of the duodenal papillary 
sphincter after surgery[27]. EST causes irreversible damage to the duodenal papillary sphincter[28]. Therefore, surgeons 
should carefully consider the surgical method choice for young patients to retain sphincter function as much as possible. 
The reasonable selection of a surgical method to reduce functional damage to the duodenal papillary sphincter should be 
a crucial factor in effectively preventing the recurrence of common bile duct stones after surgery[29]. However, it is 
challenging to strictly grasp the surgical indications since corresponding clinical guidelines to select EST and EPBD 
surgical methods are lacking[30].

Using a balloon in EPBD to relax the duodenal papillary sphincter for lithotomy causes more damage to the function of 
the duodenal papillary sphincter than intended[26]. The long-term risk of recurrent choledocholithiasis is greatly 
increased due to the loss of duodenal papillary sphincter function after surgery[27]. According to retrospective studies, 
EST causes irreversible damage to the duodenal papilla sphincter[28]. Therefore, surgeons should carefully consider that 
the choice of surgery for young patients should preserve sphincter function. Reasonably, choosing the surgical method to 
reduce functional impairment of the duodenal papillary sphincter is an important factor in effectively preventing the 
recurrence of choledocholithiasis after surgery[29]. However, there is a lack of corresponding clinical guidelines for 
strictly determining surgical indications in terms of surgical selection for EST and EPBD. In this study, the number of 
stone recurrences, reflux cholangitis, and cholecystitis was higher in the EST group than in the EPBD group.

The current study had some limitations. The effect of ESBD, especially EEPP, on the Oddi sphincter is still lacking in 
large-sample clinical research, and the follow-up time for long-term complications is short. In the future, a large amount 
of clinical data is needed to confirm the advantages and disadvantages of ESBD and EEPP and their specific effects on the 
Oddi sphincter. With the increasing importance of Oddi sphincter function in the pathogenesis of biliary and pancreatic 
diseases, minimizing damage to the sphincter has become a common goal of clinicians. In clinical practice, we should re-
recognize the function of the Oddi sphincter and explore the ERCP method that has the least impact on it and has the best 
effect so that patients can receive reasonable and standard treatment as far as possible.

CONCLUSION
In conclusion, common bile duct stones, a history of pancreatitis, Oddi sphincter dysfunction, pancreatic imaging, 
pancreatic sphincterotomy, Oddi’s sphincter manometries, ERCP operation failure, difficult intubation, and multiple 
guidewire entry into the pancreatic duct are all independent risk factors for PEP; thus, these findings allow to undertake 
corresponding countermeasures to prevent PEP after EST and EPBD in clinical practice.
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Abstract
BACKGROUND 
Conventional five-port laparoscopic surgery, the current standard treatment for 
colorectal carcinoma (CRC), has many disadvantages.

AIM 
To assess the influence of reduced-port laparoscopic surgery (RPLS) on periop-
erative indicators, postoperative recovery, and serum inflammation indexes in 
patients with CRC.

METHODS 
The study included 115 patients with CRC admitted between December 2019 and 
May 2023, 52 of whom underwent conventional five-port laparoscopic surgery 
(control group) and 63 of whom underwent RPLS (research group). Comparative 
analyses were performed on the following dimensions: Perioperative indicators 
[operation time (OT), incision length, intraoperative blood loss (IBL), and rate of 
conversion to laparotomy], postoperative recovery (first postoperative exhaust, 
bowel movement and oral food intake, and bowel sound recovery time), serum 
inflammation indexes [high-sensitivity C-reactive protein (hs-CRP), tumor 
necrosis factor-α (TNF-α), and interleukin-6 (IL-6)], postoperative complications 
(anastomotic leakage, incisional infection, bleeding, ileus), and therapeutic 
efficacy.

RESULTS 
The two groups had comparable OTs and IBL volumes. However, the research 
group had a smaller incision length; lower rates of conversion to laparotomy and 
postoperative total complication; and shorter time of first postoperative exhaust, 
bowel movement, oral food intake, and bowel sound recovery; all of which were 
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significant. Furthermore, hs-CRP, IL-6, and TNF-α levels in the research group were significantly lower than the 
baseline and those of the control group, and the total effective rate was higher.

CONCLUSION 
RPLS exhibited significant therapeutic efficacy in CRC, resulting in a shorter incision length and a lower 
conversion rate to laparotomy, while also promoting postoperative recovery, effectively inhibiting the inflam-
matory response, and reducing the risk of postoperative complications.

Key Words: Reduced-port laparoscopic surgery; Colorectal carcinoma; Perioperative indicators; Postoperative recovery; Serum 
inflammation indexes

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Colorectal carcinoma (CRC) is a fatal but preventable gastrointestinal malignancy, with surgical treatment being 
the standard of care. However, conventional laparoscopic surgery has obvious disadvantages. This study compared reduced-
port laparoscopic surgery (RPLS) and conventional laparoscopic surgery and confirmed that the former had more advantages 
than the latter in CRC based on perioperative indicators, postoperative recovery, serum inflammatory responses, 
postoperative complications, and therapeutic efficacy. RPLS not only reduced the incision length and the rate of conversion 
to laparotomy but also promoted postoperative recovery, effectively inhibited the inflammatory response, and reduced the 
risk of postoperative complications.

Citation: Wu HB, Liu DF, Liu YL, Wang XF, Cao YP. Influence of reduced-port laparoscopic surgery on perioperative indicators, 
postoperative recovery, and serum inflammation in patients with colorectal carcinoma. World J Gastrointest Surg 2024; 16(6): 1734-
1741
URL: https://www.wjgnet.com/1948-9366/full/v16/i6/1734.htm
DOI: https://dx.doi.org/10.4240/wjgs.v16.i6.1734

INTRODUCTION
Colorectal carcinoma (CRC) is a fatal but preventable gastrointestinal malignancy and is the third most common cancer 
worldwide[1]. Smoking, high body fat, lack of exercise, and unhealthy eating habits, among others, may contribute to the 
occurrence of CRC[2]. Nearly 1.8 million new CRC cases and approximately 900000 associated deaths are reported every 
year, with a 5-year survival rate < 20% in patients with metastatic CRC[3,4]. Surgical treatment, the standard treatment 
for CRC, aims to resect the primary tumor and surrounding lymph nodes[5,6]. However, conventional laparoscopic 
surgery involves a five-port procedure, which not only affects the postoperative aesthetics of patients but also carries the 
risk of blood vessel and nerve damage in the abdominal wall and complication by trocar site hernia[7,8]. Therefore, 
optimizing surgical procedures based on conventional laparoscopic surgery could significantly improve the surgical 
outcomes and postoperative recovery of patients.

Reduced-port laparoscopic surgery (RPLS) implements an auxiliary incision combined with a single-port protocol. Port 
reduction (final two ports) is achieved by combining two auxiliary operation ports and one observation port in the 
auxiliary incision and then operating alongside the main operation port to achieve laparoscopic radical resection of CRC
[9,10]. This surgical modality is minimally invasive and less labor-intensive[11]. Inaki[12] found that RPLS can be 
performed for bariatric surgery and sleeve gastrectomy for the resection of benign gastric submucosal tumors, providing 
better cosmetic effects and even achieving a permanent cure. Borodulin et al[13] demonstrated that the application of 
RPLS in bilateral salpingectomy provides good cosmetic outcomes while ensuring safety and feasibility. RPLS for patients 
with CRC has also been reported in previous studies as an alternative to conventional multi-port laparoscopic colectomy
[14].

This study hypothesized that RPLS has superior clinical advantages over conventional five-port laparoscopic surgery 
in the treatment of CRC, which is hereby verified and reported in detail.

MATERIALS AND METHODS
General information
One hundred and fifteen patients with CRC admitted to The First Affiliated Hospital of Ningbo University from 
December 2019 to May 2023 were selected as the study subjects. The control group (n = 52) underwent conventional five-
port laparoscopic surgery, while the research group (n = 63) underwent RPLS. The two case groups were clinically 
comparable with no significant differences in baseline data (P > 0.05).

https://www.wjgnet.com/1948-9366/full/v16/i6/1734.htm
https://dx.doi.org/10.4240/wjgs.v16.i6.1734
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Criteria for patient enrollment and exclusion
Inclusion criteria: All patients included in this study were clinically diagnosed with CRC[15] and met the indications for 
surgical treatment; and had complete clinical data, normal cognitive and communication abilities, and no wa-
ter–electrolyte disturbance or acid–base imbalance.

Exclusion criteria: Minors, elderly patients aged > 80 years, and pregnant or lactating women were ineligible for this 
study. Also excluded were patients who had recently received chemoradiotherapy; patients with heart/lung/kidney 
dysfunction, coagulation dysfunction, autoimmune system defects, or other malignant tumors; and those suffering from 
serious gastrointestinal dysfunction, disorders, or other diseases before surgery that might affect the evaluation of 
gastrointestinal function.

Treatment methods
The research group underwent RPLS. The protocol involved performing an auxiliary incision, and a single port was 
adopted. The conventional two 5-mm auxiliary operation ports and 10-mm observation port were combined in the 
auxiliary incision of about 5 cm in length and used together with a 12-mm main operation port for the procedure. After 
general anesthesia, the patient was placed in a lithotomy position with the head low and feet high. A longitudinal incision 
approximately 5 cm long was made under the umbilicus into the abdomen, and a disposable retractor was placed in it 
and secured. After cutting the fingertips of a surgical glove, a 5-mm trocar was inserted into the thumb and little finger as 
the operating ports, and a 10-mm trocar was inserted into the middle finger as the observation port. A CO2 pneumoperi-
toneum with an abdominal pressure of 12 mmHg was established, and a 12-mm trocar was inserted as the main 
operating port and positioned at the location of the CRC. Finally, laparoscopic radical resection of CRC was performed by 
removing the cancerous bowel segment, anastomosing the intestinal end, and dissecting the regional lymph nodes.

The control group underwent routine five-port laparoscopic surgery. Anesthesia and posture were the same as those in 
the research group. A pneumoperitoneum was established, the cancerous intestinal segment was removed at the tumor 
site, the severed intestinal end was anastomosed, and the regional lymph nodes were removed. Finally, indwelling 
drainage and conventional suture were performed to complete the surgery.

Endpoints
Perioperative indicators: The operation time (OT), incision length, intraoperative blood loss (IBL), and rate of conversion 
to laparotomy were measured and recorded.

Postoperative recovery: The first postoperative exhaust, bowel movement, and oral food intake, as well as bowel sound 
recovery, were monitored and documented.

Serum inflammation indexes: Early in the morning, 3 mL of venous blood was collected from the patient with an empty 
stomach and stored in test tubes for several minutes. After centrifugation, the serum was separated, and the supernatant 
was collected into EP tubes and refrigerated at −20°C for testing. Enzyme-linked immunosorbent assay was performed to 
quantify high-sensitivity C-reactive protein (hs-CRP), tumor necrosis factor-α (TNF-α), and interleukin-6 (IL-6).

Incidence of postoperative complications: Adverse events, such as anastomotic leakage (AL), incision infection, 
bleeding, and ileus, and their incidence rates were determined and recorded.

Efficacy: Assessment A marked response refers to the significant relief of gastrointestinal symptoms, such as diarrhea, 
constipation, and rectal bleeding, following treatment; complete removal of cancer lesions on imaging examination; and 
the absence of postoperative complications or adverse effects. A response is defined as the effective symptom control, 
complete resection of the cancer on imaging examination, and the presence of mild but controllable complications, such 
as infection and bleeding, after surgery. Non-response indicates no considerable improvement of symptoms, residual 
tumor resection by imaging examination, and serious postoperative complications and adverse events. The overall 
response rate (ORR) is the percentage of the sum of marked response and response cases to the total number of cases.

Statistical analyses
In this study, both the measurement data (expressed as mean ± SE) and counting data (expressed as number of cases and 
percentage) were imported into SPSS22.0 software package for statistical analyses. The chi-square test (χ2) was used to 
compare counting data, and the independent sample t-test was used to compare measurement data between groups. In 
all tests, P < 0.05 indicated statistical significance.

RESULTS
Comparative analysis of baseline data
The comparison of baseline data revealed no significant inter-group differences in terms of sex, age, body mass index, 
surgical site, and tumor-nodes-metastasis staging (P > 0.05; Table 1).

Comparative analysis of perioperative indicators
The perioperative indicators analyzed included OT, incision length, IBL, and rate of conversion to laparotomy. OT, IBL, 
and rate of conversion to laparotomy were comparable between the two groups (P > 0.05); however, the research group 
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Table 1 Comparative analysis of baseline data, n (%)

Factors Control group (n = 52) Research group (n = 63) χ2/t P value

Sex 0.151 0.697

    Male 27 (51.92) 35 (55.56)

    Female 25 (48.08) 28 (44.44)

Age (yr) 54.10 ± 9.56 55.02 ± 10.97 0.474 0.636

Body mass index (kg/m2) 23.73 ± 2.58 24.05 ± 3.04 0.601 0.549

Surgical site 1.901 0.387

    Left colon 18 (34.62) 15 (23.81)

    Right colon 20 (38.46) 31 (49.21)

    Rectum 14 (26.92) 17 (26.98)

TNM stage 0.813 0.666

    II 19 (36.54) 20 (31.75)

    III 18 (34.62) 27 (42.86)

    IV 15 (28.85) 16 (25.40)

TNM: Tumor-nodes-metastasis.

had a significantly shorter incision length (P < 0.05; Figure 1).

Comparative analysis of postoperative recovery indexes
The postoperative recovery of patients was determined mainly by postoperative anal exhaust, bowel movement, oral 
food intake, and bowel sound recovery. The times to the first postoperative exhaust, bowel movement, and oral intake 
were markedly shorter and time to bowel sound recovery was faster in the research group than in the control group (P < 
0.05; Figure 2).

Comparative analysis of serum inflammation indexes
Serum hs-CRP, TNF-α, and IL-6 levels were assessed pre- and postoperatively. No significant inter-group differences 
were observed in these indexes preoperatively (P > 0.05). However, all of them increased significantly in both groups 
postoperatively (P < 0.05). However, the levels in the research group were lower than those in the control group (P < 0.05; 
Figure 3).

Comparative analysis of postoperative complications
In terms of complications, the occurrences of AL, incision infection, bleeding, and ileus were evaluated. The incidence of 
total postoperative complications was markedly lower in the research group than in the control group (P < 0.05; Table 2).

Comparative analysis of efficacy
The ORR in the research group was 90.48%, which was significantly higher than the 75.00% of the control group (P < 0.05; 
Table 3).

DISCUSSION
Although surgery is the major treatment option for CRC, the procedure can lead to prolonged hospitalization, surgical 
infection, and postoperative ileus. The popularization of laparoscopic surgery has uncovered a more effective way of 
addressing these problems[16,17]. This study hypothesized that, compared with conventional five-port laparoscopic 
surgery, RPLS has a more prominent clinical effect in CRC treatment, which is hereby verified and reported.

In patients with CRC, RPLS has the same effects as five-port laparoscopic surgery in shortening OT, reducing intraop-
erative bleeding, and lowering the rate of conversion to laparotomy. However, RPLS more effective in shortening the 
incision length, as demonstrated by the evaluation of perioperative indicators. In terms of postoperative recovery, the 
research group exhibited significant advantages over the control group with a shorter time to first exhaust, bowel 
movement, oral food intake, and bowel sound recovery after surgery, indicating that RPLS can accelerate postoperative 
recovery. This could be attributed to the shorter incision length and less damage to gastrointestinal function in RPLS, 
ensuring the effective recovery of gastrointestinal function postoperatively[18,19]. Similarly, a meta-analysis indicated a 
shorter hospital stay in patients with gastric cancer who underwent RPLS compared with those who underwent conven-
tional laparoscopic surgery, further demonstrating that RPLS accelerates patient recovery[20]. Similar to our results, Wu 
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Table 2 Comparative analysis of postoperative complications, n (%)

Factors Control group (n = 52) Research group (n = 63) χ2 P value

Anastomotic leakage 3 (5.77) 0 (0.00)

Incision infection 10 (19.23) 3 (4.76)

Bleeding 1 (1.92) 2 (3.17)

Ileus 2 (3.85) 4 (6.35)

Total 16 (30.77) 9 (14.29) 4.549 0.033

Table 3 Comparative analysis of efficacy, n (%)

Factors Control group (n = 52) Research group (n = 63) χ2 P value

Marked response 18 (34.62) 35 (55.56)

Response 21 (40.38) 22 (34.92)

Non-response 13 (25.00) 6 (9.52)

Overall response rate 39 (75.00) 57 (90.48) 4.947 0.026

Figure 1 Comparative analysis of operation time, incision length, intraoperative blood loss, and rate of conversion to laparotomy. A: 
Operation time; B: Incision length; C: Intraoperative blood loss; D: Rate of conversion to laparotomy. aP < 0.01.
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Figure 2 Comparative analysis of postoperative recovery indicators. A: First postoperative anal exhaust time; B: First postoperative bowel movement 
time; C: First postoperative meal time; D: First postoperative bowel sound recovery time. aP < 0.01.

Figure 3 Comparative analysis of serum inflammatory factors. A: High-sensitivity C-reactive protein; B: Tumor necrosis factor-α; C: Interleukin-6. aP < 
0.05; bP < 0.01. hs-CRP: High-sensitivity C-reactive protein; TNF-α: Tumor necrosis factor-α; IL-6: Interleukin-6.

et al[21] found that RPLS has significant advantages over multi-port laparoscopic surgery in reducing surgical incision 
length, alleviating postoperative pain, shortening the time to first postoperative anal exhaust, and promoting early 
ambulation in elderly patients with upper rectal cancer.

hs-CRP, TNF-α, and IL-6 are closely correlated with physical trauma-induced inflammatory responses in patients 
following RPLS[22]. In the present study, postoperative hs-CRP, TNF-α, and IL-6 Levels in the research group increased 
significantly but were still significantly lower than those in the control group, indicating that RPLS can significantly 
inhibit surgery-related inflammatory reactions in patients with CRC. In addition, the research group had a lower in-
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cidence of total postoperative complications, such as AL, incision infection, bleeding, and ileus, than the control group 
(14.29% vs 30.77%, respectively). Thus, RPLS has a lower risk of postoperative adverse events. The higher safety rate of 
RPLS may also be attributed to the shorter incision length, indicating relatively less damage to the patient’s body 
structure and function, thereby ensuring fewer postoperative complications[23,24]. Finally, the research group showed a 
significantly higher ORR than the control group (90.48% vs 75.00%, respectively), indicating greater therapeutic efficacy 
obtained with RPLS. Kim et al[25] reported that RPLS for gastric cancer is not only safe and feasible but also has a shorter 
learning curve, similar to our findings. This is partly because RPLS has no effect on the surgical field, surgical area 
judgment, and tumor resection, thereby confirming the safety and clinical efficacy of the procedure[26].

The current study has several limitations. First, the sample size was small, and the effect of potentially confounding 
factors could not be ruled out, which would limit the generalizability of the research results. Second quality of life and 
stress indicators were not analyzed, which would have further verified the clinical advantages of RPLS. Finally, 
prognostic outcomes were not assessed, which would have offered insights into the long-term impact of RPLS.

CONCLUSION
In summary, RPLS offers more advantages in the treatment of CRC than five-port laparoscopic surgery, as reflected by a 
shorter incision length, faster recovery, regulation of the inflammatory response, and higher rates of postoperative safety 
and efficacy.
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Abstract
BACKGROUND 
Infant hepatitis syndrome (IHS) is a clinical syndrome in infants less than one 
year of age with generalized skin jaundice, abnormal liver function, and hepato-
megaly due to various etiologies such as infection.

AIM 
To investigate the effect of IHS patients, after treatment with arsphenamine-based 
peptides, on patients' liver function damage and immune function.

METHODS 
Of 110 patients with IHS treated in our hospital from January 2019 to January 2021 
were grouped according to the randomized residual grouping method, with 5 
cases in each group shed due to transfer, etc. Ultimately, 50 cases remained in each 
group. The control group was treated with reduced glutathione, and the treat-
ment group was treated with sesquiterpene peptide based on the control group. 
Observe and compare the differences in indicators after treatment.

RESULTS 
The comparison of serum total bilirubin, direct bilirubin, and serum alanine 
transferase after treatment was significantly different and lower in the treatment 
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group than in the control group (P < 0.05). The comparison of CD4+, CD3+, CD4+/CD8+ after treatment was 
significantly different and higher in the treatment group than in the control group, and the comparison was statist-
ically significant (P < 0.05). The complication of the two groups showed that the rash, cough and sputum, elevated 
platelets, and gastrointestinal reactions in the treatment group were significantly lower than those in the control 
group, and the differences were statistically significant by test (P < 0.05).

CONCLUSION 
The comparative study of IHS treated with arsphenamine combined with reduced glutathione is more effective.

Key Words: Infant hepatitis syndrome; Splenamin; Reduced glutathione; Liver function; Immune function; Complication
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Core Tip: In this study, infant hepatitis syndrome (IHS) is a clinical syndrome in infants less than one year of age with 
generalized skin jaundice, abnormal liver function, and hepatomegaly due to various etiologies such as infection. The 
comparative study of IHS was better treated with splenamine combined with reduced glutathione, which effectively 
improved patients' liver function and immune level, reduced adverse reactions, and provided some reference value for 
clinical treatment of IHS.

Citation: Fang XQ, Gan T, Wang LM. Clinical effect of spleen aminopeptide on improving liver function damage and immune 
function in children with infant hepatitis syndrome. World J Gastrointest Surg 2024; 16(6): 1742-1748
URL: https://www.wjgnet.com/1948-9366/full/v16/i6/1742.htm
DOI: https://dx.doi.org/10.4240/wjgs.v16.i6.1742

INTRODUCTION
Infant hepatitis syndrome (IHS) is a clinical syndrome in infants less than one year of age with generalized skin jaundice, 
abnormal liver function, and hepatomegaly due to various etiologies such as infection[1]. Most of the jaundice appears 
within the first 12 months of life. It is accompanied by darkening of the urine and lightening of the stool, usually with 
hepatomegaly, and about 50% of patients also have enlarged spleen and liver function abnormalities, such as increased 
serum transaminases in laboratory tests. At the same time, children with IHS have inflammatory changes in the liver that 
cause metabolic disorders in the body, resulting in reduced protein synthesis and impaired immune function, which can 
seriously affect the average growth and development of infants and cause hepatic malnutrition, which can be complicated 
by multiple organ and systemic disorders, including secondary infections, rickets, and intracranial hemorrhage[2,3].

Splenaminopeptide is an immunomodulator, the main component of which is derived from peptides and nucleotides 
extracted from fresh pig spleen and is used in the treatment of cellular immune hypofunction, immunodeficiency and 
autoimmune dysfunctional diseases such as recurrent respiratory infections, bronchitis, pneumonia, asthma, severe 
herpes zoster, etc. It is also used in patients with malignant tumors after radiotherapy, chemotherapy, and surgery to 
improve the patients' autoimmunity[4]. Splenaminopeptide can inhibit the secretion of IL-4 by Th2 cells, which can 
enhance immunity against viruses by relieving the inhibition of lymphocytes by IL-4 and the inhibition of the ability of 
macrophages to phagocytose viruses[5]. By acting on three links: immune messaging, lymphocyte activation, and 
receptor regulation, splenaminopeptide has sufficient time to repeatedly engage with recipient lymphocytes in vivo, 
improving the ratio of CD4+ CD8+ cells, resulting in a significant increase in the number of lymphocytes and enhancing 
the cellular immune function of patients[6]. It can be seen that IHS is one of the serious diseases that threaten the health 
and quality of life of infants and children, and how to effectively prevent and treat this disease is a topic worthy of our in-
depth study. However, whether splenamine-based peptides improve the liver function damage and immune status of 
patients with IHS has not been clinically reported. However, there are no clinical reports on whether splenamine 
improves liver function impairment and immune status in IHS patients. Based on this, we have explored the effect of 
splenic on liver function damage and immune function of IHS patients and analyzed the clinical efficacy. The research 
results are reported as follows.

MATERIALS AND METHODS
General information
The actual sample size included in this study was the 110 children who were treated in our hospital from January 2019 to 
January 2021, divided into control and treatment groups according to the random remainder grouping method, and 5 
cases were shed in each group due to transfer, new crown epidemic, lost visits, etc. Finally, 50 cases were left in each 
group. Diagnostic criteria: all patients met the diagnostic criteria for IHS according to the diagnostic criteria for pediatric 
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diseases[7]: Moderate to severe yellowing of the skin over the body, abnormal liver function, lightening of stool color and 
deepening of urine color; palpable right subcostal liver > 2.1 cm, serum total bilirubin (TBIL) > 171 μmol/L; direct 
bilirubin (DBIL) < 86.5 μmol/L. Those with serum glutathione aminotransferase (ALT) > 40 U/L, liver and spleen 
ultrasound: showed enlarged liver, spleen may not be enlarged. In both groups, general information such as gender and 
age did not affect this test (Table 1).

Inclusion and exclusion criteria
Inclusion criteria: (1) Patients with yellow skin on the face, obscure color, increasingly aggravated, abdominal fullness, 
enlarged liver and spleen with hard texture, short yellow urine, constipated stool, lighter color, dark red lips or tongue 
with petechiae, yellow coating; (2) age within one year, gender not limited, those with disease duration beyond two 
weeks, all cases have not used similar Chinese medicine treatment after the onset; and (3) the selected patients were 
treated with splenamine-based peptide for the first time. Exclusion criteria: (1) Patients with combined infectious diseases 
of the respiratory tract, gastrointestinal tract, and other systems, congenital diseases, central diseases, hemorrhagic 
diseases, etc.; (2) patients with other causes of jaundice and liver function impairment (such as congenital biliary atresia, 
endocrine hepatic glycogen accumulation disease, etc.); and (3) cases with an allergy to drug components such as drugs 
used in this study or those with incomplete clinical data.

Methods
The control group was treatment was initiated with reduced glutathione (0.3 to 0.6 g), uniformly mixed with glucose (5%) 
in 50 or 100 mL and administered intravenously, one time/d, for two weeks. After two weeks, it was changed to oral 
dose, 30 mg/kg/d, three times/d, and continued for two weeks) for liver protection; in the treatment group, based on the 
control group, the oral lyophilized powder of splenamine-tide (trade name: Fucoto, produced by Zhejiang Fengan 
Biopharmaceutical Co.). After two weeks, it can be taken orally at home with the medicine, and it should be sealed and 
stored in a dark place at 2-8 ℃, and it is forbidden to take medicine when its properties change. Children in both groups 
were treated for four weeks. All children had Liver function tests and imaging before and after treatment.

Follow-up and observation indexes
During the treatment, we observed daily changes in heart rate, heart rhythm, respiration, pulse, weight, urine volume, 
jaundice, stool color, etc. We measured blood, urine, stool routine, serum TBIL, DBIL, and ALT every week and recorded 
the efficacy of each course of treatment in detail every day; the Beckman CytoFLEX flow cytometer detected CD4+, CD3+, 
CD4+/CD8+. complete regression of yellow marks, good general condition, normal liver and spleen shrinkage, normal 
liver function. Improvement: Jaundice was significantly reduced, the liver and spleen shrank more than before, and the 
liver function of some of the indicators returned to normal. Ineffective: jaundice did not subside, and there was no change 
in biochemical indexes. Effective rate = (cure + improvement) - 100%.

Statistical methods
The data of this study were counted using Excel, and two physicians were available for review. The selected data were 
normally distributed, and the data had first, and corresponding authors entered into the computer system and proofread 
before using the statistical software SPSS 25.0 for relevant calculations. The measurement data were expressed as mean ± 
SD by independent samples t-test, and the count data was expressed as a percentage (%) or integer by χ2 test, with 
statistical P < 0.05 indicating statistically significant differences.

RESULTS
Comparison of general data
The comparison of general data such as mean age mean disease duration, mean weight of patients, and patients' first 
symptoms in the two groups was not statistically significantly different by t-test and chi-square test (P > 0.05) (Table 1).

Comparison of liver function levels
The liver function level of the two groups of patients before treatment was not significantly different (P > 0.05). At the 
same time, the serum total bilirubin, direct bilirubin, and serum alanine transferase were significantly different after 
treatment. The therapy group is lower than the Control group, which is statistically significant (P < 0.05) (Table 2).

Comparison of immunity levels
There was no statistically significant difference between the two groups of patients in the before-therapy immune level (P 
> 0.05), while after treatment, CD4+, CD3+, and CD4+/CD8+ were significantly different, and the therapy group was 
higher than the Control group, which was statistically significant (P < 0.05) (Table 3).

Comparison of complications
The effective rate of 98.00% of the therapy group was significantly higher than that of 76.00% of the control group, and 
the difference was statistically significant (P < 0.05). The complication of the two groups of patients showed that the rash, 
cough, sputum, elevated platelets, and gastrointestinal reactions of the therapy group were significantly lower than those 
of the control group, and the difference was statistically significant (P < 0.05) (Table 4).
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Table 1 Comparison of general data between the two groups (n, mean ± SD)

First symptoms
Group Average age (d) The average course of disease (d) Patient weight (kg)

Jaundice Pneumonia Diarrhea

Control group (50) 41.78 ± 4.32 11.34 ± 3.25 3.34 ± 0.25 36 8 6

Therapy group (50) 41.62 ± 4.66 11.31 ± 3.64 3.31 ± 0.64 35 10 5

χ2/t 0.169 0.043 -0.309 0.327

P value 0.866 0.965 0.758 0.849 

Table 2 Comparison of liver function levels between the two groups (mean ± SD)

TBIL (μmol/L) DBIL (μmol/L) Serum alanine transferase (U/L)
Group

Before therapy After treatment Before therapy After treatment Before therapy After treatment

Control group (50) 172.34 ± 32.18 75.78 ± 9.32 50.34 ± 12.25 32.51 ± 9.82 79.93 ± 19.27 69.85 ± 7.04

Therapy group (50) 173.32 ± 29.63 53.62 ± 8.66 49.36 ± 13.64 16.87 ± 3.81 73.94 ± 21.23 43.37 ± 8.30

t -0.158 12.317 0.378 10.499 1.477 17.204

P value 0.874 0.000 0.706 0.000 0.143 0.000

DBIL: Direct bilirubin; TBIL: Total bilirubin.

Table 3 Comparison of the immune level of the two groups of patients (mean ± SD)

CD4+ (%) CD3+ (%)         CD4+/CD8+ (%)
Group

Before therapy After treatment Before therapy After treatment Before therapy After treatment

Control group (50) 32.78 ± 8.32 41.34 ± 10.25 52.51 ± 10.32 62.78 ± 10.32 0.94 ± 0.25 1.67 ± 0.12

Therapy group (50) 32.62 ± 8.66 48.26 ± 10.64 51.05 ± 10.11 73.62 ± 10.66 0.96 ± 0.24 2.49 ± 0.37

t 0.094 -3.312 0.715 -5.166 -0.408 -14.907

P value 0.925 0.000 0.477 0.000 0.684 0.000

Table 4 Comparison of clinical efficacy and complications between the two groups [n (%)]

Group Cure Improved Ineffective Effective Skin 
rash

Cough and 
sputum

Elevated 
platelets

Gastrointestinal 
reaction

Control group 
(50)

24 (48.00) 14 (28.00) 12 (22.00) 38 (76.00) 2 (4.00) 2 (4.00) 1 (2.00) 3 (6.00)

Therapy group 
(50)

14 (28.00) 35 (70.00) 1 (2.00) 49 (98.00) 0 1 (2.00) 0 1 (2.00)

χ2 10.698 4.000

P value 0.001 0.046 

DISCUSSION
The pathogenesis of IHS is complex, and in infancy, the development and progression of liver lesions are associated with 
interactions between various types of cells in the liver[8]. Hepatocytes, blood sinusoidal endothelial cells, bile duct 
epithelial cells, blastocytes, and lipid storage cells of the liver can interact and interfere with each other, either directly or 
through some cytokines[9]. Any damage to these cells can disrupt the normal function of other cells, leading to liver 
dysfunction and causing apoptosis or death of hepatocytes, resulting in different pathologies and regressions. IHS varies 
with various etiologies[10]. In viral infections, most of the hepatocytes are either directly or immunologically damaged by 
the virus; many hepatocytes undergo lesions, necrosis, and apoptosis[11]. Bacterial infections are primarily seen in sepsis 
and urinary tract infections, which damage hepatocytes. IHS is caused by various metabolic disorders, in which 
hepatocytes are usually damaged by abnormal toxic metabolic intermediates[12]. IHS, caused by intrahepatic bile duct 
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development disorders, first causes biliary stasis in the liver, affecting the nutrient metabolism of hepatocytes and 
producing lesions[13]. The treatment of common IHS can be based on the condition of intravenous glycopyrrolate, 
glutathione, vitamin injection, and other drugs to protect the liver and bile to reduce yellowing. Those with scleral skin 
yellowing are given oral Injasmine oral solution, and phenobarbital can be applied orally, which improves and increases 
the enzyme activity and promotes bile excretion[14]. At the same time, antiviral therapy was given to those who tested 
positive for pathogenesis, and antiviral agents such as adenosine, ganciclovir intravenous, and interferon intramuscular 
injection were used for antiviral treatment[15].

In this study, the comparison of serum total bilirubin, direct bilirubin, and serum alanine transferase after treatment of 
IHS with arsphenamine-combined with reduced glutathione was significantly different and lower in the treatment group 
than in the control group, indicating that IHS was better treated with arsphenamine-combined with reduced glutathione, 
which effectively improved the liver function of the patients. Glutathione is a triglyceride containing Y- amide bond and 
sulfhydryl group, composed of glutamic acid, cysteine, and glycine, and the sulfhydryl group on cysteine is the active 
group of glutathione, which binds to free radicals and scavenges them from the body through oxidative dehydrogenation
[16]. Combined with heavy metals, iodoacetic acid, and mustard gas, it converts harmful toxins of the organism into 
harmless substances. It excretes them from the body, which has a detoxifying effect, and glutathione improves the 
organism's immunity, making glutathione have a significant hepatoprotective effect[17]. The oral lyophilized powder of 
splenamine-based peptides can effectively improve the immune function of the body and enhance the antiviral ability of 
the body, which plays a synergistic role in treating IHS.

In this study, the differences in CD4+, CD3+, and CD4+/CD8+ after treatment were significant and higher in the 
treatment group than in the control group, indicating that IHS is better treated with arsphenamine-combined with 
reduced glutathione, which effectively improves the immune level of patients. T lymphocytes are divided into subpopu-
lations according to their phenotypes and functions, namely, killer T cells, suppressor T cells, late metaplastic reactive T 
cells and inducible helper T cells[18]. The former two are CD8+ subpopulations, and the latter two are CD4+ subpopu-
lations, which induce and regulate each other, forming a T cell regulatory network that exerts its killing effect on target 
cells and its positive and negative feedback regulation of immune response processes, such as anti-infection and anti-
tumor immunity[19]. IHS causes dysfunctional T-cell subpopulations in the organism. The CD4+/CD8+ cell ratio 
decreases, and the immune regulatory network consisting of various immune cells and cytokines is imbalanced, forming 
a pathological vicious circle that leads to the development and progression of liver disease[20]. It has been shown that 
HBV can invade the peripheral blood lymphocytes of patients and affect the normal functioning of cellular functions. The 
lack of IL-2 in the body directly affects the normal functioning of killer T cells[21]. The low antiviral ability of the body 
makes HBV infect the body for a long time, on the other hand, it aggravates the autoimmune reaction in the body and 
aggravates the disease, while splenamine-based oral lyophilized powder has the effect of regulating immunity and 
inhibiting viral replication, and has better efficacy in treating chronic hepatitis B. It is easy to take and has few adverse 
effects, which provides a new way and method for the treatment of chronic hepatitis[22].

Although this study has some novelty, there are also shortcomings. The clinical efficacy of tegretolide-reduced 
glutathione treatment on IHS is significant, but the specific mechanism has not been studied in depth for a long time. The 
cases collected from the same hospital could have been more representative, and the exclusion and inclusion were 
subjective, which may lead to biased results.

CONCLUSION
In conclusion, the comparative study of IHS was better treated with splenamine combined with reduced glutathione, 
which effectively improved patients' liver function and immune level, reduced adverse reactions, and provided some 
reference value for clinical treatment of IHS.

ACKNOWLEDGEMENTS
The authors thanks to the help from institutions and families, also the cooperation of all participants and their families.

FOOTNOTES
Author contributions: Fang XQ and Gan T designed the research; Fang XQ, Gan T and Wang LM contributed new reagents/analytic 
tools; Fang XQ, Gan T and Wang LM analyzed the data; Fang XQ and Gan T wrote the paper; All authors were involved in the critical 
review of the results and have contributed to, read, and approved the final manuscript.

Institutional review board statement: This study protocol was approved by The First People's Hospital of Jiangxia District.

Informed consent statement: All the families have voluntarily participated in the study and have signed informed consent forms. We 
explained the purpose, process, risks and benefits of the study to all individuals involved in the study orally or in writing, and obtained 
their informed consent. Participants have the right to know that their participation is voluntary and can withdraw from the study at any 
time.



Fang XQ et al. Efficacy of the hepatitis syndrome

WJGS https://www.wjgnet.com 1747 June 27, 2024 Volume 16 Issue 6

Conflict-of-interest statement: All the authors report no relevant conflicts of interest for this article.

Data sharing statement: Data generated from this investigation are available upon reasonable quest from the corresponding author.

CONSORT 2010 statement: The authors have read the CONSORT 2010 statement, and the manuscript was prepared and revised 
according to the CONSORT 2010 statement.

Open-Access: This article is an open-access article that was selected by an in-house editor and fully peer-reviewed by external reviewers. 
It is distributed in accordance with the Creative Commons Attribution NonCommercial (CC BY-NC 4.0) license, which permits others to 
distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the 
original work is properly cited and the use is non-commercial. See: https://creativecommons.org/Licenses/by-nc/4.0/

Country of origin: China

ORCID number: Lie-Min Wang 0009-0004-4237-5131.

S-Editor: Gong ZM 
L-Editor: A 
P-Editor: Zheng XM

REFERENCES
1 Watad A, Bragazzi NL, McGonagle D, Adawi M, Bridgewood C, Damiani G, Alijotas-Reig J, Esteve-Valverde E, Quaresma M, Amital H, 

Shoenfeld Y. Autoimmune/inflammatory syndrome induced by adjuvants (ASIA) demonstrates distinct autoimmune and autoinflammatory 
disease associations according to the adjuvant subtype: Insights from an analysis of 500 cases. Clin Immunol 2019; 203: 1-8 [PMID: 30922961 
DOI: 10.1016/j.clim.2019.03.007]

2 Neupane N, Krishnamurthy S, Jagadisan B, Dhodapkar R. Hepatitis B Seroprotection in Pediatric Nephrotic Syndrome. Indian Pediatr 2019; 
56: 659-662 [PMID: 31477646 DOI: 10.1007/s13312-019-1589-0]

3 Kerkar N, Chan A. Autoimmune Hepatitis, Sclerosing Cholangitis, and Autoimmune Sclerosing Cholangitis or Overlap Syndrome. Clin Liver 
Dis 2018; 22: 689-702 [PMID: 30266157 DOI: 10.1016/j.cld.2018.06.005]

4 Kang W, Liu H, Ma L, Wang M, Wei S, Sun P, Jiang M, Guo M, Zhou C, Dou J. Effective antimicrobial activity of a peptide mutant Cbf-14-2 
against penicillin-resistant bacteria based on its unnatural amino acids. Eur J Pharm Sci 2017; 105: 169-177 [PMID: 28522372 DOI: 
10.1016/j.ejps.2017.05.030]

5 Borges M, Da Silva AC, Sereno D, Ouaissi A. Peptide-based analysis of the amino acid sequence important to the immunoregulatory function 
of Trypanosoma cruzi Tc52 virulence factor. Immunology 2003; 109: 147-155 [PMID: 12709028 DOI: 10.1046/j.1365-2567.2003.01637.x]

6 Tsai MS, Baratta JL, Longmuir KJ, Robertson RT. Binding patterns of peptide-containing liposomes in liver and spleen of developing mice: 
comparison with heparan sulfate immunoreactivity. J Drug Target 2011; 19: 506-515 [PMID: 20735178 DOI: 
10.3109/1061186X.2010.511227]

7 Husby S, Koletzko S, Korponay-Szabó I, Kurppa K, Mearin ML, Ribes-Koninckx C, Shamir R, Troncone R, Auricchio R, Castillejo G, 
Christensen R, Dolinsek J, Gillett P, Hróbjartsson A, Koltai T, Maki M, Nielsen SM, Popp A, Størdal K, Werkstetter K, Wessels M. European 
Society Paediatric Gastroenterology, Hepatology and Nutrition Guidelines for Diagnosing Coeliac Disease 2020. J Pediatr Gastroenterol Nutr 
2020; 70: 141-156 [PMID: 31568151 DOI: 10.1097/MPG.0000000000002497]

8 Joshi MS, Tandale BV, Gore MM, Bhalla S, Gurav YK, Sapkal GN, Kushwaha KP, Mishra AC, Chitambar SD. Evidence of hepatitis A virus 
infection in the patients with acute encephalitis syndrome in Gorakhpur region, North India. Acta Virol 2018; 62: 208-213 [PMID: 29895163 
DOI: 10.4149/av_2018_215]

9 Wang X, Qian L, Jia L, Bellah R, Wang N, Xin Y, Liu Q. Utility of Shear Wave Elastography for Differentiating Biliary Atresia From 
Infantile Hepatitis Syndrome. J Ultrasound Med 2016; 35: 1475-1479 [PMID: 27229132 DOI: 10.7863/ultra.15.08031]

10 Gerbi GB, Williams R, Bakamutumaho B, Liu S, Downing R, Drobeniuc J, Kamili S, Xu F, Holmberg SD, Teshale EH. Hepatitis E as a cause 
of acute jaundice syndrome in northern Uganda, 2010-2012. Am J Trop Med Hyg 2015; 92: 411-414 [PMID: 25448237 DOI: 
10.4269/ajtmh.14-0196]

11 Mantan M, Pandharikar N, Yadav S, Chakravarti A, Sethi GR. Seroprotection for hepatitis B in children with nephrotic syndrome. Pediatr 
Nephrol 2013; 28: 2125-2130 [PMID: 23800800 DOI: 10.1007/s00467-013-2538-0]

12 Heinz N, Griesemer A, Kinney J, Vittorio J, Lagana SM, Goldner D, Velasco M, Kato T, Lobritto S, Martinez M. A case of an Infant with 
SARS-CoV-2 hepatitis early after liver transplantation. Pediatr Transplant 2020; 24: e13778 [PMID: 32559354 DOI: 10.1111/petr.13778]

13 Siu SL, Chan LW, Kwong AN. Clinical and biochemical characteristics of infants with prolonged neonatal jaundice. Hong Kong Med J 2018; 
24: 270-276 [PMID: 29807952 DOI: 10.12809/hkmj176990]

14 Depreitere J, Wang Z, Liang F, Coen E, Nouwen EJ. Presence and release of the chromogranin B-derived secretolytin-like peptide KR-11 
from the porcine spleen. Regul Pept 2004; 122: 99-107 [PMID: 15380927 DOI: 10.1016/j.regpep.2004.06.002]

15 Tian Y, Chen W, Mo G, Chen R, Fang M, Yedid G, Yan X. An Immunosuppressant Peptide from the Hard Tick Amblyomma variegatum. 
Toxins (Basel) 2016; 8 [PMID: 27153086 DOI: 10.3390/toxins8050133]

16 Takemi S, Ojima S, Tanaka T, Sakai T, Sakata I. Identification and characterization of an antimicrobial peptide, lysozyme, from Suncus 
murinus. Cell Tissue Res 2019; 376: 401-412 [PMID: 30680460 DOI: 10.1007/s00441-019-02991-2]

17 Lv YB, Zhou Q, Fan Y, Zhang JL. Intervention on immunodeficiency mice and structural identification of enzymatic peptides from Mauremys 
mutica and Cuora trifasciata. J Ethnopharmacol 2019; 241: 111920 [PMID: 31042594 DOI: 10.1016/j.jep.2019.111920]
Putta MR, Zhu FG, Wang D, Bhagat L, Dai M, Kandimalla ER, Agrawal S. Peptide conjugation at the 5'-end of oligodeoxynucleotides 18

https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0009-0004-4237-5131
http://orcid.org/0009-0004-4237-5131
http://www.ncbi.nlm.nih.gov/pubmed/30922961
https://dx.doi.org/10.1016/j.clim.2019.03.007
http://www.ncbi.nlm.nih.gov/pubmed/31477646
https://dx.doi.org/10.1007/s13312-019-1589-0
http://www.ncbi.nlm.nih.gov/pubmed/30266157
https://dx.doi.org/10.1016/j.cld.2018.06.005
http://www.ncbi.nlm.nih.gov/pubmed/28522372
https://dx.doi.org/10.1016/j.ejps.2017.05.030
http://www.ncbi.nlm.nih.gov/pubmed/12709028
https://dx.doi.org/10.1046/j.1365-2567.2003.01637.x
http://www.ncbi.nlm.nih.gov/pubmed/20735178
https://dx.doi.org/10.3109/1061186X.2010.511227
http://www.ncbi.nlm.nih.gov/pubmed/31568151
https://dx.doi.org/10.1097/MPG.0000000000002497
http://www.ncbi.nlm.nih.gov/pubmed/29895163
https://dx.doi.org/10.4149/av_2018_215
http://www.ncbi.nlm.nih.gov/pubmed/27229132
https://dx.doi.org/10.7863/ultra.15.08031
http://www.ncbi.nlm.nih.gov/pubmed/25448237
https://dx.doi.org/10.4269/ajtmh.14-0196
http://www.ncbi.nlm.nih.gov/pubmed/23800800
https://dx.doi.org/10.1007/s00467-013-2538-0
http://www.ncbi.nlm.nih.gov/pubmed/32559354
https://dx.doi.org/10.1111/petr.13778
http://www.ncbi.nlm.nih.gov/pubmed/29807952
https://dx.doi.org/10.12809/hkmj176990
http://www.ncbi.nlm.nih.gov/pubmed/15380927
https://dx.doi.org/10.1016/j.regpep.2004.06.002
http://www.ncbi.nlm.nih.gov/pubmed/27153086
https://dx.doi.org/10.3390/toxins8050133
http://www.ncbi.nlm.nih.gov/pubmed/30680460
https://dx.doi.org/10.1007/s00441-019-02991-2
http://www.ncbi.nlm.nih.gov/pubmed/31042594
https://dx.doi.org/10.1016/j.jep.2019.111920


Fang XQ et al. Efficacy of the hepatitis syndrome

WJGS https://www.wjgnet.com 1748 June 27, 2024 Volume 16 Issue 6

abrogates toll-like receptor 9-mediated immune stimulatory activity. Bioconjug Chem 2010; 21: 39-45 [PMID: 20020767 DOI: 
10.1021/bc900425s]

19 Lipchik AM, Parker LL. Time-resolved luminescence detection of spleen tyrosine kinase activity through terbium sensitization. Anal Chem 
2013; 85: 2582-2588 [PMID: 23414415 DOI: 10.1021/ac3023422]

20 Huff WX, Kwon JH, Henriquez M, Fetcko K, Dey M. The Evolving Role of CD8(+)CD28(-) Immunosenescent T Cells in Cancer 
Immunology. Int J Mol Sci 2019; 20 [PMID: 31181772 DOI: 10.3390/ijms20112810]

21 Chua C, Salimzadeh L, Ma AT, Adeyi OA, Seo H, Boukhaled GM, Mehrotra A, Patel A, Ferrando-Martinez S, Robbins SH, La D, Wong D, 
Janssen HLA, Brooks DG, Feld JJ, Gehring AJ. IL-2 produced by HBV-specific T cells as a biomarker of viral control and predictor of 
response to PD-1 therapy across clinical phases of chronic hepatitis B. Hepatol Commun 2023; 7 [PMID: 38055623 DOI: 
10.1097/HC9.0000000000000337]

22 Yin Y, Qin J, Dai Y, Zeng F, Pei H, Wang J. The CD4+/CD8+ Ratio in Pulmonary Tuberculosis: Systematic and Meta-Analysis Article. Iran J 
Public Health 2015; 44: 185-193 [PMID: 25905052]

http://www.ncbi.nlm.nih.gov/pubmed/20020767
https://dx.doi.org/10.1021/bc900425s
http://www.ncbi.nlm.nih.gov/pubmed/23414415
https://dx.doi.org/10.1021/ac3023422
http://www.ncbi.nlm.nih.gov/pubmed/31181772
https://dx.doi.org/10.3390/ijms20112810
http://www.ncbi.nlm.nih.gov/pubmed/38055623
https://dx.doi.org/10.1097/HC9.0000000000000337
http://www.ncbi.nlm.nih.gov/pubmed/25905052


WJGS https://www.wjgnet.com 1749 June 27, 2024 Volume 16 Issue 6

World Journal of 

Gastrointestinal SurgeryW J G S
Submit a Manuscript: https://www.f6publishing.com World J Gastrointest Surg 2024 June 27; 16(6): 1749-1755

DOI: 10.4240/wjgs.v16.i6.1749 ISSN 1948-9366 (online)

ORIGINAL ARTICLE

Observational Study

Observation of therapeutic effect of lamp irradiation combined with 
purple gromwell oil gauze on alleviating intestinal colic in patients

Bi-Zhi Cen, Yin-Song Chen, Li-Ping Li, Jing-Wen Wu, Yan-Fen Xie

Specialty type: Gastroenterology 
and hepatology

Provenance and peer review: 
Unsolicited article; Externally peer 
reviewed.

Peer-review model: Single blind

Peer-review report’s classification
Scientific Quality: Grade C 
Novelty: Grade C 
Creativity or Innovation: Grade B 
Scientific Significance: Grade B

P-Reviewer: Shakibaei M, Germany

Received: February 20, 2024 
Revised: April 18, 2024 
Accepted: April 22, 2024 
Published online: June 27, 2024 
Processing time: 131 Days and 1.4 
Hours

Bi-Zhi Cen, Yin-Song Chen, Li-Ping Li, Jing-Wen Wu, Yan-Fen Xie, Department of Tumor Center, 
Foshan Hospital of Traditional Chinese Medicine, Foshan 528000, Guangdong Province, China

Corresponding author: Yan-Fen Xie, Nurse, Department of Tumor Center, Foshan Hospital of 
Traditional Chinese Medicine, No. 6 Qinren Road, Chancheng District, Foshan 528000, 
Guangdong Province, China. 13553310645@163.com

Abstract
BACKGROUND 
Intestinal colic is a common complication in patients who have undergone radical 
surgery for colorectal cancer. Traditional Chinese medicine has advantages, 
including safety and stability, for the treatment of intestinal colic. Lamp irra-
diation for abdominal ironing has been applied in the treatment of many gas-
trointestinal diseases. Purple gromwell oil has the effects of clearing heat, cooling 
blood, reducing swelling, and relieving pain.

AIM 
To investigate the impact of lamp irradiation combined with purple gromwell oil 
gauze on ameliorating intestinal colic in patients after radical surgery for 
colorectal cancer.

METHODS 
A total of 120 patients who experienced postoperative intestinal colic complic-
ations after radical surgery for colorectal cancer and who were admitted to 
Foshan Traditional Chinese Medicine Hospital between June 2019 and March 2023 
were enrolled as study subjects. The patients were divided into a control group 
(60 patients) and an observation group (60 patients) based on treatment method. 
The control group was treated with lamp irradiation, while the observation group 
was treated with lamp irradiation and external application of purple gromwell oil 
gauze. The clinical efficacy, Numeric Rating Scale (NRS) score, duration of 
symptoms, and rate of adverse reaction occurrence were further compared 
between the two groups.

RESULTS 
The general effective rate in the observation group was 95.00%, which was 
significantly higher than that in the control group (86.67%, P < 0.05). Before 
treatment, there was no significant difference in the duration of symptoms 
between the groups (P > 0.05). After 1, 2, 3, and 4 d of treatment, the duration of 
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symptoms in both groups were decreased, and the duration in the observation group was significantly lower than 
that in the control group (96.54 ± 9.57 vs 110.45 ± 11.23, 87.26 ± 12.07 vs 104.44 ± 11.68, 80.45 ± 16.21 vs 99.44 ± 14.95, 
73.18 ± 15.58 vs 92.17 ± 14.20; P < 0.05). After 1, 3, 5, and 7 d of treatment, the NRS scores in both groups were 
decreased, and the NRS scores in the observation group were significantly lower than those in the control group 
(3.56 ± 0.41 vs 4.04 ± 0.58, 3.07 ± 0.67 vs 3.74 ± 1.02, 2.52 ± 0.76 vs 3.43 ± 0.85, 2.03 ± 0.58 vs 3.03 ± 0.82; P < 0.05). 
There was no significant difference in the rate of adverse reaction occurrence between the groups (P > 0.05).

CONCLUSION 
The use of lamp irradiation combined with purple gromwell oil gauze in patients with intestinal colic after radical 
surgery for colorectal cancer can reduce symptom duration, alleviate intestinal colic, and improve treatment 
efficacy, and this approach is safe. It is worth promoting the use of this treatment in clinical practice.

Key Words: Lamp irradiation; Purple gromwell oil gauze; Intestinal colic; Radical surgery for colorectal cancer; Therapeutic 
effect

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: One hundred and twenty patients with colic were divided into a control group (treated with divine lamp irradiation) 
and an observation group (treated with divine lamp irradiation combined with purple grass oil gauze external application). 
The total effective rate of the observation group was higher than that of the control group, and the duration of symptoms and 
the Numeric Rating Scale score were lower than those of the control group; there was no significant difference in adverse 
reactions between the two groups. The combination of divine lamp irradiation and purple grass oil gauze is effective and safe 
for patients with intestinal colic.

Citation: Cen BZ, Chen YS, Li LP, Wu JW, Xie YF. Observation of therapeutic effect of lamp irradiation combined with purple 
gromwell oil gauze on alleviating intestinal colic in patients. World J Gastrointest Surg 2024; 16(6): 1749-1755
URL: https://www.wjgnet.com/1948-9366/full/v16/i6/1749.htm
DOI: https://dx.doi.org/10.4240/wjgs.v16.i6.1749

INTRODUCTION
Colorectal cancer is a common malignant tumor and is primarily treated with surgery. However, patients often 
experience intestinal colic pain after surgery, possibly related to postoperative damage to the digestive tract mucosa, 
abnormal gastrointestinal motility, intestinal flora imbalance, and dysfunction of the autonomic nervous system[1,2]. 
Intestinal colic pain significantly affects patients’ quality of life, prolongs the recovery period, and increases hospital-
ization time. Therefore, effectively ameliorating postoperative colic pain in patients who have undergone radical 
colorectal cancer surgery has become a clinical focus[3]. Patients with tumors often experience physical weakness and 
insufficient functional recovery after surgery. Abdominal fumigation therapy, which is a treatment method in traditional 
Chinese medicine, has been widely used in treating gastrointestinal diseases and has been demonstrated to be a safe and 
stable approach for the treatment of intestinal colic pain[4].

In recent years, lamps, which are specific electromagnetic therapy devices, have been widely used as an adjunctive 
treatment method in clinical practice. Lamp irradiation can penetrate the epidermal tissue and reach deep tissues, acting 
on the patient's abdomen to promote the circulation of blood, harmonize organ functions, relieve pain, and improve 
abdominal discomfort through the application of heat[5]. Zi Cao (purple grass) has the effects of clearing heat, reducing 
swelling, cooling blood and relieving pain. The application of lamp irradiation therapy in patients who have undergone 
radical colorectal cancer surgery and its effect on relieving intestinal colic pain have not been sufficiently studied or 
explored. This study aimed to explore whether lamp irradiation combined with purple grass oil gauze could alleviate 
postoperative intestinal colic pain in patients who underwent radical colorectal cancer surgery, with the goal of providing 
strong clinical evidence to improve the quality of postoperative recovery of colorectal cancer patients as well as providing 
evidence-based support for the application of traditional Chinese medicine in modern medicine.

MATERIALS AND METHODS
Subject selection
A retrospective analysis of the clinical records of 120 patients who experienced postoperative intestinal colic pain after 
radical colorectal cancer surgery and who were admitted to Foshan Hospital of Traditional Chinese Medicine from June 
2019 to March 2023 was conducted. The patients were divided into a control group (60 patients) and an observation 
group (60 patients) based on treatment method.

https://www.wjgnet.com/1948-9366/full/v16/i6/1749.htm
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The inclusion criteria were as follows: (1) met the diagnostic criteria for colorectal cancer defined by the "Chinese 
Diagnosis and Treatment Guidelines for Colorectal Cancer (2020 Edition)"[6], confirmed by pathological examination, 
with indications for open, laparoscopic, and colonoscopic surgery for radical treatment of colorectal cancer; (2) 
postoperative occurrence of intestinal colic pain; (3) duration of illness ≤ 4 wk, regardless of sex; and (4) complete clinical 
data and ability to cooperate with the researchers.

The exclusion criteria were as follows: (1) other concomitant gastrointestinal diseases; (2) a history of allergic reactions 
to Chinese herbal medicine, local skin burns, scalds, or abrasions; (3) a tendency to form scars or allergies to the 
components of fumigant drugs or dressings; (4) significant deterioration of the condition before treatment, requiring 
immediate surgery, or withdrawal from the study deemed necessary by the physician; (5) poor patient compliance; and 
(6) serious adverse events, complications, or physiological changes that were unsuitable for continued participation in the 
trial, leading to self-withdrawal.

Methods
Control group: Patients in the control group were treated with lamp irradiation. Patients lay flat in a comfortable position 
and were treated with infrared thermal radiation therapy using the YSHT-IIA infrared heat radiation therapy device 
(produced by Shanghai Yuejin Medical Optical Instrument Factory, model: YSHT-IIA). The device was plugged in, the 
timer was set, the indicator light was illuminated, and preheating was conducted for 5 to 10 min. The device was placed 
20 to 30 cm away from the lumbar and abdominal areas (adjusted based on the patient’s self-perception to ensure heat 
without scalding). The skin surface temperature was maintained at 38-46 °C. After 30 min of irradiation, the lamp was 
removed. Close monitoring was conducted during lamp irradiation treatment, with particular attention given to the 
patient’s sensations, especially for elderly people and patients who were insensitive to heat, to prevent skin burns or 
scalds during the irradiation process[7].

Observation group: In the observation group, the combined treatment involved the external application of purple grass 
oil gauze in addition to the procedures used in the control group. A single-species purple grass ointment (produced 
internally at Foshan Hospital of Traditional Chinese Medicine) was applied to a 4-layer sterile long strip of gauze, which 
was then applied to the lumbar and abdominal areas of the patient, covered with sterile gauze, and secured with 
adhesive tape. For individuals who were allergic to adhesive tape, bandages were used to secure the application of the 
medication. After 30 min of simultaneous lamp irradiation and purple grass oil gauze application, the lamp was 
removed. The purple grass oil gauze was left in place for 4 to 6 h, after which it was removed, any purple-red oil marks 
were removed with a warm, moist towel, and the clothing was tidied. During the application of the purple grass oil 
gauze, the nursing staff closely observed the application to promptly detect any allergic reactions on the patient's skin. If 
an allergic reaction occurred, the application was promptly discontinued, and appropriate treatment was administered. 
Patients were advised to avoid contact with cold water on the treated skin within 2 h.

Indicators for observation and criteria for evaluation of the therapeutic effect
Comparison of the recent clinical efficacy of the two groups of patients was performed according to the "Guiding 
Principles for Clinical Research of New Chinese Medicines"[8] for determining therapeutic efficacy. Complete remission 
was defined as complete disappearance of intestinal colic pain symptoms, restoration of normal gas and stool passage, 
and restoration of normal bowel sounds; significant effect was defined as significant reduction in abdominal pain and 
distension, restoration of normal gas and stool passage, absence of nausea and vomiting, and normal or slightly increased 
bowel sounds; effective was defined as alleviation of abdominal pain and distension, passage of gas and stool, absence of 
nausea and vomiting, and slight increase in bowel sounds; ineffective was defined as no improvement or exacerbation of 
abdominal pain and distension, no significant relief in gas and stool passage, continued presence of nausea and vomiting, 
and increased bowel sounds. Total effective rate = (complete remission + significant effect + effective) / total number of 
patients × 100%.

Pain assessment: the Numeric Rating Scale (NRS) in combination with the Weng-Baker Facial Expression Scale (facial 
scale) was used as a pain assessment tool. The NRS is a 100 mm line divided into ten equal parts, with numbers from 0 to 
10 marked from left to right, where 0 represents no pain and 10 represents the most intense pain the patient can imagine. 
The patients marked a number on the line according to their pain experience to indicate the degree of pain. The facial 
scale consists of five facial expressions and has no age, cultural, or gender requirements, making it suitable for assessing 
pain in elderly individuals, children, patients with acute pain, and patients with impaired expression ability. Five facial 
expressions corresponding to the NRS are drawn, creating the pain assessment tool for this group, allowing patients to 
select their level of pain based on the facial expressions. Specifically, on the first, second, third, and fourth days after 
treatment, the NRS was presented to the patient, and the meaning of the numbers and facial expressions was explained in 
detail. Patients were instructed to accurately indicate the degree of pain at different sites on the NRS scale with their 
fingers, and the numbers were recorded by the nurse.

The duration of symptoms after treatment in the two groups of patients was compared, with the timing starting from 
the onset of abdominal pain.

The occurrence rate of adverse reactions during treatment in the two groups of patients was compared.

Statistical analysis
Statistical analysis was conducted using SPSS 26.0 software. Normally distributed quantitative data are presented as the 
mean ± SD, and between-group comparisons were made using independent sample t tests. Nonnormally distributed data 
are presented as medians (interquartile ranges), and between-group comparisons were conducted using the Mann-
Whitney U test. Count data are presented as n (%), and between-group comparisons were conducted using the χ2 test. A P 
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value less than 0.05 was considered to indicate statistical significance.

RESULTS
Baseline characteristics of the two groups of patients
No statistically significant differences were observed (P > 0.05) in baseline clinical data, including age, sex, body mass 
index, preoperative clinical stage, or lesion site, between the two groups. For specific data, please refer to Table 1.

Clinical efficacy
The general effective rate in the control group after treatment was 86.67%, while in the observation group, it was 95.00%. 
The comparison of the total effective rates between groups showed that the general effective rate in the control group was 
significantly lower than that in the observation group (χ2 = 4.383, P = 0.035). For specific data, please refer to Table 2 and 
Figure 1.

Duration of symptoms
Before treatment, no significant difference was observed in symptom duration between the groups (P > 0.05). However, 
after 1 d, 2 d, 3 d, and 4 d of treatment, the duration of symptoms was significantly different between the groups (P < 
0.001, P < 0.001, P = 0.007, P < 0.001, respectively), with the observation group having a shorter duration of symptoms 
than did the control group. For specific data, please refer to Table 3 and Figure 2A.

NRS scores
After 1, 2, 3, and 4 d of treatment, there were significant differences in NRS scores between the groups (P < 0.001, P = 
0.001, P < 0.001, P < 0.001, respectively), with the observation group having lower NRS scores than did the control group. 
For specific data, please refer to Table 4 and Figure 2B.

Adverse reactions
Two cases of skin irritation were observed in the observation group; however, no adverse reactions were reported in the 
control group. The difference in the occurrence rate of adverse reactions between the groups was not statistically 
significant (χ2 = 2.0234, P = 0.154).

DISCUSSION
Postoperative intestinal colic in colorectal cancer patients refers to symptoms such as abdominal pain, distension, and 
colic caused by incisional pain, intestinal mucosal injury, and tissue adhesions after colorectal cancer surgery. Patients 
experience restlessness due to abdominal pain, which significantly affects their postoperative recovery. According to 
traditional Chinese medicine, intestinal colic falls under the category of "abdominal pain." Postoperatively, the abdominal 
viscera of colorectal cancer patients are delicate and not fully recovered. Improper care may lead to the invasion of 
pathogenic cold, causing stagnation of cold, leading to obstruction in the meridians and stagnation of blood flow, thus 
resulting in abdominal pain. Thus, treatments need to focus on promoting smooth blood flow, warming the meridians, 
and promoting blood circulation. Traditional Chinese medicine preparations can regulate the functions of internal organs, 
achieving systemic efficacy.

Zicao oil, which is a topical medicine that is commonly used in clinical practice, is a single-component Zicao ointment 
developed internally in our hospital; it has been used in our department for more than 20 years and has shown 
remarkable efficacy. Zicao oil has the effects of detoxification, clearing heat, drying dampness, reducing swelling, cooling 
blood, and relieving pain[9]. The main chemical components of Zicao are Zicao naphthoquinones, phenols, phenolic 
acids, and monoterpenoid naphthoquinones, which exhibit various properties, such as anti-inflammatory and analgesic, 
antipyretic and pain-relieving, hepatoprotection, and transdermal absorption properties[10].

Zhou and Gao[11] reported that the modern pharmacological effects of Zicao mainly include anti-inflammatory and 
analgesic effects, inhibition of pathogenic microorganism growth, hemostasis, and promotion of wound healing. Lamp 
irradiation is a nonpharmacological treatment method. Its core component consists of coatings with dozens of elements. 
Following the application of electric power, specific electromagnetic waves containing various elements can be produced, 
covering the range of the electromagnetic wave spectrum that is emitted and absorbed by organisms. Through its electro-
magnetic wave effect and thermal effect, this approach can improve microcirculation, enhance the self-repair ability of 
tissues, strengthen immune function, and effectively increase the activity of various enzymes in the body, thereby 
exerting anti-inflammatory, anti-swelling, and microcirculation unblocking effects. By enhancing the secretion of 
endorphins and relieving muscle tension, this approach achieves analgesic effects[12,13]. Additionally, lamp irradiation 
can promote local blood circulation, allowing drugs to penetrate acupuncture points and meridians to the greatest extent, 
enabling traditional Chinese medicine to penetrate the skin and subcutaneous tissues, promote local blood circulation, 
unblock meridians, dispel cold and dampness, stimulate the body's self-healing power, accelerate the repair of damaged 
tissues, and regulate the body, thereby significantly enhancing the absorption of traditional Chinese medicine[14,15].



Cen BZ et al. Lamp and oil gauze for colorectal cancer

WJGS https://www.wjgnet.com 1753 June 27, 2024 Volume 16 Issue 6

Table 1 Comparison of basic characteristics between groups

Item Control group Observation group t/χ2 value P value

Age (yr, mean ± SD) 62.39 ± 9.51 63.13 ± 10.69 0.464 0.644

Male 33 (55.00) 31 (51.67)Gender [n (%)]

Female 27 (45.00) 29 (48.33)

0.134 0.714

BMI/kg·cm2 (mean ± SD) 23.71 ± 1.83 23.45 ± 1.64 1.018 0.312

Ⅰ 11 (18.33) 13 (21.67)

Ⅱ 31 (51.67) 28 (46.67)

TNM staging [n (%)]

Ⅲ 18 (30.00) 19 (31.67)

0.346 0.841

Sigmoid colon 14 (23.33) 12 (20.00)

Transverse colon 10 (16.67) 8 (13.33)

Ascending colon 19 (31.67) 21 (35.00)

Lesion site [n (%)]

Descending colon 17 (28.33) 19 (31.67)

0.587 0.899

Table 2 Comparison of clinical efficacy between groups [n (%)]

Group Complete remission Significant effect Effective Ineffective Total effective rate

Control group 13 (21.67) 20 (33.33) 19 (31.67) 8 (13.33) 52 (86.67)

Observation group 16 (26.67) 27 (45.00) 14 (23.33) 3 (5.00) 57 (95.00)a

aP < 0.05 compared with the control group.

Table 3 Comparison of symptom duration between groups (mean ± SD, min)

Posttreatment
Group Pretreatment

1 d 2 d 3 d 4 d

Control group 119.26 ± 9.37 110.45 ± 11.23 104.44 ± 11.68 99.44 ± 14.95 92.17 ± 14.20

Observation group 117.89 ± 9.74 96.54 ± 9.57 87.26 ± 12.07 80.45 ± 16.21 73.18 ± 15.58

t value 0.706 4.195 6.635 2.787 6.613

P value 0.482 < 0.001 < 0.001 0.007 < 0.001

Table 4 Comparison of NRS scores between groups (mean ± SD)

Posttreatment
Group

1 d 2 d 3 d 4 d

Control group 4.04 ± 0.58 3.74 ± 1.02 3.43 ± 0.85 3.03 ± 0.82

observation group 3.56 ± 0.41 3.07 ± 0.67 2.52 ± 0.76 2.03 ± 0.58

t value 3.920 3.397 4.728 5.979

P value < 0.001 0.001 < 0.001 < 0.001

In the present study, the combined use of lamp irradiation and Zicao oil gauze resulted in a higher general effective 
rate in the observation group than in the control group (P < 0.05). Before treatment, no significant difference was 
observed in symptom duration between the groups (P > 0.05). However, after 1, 2, 3, and 4 d of treatment, the duration of 
symptoms and NRS scores in the observation group were lower than those in the control group (P < 0.05). The results 
indicate that a lamp, through the thermal effect of electromagnetic waves, can increase blood flow, dilate local blood 
vessels, and enhance the permeability and absorption of the traditional Chinese medicine in Zicao oil gauze, thereby 
improving the treatment of postoperative intestinal colic in colorectal cancer patients, reducing the duration of 
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Figure 1 Comparison of clinical efficacy between groups.

Figure 2 Comparison of symptom duration and NRS score between two groups of patients. A: Comparison of symptom duration between groups; 
B: Comparison of Numeric Rating Scale scores between groups. aP < 0.05.

symptoms, and alleviating patient pain. Zicao oil is a long-standing traditional Chinese medicine therapy. In this study, 
the internally developed Zicao ointment, when applied externally and then irradiated with a lamp, accelerated drug 
absorption, enhanced efficacy, rapidly regulated local blood circulation, and enhanced analgesic and anti-inflammatory 
effects.

Both groups of patients in this study experienced severe adverse reactions (P > 0.05). This indicates that the application 
of Zicao oil gauze and lamp irradiation in postoperative intestinal colic patients after radical colorectal cancer surgery is a 
safe and reliable therapy. However, due to time constraints, the scope of observation in this study was relatively limited, 
and support from large data and samples was lacking, resulting in potential bias in the study conclusions. Therefore, it is 
necessary to conduct further high-level clinical studies, such as randomized, double-blind, multicenter, and large-sample 
studies, to further validate the findings of this study.

CONCLUSION
In summary, the combined application of lamp irradiation and Zicao oil gauze in postoperative intestinal colic patients 
who have undergone radical colorectal cancer surgery can significantly improve NRS scores for intestinal colic, reduce 
the duration of symptoms, and enhance treatment efficacy, and it is very safe. This approach is worthy of further clinical 
promotion and use.
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Abstract
BACKGROUND 
The recurrence rate of liver cancer after surgery is high. Radiofrequency ablation 
(RFA) combined with transcatheter arterial chemoembolization (TACE) is an 
effective treatment for liver cancer; however, its efficacy in recurrent liver cancer 
remains unclear.

AIM 
To investigate the clinical effect of TACE combined with RFA in the treatment of 
recurrent liver cancer.

METHODS 
Ninety patients with recurrent liver cancer were divided into 2 groups according 
to treatment plan: Control (RFA alone); and experimental [TACE combined with 
RFA (TACE + RFA)]. The incidence of increased alanine aminotransferase levels, 
complications, and other indices were compared between the two groups before 
and after the procedures.

RESULTS 
One month after the procedures, the short-term efficacy rate and Karnofsky 
Performance Status scores of the experimental group were significantly higher 
than those of the control group (P < 0.05). Alpha-fetoprotein (AFP) and total 
bilirubin levels were lower than those in the control group (P < 0.05); The overall 
response rate was 82.22% and 66.67% in the experimental and control groups, 
respectively; The disease control rate was 93.33% and 82.22% in the experimental 
and control groups, respectively, the differences are statistically significant (P < 
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0.05). And there were no statistical differences in complications between the two groups (P > 0.05).

CONCLUSION 
TACE + RFA was effective for the treatment of recurrent liver cancer and significantly reduced AFP levels and 
improved various indices of liver function.

Key Words: Transcatheter arterial chemoembolization; Radiofrequency ablation; Recurrent liver cancer; Clinical efficacy; 
Overall response rate; Disease control rate

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The postoperative recurrence rate of liver cancer is high. Although radiofrequency ablation (RFA) combined with 
transcatheter arterial chemoembolization (TACE) is an effective treatment for liver cancer, its efficacy in recurrent liver 
cancer remains unclear. Results of the present study revealed that TACE combined with RFA was effective for the treatment 
of recurrent liver cancer and could significantly reduce alpha-fetoprotein levels and improve various indices of liver 
function.

Citation: Guo JY, Zhao LL, Cai HJ, Zeng H, Mei WD. Radiofrequency ablation combined with transcatheter arterial chemoembol-
ization for recurrent liver cancer. World J Gastrointest Surg 2024; 16(6): 1756-1764
URL: https://www.wjgnet.com/1948-9366/full/v16/i6/1756.htm
DOI: https://dx.doi.org/10.4240/wjgs.v16.i6.1756

INTRODUCTION
Primary liver cancer (PLC) is the sixth most common cancer and third leading cause of cancer-related death globally[1]. 
In 2020, approximately 900000 cases of PLC were newly diagnosed worldwide, and approximately 830000 related deaths 
were reported[2]. China accounted for approximately 410000 new cases (45.3%) and 390000 deaths (47.1%), ranking first 
globally[3]. Hepatocellular carcinoma, also known as liver cancer, is the most common pathological type of PLC, 
accounting for approximately 90% of PLC cases in China[4]. Surgery is the preferred treatment for patients with 
resectable liver cancer. In recent years, the overall 5-year survival rate after liver resection in patients with liver cancer has 
increased to 60.0%[5]. However, the postoperative recurrence rate of liver cancer is high, with rates of 40%-70% within 5 
years after surgery, and most within 1-3 years after surgery[6].

Surgical resection remains the preferred treatment option for recurrent liver cancer; however, due to factors such as 
location, size, distant metastasis, and multicentric occurrence, only 10.4%-31.0% of patients are suitable candidates[7]. In 
recent years, radiofrequency ablation (RFA) has been widely used for the treatment of recurrent liver cancer due to its 
minimally invasive nature, simplicity of operation, broad indications, repeatability, low cost, high patient acceptance, and 
satisfactory therapeutic effects[8]. However, studies have found that recurrent liver cancer has a unique location and 
multicentric origin, as well as the characteristics of intrahepatic micrometastasis, which greatly increases the risk for 
recurrence[9]. Additionally, because RFA can only target locally detectable recurrent lesions, it has poor efficacy for small, 
undetectable lesions, resulting in a higher risk for recurrence[10]. In recent years, transcatheter arterial chemoembol-
ization (TACE) has been used to selectively embolize recurrent intrahepatic lesions, effectively solving the problems 
associated with RFA[11-14]. Therefore, some investigators have proposed that the combination of TACE and RFA (TACE 
+ RFA) may further improve clinical efficacy. However, there are currently few such studies, and treatment effects and 
prognosis still need to be comprehensively evaluated. As such, the present study aimed to evaluate the efficacy of TACE 
+ RFA for the treatment of recurrent liver cancer to provide a reference for clinical treatment.

MATERIALS AND METHODS
General patient information
We retrospectively collected 90 patients diagnosed with recurrent liver cancer who were admitted to the hospital between 
February 2021 and February 2023. According to the method of random number table, participants were randomly 
assigned to the TACE + RFA group or the RFA group in a 1:1 ratio: Control [RFA (n = 45)]; and experimental [TACE + 
RFA (n = 45)].

Inclusion and exclusion criteria
Inclusion criteria were as follows[15]: Pathologically confirmed liver cancer and a history of curative surgical treatment; 
postoperative review of computed tomography (CT) or magnetic resonance imaging (MRI) and other relevant imaging 
examinations revealing recurrent liver cancer; fulfill treatment indications for TACE and RFA; age ≥ 18 years; liver 
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function classified as Child-Pugh grade A or B with no extrahepatic metastasis; and complete case information.
The exclusion criteria were as follows: Complications, such as hepatic encephalopathy, refractory ascites, or large 

vessel occlusion; tumor metastasis to distant sites; heart or kidney dysfunction; history of substance abuse or organic 
diseases; pregnancy or lactation; Karnofsky Performance Status (KPS) score < 70; and expected survival < 6 months.

Ethics approval
The present study was approved by the research ethics committee of the Second People's Hospital of Zhejiang Province 
Taizhou Yuhuan city (No. 2023-028), and all patients voluntarily participated.

Treatment methods
Patients in the control group underwent RFA[16], which used an radiofrequency generator (RITA 1500X) equipped with a 
14-gauge StarBurst TMXL electrode needle (Angio Dynamics, Latham NY, United States). After CT positioning, an 
appropriate puncture pathway was selected to avoid damaging surrounding structures. All patients received local (2% 
lidocaine) and intravenous anesthesia (propofol and fentanyl). CT was performed after electrode needle placement to 
ensure that the needle tip was in the intended position. Needle tract ablation was performed at the end of treatment to 
prevent bleeding and tumor implantation. For larger tumors, the position of the ablation needle was adjusted multiple 
times based on the size and shape of the tumor to achieve as much ablation range as possible, exceeding the tumor 
boundary by 0.5-10 cm, to ensure the elimination of potentially infiltrated tumor portions. Immediate postoperative CT 
was performed to check for complications such as bleeding, pneumothorax, and/or perforation.

Patients in the experimental group underwent TACE + RFA[17]. RFA was performed 1 week after TACE, and the 
patients underwent treatment under anesthesia and intravenous anesthesia. The experimental group first underwent 
TACE using the Seldinger method to puncture the femoral artery, guiding the catheter to the hepatic artery through 
digital subtraction angiography (DSA), to comprehensively evaluate tumor size, number, blood supply artery, venous 
patency, and venous fistula, followed by intravascular administration of 500-750 mg of fluorouracil, 50-200 mg of 
oxaliplatin, and 10-30 mg of irinotecan. The embolic agents included a 38.0% hypertonic iodine solution and gelatin 
sponge particles at a dose of 5-20 mL. Accurate dosage of the drug was adjusted according to tumor size, quantity, liver 
function, and iodine oil filling in the tumor. At the conclusion of treatment, another DSA examination was performed to 
confirm complete tumor vascular embolization. Repeat embolization was performed if necessary. Hemostasis was 
applied to the puncture site after catheter removal and compression was applied for 12 h on the puncture side. Bed rest 
was prescribed for 24 h to prevent bleeding and hematoma formation at the puncture site. TACE + RFA was performed in 
the experimental group and compared with that in the control group. Immediate CT scans were performed postoper-
atively to rule out complications, such as pneumothorax, bleeding, and perforation. Observations were performed for 2 
wk, with routine blood examinations twice per week, and liver and kidney function examinations once per week. 
Interleukin-11 treatment was administered to patients with blood platelet counts < 25 × 109/L, and granulocyte colony-
stimulating factor treatment was administered to patients with a white blood cell count < 2.5 × 109/L or neutrophil count 
< 1.0 × 109/L.

Observation indicators
Postoperative evaluation of short-term efficacy[18]: According to the modified response evaluation criteria in solid 
tumors (mRECIST), accurately measurable and reproducible target lesions were selected. CT- or MRI-enhanced scans 
were used to measure the enhanced region of the tumor within the lesion. If all lesions exhibited no enhancement during 
the arterial phase, it was considered a complete response (CR); if the sum of the diameters of the lesions during the 
arterial phase decreased by at least 30%, it was considered a partial response (PR); if the sum of the diameters of the 
lesions increased by at least 20%, it was considered progressive disease (PD); and if neither meets the criteria for PR nor 
PD, it was considered stable disease (SD). Overall response rate (ORR) was calculated as (CR + PR) cases/total cases × 
100%, and the disease control rate (DCR) as calculated as (CR + PR + SD) cases/total cases × 100%.

KPS scores of the two groups before and 1 month after the end of treatment[19]: The KPS score ranges from 0 to 100 
and is directly proportional to patient health status.

Liver function indicators (alanine aminotransferase and total bilirubin) and alpha-fetoprotein tumor marker levels 
before and 1 month after treatment: The incidence of complications within 1 month of treatment was calculated for both 
groups of patients.

Statistical methods
Statistical analysis was performed using SPSS version 24.0 (IBM Corporation, Armonk, NY, United States). Continuous 
variables are expressed as mean ± SD, and comparisons were performed using the t-test. In order to perform the t tests, 
the data had been tested for normality using the Kolmogorov simirnov test. Categorical data are expressed as number 
(percentage) and comparisons were performed using the chi-squared test. Differences with P < 0.05 were considered to be 
statistically significant.
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Table 1 Comparison of general data of two groups of patients

Index TACE + RFA group (n = 45) RFA group (n = 45) χ2/t P value

Age (years) 57.9 ± 8.3 60.1 ± 9.6 1.163 0.248

Sex 0.067 0.796

        Male 35 36

        Female 10 9

Recurrence time (months) 1.9 ± 0.8 1.7 ± 0.6 1.342 0.183

Tumor diameter (cm) 0.179 0.673

        ≤ 3 23 25

        > 3 22 20

Number of lesions 0.180 0.671

        Single 26 24

        Multiple 19 21

Hepatitis B surface antigen 0.620 0.431

        Positive 43 40

        Negative 2 5

Child–Pugh class 0.189 0.664

        A 18 16

        B 27 29

AFP (ng/mL) 0.053 0.818

        ≤ 400 31 32

        > 400 14 13

Complications (n) 0.228 0.893

        Diabetes 13 11

        Hypertension 15 16

        No 17 18

TACE: Transcatheter arterial chemoembolization; RFA: Radiofrequency ablation; AFP: Alpha-fetoprotein.

RESULTS
Comparison of general data between the control and experimental groups
The TACE + RFA group included 35 males and 10 females, with average age of 57.9 ± 8.3 years. Tumor diameter was ≤ 3 
cm in 23 cases and > 3 cm in 22 cases. Alpha-fetoprotein (AFP) level was ≤ 400 ng/mL in 31 cases and > 400 ng/mL in 14 
cases. The mean time to recurrence was 1.9 ± 0.8 months. The Child-Pugh liver function classification was class A in 18 
patients and class B in 27 cases. Tumor diameter and number were distributed as follows: ≤ 3 cm (n = 23); > 3 cm (n = 22); 
single tumor (n = 26); and multiple tumors (n = 19). Among these patients, 43 were positive for the hepatitis B surface 
antigen, 2 were negative, 13 had diabetes, and 15 had hypertension. Seventeen patients had no history of hypertension or 
diabetes mellitus.

The RFA group included 36 males and 9 females, with a mean age of 60.1 ± 9.6 years. Tumor diameter was ≤ 3 cm in 25 
cases and > 3 cm in 20 cases. AFP level was ≤ 400 ng/mL in 32 cases and > 400 ng/mL in 13 cases. The mean time to 
recurrence was 1.7 ± 0.6 months. The Child-Pugh liver function classification was class A in 16 patients and class B in 29 
cases. Tumor diameter and number were distributed as follows: ≤ 3 cm (n = 25); > 3 cm (n = 20); single tumor (n = 24); and 
multiple tumors (n = 21). Among these patients, 40 were positive for hepatitis B surface antigen, 5 were negative, 11 had 
diabetes, and 16 had hypertension. Eighteen patients had no history of hypertension or diabetes mellitus. There were no 
statistical differences in baseline data including age, sex, tumor diameter, AFP level, Child-Pugh classification of liver 
function, and average time of recurrence (P > 0.05), indicating comparability (Table 1).

Comparison of short-term therapeutic effects
One month after treatment, the short-term therapeutic effects in the two groups of patients were compared. The ORR was 
82.22% and 66.67% in the experimental and control groups, respectively; this difference was statistically significant (P < 
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Table 2 Comparison of efficacy between two groups, n (%)

Index TACE + RFA group (n = 45) RFA group (n = 45) χ2 P value

CR 15 9

PR 22 21

SD 5 7

PD 3 8

ORR 37 (82.22) 30 (66.67) 6.355 0.012

DCR 42 (93.33) 37 (82.22) 5.752 0.017

TACE: Transcatheter arterial chemoembolization; RFA: Radiofrequency ablation; CR: Complete response; PR: Partial response; SD: Stable disease; PD: 
Progressive disease; ORR: Overall response rate; DCR: Disease control rate.

Figure 1 Comparison of Karnofsky Performance Status scores between the two groups. aP < 0.05. KPS: Karnofsky Performance Status; RFA: 
Radiofrequency ablation; TACE: Transcatheter arterial chemoembolization.

0.05). The DCR was 93.33% and 82.22% in the experimental and control groups, respectively. Once again, this difference 
was statistically significant (P < 0.05, Table 2).

Comparison of AFP, alanine aminotransferase, and total bilirubin levels
Before treatment, there were no statistically significant differences in AFP, alanine aminotransferase (ALT), and total 
bilirubin (TBiL) levels between the two groups (P > 0.05). After treatment, the mean levels of AFP, ALT, and TBiL in both 
groups significantly decreased compared with before treatment, and the experimental group was significantly lower than 
the control group, with a statistically significant difference (P < 0.001; Table 3).

Comparison of KPS scores
After treatment, the KPS scores of both groups of patients increased compared to those before treatment, and the KPS 
scores of the experimental group were significantly higher than those of the control group (P < 0.05; Figure 1).

Comparison of incidence of complications
The incidence of complications in the experimental group was 26.67% (12/45), which was higher than that in the control 
group [17.78% (8/45)], although the difference was not statistically significant (P > 0.05; Table 4).
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Table 3 Comparison of alpha-fetoprotein, alanine aminotransferase, and total bilirubin between two groups of patients (mean ± SD)

Index TACE + RFA group (n = 45) RFA group (n = 45) t P value

Before treatment 423.35 ± 25.64 422.47 ± 24.85 0.165 0.869AFP (ng/L)

After treatment 86.21 ± 26.71a 126.70 ± 38.21a 5.826 < 0.001

Before treatment 283.61 ± 21.63 279.82 ± 20.09 0.861 0.392ALT (U/L)

After treatment 47.34 ± 5.22a 109.23 ± 25.32a 16.059 < 0.001

Before treatment 91.37 ± 8.58 91.64 ± 8.94 0.146 0.884TBiL (μmol/L)

After treatment 36.26 ± 4.23a 48.83 ± 4.54a 13.589 < 0.001

aP < 0.05, compared with before treatment.
TACE: Transcatheter arterial chemoembolization; RFA: Radiofrequency ablation; AFP: Alpha-fetoprotein; ALT: Alanine aminotransferase; TBiL: Total 
bilirubin.

Table 4 Comparison of complication rates between the two groups, n (%)

Index TACE + RFA group (n = 45) RFA group (n = 45) χ2 P value

Fever 3 2

Bleeding 1 1

Liver abscess 1 0

Nausea and vomiting 1 1

Upper gastrointestinal bleeding 1 0

Abdominal pain 1 1

Abnormal liver function 4 3

Total incidence rate 12 (26.67) 8 (17.78) 2.286 0.131

TACE: Transcatheter arterial chemoembolization; RFA: Radiofrequency ablation.

DISCUSSION
For patients with liver cancer, surgical resection is the main treatment method, but the recurrence and metastasis rates are 
high[20,21]. Postoperative recurrence is the main obstacle to long-term survival of patients with liver cancer[22].With the 
continuous development of minimally invasive surgeries in recent years, TACE and other local treatments have been 
widely used in clinical practice[23]. However, repeated chemotherapy can worsen liver function damage, which may 
affect treatment outcomes. With the continuous advancement of medical technology, RFA has gradually become a new 
treatment option that can be combined with TACE[24]. However, due to the limited ablation range of RFA, there may be 
a zone of incomplete ablation of small metastatic lesions. Therefore, in clinical practice, TACE is often combined with 
RFA. A study by Feng[25] found that combined RFA and TACE for recurrent liver cancer resulted in better disease-free 
survival and overall survival than RFA alone, indicating that combination therapy is more effective in preventing tumor 
progression and recurrence.

The results of the present study also showed that 1 month after surgery, the ORR in the study group was 82.22%, while 
in the control group it was 66.67%, with a statistically significant difference (P < 0.05). The DCR in the experimental group 
was 93.33%, while that in the control group was 82.22%, with a statistically significant difference between the two groups 
(P < 0.05). This indicated that the short-term clinical efficacy of combination therapy was superior to that of monotherapy
[26,27]. These results suggest that TACE + RFA may enhance the body’s absorption and sensitivity to chemotherapeutic 
drugs. Simultaneously, TACE can occlude the tumor’s blood-supplying artery, significantly reducing the cooling effect of 
blood on thermal ablation, thereby enhancing ― to some extent ― the tumor-killing effect of RFA and achieving a 
synergistic effect, resulting in a higher treatment effectiveness rate.

Results of this study also revealed that, after treatment, the levels of liver function indicators (ALT and TBiL) and AFP 
tumor markers in both groups decreased to some extent. However, liver function indicators (ALT and TBiL) and AFP 
tumor markers were significantly lower in the experimental group than in the control group (P < 0.05). This is because 
combination therapy can completely kill tumor cells, prevent invasion or metastasis, and lower the risk for postoperative 
recurrence. These findings were consistent with those reported by Ouyang et al[28].

In addition, the incidence rates of complications in the 2 groups were compared, and no statistically significant 
differences were found (P > 0.05). According to a study by Wang et al[29], TACE combined with RFA did not significantly 



Guo JY et al. Interventional therapies of recurrent liver cancer

WJGS https://www.wjgnet.com 1762 June 27, 2024 Volume 16 Issue 6

increase the rate of complications in patients with liver cancer. This result is consistent with those reported in the 
literature. The results of this study also demonstrated that KPS scores for both patient groups before and 4 weeks after 
treatment were higher than those before treatment, and the KPS scores of the experimental group were significantly 
higher than those of the control group (P < 0.05). This is consistent with results reported by Bholee et al[30]. Possible 
explanations for this are as follows. RFA has a stronger destructive effect on deep liver cancer tissues, especially lesions 
around liver lobules, effectively avoiding residual lesions after TACE treatment. At the same time, RFA can induce 
secondary destruction of chemotherapy-resistant cancer cells by causing DNA damage, promoting the degradation of 
chromosomes and absorption of nuclear fragments, thereby improving patient quality of life.

Limitations
The present study had some limitations, the first of which was its single-center design and small sample size, with 
inherent risks for selection bias. Second, it had a short follow-up; as such, long-term efficacy needs to be assessed with a 
larger sample size and multiple centers. A randomized controlled clinical study should be conducted for further 
verification. Finally, another limitation of this study was that the patients were not further grouped according to clinical 
stage, which may ― to some extent ― have affected the reliability of the results. In future studies, the sample size will be 
expanded, multiple control groups will be established, and multicenter comparative studies will be conducted.

CONCLUSION
In summary, TACE + RFA yielded greater efficacy for the treatment of recurrent liver cancer. TACE + RFA significantly 
decreased AFP levels and improved various indicators of liver function. This finding should be promoted in future 
clinical trials.
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Abstract
BACKGROUND 
Malnutrition is common in critically ill patients, and it is associated with an 
increased risk of complications. Early enteral nutrition with adequate caloric and 
protein intake is critical nevertheless it is difficult to achieve. Peptide-based for-
mulas have been shown to be beneficial in patients with feeding intolerance. 
However, there are limited studies showing the efficacy and safety of high-protein 
peptide-based formula in critically ill surgical patients.

AIM 
To determine the effects of a high-protein peptide formulation on gastrointestinal 
tolerance, nutritional status, biochemical changes, and adverse events in patients 
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in the surgery intensive care unit (SICU) compared to an isocaloric isonitrogenous standard polymeric formulation.

METHODS 
This study was a multi-center double-blind, randomized controlled trial. We enrolled adult patients in the surgical 
intensive care unit, age ≥ 15 years and expected to receive enteral feeding for at least 5-14 d post-operation. They 
were randomly assigned to receive either the high-protein peptide-based formula or the isocaloric isonitrogenous 
standard formula for 14 d. Gastric residual volume (GRV), nutritional status, body composition and biochemical 
parameters were assessed at baseline and on days 3, 5, 7, 9, 11, and 14.

RESULTS 
A total of 19 patients were enrolled, 9 patients in the peptide-based formula group and 10 patients in the standard 
formula group. During the study period, there were no differences of the average GRV, body weight, body 
composition, nutritional status and biochemical parameters in the patients receiving peptide-based formula, 
compared to the standard regimen. However, participants in the standard formula lost their body weight, body 
mass index (BMI) and skeletal muscle mass significantly. While body weight, BMI and muscle mass were 
maintained in the peptide-based formula, from baseline to day 14. Moreover, the participants in the peptide-based 
formula tended to reach their caloric target faster than the standard formula.

CONCLUSION 
The study emphasizes the importance of early nutritional support in the SICU and showed the efficacy and safety 
of a high-protein, peptide-based formula in meeting caloric and protein intake targets while maintaining body 
weight and muscle mass.

Key Words: Peptide-based formula; Surgical intensive care; Hydrolyzed protein; Surgery; Nutritional support

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This study is to focus on early nutrition support by novel high protein, peptide-based formula in various surgical 
intensive care patients. The formula could help maintaining body weight and muscle mass of patients and help them to meet 
calories and protein requirement. In addition, this nutrition support improved serum albumin, prealbumin and retinol binding 
protein which lead to decrease risk of malnutrition. Besides nutritional status outcomes evaluation, we investigate wound 
healing improvement by plasma fibronectin which is protein for cell adhesion, wound healing and blood clotting in this 
study. This finding would be helpful for recovery surgical patients after operation.

Citation: Sumritpradit P, Shantavasinkul PC, Ungpinitpong W, Noorit P, Gajaseni C. Effect of high-protein peptide-based formula 
compared with isocaloric isonitrogenous polymeric formula in critically ill surgical patient. World J Gastrointest Surg 2024; 16(6): 
1765-1774
URL: https://www.wjgnet.com/1948-9366/full/v16/i6/1765.htm
DOI: https://dx.doi.org/10.4240/wjgs.v16.i6.1765

INTRODUCTION
Malnutrition is common in critically ill patients, and it is associated with an increased risk of complications, particularly 
in surgical intensive care (SICU) patients. Malnutrition increases infectious complications, delayed wound healing, 
prolonged hospital stays, and increased hospital cost and overall mortality[1,2]. Early enteral nutrition with adequate 
caloric and protein intake have been shown to successfully handle the metabolic demands that arise during the acute 
phase of critical illness, especially in surgical patients which increased metabolic needs for recovery and wound healing. 
Early enteral feeding could reduce length of hospital stay, ICU stay, ventilator days and mortality in critically ill patients
[3]. Moreover, high protein intake during peri-operative period results in less negative nitrogen balance and decrease risk 
of muscle wasting. Nevertheless, high caloric and protein intake is difficult to achieve. Since the greater volumes and 
concentrations of enteral nutrition may be required, which may raise the risk of feeding intolerance. Using high volume 
enteral feeding may increase gastric residual volume (GRV) which leads to increased risk of aspiration pneumonia[4,5]. 
Fibronectin is a protein that is essential for cell adhesion, wound healing, and blood clotting. Plasma fibronectin is 
essential for host defense in critically ill patients, especially during sepsis. Low plasma fibronectin levels can promote 
phagocytic failure, reticuloendothelial system malfunction, and multiple organ failure[6,7].

Peptide-based formula is an enteral formula that incorporates partially or totally hydrolyzed protein in the form of 
dipeptides or tripeptides. Additionally, a peptide-based formula usually contains a significant amount of medium chain 
triglyceride (MCT) which is easier to absorb and utilize[8]. This form of enteral formula has several advantages over other 
forms of enteral nutrition. It contains smaller protein fragments that can be absorbed and utilize more efficiently[9]. It is 
also a beneficial nutrition support for patients with tube feeding-related diarrhea, feeding intolerance or malabsorption
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[10]. However, there are limited studies showing the efficacy and safety of high-protein peptide-based formula in 
critically ill surgical patients. Thus, this study aimed to determine the effect of high-protein peptide-based formula, 
compared to the isocaloric isonitrogenous standard polymeric formula, on the gastrointestinal (GI) tolerability and 
changes of fibronectin levels in patients who were admitted to the SICU. The secondary objective was to investigate the 
nutritional status, biochemical changes (serum albumin, prealbumin, and retinol-binding protein) and adverse events of 
this peptide-based formula compared to the standard regimen. The study's findings will be beneficial and guide 
physicians in choosing the appropriate nutritional regimen for critically ill surgical patients.

MATERIALS AND METHODS
Participants
This study was a multi-center double-blind, randomized controlled trial. It was conducted at SICU of Ramathibodi 
Hospital (Mahidol University), Chonburi Hospital and Surin Hospital, Thailand. We enrolled adult patients, age 15 years 
or older, who were admitted to the SICU and expected to receive enteral feeding for at least 5-14 d post-operation. Any 
acute surgical conditions patients, not the high-risk postoperative observation, could be enrolled to cover clinical 
scenarios which have problem to achieve goal of calories by enteral feeding. They were randomly assigned to receive 
either the high-protein peptide-based formula or the isocaloric isonitrogenous standard formula. Block randomization 
was generated from computerized system by statistical center and transferred to study site location as opaque sealed 
envelopes at a ratio of 1:1. We excluded patients who required parenteral nutrition, high doses sedative agents (fentanyl > 
2 mg/kg/h or morphine > 0.05 mg/kg/h), history of aspiration pneumonia, thyroid disease, severe hepatic or renal 
impairment, abdominal hypertension, fluid overload, allergy to any research food components, end stage cancer, and 
severe burn (grade 2 or grade 3 burn with a lesion greater than 50% of the body surface area).

The study was approved by the Institutional Review Board from all institutes and the study was registered at the Thai 
Clinical Trials Registry (TCTR20220507003) before the first patient’s enrollment. All patients voluntarily signed and dated 
the written informed consent.

Research diets
The study formula is a high-protein peptide-based formula with a Protein: Carbohydrate: Fat ratio of 20:45:35. It contains 
whey protein hydrolysate and leucine as protein sources and MCT, fish oil and canola oil as fat sources. The formula is 
fiber-free and it has low osmotic properties. For the control group, casein is added to the standard polymeric formula to 
pro-duce isocaloric and isonitrogenous formula. The ingredients and nutritional content of both enteral diets are 
displayed in Table 1. Both diets were prepared at a concentration of 1 kcal/mL.

Feeding protocol
The feeding was started within 48 h after ICU admission and delivered continuously through NG tube. The daily calorie 
intake for the first 7 d was 20-25 kcal/kg body weight/d, then it was gradually increased to 25-30 kcal/kg of body 
weight/d over the following 8-14 d. The feeding started by providing at least 50% of the patient’s total daily energy 
requirement, and then gradually increased the feeding rate until the protocol-set feeding rate is reached.

GRV assessment
GRV was measured before feeding, 6 times daily at 4-h intervals. If the GRVs was less than 250 mL, feeding was 
gradually increased until the target is reached. If the GRV was between 250-400 mL, the feeding was withholded for 1 h 
before reassessing GRV. If the amount is still over 250 mL, the feeding was stopped for another hour before reassessing 
the gastric content and the prokinetic agents was administered according to the physician judgement. If the GRV 
exceeded 400 mL, feeding was stopped, and medication was administered. Symptoms of GI intolerance including diar-
rhea (assessed using by the Hart and Dobb scale) nausea and vomiting during the study period were recorded daily.

Fibronectin and other biochemical outcomes
Serum fibronectin concentrations were analyzed using a Human Fibronectin Detection kit, PerkinElmer, Inc. The data 
was generated by white OptiplatedTM 384 microplate and the Envision® plate reader 2103, PerkinElmer, Inc. At baseline 
(day 1) and on days 3, 5, 11, and 14. The other blood samplings such as complete blood count, blood urea nitrogen, 
creatinine, glomerular filtration rate, aspartate aminotransferase, alanine aminotransferase, alkaline phosphatase, gamma-
glutamyl transferase, albumin, prealbumin, retinol binding protein (RBP), total lymphocyte count (TLC), prothrombin 
time, total bilirubin, international normalized ratio, fasting blood glucose, free thyroxine, free triiodothyronine, thyroid 
stimulating hormone, serum electrolyte were also performed.

Other outcomes
The nutritional status was determined on days 1, 3, 5, 7, 9, 11, and 14 using Bhumibol Nutrition Triage (BNT) which was 
endorsed by Society of Parenteral and Enteral Nutrition of Thailand[10]. Body composition using Bioelectrical Impedance 
Analysis (Inbody®, Korea), and Sequential Organ Failure Assessment score on day 1 and 14 and Glasgow Coma Scale 
were also recorded on day 1, 3, 5, 7, 9, 11 and 14.
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Table 1 The study formula (once peptide) at concentration of 1 kcal:1 mL

Peptide-based formula Standard formula

Caloric distribution (Protein: Carbohydrate: 
Fat)

20:45:35 20:52:28

Source of protein Whey protein hydrolysate (96%); Leucine 
(4%)

Sodium caseinate (8%); Soy protein isolate (92%)

Source of carbohydrate Maltodextrin (79%); Potato starch (21%) Maltodextrin (64%); Sucrose (32%); Fructo-oligosaccharide 
(4%)

Source of fat Fish oil (5%); Canola oil (43%); MCT oil 
(52%)

Rice bran oil (92%); MCT oil (8%)

Osmolality (mOsm/kg H2O) 290 364

Osmolarity (mOsm/L) 242 307

MCT: Medium chain triglyceride.

Statistical analysis
The sample size calculation was based on estimated serum fibronectin amount of ICU patients who received small-
peptide and whole protein enteral feeding[11]. Considering standard deviation of serum fibronectin in post-operative 
patients as 20[12], a 95% confidence level, 80% power of study, and a 10% drop-out rate, 10 subjects were required in each 
group.

Statistical analysis was carried out using the SPSS version 18.0 (SPSS Inc, Chicago, IL, United States). Continuous data 
are presented as mean ± SD or median (interquartile range) while categorical data are shown as number (percentage). 
Independence sample t-test or Mann-Whitney U test were used to determine the differences of continuous variables 
between groups. While dependence sample t-test or Wilcoxon signed-rank test were used to compare within-subject 
parameters. Test results of categorical variables were evaluated by Chi-square and Fisher exact tests as appropriate. 
Results were deemed statistically significant at P-value < 0.05.

RESULTS
Baseline characteristics
A total of 19 patients were enrolled, 9 patients were randomized to the peptide-based formula and 10 patients were 
randomized to the standard formula. Most of the subjects (77.8%) were men. Mean (SD) age of the participants in the 
peptide-based formula was slightly higher than the standard formula (60.1 ± 21.6 vs 49.1 ± 26.0 years, P = 0.333). Eighty 
percent of participants were classified as having a risk of malnutrition or mild malnutrition according to the BNT. 
Baseline characteristics were similar between groups (Table 2). Causes of ICU admission and type of surgery are shown 
in Table 3.

Primary outcome
GRV was measured before feeding, 6 times a day then it was calculated as a daily average GRV. There were no significant 
differences between groups in average GRV measurement over the first three, five, or seven days of ICU admission 
(Figure 1). There was no difference between the two groups’ percentage changes in serum fibronectin levels between days 
1 and 3, 5, 11, and 14 (Table 4).

Secondary outcomes and subgroup analysis
During the SICU admission, body weight, body mass index (BMI), skeletal muscle index were not significantly different 
between groups at day 14 after ICU admission. Mean calorie intake were slightly higher in the control group (peptide-
based formula 25.6 ± 4.1 vs standard formula 27.3 ± 3.7 kcal/kg/d, P = 0.402). However, on day 14, participants in the 
standard formula lost their body weight, BMI and skeletal muscle mass significantly. While body weight, BMI and 
muscle mass were maintained in the peptide-based formula, from baseline to day 14 (Table 5).

Serum albumin, prealbumin, RBP and TLC increased from baseline in all participants from both groups. However, 
only serum prealbumin and RBP significantly increased at day 14 (P ≤ 0.05) (Figure 2). The actual caloric and protein 
intake were similar between groups. Duration to achieved target calories, at 25 kcal/kg BW/d and 30 kcal/kg BW/d, in 
peptide-based formula was shorter than standard formula both as shown in Table 6. There was no observed readmission 
in either group within 90 d following hospital discharge, and the survival rate was 100% in both group at day 180.

Side effects
There were no severe adverse event, and the frequency of GI complications was similar between groups.
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Table 2 Baseline characteristics of study participants, n (%)/mean ± SD

Peptide-based formula (n = 9) Standard formula 
(n = 10) P value

Demographic

Age (yr) 60.1 ± 21.6 49.1 ± 26.0 0.333

Gender (Male) 7 (77.8) 9 (90.0) 0.466

Weight (kg) 66.2 ± 14.3 62.6 ± 10.4 0.533

BMI (kg/m2) 24.2 ± 3.1 22.4 ± 3.8 0.275

GCS score 10.7 ± 3.0 10.0 ± 3.1 0.864

SOFA score 4.0 ± 2.0 4.2 ± 2.0 0.769

1Nutrition status assessment

Risk of malnutrition 4 (44.4) 3 (30.0)

Mild malnutrition 4 (44.4) 5 (50.0)

Moderate malnutrition 0 (0.0) 1 (10.0)

Severe malnutrition 1 (11.1) 1 (10.0)

0.752

Biochemistry

Hemoglobin (g/dL) 9.8 ± 2.4 10.1 ± 1.8 0.793

White blood cells count (× 103/μL) 14.8 ± 4.2 15.0 ± 7.5 0.955

Platelets count (× 103/μL) 218.8 ± 112.7 175.5 ± 85.5 0.253

Neutrophils 84.3 ± 8.5 83.5 ± 5.8 0.826

Monocytes 6.3 ± 3.5 7.2 ± 3.8 0.513

Total lymphocytes count (cell/μL) 1267.1± 1164.8 1006.0 ± 1005.6 0.288

Blood urea nitrogen (mg/dL) 22.3 ± 8.7 21.3 ± 20.6 0.327

Creatinine (mg/dL) 1.1 ± 0.4 1.0 ± 0.9 0.102

Urine urea nitrogen 12.0 ± 6.4 15.4 ± 22.2 0.441

GFR (mL/min/1.73 m²) 74.7± 31.6 103.5 ± 35.8 0.082

Fasting plasma glucose (mg/dL) 128.0 ± 26.7 128.1 ± 49.1 0.374

Alkaline phosphatase (U/L) 92.1 ± 41.2 96.3 ± 64.6 0.859

Aspartate transaminase (U/L) 84.5 ± 52.0 104.3 ± 66.5 0.501

Alanine transaminase (U/L) 32.5 ± 26.0 86.8 ± 99.8 0.154

Nutritional status

Albumin (g/dL) 2.6 ± 0.6 2.5 ± 0.5 0.821

Prealbumin (mg/dL) 10.2 ± 5.3 14.1 ± 8.2 0.236

Retinol binding protein (mg/dL) 2.1 ± 1.7 2.0 ± 1.3 1.000

1Nutrition status were assessed with Bhumibol Nutrition Triage which is endorsed by Society of Parenteral and Enteral Nutrition of Thailand. NT-1 (score 
0-4): Normal or risk of malnutrition; NT-2 (score 5-7): Mild malnutrition; NT-3 (score 8-10): Moderate malnutrition; NT-4 (score >10): Severe malnutrition.
BMI: Body mass index; GCS: Glasgow coma scale; SOFA: Sequential organ failure assessment; GFR: Glomerular filtration rate.

DISCUSSION
Our study demonstrated that early nutrition support can lead to improvement of nutritional status for patients in SICU. 
Within the first week of ICU admission, all patients in this study reached their energy and protein targets according to the 
European Society for Parenteral and Enteral Nutrition guideline[3]. Even though, there were no differences of GRV and 
changes of body weight, body composition, nutritional status and biochemical parameters, including fibronectin levels, in 
patients receiving high-protein peptide-based formula, compared to the standard regimen. The participants in the 
standard formula lost their body weight, BMI and muscle mass significantly, while the participants receiving peptide-
based formula could maintain their weight, BMI and muscle mass on day 14. Moreover, the participants in the peptide-
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Table 3 Subject characteristics

Subject 
number Cause of ICU admission Type of surgery

1 Traumatic subdural hematoma Non operative management, close neurological observation

2 Acute calculus cholecystitis, adult respiratory distress 
syndrome

Open cholecystectomy

3 Closed fracture of shaft of right of humerus, closed fracture 
of right tibia and fibula severe head injury, maxillofacial 
injury, traumatic subdural hematoma

Open reduction of fracture with internal fixation humerus. Closed reduction 
of fracture without internal fixation tibia and fibula. Non operative 
management, close neurological observation

4 AAST grade II liver injury severe head injury, traumatic 
subdural hematoma thoracic blunt aortic injury

Craniotomy, tracheostomy, thoracic endovascular repair of the aorta

5 Splenic injury grade 5 left hemothorax Exploratory laparotomy with splenectomy

6 Large gastric ulcer perforation Exploratory laparotomy, simple suture with omental patch

7 Omental twist causing omental infarction Exploratory laparotomy, omentectomy with drainage

8 Sigmoid colon diverticulitis with perforation Exploratory laparotomy c sigmoidectomy with Hartmann operation

9 Gastric ulcer perforation Exploratory laparotomy, simple suture with omental patch

10 Traumatic subdural hematoma Craniotomy

11 AAST grade 4 pancreatic injury Exploratory laparotomy, distal pancreatectomy, total splenectomy

12 Malignant neoplasm of adrenal gland, gallstone Unilateral adrenalectomy, total cholecystectomy

13 Acute calculus cholecystitis Laparoscopic cholecystectomy

14 Closed fracture of acetabulum, fracture of right radius and 
ulnar bones

Open reduction of fracture with internal fixation of radius and ulnar bones

15 Severe head injury, traumatic subdural hematoma Craniectomy for clot removal

16 Epidural hematoma, fracture zygoma, fracture orbit, fracture 
rib with hemothorax right

Craniotomy with clot removal, open reduction with internal fixation facial 
fractures

17 Distal rectal cancer Abdominoperineal resection

18 Necrotizing fasciitis with septic shock Debridement right leg 

19 Necrotizing fasciitis right leg Debridement right leg

AAST: The American Association for the Surgery of Trauma; ICU: Intensive care unit.

Table 4 Percentage change of serum fibronectin level, median (25th-75th percentiles)

Peptide-based formula Standard formula P value

Day 3 vs Day 1 17.8 (39.5) 17.5 (100.4) 0.790

Day 5 vs Day 1 21.4 (41.9) 63.4 (150.4) 0.290

Day 11 vs Day 1 65.1 (106.8) 59.1 (211.8) 0.641

Day 14 vs Day 1 11.0 (115.6) 80.5 (357.0) 0.157

based formula tended to reach their caloric target faster than the standard formula.
Peptide-based formula is the enteral formula which contains proteins that are partially hydrolyzed to dipeptides or 

tripeptides. Moreover, it usually includes higher MCT content compared to the standard polymeric formula which can be 
absorbed in GI tract and used as source of energy immediately[13]. Previous studies indicated that peptide-based formula 
could ameliorate feeding intolerance in critically ill patients[14] particularly in malnourished patients who underwent 
abdominal surgery[15]. In our study, the average GRV were similar between patients receiving either the peptide-based 
formula or the standard regimen. The discrepancy of the result might be explained by the fact that there were only few 
patients who had moderate to severe malnutrition in our study. Moreover, clinical characteristics of our study parti-
cipants were various and not all patients had undergone abdominal surgery. Moreover, the participants in both groups 
did not have any GI intolerance at baseline and the average GRV were in the normal range throughout the study period
[16].
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Table 5 Comparison of anthropometry between peptide-based formula and standard formula, mean ± SD

Peptide-based formula Standard formula

Day 1 Day 14 P value Day 1 Day 14 P value 
P value (compare between group for day 14)

Body weight (kg) 66.2 ± 14.3 65.2 ± 13.1 0.389 62.6 ± 10.4 58.4 ± 10.5 0.037 0.288

BMI (kg/m2) 24.2 ± 3.1 23.0 ± 2.4 0.471 22.4 ± 3.8 20.9 ± 4.1 0.032 0.273

SMI (kg/m2) 18.4 ± 5.0 15.7 ± 3.7 0.139 16.1 ± 3.2 13.6 ± 3.2 0.003 0.419

BMI: Body mass index; SMI: Skeletal muscle mass index.

Table 6 Comparison of duration to achieve goal of calories between peptide-based formula and standard formula, mean ± SD

Day to reach goal Peptide-based formula Standard formula P value

Step 1 (25 kcal/kg/d up) 2.7 ± 0.6 3.8 ± 2.5 0.462

Step 2 (30 kcal/kg/d up) 7.5 ± 3.5 8.5 ± 0.7 0.733

Figure 1 Comparison of average daily gastric residual volume during study between peptide-based formula and standard formula. aP value 
≤ 0.05. GRV: Gastric residual volume.

Even though, there were no differences of body weight, body composition, nutritional status and biochemical 
parameters between groups of patients on day 14. Interestingly, the participants in the standard formula lost their weight, 
BMI and muscle mass significantly, while the participants receiving peptide-based formula could maintain their weight, 
BMI and muscle mass during baseline through day 14. Muscle wasting is a crucial factor on the recovery of critically ill 
patients. Sarcopenia can lead to functional disability which can persists for years after discharge from the intensive care 
unit[17,18]. In a recent clinical study, it was found that patients who receiving peptide-based formula lost less weight and 
lean mass, compared to the isocaloric and isonitrogenous enteral nutrition[19]. The study suggests that a peptide-based 
formula is more effective in term of maintaining body weight and muscle mass in patients undergoing surgery. Notably, 
both groups included the same amount of protein, but the peptide-based formula, composed of whey protein and leucine 
which could accelerate muscle protein synthesis[20]. Recent study demonstrated that peptide-based formula could 
prevent significant muscle loss, in comparison with standard formula or β-hydroxymethy β-butyrate-rich product, in 
obese patients who underwent Roux-en-Y gastric bypass[21]. Moreover, the peptide-based formula contains leucine, a 
branch-chain amino acid that the World Health Organization recommends people get 39 micrograms/kg of body 
weight/d[22]. This may be helpful for ICU patients, as shown by the previous research, which presented leucine concen-
trations that lower normal range lead to decreased cumulative survival rate[23].
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Figure 2  Comparison of nutritional status parameters during study between peptide-based formula and standard formula.

The average calorie and protein intake were similar between groups however participants in the peptide-based 
formula had a tendency to reach their energy goals earlier, compared to the control group. the study’s finding were 
similar to the previous study which indicated that peptide-based formulas are more effective in achieving nutritional 
targets within a 7-d period compared to the intact-protein enteral nutrition formulas[24].

There was no significant difference in the change in plasma fibronectin levels between groups. This could be attributed 
to the fact that the level of plasma fibronectin varied greatly and was unpredictable. Previous research has shown that 
this value can be affected by several factors, such as the type of disease, severity of the infection, type of cancer, and blood 
transfusion[25-27]. Unlike previous studies[28,29], we only evaluated fibronectin levels after surgery, as we could not 
assess fibronectin levels before ICU admission[28,29]. Considering the factors mentioned above, the researcher concluded 
that the serum fibronectin value used in this study has a large variation, making it difficult to compare the degree of 
improvement among patients. Furthermore, it may not be specific enough to accurately measure the effect of the inter-
ventions.

This study has several strengths. Firstly, it was a multicenter, double-blind randomized controlled trial. Secondly, we 
used the isocaloric, isonitrogenous polymeric standard formula as a control. Thirdly, the feeding protocol was prog-
ressive and adjusted individually according to physician’s judgement. Lastly, the study measured various outcomes 
including body composition, biochemistry, and gastrointestinal complications. Our important limitation of this study was 
the small sample size since we conducted the study during the coronavirus disease pandemic. The small sample size 
limits the ability to draw a definitive conclusion. Therefore, further study should be conducted to determine the long-
term effect of peptide-based formula in larger patient populations, including various patient groups.

CONCLUSION
This study’s results suggest that early nutritional support is a crucial aspect of health care for patients in the SICU. The 
high-protein, peptide-based enteral formula was not only well-received but also effective in helping critically ill patients 
meet their caloric and protein intake targets. This peptide-based enteral formula plays a significant role in preserving 
body weight and muscle mass. These findings have substantial implications for muscle strength, physical performance, 
and an individual’s ability to participate in physical medicine and rehabilitation.
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Abstract
BACKGROUND 
Hepatitis is a systemic disease that often results in various comorbidities. Meta-
bolic disorders, the most common comorbidities in clinical practice, were selected 
for this study.

AIM 
To investigate the causal relationship between comorbidities and hepatitis trea-
tment outcomes.

METHODS 
A total of 23583378 single nucleotide polymorphisms from 1248743 cases and 
related summaries of genome-wide association studies were obtained from online 
public databases. A two-sample Mendelian randomization (MR) was performed 
to investigate causality between exposure [type 2 diabetes mellitus (T2D), 
hyperlipidemia, and hypertension] and outcome (chronic hepatitis B or C in-
fections).

RESULTS 
The data supported the causal relationship between comorbidities and hepatitis 
infections, which will affect the severity of hepatitis progression and will also 
provide a reference for clinical researchers. All three exposures showed a link 
with progression of both hepatitis B (T2D, P = 0.851; hyperlipidemia, P = 0.596; 
and hypertension, P = 0.346) and hepatitis C (T2D, P = 0.298; hyperlipidemia, P = 
0.141; and hypertension, P = 0.035).

CONCLUSION 
The results of MR support a possible causal relationship between different ex-
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posures (T2D, hyperlipidemia, and hypertension) and chronic hepatitis progression; however, the potential 
mechanisms still need to be elucidated.
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Core Tip: In our study, the randomization model was well defined for the exposures [type 2 diabetes mellitus (T2D), 
hyperlipidemia, and hypertension] and outcomes (chronic hepatitis B and chronic hepatitis C) by two-sample Mendelian 
randomization (MR) analysis, and they showed capabilities for interaction with chronic hepatitis infection. The results of our 
MR support a possible causal relationship between different exposures (T2D, hyperlipidemia, and hypertension) and chronic 
hepatitis progression.
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INTRODUCTION
According to the Global Hepatitis Report 2017 by the World Health Organization, more than 1.34 million people died of 
hepatitis virus infection worldwide in 2015; more than half of the patients died because of progression to cirrhosis and the 
other half died due to hepatocellular carcinoma[1]. Hepatitis can be caused by infections with different viruses: Hepatitis 
A virus, hepatitis B virus (HBV), hepatitis C virus (HCV), hepatitis D virus (HDV), and hepatitis E virus. However, only 
HBV, HCV, and HDV can induce chronic hepatitis, leading to severe cirrhosis and hepatocellular carcinoma[1]. Because 
chronic hepatitis is mainly caused by HBV and HCV[2], we investigated the comorbidities of these two types in this 
study.

HBV is a DNA virus, whereas HCV is an RNA virus. HBV can activate severe immune responses in patients and can be 
removed by the human body in the short term[3]. However, HBV can also induce a chronic form in the long term; 
approximately 40% of HBV patients progress to cirrhosis[4], which could be attributable to the long half-life of HBV 
covalently closed circular DNA[5,6]. Meanwhile, other risk factors such as aging[5], other concomitant diseases, or 
consumption of alcohol, could significantly increase the probability of being diagnosed with cirrhosis, based on the 
theory of Sagnelli et al[7]. Similar to HBV, the chances of progression to cirrhosis and hepatocellular carcinoma among 
patients with HCV infection also increase with age[8]. Other potential risk factors, such as gastrointestinal diseases of the 
esophagus, stomach, and duodenum (41.7%), could induce comorbidities with hepatitis[9].

Researchers have recently explored the relationship between hepatitis and related comorbidities. According to Hsu et al
[10], comorbidities accompanying hepatitis are often caused by hypertension, diabetes, and ischemic heart disease. In 
addition, circulatory diseases[9], renal diseases, and non-liver cancers can worsen hepatitis progression accompanied by 
comorbidities[8]. Therefore, in this study, we investigated the role of the following typical comorbidities in influencing 
hepatitis: Type 2 diabetes mellitus (T2D), hyperlipidemia, and hypertension.

As the risk factors and pathology of hepatitis comorbidities vary, analyzing the relationship between clinical treatment 
and hepatitis progression among different comorbidities becomes challenging. Meanwhile, knowledge in this field is still 
rather limited; therefore, we employed a Mendelian randomization (MR) protocol to explore this pair of causations. 
Currently, MR is a widely used research method based on genome-wide association studies (GWAS) and the theory of 
nucleotide polymorphisms. As a newly developed tool, MR inherits the principles of the equal, random, and independent 
distribution method, which adopts genetic variants to reveal causal relationships[11,12], thus providing more reliable and 
authentic results[13,14]. Regarding hepatitis research, MR will help establish the causal linkage between hepatitis 
comorbidities and disease outcomes. In this study, patients with different comorbidities were regarded as having a 
functional variation of specific genes, and MR analysis will guide researchers to better understand hepatitis comorbidities 
and progression.

MATERIALS AND METHODS
Study design
In this study, a two-sample MR analysis was employed to investigate the causal relationship between comorbidities and 
hepatitis treatment outcomes. Meanwhile, the inverse variance weighting (IVW) method was applied to determine the 
causal relationship between exposures and outcomes, where comorbidities were regarded as exposures and indicators 
from various aspects were regarded as outcomes. Consequently, single nucleotide polymorphisms (SNPs) associated with 
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Table 1 Description of included traits

Group Trait ID Sample size Year Case/control SNPs

T2D ebi-a-GCST90093109 50533 2022 16677/33856 13403040

Hyperlipidemia ebi-a-GCST90090994 9714 2022 3310/6404 592502

Exposures

Hypertension ebi-a-GCST90038604 484598 2021 129909/354689 9587836

CHB ebi-a-GCST90018804 351885 2021 145/351740 19079722Outcomes

CHC ebi-a-GCST90018805 352013 2021 273/351740 19074546

T2D: Type 2 diabetes mellitus; CHB: Chronic hepatitis B; CHC: Chronic hepatitis C; Chronic hepatitis B; CHC: Chronic hepatitis C.

Figure 1 Mendelian randomization analysis. MR: Mendelian randomization; SNP: Single nucleotide polymorphism.

hepatitis comorbidities were used as instrumental variables, while their clinical conditions were used as outcome 
variables. Based on this condition, three important assumptions should be satisfied.

Assumption 1: The selected SNPs should be significantly related to the exposure variable. Assumption 2: SNPs should 
remain independent of factors that could play a role in exposure and outcomes. Assumption 3: SNPs should not have a 
direct impact on inducing changes in hepatitis status but can only alter the status via comorbidities to exhibit a causal 
relationship.

Based on the descriptions above, we conducted an MR analysis as depicted in Figure 1.

Data of exposure and outcome
The included SNPs and related GWAS summaries were obtained from the online public databases IEU OpenGWAS 
(https://gwas.mrcieu.ac.uk/) and FinnGen Biobank (https://r8.finngen.fi/), which provide genetic insights from a well-
phenotyped isolated population[15]. Online calculations were performed using the MR-Base platform (http://
app.mrbase.org/, version 1.4.3 8a77eb; accessed on 08 January 2024)[11]. In this study, different pairs of exposures and 
outcomes were formed to examine their relationships, where T2D (total 50,533 samples, 16677 cases/33856 controls), 
hyperlipidemia (total 9714 samples, 3310 cases/6404 controls), and hypertension (total 484598 samples, 129909 cases/
354689 controls) comprised the exposures, and chronic hepatitis B (CHB; total 351885 samples, 145 cases/351740 controls) 
and chronic hepatitis C (CHC) infections (total 352013 samples, 273 cases/351740 controls). Table 1 lists the characteristics 
of these pairs. These data were accessed and investigated on 06 January 2024.

MR analysis
MR analysis was deployed to investigate the association between metabolic disorders and chronic hepatitis, which 
leveraged genetic variants as instrumental variables to infer causal relationships. The MR-base GWAS catalog served as a 
crucial tool for selecting appropriate SNPs as instrumental variables during the MR analysis. Meanwhile, rigorous criteria 
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were adopted to ensure the high authenticity of the SNP statistics: P value threshold of less than 5 × 10-8 and LD Rsq 
threshold of 0.001.

Meanwhile, we utilized various models to test the theory that comorbidities affect chronic hepatitis. For instance, the 
IVW method as a commonly used approach in MR analysis, was used to estimate the causal effect between exposure and 
outcome. Additionally, the MR-Egger model was utilized to detect and correct for potential horizontal pleiotropy with a 
non-zero P value indicating statistical significance (P < 0.05). To ensure a convincing conclusion, the Cochrane Q test was 
applied with the IVW and MR-Egger tests to test for heterogeneity.

To verify the robustness of this MR analysis, sensitivity analyses were conducted by using various MR methods, 
including MR-Egger regression, weighted median, and weighted mode methods. The weighted mode was examined by 
leave-one-out analysis, where the impact of each instrumental SNP on exposures and outcomes could be detected. In 
addition, the odds ratio (OR) and its 95% confidence interval (95%CI) were calculated using the MR results to predict the 
integrity of the causal relationship between exposure and outcome factors.

Presentation of the results was meticulously executed through the creation of comprehensive visualizations, including 
forest plots, funnel plots, leave-one-out plots, and scatter plots. These plots provided insights into the effects of each SNP 
on both exposure and outcome variables, facilitating a deeper understanding of the observed associations.

The statistical analyses were conducted using R (version 4.0.3) and R/TwoSampleMR (https://mrcieu.github.io/
TwoSampleMR, version 0.5.5) were used with the online analysis tool for computational efficiency. By employing these 
rigorous statistical approaches, the study aimed to provide robust evidence regarding the relationship between metabolic 
disorders and chronic hepatitis, contributing to the broader understanding of disease etiology and potential therapeutic 
interventions.

RESULTS
MR estimates
We chose three typical comorbidities among patients with chronic hepatitis, namely T2D, hyperlipidemia, and 
hypertension, as exposure factors and found their GWAS summary for detailed MR. In this study, we found that these 
factors were significantly associated with the progression of chronic hepatitis. As shown in Table 1, the overall SNP 
exposure was 23583378 and the total sample accounted for 1248743 cases. In the outcome group, the number of patients 
with hepatitis B and C infections was 418 of 703898 cases. These data were retrieved from public research worldwide and, 
therefore, present extensive human research.

Detailed data of the two-sample MR are presented in Table 2. All three exposures exhibited a role in promoting the 
progress of hepatitis: T2D showed a link with hepatitis B progression examined by IVW (OR = 1.01676, 95%CI = 
0.854–1.210, P = 0.851), as did hyperlipidemia (OR = 0.97827, 95%CI = 0.902–1.061, P = 0.596), and hypertension (OR = 
1.35243, 95%CI = 0.721–2.535, P = 0.346). For the other outcomes of CHC infection, T2D promoted its progression with OR 
= 0.94825, 95%CI = 0.858–1.048, P = 0.298; hyperlipidemia with OR = 0.96140, 95%CI = 0.912–1.013, P = 0.141; and 
hypertension with OR = 0.67301, 95%CI = 0.465–0.973, P = 0.035).

Consistent with the findings in Table 2, the effects of the SNPs on exposure and outcomes are illustrated below 
(Figure 2).

Sensitivity analyses
As mentioned in the MR section, different statistical models were applied to examine the quality of the analysis. For 
example, to examine the horizontal pleiotropy of this MR, the MR-Egger intercept was calculated based on the mode with 
P > 0.05, suggesting a correct scientific basis for this analysis. Directional horizontal pleiotropy was drawn in funnel plots 
(Figure 3), where the data dots were distributed in a symmetrical form. In addition, no heterogeneity was found in this 
study because the P values were greater than 0.05. Meanwhile, the leave-one-out analysis results indicated a significant 
relationship between different exposures and outcomes (Figures 4 and 5).

DISCUSSION
Currently, with faster transportation and a changeable lifestyle in modern societies, the probability of a person diagnosed 
with two or more diseases are increasing[16]. Since the mortality rate for patients with chronic hepatitis remains low, and 
the situations for the patients carrying an additional disease become complicated, we performed this MR to analyze the 
potential effects of comorbidities during hepatitis and the disease progression among the patients, and the first category 
went to cardiovascular disease after we looked up the related findings.

According to our findings, comorbidities associated with metabolic disorders and cardiovascular disease promote the 
progression of chronic hepatitis. A meta-analysis by Naing et al[17], which included 17 studies with 286084 patients 
demonstrated a strong relationship between T2D and CHC infection. This correlation was first proposed by Allison et al
[18] in 1994, based on the finding of abnormalities in carbohydrate metabolism, such as glucose intolerance, in cirrhosis. 
The exact molecular mechanisms remain to be further explored, but MR could help answer this question since the 
underlying mechanisms are related to genetic specificity[19]. In addition, a meta-analysis found that T2D is associated 
with hepatitis B infection, and that T2D could promote hepatitis B progression into hepatocellular carcinoma[20]. The 
pathology remains to be further explored, but studies have indicated that altered microbiome caused by HBV affect both 
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Table 2 Mendelian randomization for the association between comorbidities and chronic hepatitis

Heterogeneity Pleiotropy
Outcome Exposure Number of 

instruments Method OR 95%CI P 
value Q Q_df Q p Intercept P 

value

MR Egger 1.11338 0.546-
2.271

0.774 6.861 9 0.6516

Weighted median 1.08022 0.860-
1.357

0.504 - - -

IVW 1.01676 0.854-
1.210

0.851 6.927 10 0.7323

T2D 11

Weighted mode 1.10321 0.815-
1.493

0.576 - - -

-0.011 0.803

MR Egger 1.00996 0.804-
1.269

0.938 3.888 3 0.2738

Weighted median 1.00910 0.918-
1.110

0.857 - - -

IVW 0.97827 0.902-
1.061

0.596 4.004 4 0.4055

Hyperlipidemia 5

Weighted mode 1.01660 0.912-
1.133

0.765 - - -

-0.013 0.784

MR Egger 1.845401 0.350-
9.728

0.471 279.1 258 0.1751

Weighted median 1.56894 0.604-
4.077

0.346 - - -

IVW 1.35243 0.721-
2.535

0.346 279.3 259 0.1846

CHB 
infection

Hypertension 277

Weighted mode 1.81921 0.519-
6.379

0.359 - - -

-0.0028 0.693

MR Egger 1.13338 0.744-
1.726

0.574 9.143 9 0.4242

Weighted median 0.94250 0.825-
1.077

0.391 - - -

IVW 0.94825 0.858-
1.048

0.298 9.887 10 0.4504

T2D 11

Weighted mode 0.94916 0.810-
1.112

0.550 - - -

-0.022 0.414

MR Egger 0.89288 0.793-
1.005

0.158 3.222 3 0.3587

Weighted median 0.94627 0.898-
0.997

0.038 - - -

IVW 0.96140 0.912-
1.013

0.141 5.134 4 0.2738

Hyperlipidemia 5

Weighted mode 0.94262 0.891-
0.998

0.108 - - -

0.03 0.274

MR Egger 0.59067 0.223-
1.566

0.291 289.5 258 0.08644

Weighted median 0.69088 0.391-
1.220

0.206 - - -

Inverse variance 
weighted

0.67301 0.465-
0.973

0.035 289.6 259 0.09284

CHC 
infection

Hypertension 260

Weighted mode 0.83477 0.408-
1.707

0.617 - - -

0.0012 0.777

MR: Mendelian randomization; IVW: Inverse variance weighting; T2D: Type 2 diabetes mellitus; CHB: Chronic hepatitis B; CHC: Chronic hepatitis C.
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Figure 2 Forest plot of the comorbidities. A and B: type 2 diabetes mellitus; C and D: Hyperlipidemia; E and F: Hypertension affecting chronic hepatitis B 
infection (upper panel) and chronic hepatitis C infection (lower panel). MR: Mendelian randomization.
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Figure 3 Funnel plot of the comorbidities. A and B: Type 2 diabetes mellitus; C and D: Hyperlipidemia; E and F: Hypertension affecting chronic hepatitis B 
infection (upper panel) and chronic hepatitis C infection (lower panel). MR: Mendelian randomization.
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Figure 4 Leave one-out plot of the comorbidities. A and B: Type 2 diabetes mellitus; C and D: Hyperlipidemia; E and F: Hypertension affecting chronic 
hepatitis B infection (upper panel) and chronic hepatitis C infection (lower panel). MR: Mendelian randomization.
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Figure 5 Scatter plot of the comorbidities.  A and B: Type 2 diabetes mellitus; C and D: Hyperlipidemia; E and F: Hypertension affecting chronic hepatitis B 
infection (upper panel) and chronic hepatitis C infection (lower panel). MR: Mendelian randomization.



Liang LB et al. Metabolic disorders and hepatitis

WJGS https://www.wjgnet.com 1788 June 27, 2024 Volume 16 Issue 6

lipid and glucose metabolism, thus increasing the severity of the chronic hepatitis infection until non-alcoholic fatty liver 
disease (NAFLD) develops[21]. Multiple studies have revealed that parenteral viral hepatitis can affect insulin resistance 
in the body, thus increasing the severity of hepatitis progression in patients[22]. Hepatitis infection with comorbid T2D 
eventually progresses to NAFLD[21,23], hepatic steatosis[24], hepatocarcinoma, and fibrosis[25].

Hyperlipidemia is also a frequently observed comorbidity of chronic hepatitis infections in clinical practice[26]. 
According to a cohort study of 1927 patients from 2005 to 2015, hyperlipidemia was correlated with hepatitis progression 
into hepatocarcinoma without cirrhosis[27]. Meanwhile, a new type of HBV infection, occult HBV (HBV DNA-positive, 
but HBV surface antigen-negative), is more likely to occur in patients with hyperlipidemia[28]. The molecular 
mechanisms by which hyperlipidemia interacts with hepatitis remain unknown; however, an interesting phenomenon 
between hyperlipidemia and HBV infection has been reported. Statins, which were originally used to treat hyperlip-
idemia, have been widely used in clinical hepatitis treatment, and they could reduce the risks of progression to cirrhosis
[29] and hepatocarcinoma[30,31].

Hypertension, which shares most instrumental SNPs with hepatitis, exhibits a strong association with hepatitis B and C 
infections. In clinical research, hypertension has been reported to be a risk factor for HCV patients with severe 
progression[32], and the overall effect in patients (e.g., ascites) with both hypertension and HCV is dependent on the 
severity of liver damage[33]. However, if patients receive antihypertensive treatment, they present with a mild viral 
syndrome upon exposure to HBV infection[34]. Researchers have attempted to explain this relationship, and one recent 
finding is that among patients with hypertension, the estimated glomerular filtration rate (eGFR) is lower in patients with 
HCV than those without HCV infection[35]. eGFR and other pathways may link hepatitis progression to hypertension; 
however, further research is required to support this theory.

In our study, the randomization model was well defined for the exposures (T2D, hyperlipidemia, and hypertension) 
and outcomes (CHB and CHC) by two-sample MR analysis, and they showed capabilities for interaction with chronic 
hepatitis infection; however, this study lacks clinical experimental data and other supporting materials to strengthen this 
theory. However, this shortage does not hinder this finding from being further explored, and as the next step in 
continued research, in-depth research on both clinical and molecular levels will be conducted to determine the exact 
molecular mechanisms and pathology of this linkage.

CONCLUSION
The results of our MR support a possible causal relationship between different exposures (T2D, hyperlipidemia, and 
hypertension) and chronic hepatitis progression; however, the potential mechanisms still need to be elucidated, and more 
supported data should come together to support the theory that these common comorbidities will surely affect the clinical 
treatment of chronic hepatitis infections.
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Abstract
BACKGROUND 
Metastatic colorectal cancer (mCRC) is a common malignancy whose treatment 
has been a clinical challenge. Cancer-specific survival (CSS) plays a crucial role in 
assessing patient prognosis and treatment outcomes. However, there is still li-
mited research on the factors affecting CSS in mCRC patients and their corre-
lation.

AIM 
To predict CSS, we developed a new nomogram model and risk grading system to 
classify risk levels in patients with mCRC.

METHODS 
Data were extracted from the United States Surveillance, Epidemiology, and End 
Results database from 2018 to 2023. All eligible patients were randomly divided 
into a training cohort and a validation cohort. The Cox proportional hazards 
model was used to investigate the independent risk factors for CSS. A new 
nomogram model was developed to predict CSS and was evaluated through 
internal and external validation.

RESULTS 
A multivariate Cox proportional risk model was used to identify independent risk 
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factors for CSS. Then, new CSS columns were developed based on these factors. The consistency index (C-index) of 
the histogram was 0.718 (95%CI: 0.712-0.725), and that of the validation cohort was 0.722 (95%CI: 0.711-0.732), 
indicating good discrimination ability and better performance than tumor-node-metastasis staging (C-index: 0.712-
0.732). For the training set, 0.533, 95%CI: 0.525-0.540; for the verification set, 0.524, 95%CI: 0.513-0.535. The 
calibration map and clinical decision curve showed good agreement and good potential clinical validity. The risk 
grading system divided all patients into three groups, and the Kaplan-Meier curve showed good stratification and 
differentiation of CSS between different groups. The median CSS times in the low-risk, medium-risk, and high-risk 
groups were 36 months (95%CI: 34.987-37.013), 18 months (95%CI: 17.273-18.727), and 5 months (95%CI: 4.503-
5.497), respectively.

CONCLUSION 
Our study developed a new nomogram model to predict CSS in patients with synchronous mCRC. In addition, the 
risk-grading system helps to accurately assess patient prognosis and guide treatment.

Key Words: Colorectal tumor; Surveillance epidemiology and end results database; Nomogram analysis; Survival prognosis; 
Retrospective study

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This study utilized an evidence-based approach to analyze cancer-specific survival (CSS) in patients with 
metastatic colorectal cancer (mCRC). By systematically collecting, integrating, and analyzing relevant data, we explored 
CSS in mCRC patients and its influencing factors to provide clinicians with more accurate prognostic assessments and 
treatment decision support. The importance of this study is that it can provide a basis for individualized treatment of mCRC 
patients and promote the maximization of treatment effects, thereby improving the quality of life and survival rate of 
patients.

Citation: Zhou YJ, Tan ZE, Zhuang WD, Xu XH. Analysis of cancer-specific survival in patients with metastatic colorectal cancer: A 
evidence-based medicine study. World J Gastrointest Surg 2024; 16(6): 1791-1802
URL: https://www.wjgnet.com/1948-9366/full/v16/i6/1791.htm
DOI: https://dx.doi.org/10.4240/wjgs.v16.i6.1791

INTRODUCTION
Colorectal cancer (CRC) is one of the most common malignant neoplasms, ranking third in incidence (10.2%) and second 
in mortality (9.2%)[1-3]. In countries in Eastern Europe, Latin America, and Asia, the incidence and mortality of CRC are 
increasing annually[4]. There are no obvious signs or symptoms of CRC in the early stages, and more than one-fifth of 
patients have developed distant metastases at the time of diagnosis[5]. Among patients with CRC, patients with 
simultaneous metastases have lower survival rates than patients with heterochronous metastases[6]. The most common 
metastatic organs for CRC are the liver and lung, while bone metastases are rare, and brain metastases occur in only 1% 
of CRC patients[7]. Although metastatic CRC (mCRC) has the worst prognosis, there are large differences in survival 
outcomes between patients with different metastatic organs. The 1-year survival rate for patients with liver and lung 
metastases is greater than 80%, while the 1-year survival rates for patients with bone and brain metastases are 30% and 
11%, respectively[8]. Therefore, accurate screening for different risk factors is critical for physicians to predict mCRC 
outcomes.

Currently, the American Joint Committee on Cancer (AJCC) staging system is the primary method for predicting 
survival outcomes in patients with mCRC[9]. However, the T stage, N stage, and M stage are the only factors for distin-
guishing different prognoses, and this scheme is far from satisfactory in terms of prediction accuracy[10]. A nomogram is 
a visual tool used to predict the probability of an endpoint occurring and to quantify survival risk. According to the 
different regression coefficients, the columniogram can include significant factors to improve the prediction accuracy. To 
date, nomograms have been successfully used to predict the prognosis of patients with CRC but have rarely been used for 
patients with mCRC[11].

Therefore, our goal was to develop a new nomographic model to predict tumor-specific survival for patients with 
simultaneous mCRC and to divide this model into different risk levels to accurately assess patient prognosis.

https://www.wjgnet.com/1948-9366/full/v16/i6/1791.htm
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Figure 1 Nomogram for predicting the tumor-specific survival of patients with metastatic colorectal cancer. CEA: Carcinoembryonic antigen; 
CSS: Cancer-specific survival.

MATERIALS AND METHODS
Research subjects
This study obtained all the data from the Surveillance, Epidemiology, and End Results (SEER) program of the National 
Cancer Institute using SEER Stat software (version 8.3.6). The data were collected and reported using data items and 
codes recorded by the North American Association of Central Cancer Registries. The inclusion criteria for patients were 
as follows: (1) Were diagnosed with CRC between 2018 and 2023; (2) were diagnosed with simultaneous metastasis; and 
(3) had a histological diagnosis. The exclusion criteria were as follows: (1) No patients with distant metastasis; and (2) 
unknown missing data, such as race, primary tumor site, T stage, N stage, carcinoembryonic antigen (CEA) status, 
surgical status, and survival time.

The following variables were collected: Race, sex, age at diagnosis, primary site, grade, T stage, N stage, CEA status, 
distant metastatic status (liver, lung, bone, brain), surgery (primary tumor resection), chemotherapy, cancer-specific 
survival (CSS), and survival time. CSS was assessed by 1-, 2-, and 3-year survival rates, defined as the time from the date 
of diagnosis to the date of death or study due to CRC, according to the eighth edition of the AJCC tumor-node-metastasis 
staging system.

Research method
All eligible patients were randomly divided into training and validation groups (at a ratio of 7:3). The Pearson chi-square 
test was used to examine demographic differences between all coqueues, training coqueues, and validation coqueues. A 
multivariate Cox proportional risk model was used to explore independent risk factors for CSS, and a predictive 
nomogram model was built using a training cohort. The C-index, calibration curve, and decision curve analysis (DCA) 
were used for internal and external verification.

Nomogram analysis
X-tile software was used to determine the optimal critical value according to the total score of the column graph to 
establish a risk grading system, and all patients were divided into low-, medium-, and high-risk groups. Kaplan-Meier 
(K-M) curves of CSS were constructed and compared with a logarithmic rank test. Statistical analysis was performed 
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Table 1 Demographic characteristics, n (%)

Variable Total cohort (n = 15838) Training cohort (n = 11088) Validation cohort (n = 4750) χ2 P value

Race 1.36 0.507

        Black people 2303 (14.5) 1590 (14.3) 713 (15.0)

        White race 12075 (76.2) 8480 (76.5) 3595 (75.7)

        Other 1460 (9.2) 1018 (9.2) 442 (9.3)

Sex 0.027 0.869

        Male 8560 (54.0) 5988 (54.0) 2572 (54.1)

        Female 7278 (46.0) 5100 (46.0) 2178 (45.9)

Age at diagnosis (yr) 1.73 0.188

        < 70 10 735 (67.8) 7480 (67.5) 3255 (68.5)

        ≥ 70 5103 (32.2) 3608 (32.5) 1495 (31.5)

Primary tumor location 0.264 0.607

        Colon 7063 (44.6) 4930 (44.5) 2133 (44.9)

        Rectum 8775 (55.4) 6158 (55.5) 2617 (55.1)

Tumor differentiation 0.014 0.906

        Ⅰ-Ⅱ 11127 (70.3) 7793 (70.3) 3334 (70.2)

        Ⅲ-Ⅳ 4711 (29.7) 3295 (29.7) 1416 (29.8)

T staging 0.08 0.777

        1-2 2079 (13.1) 1461 (13.2) 618 (13.0)

        3-4 13759 (86.9) 9627 (86.8) 4132 (87.0)

N stage 0.576 0.448

        0 4209 (26.6) 2966 (26.7) 1243 (26.2)

        1-2 11629 (73.4) 8122 (73.3) 3507 (73.8)

CEA status 2.721 0.099

        Masculine 12378 (78.2) 8705 (78.5) 3673 (77.3)

        Feminine 3460 (21.8) 2383 (21.5) 1077 (22.7)

Liver metastases 0.286 0.593

        No 4731 (29.9) 3298 (29.7) 1433 (30.2)

        Yes 11107 (70.1) 7790 (70.3) 3317 (69.8)

Lung metastases 2.202 0.138

        No 12673 (80.0) 8838 (79.7) 3835 (80.7)

        Yes 3165 (20.0) 2250 (20.3) 915 (19.3)

Bone metastases 0.724 0.395

        No 15226 (96.1) 10669 (96.2) 4557 (95.9)

        Yes 612 (3.9) 419 (3.8) 193 (4.1)

Brain metastases 1.032 0.31

        No 15682 (99.0) 10973 (99.0) 4709 (99.1)

        Yes 156 (1.0) 115 (1.0) 41 (0.9)

Surgical 0.014 0.906

        No 3495 (22.1) 2444 (22.0) 1051 (22.1)

        Yes 12343 (77.9) 8644 (78.0) 3699 (77.9)

Chemotherapy 0.026 0.872



Zhou YJ et al. Analysis of CSS in patients with mCRC

WJGS https://www.wjgnet.com 1795 June 27, 2024 Volume 16 Issue 6

        None/unknown 4235 (26.7) 2969 (26.8) 1266 (26.7)

        Yes 11603 (73.3) 8119 (73.2) 3484 (73.3)

CEA: Carcinoembryonic antigen.

Figure 2 Calibration curves based on cancer-specific survival for metastatic colorectal cancer patients. A-C: Calibration curves based on 1-, 2-, 
and 3-year cancer-specific survival (CSS) of the training cohort; D-F: Calibration curves based on 1-, 2-, and 3-year CSS of the validation cohort.

using SPSS 21.0 statistical software (IBM SPSS Statistics for Windows; Armonk, NY, United States), GraphPad Prism 6 
(GraphPad Software), X-Tile software (Yale University), and R Statistical Software 3.6.2 (www.r-project.org/).

Statistical analysis
SPSS 23.0 statistical software was used for analysis. The χ2 test was used for comparison of counting data, and the t test 
was used for comparison of measurement data. The survival rate was calculated by the life table method, the survival 
curve was plotted by the K-M method, and comparisons were performed by the log-rank method. Multiple factor 
analysis was performed by the Cox proportional risk regression model, and P < 0.050 was considered to indicate 
statistical significance.

RESULTS
Baseline population information
According to the inclusion criteria, a total of 15838 patients eligible for inclusion were included in this study, among 
whom 11088 (70.0%) patients were randomly assigned to the training cohort and 4750 (30.0%) patients were randomly 
assigned to the verification cohort. The demographic characteristics of this study population are shown in Table 1.

In this study, there were 8560 males (54.0%) and 7278 females (46.0%), of which the majority were white (76.2%), 13759 
(86.9%) were T3-4, 11629 (73.4%) were N1-2, and CEA was positive (78.2%). The incidence of distant metastasis in the 
liver, lung, bone, and brain was 11107 (70.1%), 3165 (20.0%), 612 (3.9%), and 156 (1.0%), respectively. A total of 12343 
patients (77.9%) received surgery, and 11603 patients (73.3%) received chemotherapy. There was no significant difference 
between the training cohort and the verification cohort (P > 0.05).

Prediction factor determination
The Cox proportional hazards model was used to identify independent risk factors for CSS. Multivariate analysis 
revealed that the independent risk factors in the training cohort were race, age at diagnosis, primary site, tumor grade, N 
stage, CEA status, liver metastasis, lung metastasis, bone metastasis, brain metastasis, surgery, and chemotherapy 

http://www.r-project.org/
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(Table 2).
Based on the significant risk factors for CSS, a predictive nomogram model of CSS was established (Figure 1). The 

regression coefficients and estimates of the training queue are shown in Table 3. The nomogram was evaluated with 
internal and external validation. The C-index of the column chart was 0.718 (95%CI: 0.712-0.725), and the C-finger 
number of the verification set was 0.722 (95%CI: 0.711-0.732), indicating good identification ability and better per-
formance than TNM staging (C-index: Training set, 0.533, 95%CI: 0.525-0.540; verification set, 0.524, 95%CI: 0.513-0.535). 
A calibration diagram of the CSS showed good agreement between the predicted and actual values of the training and 
validation samples, with 1000 bootstrap samples (Figure 2). The DCA curve showed a large net gain between most 
threshold probabilities at different time points, indicating good potential clinical validity for predicting CSS (Figure 3).

Establishment of the risk classification system
In addition, X-Tile software was used to determine the optimal cutoff value and establish a risk classification system 
(Figure 4). All patients were classified as low risk (5852/11088, 52.78%, score: 0-164), medium risk (3487/11088, 31.45%, 
score: 165-247) or high risk (1749/11088, 15.77%, score: 248-524). In theory, the total score ranges from 0 to 524. K-M 
curves showed that the risk grading system had good layering and differentiation ability for different CSS groups 
(Table 4, Figure 5).

DISCUSSION
The prognosis of mCRC patients is significantly worse than that of non-mCRC patients. mCRC mortality varies widely 
from patient to patient, suggesting the importance and necessity of reclassifying the exact risk level based on the AJCC 
staging system[12-14]. However, due to the limitations of the included factors, the existing prediction models lack 
individualization and comprehensive evaluation, and the sample sizes of most studies[15-17] are small, which also limits 
their universal applicability. In this study, we developed a new CSS predictive nomogram based on simultaneous mCRC 
data from large population cohorts.

We identified predictors of CSS that were consistent with previous studies, including race, age at diagnosis, primary 
site, grade, N stage, CEA status, liver metastasis, lung metastasis, bone metastasis, brain metastasis, surgery, and 
chemotherapy[18]. For patients with mCRC, both surgery and chemotherapy are important for improving outcomes, as 
recommended by the United States National Comprehensive Cancer Network (NCCN) guidelines and the European 
Society of Medical Oncology guidelines[19]. Modest suggested that the effective rate of first-line systemic treatment is 
38% to 65%, and the disease control rate is 81% to 90%[20]. Compared to earlier studies, this column chart is the first to 
include chemotherapy status as a risk predictor for predicting CSS. The highest score of mCRC patients who did not 
receive chemotherapy was 100, which was greater than that of mCRC patients who did not receive surgery, indicating 
that the regression coefficient of the effect of chemotherapy on CSS was greater than that of surgery[21-23]. In addition, 
patients who did not receive chemotherapy or who did not receive chemotherapy were not separately recorded in the 
SEER database as confounding risk factors in this study, which may reduce the actual regression coefficient of not 
receiving chemotherapy[24-26]. According to previous studies[27-29], chemotherapy is positively associated with 
survival benefits in patients with mCRC, and our study further highlights the unique advantages of simultaneous mCRC 
chemotherapy.

In addition to chemotherapy, our study revealed that primary tumor resection is also important for prognosis. Several 
studies[30-32] support this idea in mCRC, especially in patients with liver or lung metastases. The NCCN guidelines 
recommend that patients with mCRC should be evaluated by a multidisciplinary team and, if possible, that the metastatic 
disease and primary tumor should be removed. Therefore, primary tumor resection remains controversial for mCRC 
patients whose metastases cannot be resected. Studies[33-35] have shown that primary tumor resection significantly 
extends overall survival (OS) in mCRC patients with unresectable metastases (median OS: 13.8 months vs 6.3 months, P = 
0.0001). Another study[36] also supported the idea that primary tumor removal resulted in better survival for mCRC 
patients with unresectable metastases (2-year CSS: 50.2% vs 28.1%, P < 0.001). In conclusion, primary tumor resection has 
a positive impact on patient survival. As mentioned above, the liver and lungs are the most common sites of CRC 
metastasis, and bone and brain metastases are very rare. In addition, the prognostic significance of different metastatic 
organs was inconsistent. The occurrence of brain metastases is often associated with the worst survival, and studies[37-
39] have reported that the median survival of CRC patients with brain metastases is 3 to 6 months, that of CRC patients 
with bone metastases is 5 to 7 months, that of CRC patients with liver metastases is 22.8 months, and that of CRC patients 
with lung metastases is 36.2 to 49 months. Another study confirmed this idea, with brain metastases having the largest 
coefficient of impact among the four metastatic organs of CRC. Our study showed that the regression coefficients of CSS 
in descending order were brain metastasis, bone metastasis, liver metastasis, and lung metastasis. Due to the presence of 
the blood-brain barrier (BBB) and blood–cerebrospinal fluid barrier (CSF), brain metastases are often the ultimate organs 
of metastasis for CRC, while other extracranial metastases occur in areas such as the liver and lungs. The BBB and CSF 
also hinder chemotherapy efficacy, which may be another reason for the poor prognosis.

On the basis of multiple regression analysis, we developed a new nomograph to integrate multiple predictors and help 
accurately predict the survival of patients with synchronous mCRC. One study constructed a nomogram for predicting 
the survival of CRC patients. Another study also developed an OS nomogram model for predicting mCRC with strong 
consistency. Compared to existing predictive models, our column charts integrate more predictive variables, such as 
chemotherapy and surgery, to provide comprehensive predictions for CSS. In addition, through X-Tile software, we 
established a risk classification system with an optimal cutoff value that is more accurate and reliable. This approach 
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Table 2 Multivariate analysis of COX based on training cohorts

Multivariate analysis
Variable

HR (95%CI) P value

Race

        Black people 1

        White race 0.894 (0.834-0.959) 0.002

        Other 0.835 (0.752-0.928) 0.001

Sex

        Male 1

        Female 0.965 (0.918-1.015) 0.17

Age at diagnosis (yr)

        < 70 1

        ≥ 70 1.162 (1.099-1.228) < 0.001

Primary tumor location

        Colon 1

        Rectum 0.715 (0.678-0.754) < 0.001

Tumor differentiation

        Ⅰ-Ⅱ 1

        Ⅲ-Ⅳ 1.721 (1.630-1.817) < 0.001

T staging

        1-2 1

        3-4 1.085 (0.999-1.179) 0.053

N stage

        0 1

        1-2 1.304 (1.226-1.386) < 0.001

CEA status

        Masculine 1

        Feminine 0.699 (0.655-0.746) < 0.001

Liver metastases

        No 1

        Yes 1.406 (1.326-1.490) < 0.001

Lung metastases

        No 1

        Yes 1.341 (1.260-1.426) < 0.001

Bone metastases

        No 1

        Yes 1.621 (1.438-1.827) < 0.001

Brain metastases

        No 1

        Yes 1.718 (1.370-2.155) < 0.001

Surgical

        No 1

        Yes 0.459 (0.429-0.492) < 0.001
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Chemotherapy

        None/unknown 1

        Yes 0.368 (0.348-0.390) < 0.001

CEA: Carcinoembryonic antigen; HR: Hazard ratio.

Figure 3 The nomogram model predicts the clinical decision curve of cancer-specific survival in metastatic colorectal cancer patients. A-
C: Clinical decision curves based on 1-, 2-, and 3-year cancer-specific survival (CSS) in the training cohort; D-F: Clinical decision curves based on 1-, 2-, and 3-year 
CSS in the validation cohort.

Figure 4 X-tile software was used to calculate the optimal truncation value and establish a risk classification system. A and B: The optimal 
cutoff values of the predicted total scores, including the low-risk group (score: 0-164), medium-risk group (score: 165-247) and high-risk group (score: 248-480); C: 
Kaplan-Meier curves for different risk levels according to the cancer-specific survival of the training cohort.

helps to assess the level of risk in patients with mCRC, allowing for individualized treatment and an accurate prognosis. 
In addition, we provide estimated points for each important prognostic factor to improve clinical application[40].

There are several limitations to our study. First, this study is a retrospective analysis of existing selection bias. 
Furthermore, the SEER database does not contain detailed information on chemotherapy regimens or targeted therapies, 
which hinders further subgroup analysis. Then, the SEER data are used to verify the validity of the column graph 
prediction, which lacks the verification of real data.
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Table 3 Regression coefficients and estimated scores for building a Nomogram prediction model based on a training cohort

Nomogram
Variable

Regression coefficients Estimated score

Race

        Black people 17.846261 18

        White race 6.960746 7

        Other 0 0

Age at diagnosis (yr)

        < 70 0 0

        ≥ 70 14.55836 15

Primary tumor location

        Colon 32.76881 33

        Rectum 0 0

Tumor differentiation

        Ⅰ-Ⅱ 0 0

        Ⅲ-Ⅳ 54.39289 54

N stage

        0 0 0

        1-2 27.38794 27

CEA status

        Masculine 35.56051 36

        Feminine 0 0

Liver metastases

        No 0 0

        Yes 34.12213 34

Lung metastases

        No 0 0

        Yes 29.0965 29

Bone metastases

        No 0 0

        Yes 49.30787 49

Brain metastases

        No 0 0

        Yes 54.35879 54

Surgical

        No 75.074 75

        Yes 0 0

Chemotherapy

        None/unknown 100 100

        Yes 0 0

Range 0-524.474061 0-524

Score 531.434807 531
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CEA: Carcinoembryonic antigen.

Table 4 Analyzes tumor-specific survival rates in patients with different risk classes, %

Low-risk group Medium-risk group High-risk group
Variable

(n = 8140) (n = 4737) (n = 2013)

1 yr CSS 86.10 63.00 31.50

2 yr CSS 67.30 38.00 16.10

3 yr CSS 49.70 24.60 8.90

5 yr CSS 31.30 14.20 4.30

Median CSS 36 months 18 months 5 months

95%CI 34.987-37.013 17.273-18.727 4.503-5.497

CSS: Cancer-specific survival.

Figure 5 Kaplan-Meier survival curves for patients with different risk levels were drawn according to their cancer-specific survival. A: 
Platoon line; B: Training queue; C: Authentication queue.

CONCLUSION
In summary, we developed a new nomogram model to predict CSS in patients with synchronous mCRC. The verification 
of the model showed that the model has good discriminability and consistency. The risk grading system can grade the 
risk level of mCRC patients, accurately evaluate patient prognosis, and guide treatment.
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Abstract
BACKGROUND 
Stomach adenocarcinoma (STAD) is one of the main reasons for cancer-related 
deaths worldwide. This investigation aimed to define the connection between 
STAD and Cuproptosis-related genes (CRGs). Cuproptosis is a newly identified 
form of mitochondrial cell death triggered by copper.

AIM 
To explore the identification of potential biomarkers for STAD disease based on 
cuproptosis.

METHODS 
A predictive model using Gene Ontology (GO), Least Absolute Shrinkage and 
Selection Operator (LASSO), Kyoto Encyclopedia of Genes and Genomes (KEGG), 
Gene Set Variation Analysis (GSVA), and Gene Set Enrichment Analysis analyzed 
gene interconnections, focusing on 3 copper-related genes and their expression in 
The Cancer Genome Atlas-STAD. Networks for mRNA-miRNA and mRNA-
transcription factor interactions were constructed. The prognostic significance of 
CRG scores was evaluated using time-receiver operating characteristic, Kaplan-
Meier curves, and COX regression analysis. Validation was conducted with 
datasets GSE26942, GSE54129, and GSE66229. Expression of copper-related differ-
entially expressed genes was also analyzed in various human tissues and gastric 
cancer subpopulations using the human protein atlas.
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RESULTS 
Three significant genes (FDX1, LIAS, MTF1) were identified and selected via LASSO analysis to predict and classify 
individuals with STAD into high and low CRG score subgroups. These genes were down-regulated in both risk 
categories. GO and KEGG analyses highlighted their involvement mainly in the electron transport chain. After 
validating their differential expression, FDX1 emerged as the most accurate diagnostic marker for gastric cancer. 
Additionally, the RCircos package localized FDX1 on chromosome 11.

CONCLUSION 
Our study revealed that FDX1 could be a potential biomarker and treatment target for gastric malignancy, 
providing new ideas for further scientific research.

Key Words: Stomach adenocarcinoma disease; Copper death; FDX1; prognostic biomarkers; Cuproptosis-related genes

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This study explores the novel link between cuproptosis-related genes (CRGs) and stomach adenocarcinoma 
(STAD), identifying FDX1 as a potential biomarker and therapeutic target. Utilizing comprehensive analyses, including 
Gene Set Enrichment Analysis and Least Absolute Shrinkage and Selection Operator regression, we categorized STAD 
patients into high and low risk based on CRG scores. FDX1, along with two other genes, demonstrated significant diagnostic 
and prognostic potential, suggesting a new avenue for targeted therapies in gastric cancer treatment.

Citation: Xie XZ, Zuo L, Huang W, Fan QM, Weng YY, Yao WD, Jiang JL, Jin JQ. FDX1 as a novel biomarker and treatment target 
for stomach adenocarcinoma. World J Gastrointest Surg 2024; 16(6): 1803-1824
URL: https://www.wjgnet.com/1948-9366/full/v16/i6/1803.htm
DOI: https://dx.doi.org/10.4240/wjgs.v16.i6.1803

INTRODUCTION
With an estimated more than one million new cases annually, gastric cancer, specifically gastric adenocarcinoma (STAD), 
is the third most frequent cause of malignancy mortality globally and the fifth most common cancer[1]. And it has a high 
recurrence and mortality rate[1]. Significant advances in the treatment of STAD have been made in the previous decades, 
particularly with the cisplatin start, which has delayed the life expectancy of patients with gastric adenocarcinoma to 
some extent[2]. However, the development of drug resistance has reduced the effectiveness of cisplatin, leading to local 
infiltration of tumor cells and distant metastases. As a result, the STAD prognosis is still discouraging, with a 5-year 
survival rate of less than 30%[3]. And STAD risk factors are diverse, including but not restricted to age, sex, Helicobacter 
pylori (H. pylori) infection, and a high nitrite diet[4]. To enhance STAD diagnosis, prevention, and therapy, finding novel 
STAD biomarkers or treatment targets is vital.

Copper is a vital trace element in the body and significantly maintains enzyme activity[5]. Recently, copper function in 
cancer has been extensively explored, with numerous studies showing elevated levels in various tumor tissues such as 
lung, breast, cervical, ovarian, prostate, stomach, and colorectal cancers[6]. Copper also exhibits cytotoxicity when its 
concentration exceeds the threshold for maintaining homeostatic mechanisms, and the researchers named this mechanism 
of copper ion-induced cell death as copper death[7]. Therefore, by analyzing the phenomenon, mechanism, and disease 
model, the researchers found that copper death happens via the binding of copper to the tricarboxylic acid cycle lipidated 
elements. This causes iron-sulfur cluster protein loss and lipid-acylated protein aggregation, which induces proteotoxic 
stress and apoptosis[8]. Moreover, copper enhances tumor angiogenesis for metabolic waste and nutrient transportation
[9].

According to these investigations, copper is a valuable target for treating malignancy.
Given the critical role of copper element disorders in cancer, this investigation aimed to systematically discover the 

molecular function (MF) and medical relevance of genes connected with copper death in STAD. We analyzed information 
from 353 individuals with STAD in the The Cancer Genome Atlas (TCGA) database, showing the results of cuproptosis-
related genes (CRGs) expression and functional enrichment analysis. Notably, three CRGs were determined to be 
connected with survival and prognosis in hepatocellular carcinoma patients. And more validation was obtained in the 
external The Gene Expression Omnibus (GEO) datasets GSE26942, GSE54129, and GSE66229, culminating in the 
screening of FDX1 as a highly significant gene. Studying the connection between STAD and genes connected with copper 
death will help us grasp STAD patients' immune status and continuously optimize treatment strategies to prolong 
prognosis. In conclusion, our investigation offers a comprehensive analysis of CRGs' function in different parts of STAD, 
highlighting the CRGs' significance in STAD progression and giving a guideline for applying copper death-related genes 
in STAD treatment. The technology road map is shown in Figure 1.

https://www.wjgnet.com/1948-9366/full/v16/i6/1803.htm
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Figure 1 Technology roadmap. STAD: Stomach adenocarcinoma; TCGA: The Cancer Genome Atlas; GSEA: Gene Set Enrichment Analysis; GSVA: Gene Set 
Variation Analysis; LASSO: Least Absolute Shrinkage and Selection Operator; DEGs: Differentially expressed genes; KEGG: Kyoto Encyclopedia of Genes and 
Genomes; GO: Gene Ontology; PPI: Protein-protein interaction; ROC: Receiver operating characteristic curve.

MATERIALS AND METHODS
Data download
Expression profiling datasets of STAD patients were downloaded from GEO (http://www.ncbi.nlm.nih.gov/geo/) 
database using the R package GEO query[10]. GSE26942[11], GSE66229 and GSE54129. In the dataset GSE26942, we 
selected 202 STAD samples and 12 control samples for follow-up analysis. The data set GSE54129 has 132 pieces, 
including 111 STAD samples and 21 control samples. Data set GSE66229 consisted of 300 STAD models and 100 control 
samples; we selected these samples for follow-up analysis.

In addition, we have used the TCGA biolinks package[12] from the Tumor Genome Project (https://portal.gdc.cancer.
gov/) to download the count sequencing data of the STAD dataset (TCGA-STAD), which included a total of 407 samples, 
including 375 STAD and 32 control specimens. By excluding models without predictive data from the UCSC Xena 
database, the medical information of 353 samples was also obtained (http://genome.ucsc.edu), and these 353 samples 
were used for follow-up analysis (Table 1).

Construction of a predictive model for genes linked to copper death
To obtain predictive models for genes connected to copper death, we selected the overall survival (OS) from the dataset 
TCGA-STAD clinical data and the expression profiles of genes linked to copper death (LASSO) from 353 samples of 
STAD for which clinical data were available in the dataset TCGA-STAD. Expression profiles of cuproptosis-related genes 
from 353 STAD samples with medical data in the dataset TCGA-STAD were selected utilizing a ten-fold cross-validation 
seed to apply LASSO regression for 2000. The results were visualized, prognosis-related genes for copper death were 
obtained, and Kaplan-Meier curves for prognosis-related genes were plotted.

Differentially expressed genes related to copper death prognosis
We first utilized the limma package[13] to standardize the profile information of gene expression of 353 patients with 
STAD in the dataset TCGA-STAD. Depending on the risk scores from the Least Absolute Shrinkage and Selection 
Operator (LASSO) regression analysis, samples with risk scores more than the median were then used as a high-risk 
group, and samples with risk scores less than the median were used as the low-risk group, using the median risk score as 
the criterion. Differential analysis with subgroups of low and high risk was conducted to acquire all differentially 
expressed genes (DEGs) with |logFC| > 0 and P value < 0.05. The DEGs intersected with the prognosis-related genes of 
copper death to acquire the prognosis-related DEGs of copper death. Then the expression profile data of DEGs of copper 
death associated with the prognosis in the dataset TCGA-STAD were extracted and displayed in a heat map using the 

http://www.ncbi.nlm.nih.gov/geo/
http://www.ncbi.nlm.nih.gov/geo/
http://www.ncbi.nlm.nih.gov/geo/
https://portal.gdc.cancer.gov/
https://portal.gdc.cancer.gov/
https://portal.gdc.cancer.gov/
https://portal.gdc.cancer.gov/
http://genome.ucsc.edu
http://genome.ucsc.edu
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Table 1 Patient Characteristics of individuals with stomach adenocarcinoma in The Cancer Genome Atlas datasets, n (%)

Characteristic Levels Overall (n = 375)

T stage T1 19 (5.2)

T2 80 (21.8)

T3 168 (45.8)

T4 100 (27.2)

N stage N0 111 (31.1)

N1 97 (27.2)

N2 75 (21)

N3 74 (20.7)

M stage M0 330 (93)

M1 25 (7)

Pathologic stage Stage I 53 (15.1)

Stage II 111 (31.5)

Stage III 150 (42.6)

Stage IV 38 (10.8)

Gender Female 134 (35.7)

Male 241 (64.3)

Age ≤ 65 164 (44.2)

> 65 207 (55.8)

OS event Alive 228 (60.8)

Dead 147 (39.2)

DSS event Alive 263 (74.3)

Dead 91 (25.7)

PFI event Alive 251 (66.9)

Dead 124 (33.1)

Age, median (IQR) 67 (58, 73)

OS: Overall survival; DSS: Disease-specific survival; PFI: Progression-free interval.

ComplexHeatmap package.

Functional enrichment (Gene Ontology) and pathway enrichment (Kyoto Encyclopedia of Genes and Genomes) 
analyses of prognostically DEGs
Gene Ontology (GO)[10] analysis is a frequent technique for large-scale functional enrichment investigations, like 
biological process (BP), MF and cellular component (CC). Kyoto Encyclopedia of Genes and Genomes (KEGG) is a 
broadly utilized database for keeping genomes, diseases, biological mechanisms, and medicines data. We initially 
conducted a molecular correlation study of prognosis-related DEGs for copper death using the dataset TCGA-STAD, 
taking P < 0.05 positive correlation Top5 genes and negative correlation Top5 genes, using the R package clusterProfiler 
KEGG and GO annotation analyses were conducted. Entry screening criteria were P value < 0.05, and false discovery rate 
(FDR) value (q value) < 0.05 was reflected as statistically significant, with P value correction by Benjamini-Hochberg (BH).

Gene Set Enrichment Analysis and Gene Set Variation Analysis
We extracted the gene expression profile data of 353 cases with STAD from the dataset TCGA-STAD for LASSO 
regression analysis. The median risk score was employed as the criterion for the outcome, with samples with risk scores 
more than the median as a group of high-risk and samples with risk scores less than the median were considered as the 
low-risk group. Then, the Molecular Signatures Database (MSigDB) was utilized to obtain the samples. The gene set 
"h.all.v7.5.2.symbols.gmt" was obtained from the MSigDB database as the reference gene set, and all genes in the gastric 
cancer dataset TCGA-STAD were enriched according to groups of low and high-risk utilizing the clusterProfiler package. 
The following were factors employed in this Gene Set Enrichment Analysis (GSEA): Seeds of 2000 with a count of 10000, a 
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minimum of 10 genes, and a maximum of 500 genes per gene set, and a P value correction manner of BH. The screening 
criteria for significant enrichment were FDR and P values; both were less than 0.05. The Top4 results were visualized 
based on the NES.

Gene Set Variation Analysis (GSVA) is an unsupervised non-parametric analysis method. Gene expression matrices 
between specimens are transformed into gene set expression matrices between samples to analyze the gene set 
enrichment outcomes of the microarray nuclear transcriptome. This is employed to assess whether different pathways are 
enriched among various models. We retrieved "h.all.v7.5.2.symbols.gmt" from the MSigDB database and conducted a 
GSVA study on the TCGA-STAD dataset. Analyze differences in functional enrichment between high- and low-risk 
groups in the dataset TCGA-STAD.

Protein-protein interaction
In the present investigation, we utilized the STRING database to obtain the top 10 genes with the least necessary 
interaction score for prognosis-related differential expression of genes associated with copper death to create a protein-
protein interaction (PPI) network and use Cytoscape (version 3.9.1). Visualization of the PPI network model.

Constructing mRNA-miRNA, mRNA-TF interactions networks
We used the Starbase and miRDB databases to predict miRNAs interacting with prognostically relevant DEGs for copper 
death. The intersection of the two database results was then taken, and the mRNA-miRNA interaction network was 
plotted using Cytoscape software.

Utilizing ChIP-seq data of DNA-binding proteins, the CHIPBase database (version 2.0; https://rna.sysu.edu.cn/
chipbase/) detects thousands of binding motif matrices and their binding sites and anticipates millions of transcriptional 
regulatory connections between genes and transcription factors (TFs). hTFtarget database (http://bioinfo.life.hust.edu.
cn/hTFtarget) is an extensive human TFs and their target modulation. Utilizing the Cytoscape program, we identified 
and visualized TFs that bind to DEGs linked to the prognosis of copper mortality using the hTFtarget and CHIPBase 
(version 2.0) databases.

Receiver operating characteristic curves
Receiver operating characteristic curve (ROC) is a composite marker of a continuous variable of specificity and 
sensitivity, with values generally ranging from 0.5 to 1 of the area under curve (AUC). When the AUC is near 1, the 
diagnosis is more accurate. We plotted ROC curves for genes based on expression profile data of prognostically relevant 
DEGs for copper death in the dataset TCGA-STAD.

Expression and molecular correlation analysis of prognosis-related DEGs between different single cell 
subpopulations
Utilizing the database of human protein atlas (HPA, www.proteinatlas.org/), DEGs’ expression connected to copper 
death prognosis in different human tissues was obtained, and the outcomes were displayed. We used the RCircos 
package. They were locating prognosis-associated DEGs in chromosomes. After using the expression profile data from 
the dataset TCGA-STAD to calculate the connection of other molecules in the dataset with prognosis-related DEGs, the 
positive Top5 and negative Top5 correlations were selected for protein-coding molecules of gene type to plot co-
expression heatmaps. Then the positive Top5 and negative Top5 correlations were determined for LncRNA molecules of 
gene type to plot co-expression heatmaps.

Analysis of clinical relevance
To investigate the clinical predictive value of prognosis-related DEGs for copper death in STAD. We subjected prognosis-
related DEGs for copper death in STAD to univariate Cox regression analysis. The factors with P < 0.05 were also selected 
for inclusion in the multi-factor Cox regression analysis to construct a multi-factor Cox regression model. We created a 
nomogram based on the one-way Cox regression analysis results to predict the survival of patients with STAD at one 
year, three years, and five years. Decision curve analysis (DCA) is a simple method for evaluating clinical predictive 
models, diagnostic tests, and molecular markers. We used the survival package to assess the effect of the nomogram 
model on patient survival at 1, 3, and 5 years. We analyzed the prognosis-related differential expression gene expression 
levels of copper death in STAD cancer tissues on the overall tumor survival overall survival, disease-specific survival, 
and progression-free interval effects.

Statistical analysis
The R programming (version 4.2.1) was employed for all data processing and analysis. Independent Student t-tests were 
utilized to determine the statistical significance of customarily distributed variables to compare two groups of continuous 
data. Mann-Whitney U-tests were utilized to examine differences between non-normally distributed data (i.e., Wilcoxon 
rank sum tests). To compare and analyze the statistical significance between the two groups of subjected prognosis-
related DEGs for copper death in STAD to univariate Cox regression analysis was employed to conduct survival analysis, 
the Kaplan-Meier survival curve was utilized to detect changes in survival and the log-rank test was used to evaluate the 
statistical significance of variations in survival time between the two patient groups. The survival R program was the 
basis for the univariate and multifactorial Cox analyses, while the lasso analyses used the glmnet R package. At P < 0.05, 
each statistical P value was two-sided and statistically significant.

https://rna.sysu.edu.cn/chipbase/
https://rna.sysu.edu.cn/chipbase/
http://bioinfo.life.hust.edu.cn/hTFtarget
http://bioinfo.life.hust.edu.cn/hTFtarget
http://bioinfo.life.hust.edu.cn/hTFtarget
http://bioinfo.life.hust.edu.cn/hTFtarget
http://www.proteinatlas.org/


Xie XZ et al. Identification of potential biomarker

WJGS https://www.wjgnet.com 1808 June 27, 2024 Volume 16 Issue 6

Figure 2 Visualisation of Least Absolute Shrinkage and Selection Operator regression results and Kaplan-Meier curves. A: Visualization of 
Least Absolute Shrinkage and Selection Operator regression results for dataset The Cancer Genome Atlas (TCGA)-stomach adenocarcinoma (STAD); B: Kaplan-
Meier (K-M) curves for gene FDX1 in dataset TCGA-STAD; C: K-M curves for gene LIAS in dataset TCGA-STAD; D: K-M curves for gene LIPT1 in dataset TCGA-
STAD; E: K-M curves for gene MTF1 in dataset TCGA-STAD; F: K-M curves for gene GLS in dataset TCGA-STAD.

RESULTS
A predictive model construction for genes associated with copper death
We selected the OS from the dataset TCGA-STAD clinical data and the expression profile data of genes connected to 
copper death (cuproptosis-related genes) from the dataset TCGA-STAD to construct the LASSO regression prognostic 
model to obtain five genes (FDX1, LIAS, LIPT1, MTF1, GLS, Figure 2A). Based on the prognostic information of the 
dataset TCGA-STAD, we plotted these five genes [FDX1 (P = 0.001, Figure 2B), LIAS (P = 0.006, Figure 2C), LIPT1(P = 
0.173, Figure 2D), MTF1 (P = 0.007, Figure 2E), GLS (P = 0.188, Figure 2F)] K-M curves, of which we selected three genes 
(FDX1, LIAS, MTF1) that were statistically significant (P < 0.05) as prognosis-related genes for copper death.

Differential expression analysis of genes related to copper death prognosis
Using the limma package, we first normalized the GEP data of 353 subjects with STAD in the dataset TCGA-STAD. Then, 
depending on the risk scores from the LASSO regression analysis outcomes, the samples with risk scores more than the 
median were considered as the group of high risk, and those with risk scores less than the median were considered as the 
low-risk group. DEGs were obtained by differential analysis in low and high-risk groups and volcano plotting of the 
differential analysis results (Figure 3A). The results were as follows: the data set TCGA-STAD had a total of 7330 DEGs 
satisfying |logFC| > 0 and P value < 0.05. DEGs were intersected with copper death prognosis-related genes to obtain 
three copper death prognosis-related differentially expressed genes (FDX1, LIAS, MTF1). The expression profile data of 
copper death prognosis-related DEGs were then extracted, and heatmaps were drawn utilizing the ComplexHeatmap 
package (Figure 3B). To demonstrate the expression of copper death prognosis-related DEGs in the dataset TCGA-STAD. 
The outcomes show that gene FDX1, gene LIAS, and gene MTF1 are differentially expressed genes down-regulated in 
both high and low-risk groupings.

Finally, we plotted group comparison plots for gene FDX1 (Figure 3C), gene LIAS (Figure 3D), and gene MTF1 
(Figure 3E) based on the different groupings in the dataset TCGA-STAD to demonstrate the DEGs linked with copper 
death prognosis in different sets of expression in various groups. The outcomes exhibited P < 0.001 for FDX1, LIAS, and 
MTF1 in the low and high-risk subgroups.

DEGs’ molecular correlation analysis in the prognosis of copper death
We used the expression profile data from the dataset TCGA-STAD to calculate the association of other molecules in the 
dataset with the gene FDX1, the gene LIAS and the gene MTF1. We selected the results of the correlation analysis of gene 
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Figure 3 Volcano plot of The Cancer Genome Atlas-stomach adenocarcinoma differential analysis results for dataset, heat map of 
prognostic differentially expressed genes and group comparison plot. A: Volcano plot of results of differential analysis in dataset The Cancer Genome 
Atlas (TCGA)-stomach adenocarcinoma (STAD; genes marked in the plot are copper death prognosis-related differentially expressed genes); B: Heat map of 
expression of copper death prognosis-related differentially expressed genes in dataset TCGA-STAD according to high and low risk subgroups; C: Comparison plot of 
gene FDX1 in high and low risk groups (subgroups: High and low) in dataset TCGA-STAD; D: Comparative plot of gene LIAS; E: Comparative plot of gene MTF1. 
TCGA: The Cancer Genome Atlas; STAD: Stomach adenocarcinoma; Up: Up-regulated genes; Down: Down-regulated genes. 1P < 0.001, which is highly statistically 
significant.

FDX1 in molecular type for protein-coding molecules (P < 0.05) to take positive correlation Top5 and negative correlation 
Top5 to plot the co-expression heat map of gene FDX1 in the dataset TCGA-STAD (Figure 4A). Then the molecules with 
gene type lncRNA (P < 0.05) were selected to take positive correlation Top5 and negative correlation Top5 to plot the co-
expression heat map of gene FDX1 in the dataset TCGA-STAD (Figure 4B). The correlation analysis outcomes of gene 
LIAS were then selected for the molecular type of protein-coding molecules (P < 0.05) to plot the co-expression heat map 
of gene LIAS in the dataset TCGA-STAD by taking the positive correlation Top5 and negative correlation Top5 
(Figure 4C). Then the molecules with gene type lncRNA (P < 0.05) were selected to take positive correlation Top5 and 
negative correlation Top5 to plot the co-expression heat map of gene LIAS in the dataset TCGA-STAD (Figure 4D). 
Finally, the results of correlation analysis of gene MTF1 were selected for the molecular type of protein-coding molecules 
(P < 0.05) to take positive correlation Top5 and negative correlation Top5 to plot the co-expression heat map of gene 
MTF1 in dataset TCGA-STAD (Figure 4E) After selecting molecules with gene type lncRNA (P < 0.05) taking positive 
correlation Top5 and negative correlation Top5 to plot the co-expression heat map of gene MTF1 in dataset TCGA-STAD 
(Figure 4F).

The correlation between gene LIAS and protein-coding molecules GUF1, MRPL35, SMIM20, SEPSECS, and MTIF2 
gradually increased with increasing gene expression. In contrast, the association between gene LIAS and protein-coding 
molecules RTL8C, MFGE8, PDLIM4, VASN, KLHL30 gradually decreased with increasing gene expression. The 
connection between gene LIAS and LncRNA molecules AC008966.1, STX18-AS1, LINC00909, SNHG3, RPARP-AS1 
gradually increased with increasing gene expression, and the relationship between gene LIAS and LncRNA molecules 
TGFB2-AS1, AC015922.2, AL391422.4 AC019205.1, AL391121.1 correlated progressively lower with increasing gene 
expression.
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Figure 4 Co-expression heat map of differentially expressed genes for copper death prognosis. A: Heat map of gene FDX1 co-expression with 
genotypes of protein-coding molecules with positive correlation Top5 and negative correlation Top5 genes; B: Heat map of gene FDX1 co-expression with genotypes 
of LncRNA molecules with positive correlation Top5 and negative correlation Top5 genes; C: Heat map of gene LIAS co-expression with genotypes of protein-coding 
molecules with positive correlation Top5 and negative correlation Top5 genes; D: Co-expression heat map of gene LIAS with genotype LncRNA molecules for 
positively associated Top5 and negatively associated Top5 genes; E: Co-expression heat map of gene MTF1 with genotype protein-coding molecules for positively 
associated Top5 and negatively associated Top5 genes; F: Co-expression heat map of gene MTF1 with genotype LncRNA molecules for positively associated Top5 
and negatively associated Top5 genes. Negatively related Top5 genes co-expression heat map. 1P < 0.001, which is highly statistically significant.

The association between gene MTF1 and protein-coding molecules HIPK1, RLF, CSNK1G1, ASXL2, and SETX 
gradually increased with increasing gene expression, and the connection between gene MTF1 and protein-coding 
molecules NENF, MZT2B, COX5B, HIGD2A, NDUFA3 gradually decreased with the increase in gene expression. The 
relationship between gene MTF1 and LncRNA molecules AC108449.2, AL049840.4, AC253536.3, AC016586.1, MKNK1-
AS1 gradually increased with increasing gene expression, and the correlation between gene MTF1 and LncRNA 
molecules AC112491.1, SNHG9, AC005884.2 AC138696.2, AL451165.2 correlated progressively lower with increasing 
gene expression.

Gene function enrichment (GO) and pathway enrichment (KEGG) analyses of DEGs connected to copper death 
prognosis
We selected the gene FDX1, the gene LIAS and the gene MTF1 with the molecule type used in the co-expression heat map 
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Figure 5 Visualization of functional enrichment (Gene Ontology) and pathway enrichment (Kyoto Encyclopedia of Genes and Genomes) 
analyses outcomes. A: Histogram of functional enrichment [Gene Ontology (GO)] and pathway enrichment [Kyoto Encyclopedia of Genes and Genomes (KEGG)] 
analyses outcomes; B: Ring network of functional enrichment (GO) and pathway enrichment (KEGG) analyses outcomes; C: Circle plot of the combined logFC 
outcomes of functional enrichment (GO) and pathway enrichment (KEGG) analyses; D: String plot of the combined logFC outcomes of functional enrichment (GO) 
and pathway enrichment (KEGG) analyses. STAD: Stomach adenocarcinoma. GO: Gene Ontology; KEGG: Kyoto Encyclopedia of Genes and Genomes; BP: 
Biological process; CC: Bellular component; MF: Molecular function; Up: Up-regulated genes; Down: Down-regulated genes.

drawn for the protein code as co-expressed genes for the three genes for 30 co-expressed genes. We enriched these 30 
genes along with the three copper death prognosis-related DEGs for a total of 33 genes for analysis. These 33 genes were 
utilized for GO and KEGG gene functional enrichment analysis, which demonstrated that they were primarily enriched 
in the BP, including the ATP synthesis coupled electron transport, electron transport chain, mitochondrial ATP synthesis 
related electron transport, mitochondrial inner membrane, mitochondrial protein complex, respiratory chain CC, and MF 
of electron transfer activity. It was also enriched in KEGG pathways like Non-alcoholic fatty liver disorder and Oxidative 
phosphorylation. The GO and the KEGG gene functional enrichment analyses outcomes are visualized in a bar chart 
(Figure 5A and Table 2).

Meanwhile, network diagrams were drawn based on the outcomes of GO functional and KEGG pathway enrichment 
analyses (Figure 5B). The connecting lines illustrate the corresponding molecules and the annotations of the related 
entries; the more significant the node, the greater the number of molecules contained in the entry. Finally, we used the 
logFC values of 32 of these 33 genes from the TCGA-STAD differential analysis to perform a combined logFC analysis of 
function enrichment and KEGG pathway enrichment, and depending on the enrichment analysis, the logFC of the 
molecules was employed to detect the standard score (Z-score) for each entry) and visualized by circle plot (Figure 5C) 
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Table 2 Gene Ontology and Kyoto Encyclopedia of Genes and Genomes enrichment analysis results

Ontology ID Description P value P adjust Q value

BP GO: 0022900 Electron transport chain 1.62e-04 0.072 0.060

BP GO: 0042775 Mitochondrial ATP synthesis coupled electron transport 4.05e-04 0.072 0.060

BP GO: 0042773 ATP synthesis coupled electron transport 4.18e-04 0.072 0.060

BP GO: 2000773 Negative regulation of cellular senescence 4.92e-04 0.072 0.060

BP GO: 0022904 Respiratory electron transport chain 7.01e-04 0.078 0.065

CC GO: 0005743 Mitochondrial inner membrane 5.02e-07 3.72e-05 3.07e-05

CC GO: 0070469 Respiratory chain 5.13e-04 0.018 0.015

CC GO: 0098798 Mitochondrial protein complex 7.23e-04 0.018 0.015

MF GO: 0009055 Electron transfer activity 8.42e-04 0.063 0.047

KEGG hsa00190 Oxidative phosphorylation 0.001 0.026 0.016

KEGG hsa04932 Non-alcoholic fatty liver disease 0.002 0.026 0.016

KEGG hsa05014 Amyotrophic lateral sclerosis 0.003 0.026 0.016

KEGG hsa04714 Thermogenesis 0.007 0.046 0.028

KEGG hsa05012 Parkinson disease 0.008 0.046 0.028

GO: Gene Ontology; BP: Biological process; MF: Molecular function; CC: Cellular component; KEGG: Kyoto Encyclopedia of Genes and Genomes.

and chord plot (Figure 5D).

GSEA and GSVA
To detect all gene impacts on pathway expression levels in the STAD dataset TCGA-STAD, we used the cluster profile 
package to perform GSEA on all genes in the dataset TCGA-STAD according to groups of low and high risk. GSEA was 
conducted to take the NES of the star pathways and plot the mountain range (Figure 6A) are significantly enriched in 
HALLMARK EPITHELIAL MESENCHYMAL TRANSITION (Figure 6B), HALLMARK MYOGENESIS (Figure 6C), 
HALLMARK COAGULATION (Figure 6D) HALLMARK_APICAL_JUNCTION (Figure 6E) and other biologically 
relevant functions and signaling pathways.

To explore the variations in the hallmark gene sets between high and low-risk groups for STAD, we conducted a GSVA 
of all genes expression data in the dataset TCGA-STAD according to the standard and high-risk groups for STAD 
samples. The outcomes showed that a total of 28 hallmark gene sets showed variations (P < 0.05) among the high and 
low-risk groups. Subgroup comparison plots (Figure 7A) and heat maps (Figure 7B) of the outcomes of the differences 
between the groups of high and low risk for these 28 gene sets were plotted (Table 3).

The results show that: gene sets HALLMARK_GLYCOLYSIS, HALLMARK_INTERFERON_ALPHA_RESPONSE, 
HALLMARK_P53_PATHWAY, HALLMARK_TGF_BETA_SIGNALING in the high and low risk groups of dataset 
TCGA-STAD between P < 0.05. Gene sets HALLMARK_ANGIOGENESIS, HALLMARK_HEDGEHOG_SIGNALING, 
H A L L M A R K _ B I L E _ A C I D _ M E T A B O L I S M ,  H A L L M A R K _ E S T R O G E N _  R E S P O N S E _ L A T E ,  
HALLMARK_MYC_TARGETS_V2, HALLMARK_KRAS_SIGNALING_DN, HALLMARK_PANCREAS_BETA_CELLS 
between high and low risk groups in dataset TCGA-STAD P < 0.01. Gene sets HALLMARK_MYOGENESIS, 
HALLMARK_PROTEIN_SECRETION, HALLMARK_MITOTIC_SPINDLE, HALLMARK_EPITHELIAL_ME-
SENCHYMAL_TRANSITION HALLMARK_G2M_CHECKPOINT, HALLMARK_PI3K_AKT_MTOR_SIGNALING, 
HALLMARK_PEROXISOME, HALLMARK_SPERMATOGENESIS, HALLMARK_MTORC1_SIGNALING 
HALLMARK_E2F_TARGETS, HALLMARK_MYC_TARGETS_V1, HALLMARK_UNFOLDED_PROTEIN_RESPONSE, 
HALLMARK_COAGULATION, HALLMARK_FATTY_ACID_ METABOLISM, HALLMARK_ANDROGEN_RESPONSE, 
HALLMARK_HYPOXIA between high and low risk groups in dataset TCGA-STAD at P < 0.001.

Construction of PPI, mRNA-miRNA, and mRNA-TF interaction networks
Protein-protein interactions were analyzed for three copper death prognosis-related DEGs (FDX1, LIAS, MTF1) utilizing 
the STRING database, and the interactions were visualized employing Cytoscape software (Figure 8A). The target and 
CHIPBase (version 2.0) databases were used to find TF that bind to three copper death prognosis-related DEGs (FDX1, 
LIAS, MTF1). In the CHIPBase database, we used D1kbToTalSite > 1 as the screening principle to acquire 29 pairs of 
mRNA-TF, and in the target database, we used NO of dataset > 1 as the screening principle to receive 476 pairs of mRNA-
TF. Typically, 23 mRNA-TF pairs were obtained by intersecting the results of the two databases. The Cytoscape program 
was utilized to display the mRNA-TF interaction network (Figure 8B). We used mRNA-miRNA data from the Starbase 
and the miRDB databases to anticipate miRNAs interacting with these three copper death prognosis-related DEGs (FDX1, 
LIAS, MTF1). In the Starbase database, we screened for cancernum > 0 to obtain 92 pairs of mRNA-miRNAs, and in the 
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Figure 6 Gene Set Enrichment Analysis of the dataset The Cancer Genome Atlas-stomach adenocarcinoma. A: Mountain plot of Gene Set 
Enrichment Analysis (GSEA) results for the dataset The Cancer Genome Atlas (TCGA)-stomach adenocarcinoma (STAD) for gastric cancer (STAD); B: GSEA of all 
genes in the dataset TCGA-STAD in high and low risk subgroups (subgroup: High and subgroup: Low) vs HALLMARK_EPITHELIAL_MESENCHY-
MAL_TRANSITION; C: Visualization of GSEA outcomes of all genes in the dataset TCGA-STAD in high and low risk groupings (grouping: High and grouping: Low) vs 
HALLMARK_MYOGENESIS; D: Visualization of GSEA outcomes of all genes in the dataset TCGA-STAD in high and low risk groupings (grouping: High and 
grouping: Low) vs visualization of GSEA results for HALLMARK_COAGULATION; E: Visualization of GSEA results for all genes in the dataset TCGA-STAD in high 
and low risk groupings (grouping: High and grouping: Low) vs HALLMARK_APICAL_JUNCTION. FDR: False discovery rate.

miRDB database, to obtain 515 pairs of mRNA-miRNAs. The intersection of the two databases resulted in 43 teams of 
mRNA-miRNAs. The mRNA-miRNA interaction network was mapped by Cytoscape software for visualization 
(Figure 8C).

Prognostic analysis and performance of predictive DEGs
Using risk factor plots, we visualized the risk factor groupings of the created LASSO regression predictive model 
(Figure 9A). Then, to validate our LASSO regression predictive model, we employed multivariate and univariate Cox 
regressions in the TCGA-STAD dataset to clinically analyze the association between increased and reduced DEGs 
expression associated with copper death prognosis and prognosis. We selected the statistically significant (P < 0.05) parts 
of the results from the univariate Cox regressions in the form of forest plots for presentation (Figure 9B).

In addition, we performed Calibration analyses and plotted calibration curves for the 1-, 3- and 5-year prognosis of the 
statistically significant (P <0 .05) factors in the univariate and multivariate Cox regression analyses of the one-way 
outcomes (Figure 9C), and analyzed and plotted nomogram for these univariate outcome nomograms based on 
prognostic information (Figure 9D). The results show that the best fit was achieved for the 1-year model constructed.

Finally, we used DCA to assess the medical efficacy of the constructed LASSO regression predictive model at one year 
(Figure 9E), three years (Figure 9F), and five years (Figure 9G). The results showed that the LASSO regression prognostic 
model with DEGs (FDX1, LIAS, MTF1) associated with copper death prognosis as variables predicted gastric cancer better 
with increasing disease duration.

Expression validation and ROC validation of prognosis-related differential genes
We initially standardized the GEO datasets GSE26942, GSE54129, and GSE66229 using the limma package to plot three 
copper deaths using STAD samples and control samples as subgroups prognosis-related DEGs (FDX1, LIAS, MTF1) in 
data GSE26942 (Figure 10A), dataset GSE54129 (Figure 10B) and dataset GSE66229 (Figure 10C) respectively, before 
plotting group comparison for dataset TCGA-STAD based on grouping of low and high risk (Figure 10D). The differential 
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Figure 7 Visualisation of Gene Set Variation Analysis results. A: Complex heat map of gene sets showing differences (P < 0.05) between datasets The 
Cancer Genome Atlas (TCGA)-stomach adenocarcinoma (STAD) high and low risk subgroups (subgroup: High and subgroup: Low); B: Subgroup comparison map of 
gene sets showing differences (P < 0.05) between datasets TCGA-STAD high and low risk subgroups (subgroup: High and subgroup: Low); C: Comparison of gene 
sets showing differences (P < 0.05) between datasets TCGA-STAD high and low risk subgroups (subgroup: High and subgroup: Low). Up: Up-regulated genes; 
Down: Down-regulated genes. 1P < 0.05, indicating statistical significance. 2P < 0.01, which is highly statistically significant. 3P < 0.001 and highly statistically 
significant.
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Table 3 Gene Set Enrichment Analysis enrichment analysis results

ID Enrichment score NES P value Q values

HALLMARK_EPITHELIAL_MESENCHYMAL_TRANSITION 0.708105259 2.990707978 0.001305483 0.008457298

HALLMARK_HYPOXIA 0.403129656 1.699699999 0.00130719 0.008457298

HALLMARK_APICAL_JUNCTION 0.461587301 1.935939035 0.001310616 0.008457298

HALLMARK_MYOGENESIS 0.66612 2.752470842 0.001331558 0.008457298

HALLMARK_COAGULATION 0.50179623 1.942687567 0.00143472 0.008457298

HALLMARK_UV_RESPONSE_DN 0.406876695 1.662984536 0.002702703 0.009857419

hallmark_interferon_alpha_response -0.423867587 -1.8197451 0.003257329 0.009857419

HALLMARK_G2M_CHECKPOINT -0.566300626 -2.681102853 0.004255319 0.009857419

hallmark_interferon_gamma_response -0.329292011 -1.559005425 0.004255319 0.009857419

HALLMARK_E2F_TARGETS -0.562672699 -2.6759039 0.004329004 0.009857419

HALLMARK_MYC_TARGETS_V1 -0.454693047 -2.162384814 0.004329004 0.009857419

HALLMARK_MITOTIC_SPINDLE -0.367141984 -1.748758241 0.004347826 0.009857419

HALLMARK_MTORC1_SIGNALING -0.385874626 -1.837984926 0.004347826 0.009857419

HALLMARK_MYC_TARGETS_V2 -0.448665513 -1.728129282 0.005617978 0.011827321

HALLMARK_INFLAMMATORY_RESPONSE -0.318801368 -1.472576393 0.00862069 0.016938899

HALLMARK_PROTEIN_SECRETION -0.367157298 -1.567228573 0.009771987 0.018001029

HALLMARK_ANGIOGENESIS 0.547725076 1.690092924 0.014802632 0.025664005

HALLMARK_IL6_JAK_STAT3_SIGNALING -0.367388389 -1.508170458 0.018181818 0.029771398

HALLMARK_KRAS_SIGNALING_DN 0.371059103 1.431772189 0.024425287 0.037786775

hallmark_estrogen_response_late -0.291604703 -1.348128819 0.025641026 0.037786775

HALLMARK_UNFOLDED_PROTEIN_RESPONSE -0.323403998 -1.423443484 0.029315961 0.041145208

HALLMARK_HEDGEHOG_SIGNALING 0.472117157 1.469309232 0.045602606 0.0610944

expression of three copper death prognosis-related DEGs in STAD was verified to be significant. The outcomes exhibited 
that the gene FDX1 was statistically significant and was lowly expressed in STAD samples, and it could be concluded that 
the gene FDX1 is an oncogene in STAD.

Finally, we used 407 samples from dataset TCGA-STAD (Figure 10E), dataset GSE26942 (Figure 10F), dataset GSE54129 
(Figure 10G), and dataset GSE66229 (Figure 10H) to draw ROC curves based on STAD samples and control samples were 
grouped to plot ROC curves for the DEGs (FDX1, LIAS, MTF1) connected with copper death prognosis. The results 
showed that the genes FDX1 (AUC = 0.823) and LIAS (AUC = 0.728) had some accuracy, and MTF1 (AUC = 0.597) had 
low accuracy in STAD sample and control sample subgroups of dataset GSE26942. Gene FDX1 (AUC = 0.970), and LIAS 
(AUC = 0.985) had high accuracy, and gene MTF1 (AUC = 0.813) had some accuracy in the STAD sample and control 
sample subgroup of the dataset GSE54129. Gene FDX1 (AUC = 0.610), LIAS (AUC = 0.550), and MTF1 (AUC = 0.519) had 
low accuracy STAD sample and control sample of the dataset GSE66229. Gene FDX1 (AUC = 0.620), LIAS (AUC = 0.543), 
and TF1 (AUC = 0.625) had low accuracy in STAD sample and control sample subgroup of the GSETCGA-STAD dataset. 
In summary, the gene FDX1 had the highest diagnostic accuracy in STAD (Table 4).

Expression of the gene FDX1 between different single cell subpopulations and in various human tissues
We obtained gene FDX1 expression in different human tissues (Figure 11) and among different STAD single-cell subpop-
ulations (Figure 12A) through the HPA database and visualized the results. The results show that gene FDX1 has high 
expression of both RNA and protein in endocrine tissues, higher protein expression in kidney and urinary bladder 
tissues, and high protein expression in male and female tissues. Gene FDX1 was highly expressed in gastric cancer cell 
lines, mainly in T-cells, Plasma cells. We utilized the RCircos package to localize prognosis related DEGs in chromosomes 
(Figure 12) The results show that the gene FDX1 is on chromosome 11.

DISCUSSION
STAD is a widespread malignant tumor with a worse prognosis and an elevated rate of death. Intestinal mucosa cancer 
cells that grow abnormally and create ulcers are the causes of STAD. Diagnosis is always delayed since this process is 
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Table 4 Univariate/multivariate Cox regression

Univariate analysis Multivariate analysis
Characteristics Total (n)

Hazard ratio (95%CI) P value Hazard ratio (95%CI) P value

FDX1 370

High 184 Reference

Low 186 1.282 (0.922-1.784) 0.140

LIAS 370

High 183 Reference

Low 187 1.501 (1.075-2.095) 0.017 1.414 (0.981-2.038) 0.063

MTF1 370

High 185 Reference

Low 185 1.368 (0.985-1.900) 0.061 1.346 (0.936-1.936) 0.109

T stage 362

T1 18 Reference

T2 78 6.725 (0.913-49.524) 0.061 4.323 (0.548-34.111) 0.165

T3 167 9.548 (1.326-68.748) 0.025 5.338 (0.613-46.515) 0.129

T4 99 9.634 (1.323-70.151) 0.025 5.141 (0.576-45.881) 0.143

N stage 352

N0 107 Reference

N1 97 1.629 (1.001-2.649) 0.049 1.152 (0.578-2.296) 0.688

N2 74 1.655 (0.979-2.797) 0.060 1.298 (0.553-3.050) 0.549

N3 74 2.709 (1.669-4.396) < 0.001 1.818 (0.772-4.281) 0.171

M stage 352

M0 327 Reference

M1 25 2.254 (1.295-3.924) 0.004 1.038 (0.430-2.504) 0.935

Pathologic stage 347

Stage I 50 Reference

Stage II 110 1.551 (0.782-3.078) 0.209 1.132 (0.399-3.212) 0.816

Stage III 149 2.381 (1.256-4.515) 0.008 1.181 (0.304-4.588) 0.810

Stage IV 38 3.991 (1.944-8.192) < 0.001 2.082 (0.513-8.445) 0.305

often slower and difficult to identify at an early phase[11]. Though the occurrence and death rates of STAD have 
decreased over the past century, the total cases of gastric cancer numbers continue to increase due to the aging population
[12]. Moreover, the healthcare burden of gastric cancer is high, accounting for 20% of the total global cancer burden[14]. 
Despite advances in targeted therapy over the past decades, surgery is still considered to be the only curative treatment 
for gastric cancer to date.

Furthermore, metastasis of cancer cells and resistance to chemotherapy are the main barriers limiting malignancy 
treatment efficacy[15]. Unfortunately, despite substantial efforts in preclinical and clinical studies, the STAD prognosis is 
still unsatisfactory, with a 5-year survival rate of only 20%-30% for patients with progressive STAD[16]. Therefore, new 
strategies and directions for the treatment of STAD are urgently needed.

A new investigation explored that an imbalance in intracellular copper ion accumulation triggers mitochondrial 
lipoproteins aggregation, causing a distinct type of cell death known as copper death[9]. Copper death largely depends 
on mitochondrial respiration, unlike apoptosis, scorch death, necrosis, and iron death[17]. Upon excessive accumulation 
of Cu2+ in cells dependent on mitochondrial respiration (Cu2+ is transferred into cells via copper ion carriers), Cu2+ binds to 
thioredoxylated DLAT, inducing heterodimerization of DLAT. The insoluble DLAT rise causes cytotoxicity and induces 
cell death[18]. More interestingly, in some cancers, we found higher levels of copper ions in tumor tissue and the serum 
of tumor patients than in normal subjects[19]. Breast cancer and cuproptosis-related genes are also very closely related
[20]. However, the relationship between gastric adenocarcinoma and copper death-related genes and prognosis has not 
been elucidated.
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Figure 8 Construction of protein-protein interaction, mRNA-miRNA, and mRNA-transcription factor interactions networks. A: protein-protein 
interaction network of differentially expressed genes (DEGs) connected with copper death prognosis; B: mRNA-transcription factor (TF) interaction network of DEGs 
related to copper death prognosis and TF; C: mRNA-miRNA interaction network of DEGs linked with copper death prognosis and miRNA. Blue rectangles are mRNA 
molecules. Yellow circles are miRNA molecules. Purple circles are TF.

In our investigation, we explored the CRGs’ differential expression in STAD and healthy samples and identified three 
important prognostic genes, FDX1, LIAS and MTF1, by univariate cox regression analysis. These genes have previously 
been informed to have a crucial function in cancer progression.

FDX1 is a mitochondrial iron-oxygen-reducing protein with essential roles in steroid synthesis, heme, and Fe/S cluster 
biosynthesis. FDX1 is important in steroid synthesis, hemoglobin, and Fe/S cluster biosynthesis[21]. It also reduces 
steroid synthesis by mitochondrial cytochrome P450[22]. FDX1 is also an important biomarker in clear renal cell 
carcinoma[23]. The protein encoded by LIAS is related to the biotin and lipoic acid synthase family. FDX1 regulates 
cellular proteolipid acylation by binding directly to LIAS[24].

Furthermore, LIAS is essential in identifying cupulocyte-associated subtypes of gastric cancer and constructing 
predictive models[25]. MTF1 induces the expression of metallothionein and other genes related to metal homeostasis in 
reaction to heavy metals like copper, zinc, cadmium, and silver. It could bind to the metal response element in the 
promoter and activate the transcription of metallothionein genes such as metallothionein-2/MT2A[26]. In lung adenocar-
cinoma, MTF1 is vital in identifying two molecular subtypes and developing predictive models[27]. Another study 
revealed that zinc promotes epithelial cell transformation to mesenchymal stromal cells (EMT) through an MTF1-
dependent pathway, contributing to ovarian tumor metastasis[28]. In summary, FDX1, LIAS, and MTF1 play essential 
roles in cancer and are likely potential targets for STAD.

Functional enrichment analysis using GO and KEGG exhibited that these genes are enriched in mitochondrial ATP 
synthesis coupled electron transport, electron transport chain, ATP synthesis coupled electron transport and are closely 
related to STAD development. The enzymes on the electron transport chain catalyze the oxidation of biological substrates 
and the synthesis of ATP and are involved in bioenergetic conversion[29]. It has been shown that H. pylori infection of 
gastric adenocarcinoma cells leads to mitochondrial DNA mutations and reduced mitochondrial DNA content, affecting 
the ATP synthesis coupled electron transport pathway and reducing the level and activity of the electron transport chain 
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Figure 9 Prognostic analysis and performance of predictive differentially expressed genes. A: Risk factor plot; B: Forest plot for univaiate Cox 
regression analysis of differentially expressed genes for copper death prognosis; C: 1-, 3- and 5-year calibration curve plots; D: Nomogram; E: 1-year decision curve 
analysis (DCA) plot for Least Absolute Shrinkage and Selection Operator (LASSO) regression prognosis model; F: 3-year DCA plot for LASSO regression prognosis 
model; G: 5-year DCA plot for LASSO regression prognosis model.
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Figure 10  Expression and receiver operating characteristic curve validation of the The Gene Expression Omnibus dataset for prognosis-
related differentially expressed genes. A: Expression validation plot of gene FDX1, LIAS, MTF1 in data set GSE26942; B: Expression validation plot of gene 
FDX1, LIAS, MTF1 in data set GSE54129; C: Expression validation plot of gene FDX1, LIAS, MTF1 in data set GSE66229; D: Expression validation plot of gene 
FDX1, LIAS, MTF1 in data set The Cancer Genome Atlas (TCGA)-stomach adenocarcinoma (STAD). MTF1 expression validation plot in dataset TCGA-STAD; E: 
Receiver operating characteristic curves (ROCs) for gene FDX1, LIAS, MTF1 in dataset GSE26942; F: ROC validation of gene FDX1, LIAS, MTF1 in dataset 
GSE54129; G: ROC curves for gene FDX1, LIAS, MTF1 in dataset ROC validation in dataset GSE66229; H: ROC validation of gene FDX1, LIAS, MTF1 in dataset 
TCGA-STAD; I: ROC validation of gene FDX1, LIAS, MTF1 in dataset TCGA-STAD. Up: Up-regulated genes; Down: Down-regulated genes; AUC: Aera under the 
curve. 1P < 0.01, which is highly statistically significant. 2P < 0.001 and highly statistically significant.

complex I[30].
This research established a new predictive model dependent on three prognostic CRGs (i.e., FDX1, LIAS, and MTF1) by 

LASSO-Cox regression, univariate, and multivariate Cox regression analyses. The outcomes exhibited that patients who 
died were primarily concentrated in the high-risk group and that the expression levels of DEGs associated with copper 
death prognosis were lower in the high-risk group than in the low-risk group. To validate our LASSO regression 
predictive model, we also employed univariate and multivariate Cox regression in the TCGA-STAD dataset to analyze 
the relationship between elevated and decreased expression of DEGs associated with copper death prognosis and clinical 



Xie XZ et al. Identification of potential biomarker

WJGS https://www.wjgnet.com 1820 June 27, 2024 Volume 16 Issue 6

Figure 11  Expression of gene FDX1 in different human tissues.

prognosis, showing that the 1-year model was the best fit and that FDX1, LIAS, and MTF1 as variables predicted gastric 
cancer with increasing duration of disease The better the model indicated.

Most importantly, we finally validated FDX1, LIAS, and MTF1 in data sets GSE26942 and GSE54129. Data set 
GSE66229, respectively, and the results showed that P < 0.001 for gene FDX1 in data set GSE26942, P < 0.01 for gene LIAS, 
and P& gt;0.05. in dataset GSE54129 P for gene FDX1, P for gene LIAS and P for gene MTF1 were all less than 0.001. in 
dataset GSE66229 P < 0.01 for gene FDX1, P > 0.05 for gene LIAS and P > 0.05 for gene MTF1. And, in dataset TCGA- P 
for gene FDX1, gene LIAS, and gene MTF1 were all less than 0.001 in the data set STAD. In summary, gene FDX1 could be 
considered an oncogene of gastric cancer.

FDX1, a protein-coding gene, has been associated with iron death and copper death[31]. FDX1 encodes a small iron-
sulfur protein that transfers electrons from NADPH to mitochondrial cytochrome P450 via adrenocortical ferric oxidore-
ductase and is involved in steroid, vitamin D, and bile acid metabolism[21]. Our study above suggests that FDX1 is a key 
gene associated with copper death. Bioinformatics and clinical tissue validation revealed that FDX1 was highly expressed 
in STAD tumor tissues, and it was hypothesized that FDX1 might function in STAD treatment. Furthermore, previous 
studies by Yang et al[32] found that FDX1 was poorly expressed in most malignancies but highly expressed in gastric 
adenocarcinoma, glioblastoma, and endometrial cancer of the uterine corpus. And it was demonstrated by in vitro 
experiments that FDX1 down-regulation inhibited cell viability in bladder malignancy, clear cell renal cell carcinoma, and 
prostate tumor cells. They inferred that FDX1 could be a potential therapeutic target for STAD. Their findings are 
consistent with our conclusions, which validate our data mining results.

We obtained the gene FDX1 expression in different human tissues and, among other gastric cancer, single-cell subpop-
ulations utilizing the HPA database and visualized the outcomes. The results show that gene FDX1 is greatly expressed in 
T-cells, Plasma cells in gastric cancer cell lines. In conclusion, these studies were analyzed in conjunction with relevant 
clinical data, further strengthening the convincing case and confirming our speculation above about the role of CRGs in 
STAD.
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Figure 12  Expression and chromosomal localization of the gene FDX1 in different single cell subpopulations of gastric cancer. A: Gene 
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FDX1 expression in gastric malignancy cell lines; B: Gene FDX1 Localization in chromosomes.

Of course, the absence of experimental conditions to further validate this with experiments is a limitation of this study. 
This is a pity for researchers. And there needs to be more appropriate clinical correlation studies that can be analyzed in 
conjunction with clinical information. And the large number of data sets for this analysis may cause unavoidable inter-
batch differences. Next, we will elucidate the role of related genes in STAD onset, migration, and invasion by further 
exploration.

CONCLUSION
This investigation systematically revealed the function of copper death-related genes in STAD, providing a reliable, 
comprehensive analysis. Moreover, we established a CRGs score predictive model including these three prognostic 
markers (FDX1, LIAS, and MTF1), which indicated good validity in predicting survival outcomes in the STAD cohort. 
Most importantly, we identified FDX1 as an independent factor influencing STAD prognosis. These outcomes provide 
novel visions into the molecular mechanisms of STAD and contribute to the STAD diagnosis development and new 
therapeutic strategies.
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Abstract
BACKGROUND 
Application of indocyanine green (ICG) fluorescence has led to new develop-
ments in gastrointestinal surgery. However, little is known about the use of ICG 
for the diagnosis of postoperative gut leakage (GL). In addition, there is a lack of 
rapid and intuitive methods to definitively diagnose postoperative GL.

AIM 
To investigate the effect of ICG in the diagnosis of anastomotic leakage in a sur-
gical rat GL model and evaluate its diagnostic value in colorectal surgery patients.

METHODS 
Sixteen rats were divided into two groups: GL group (n = 8) and sham group (n = 
8). Approximately 0.5 mL of ICG (2.5 mg/mL) was intravenously injected post-
operatively. The peritoneal fluid was collected for the fluorescence test at 24 and 
48 h. Six patients with rectal cancer who had undergone laparoscopic rectal cancer 
resection plus enterostomies were injected with 10 mL of ICG (2.5 mg/mL) on 
postoperative day 1. Their ostomy fluids were collected 24 h after ICG injection to 
identify the possibility of the ICG excreting from the peripheral veins to the ente-
rostomy stoma. Participants who had undergone colectomy or rectal cancer resec-
tion were enrolled in the diagnostic test. The peritoneal fluids from drainage were 
collected 24 h after ICG injection. The ICG fluorescence test was conducted using 
OptoMedic endoscopy along with a near-infrared fluorescent imaging system.

RESULTS 
The peritoneal fluids from the GL group showed ICG-dependent green fluore-
scence in contrast to the sham group. Six samples of ostomy fluids showed green 
fluorescence, indicating the possibility of ICG excreting from the peripheral veins 
to the enterostomy stoma in patients. The peritoneal fluid ICG test exhibited a 
sensitivity of 100% and a specificity of 83.3% for the diagnosis of GL. The positive 
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predictive value was 71.4%, while the negative predictive value was 100%. The likelihood ratios were 6.0 for a po-
sitive test result and 0 for a negative result.

CONCLUSION 
The postoperative ICG test in a drainage tube is a valuable and simple technique for the diagnosis of GL. Hence, it 
should be employed in clinical settings in patients with suspected GL.

Key Words: Gut leakage; Indocyanine green; Anastomotic leakage model; Diagnostic test; Diagnostic technique

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This study demonstrates the effectiveness of the peritoneal fluid indocyanine green (ICG) test in detecting 
postoperative gut leakage (GL) using rat models of surgical GL. The ICG test is a highly useful tool for diagnosing GL in 
patients with colorectal surgery. Our proposed method is a simple technique that can be used for both diagnosing and ruling 
out GL.

Citation: Huang Y, Li TY, Weng JF, Liu H, Xu YJ, Zhang S, Gu WL. Peritoneal fluid indocyanine green test for diagnosis of gut 
leakage in anastomotic leakage rats and colorectal surgery patients. World J Gastrointest Surg 2024; 16(6): 1825-1834
URL: https://www.wjgnet.com/1948-9366/full/v16/i6/1825.htm
DOI: https://dx.doi.org/10.4240/wjgs.v16.i6.1825

INTRODUCTION
Gut leakage (GL) is a serious yet common postoperative complication of gastrointestinal (GI) surgery. It has an incidence 
rate of 2.4%–27.0% and a mortality rate of up to 18% among patients with resected colorectal carcinoma[1-4]. Postope-
rative GL may result in reoperation, delayed discharge, and increased morbidity and mortality, as well as a risk of local 
recurrence[5-7]. It also reduces the quality of life of the patient after discharge[8].

Despite these serious adverse effects of postoperative GL, no simple method for its definitive diagnosis has yet been 
developed. Patients with GL generally display systemic inflammatory response symptoms, such as severe abdominal 
pain, high fever, rapid heart and respiratory rates, peritonitis, fecal matter in the drainage tube, and increased leukocytes 
postoperative day (POD) 5–8[9,10]. However, it is not easy to diagnose GL based on clinical symptoms alone. Postope-
rative monitoring of combined changes in C-reactive protein (CRP) and procalcitonin (PCT) tests affords both good po-
sitive and negative predictive values for GL, usually diagnosed at POD 3–5[11,12]. The drainage matrix metalloprotein 9 
(MMP9) levels on POD 3 can be used to predict the risk of GL[13]. However, the currently available evidence for MMP9 is 
inconsistent[14]. At present, the abdominal computed tomography (CT) scan is the most commonly used postoperative 
imaging method to diagnose or rule out GL. However, the CT scan is an expensive technology. In addition, it may lead to 
false-negative results, which may delay re-intervention[15]. Therefore, it is necessary to develop simpler methods for the 
diagnosis of GL.

Indocyanine green (ICG) fluorescence has helped advance the field of GI surgery. Intraoperative usage of ICG for 
assessing anastomosis perfusion has been well studied[16,17]. However, little is known about using ICG for diagnosing 
postoperative GL. In the present study, we design a GL rat model by conducting surgical abscission of the sigmoid colon 
and test the effectiveness of ICG for diagnosing postoperative GL in rat models. In addition, we investigate whether ICG 
can be used for the diagnosis of postoperative GL in human patients who have undergone colorectal cancer resections.

MATERIALS AND METHODS
Study design
We designed an enterostomy test to identify any possible leakage of ICG from the peripheral veins to the enterostomy 
stoma. In addition, we developed a diagnostic test to explore the diagnostic effect of the ICG test on GL in patients with 
colorectal surgery. The human study was approved by the Research Ethics Committee of the Guangzhou First People’s 
Hospital (Approval No. K-2019-173-01). This study was registered in the Chinese Clinical Trial Registry (registration 
number: ChiCTR1900028537).

Diagnostic criteria for leakage
We employed the following criteria to diagnose leakage: (1) Feces or pus discharged from an abdominal drainage tube, 
the rectum, or rectovaginal fistula[18]; and (2) peritonitis with sepsis, or with one of the following clinical features: 
Leukocytosis (> 12 × 109/L), elevated CRP (> 10 mg/L), PCT (> 0.5 ng/mL), abnormal drainage volume (> 100 mL lasting 
3 d), significant increase in reduced drainage (increased > 30 mL from the previous day), or abnormal drainage color 
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(turbid or brown)[18]. The ICG index test for the diagnosis of leakage involved the detection of green fluorescence 
emitted by the collected peritoneal fluid under near-infrared light.

Sample size
The sample size was estimated as follows: n = Z2P (1-P)/d2[19]. P is a pre-determined value of sensitivity ascertained 
based on our previous clinician experience, and d is the marginal error. Here, P = 0.95, Z = 1.96, a = 0.05, d = 0.1. Hence, 
the total required sample size was calculated as follows: n = 1.962 × 0.95 × (1-0.95) / 0.12 = 18.

Human patients
Six patients were enrolled in the enterostomy test. We used the following inclusion criteria for enrollment: (1) Patients 
that underwent a temporary or permanent enterostomy, including a colostomy or ileostomy for the first time; (2) patients 
should not have any postoperative intestinal obstructions and have smooth draining from the stoma; and (3) patients 
should be ≥ 18 years of age. Patients with a history of adverse reactions or known allergies to ICG, iodine, or iodine dyes 
were excluded from the test.

For the diagnostic test, we assessed 21 patients for eligibility. However, we enrolled only 17. Patients aged ≥ 18 years 
who had undergone GI reconstruction surgery, including colectomy or rectal cancer resection, were enrolled in the diag-
nostic test. We employed the following inclusion criteria for the diagnostic test: (1) The abdominal drainage tube, rectum, 
or rectovaginal fistula should contain feces or pus; (2) peritonitis, sepsis, or any of the following clinical features: leu-
kocytosis (> 12 × 109/L), elevated CRP (> 10 mg/L), PCT (> 0.5 ng/mL), abnormal drainage volume (> 100 mL lasting 3 
d), significant increase in reduced drainage (increased > 30 mL from the previous day), or abnormal color of the drainage 
(turbid or brown); and (3) patients with one of the following features[20]: Tumor location (lower rectum), distance from 
the anal verge (< 6 cm), clinical T stage (T3/4), intraoperative blood loss (> 50 mL), number of linear staples (> 2), ope-
rative time (> 3 h), tachycardia POD 1 (≥ 100 bpm), and postoperative fever (≥ 38°C). We used the following exclusion 
criteria: (1) Patients with a history of adverse reactions or known allergies to ICG, iodine, or iodine dyes; and (2) patients 
who underwent a temporary or permanent enterostomy. All patients provided written informed consent before parti-
cipating in the study.

Animals
Sixteen male Sprague–Dawley rats aged 7 wk and weighing 220 ± 20 g were purchased from Guangdong Medical La-
boratory Animal Center (Guangdong, China). All rats were housed in smooth-bottomed plastic cages in a pathogen-free 
animal room with controlled temperature (22 ± 2°C), humidity (50% ± 10%), and light (12 h light-dark cycles), with free 
access to rodent chow and water. To acclimate the animals to the laboratory environment, an acclimation period of 1 wk 
was allowed before the initiation of the experiment. This animal study was approved by the Institutional Animal Care 
and Use Committee of the Second Affiliated Hospital of South China University of Technology (Protocol No. 2022079).

Surgical anastomotic leakage model
Eight rats were first anesthetized with inhaled isoflurane and then a laparotomy was performed in their inferior middle 
abdomen. Their colon was exposed approximately 6–8 cm from the anus and incised with scissors. The disassociated ends 
of the colon were then anastomosed with non-absorbable monofilament sutures at two diagonal points (GL group, n = 8). 
The abdomen was closed using 5-0 braided silk sutures in layers. The remaining eight rats did not undergo colon surgery 
for leakage and were used as controls (sham group, n = 8).

ICG administration in rats
ICG was obtained from the Department of Pharmacy of Guangzhou First People’s Hospital. The ICG solution was diluted 
to 2.5 mg/mL, according to the instruction manual. Approximately 1.25 mg (0.5 mL) of diluted ICG was intravenously 
injected into the penile vein of the rats.

ICG administration in human patients
ICG was administered immediately post-surgery to human patients. On POD 1, 25 mg (10 mL) of diluted ICG was 
intravenously injected into six patients who had undergone enterostomy with a stoma. Next, 17 patients diagnosed with 
or suspected to have GL were intravenously injected with 25 mg (10 mL) of diluted ICG at the following times: POD 1 for 
4 cases, POD 2 for 8 cases, POD 4 for 1 case, and POD 6 for 4 cases.

Peritoneal fluid collection
The rats were anesthetized with inhaled isoflurane at 24 and 48 h after post-surgical ICG injection. Their abdominal cavity 
was opened, and their intestines at the surgical points were exposed. After photographing the site, the abdominal cavity 
was washed with 5 mL of saline solution containing 2% v/v of fetal bovine serum albumin. The wash solution containing 
leaked stool, ingested food, bile, and digestive juices was collected and preserved at 4°C until fluorescence detection.

In human patients, the ostomy fluid or drainage liquid was collected from the enterostomy stoma or abdominal drain-
age tubes on the second day after ICG administration. This drainage liquid was also preserved at 4°C until the fluore-
scence test.

Fluorescence test
This test was performed using a fluorescence laparoscope equipped with a near-infrared fluorescence imaging system 
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Figure 1 Indocyanine green test diagnosed leakage in rat gut leakage model. A: Gut anastomotic leakage model in rat. The sigmoid colon was cut, 
disassociated, and anastomosed with two stitches (blue triangles); B: Indocyanine green (ICG) test results of peritoneal fluids between gut leakage (GL) group and 
sham group at 24 and 48 h. Data show green fluorescence in the GL model; C: Gray values indicate ICG test results in each group at 24 and 48 h. Data show 
increased gray values in the GL model compared with that in the sham group. Data are presented as a bar graph with mean ± SD and were compared using the 
student’s t test, aP < 0.0001.

(OptoMedic Technologies Inc., Guangzhou, China). The images were collected in three modes: white light, fluorescence, 
and gray. The fluorescence intensities were measured by ImageJ software with the gray-mode pictures.

Statistical analysis
The data were presented as the mean ± SD or the actual number of cases. A two-sided P value of < 0.05 was considered 
statistically significant. Intergroup comparisons of continuous variables were conducted using a two-sided Student’s t 
test. Statistical analysis was performed using SPSS 26.0, and the figures were generated using GraphPad Prism.

RESULTS
ICG test diagnosed leakage in rat
To simulate clinical postoperative GL in the colon, we established a GL rat model by surgically incising the sigmoid colon 
with an incomplete colon anastomosis sutured by only two stitches (Figure 1A). The incomplete anastomosis caused a 
state of intestinal discontinuity for at least 2 d postoperative. During this period, the stool comprising ingested food, bile, 
and digestive juices leaked into the abdominal cavity. The sham group showed no fluorescence, while the GL group 
showed green fluorescence in the collected peritoneal fluids at 24 and 48 h (Figure 1B). The semiquantitative analysis of 
gray values in the images showed that the GL group exhibited increased fluorescence intensity at 24 and 48 h compared 
to that shown by the sham group (Figure 1C).

ICG detected in ostomy fluids in enterostomy stoma patients
To test the status of ICG from the peripheral veins to the enterostomy port in patients, six patients (four women and two 
men), with an average age of 66.3 ± 10.6 years, who had undergone laparoscopic rectal cancer resection along with entero-
stomies, were selected for ICG injection on POD 1 (Table 1). The ostomy fluid at the stoma was collected on POD 2 and 
used to detect the ICG-dependent fluorescence (Figure 2). Five samples of stoma fluids from the aforementioned six cases 
showed strong green fluorescence, while one exhibited weak green fluorescence (Figure 2).

Diagnostic test
In the diagnostic test (Figure 3), 21 patients were assessed for eligibility. Of these, four patients were excluded. Three of 
these excluded patients did not meet the inclusion criteria, while one patient refused to participate. Finally, 17 were 
enrolled for the ICG test analysis. The baseline demographic and clinical characteristics of the participants are listed in 
Table 2. In the ICG test, seven of the 17 patients showed green fluorescence, while the other did not (Figure 4A). When 
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Table 1 Characteristics of six patients with enterostomy stomas

Patients n = 6

Age (yr), mean ± SD 66.3 ± 10.6

Gender (male/female) 2/4

Diagnose

    Rectal cancer

6 (100%)

Surgery approach

    Laparoscopic rectal cancer resection plus ileostomy

6 (100%)

Table 2 Patient characteristics in the diagnostic test

Characteristic Value (n = 17) (percentage)

Age (yr), mean ± SD 58.6 ± 11.4

Gender (male/female) 10/7

Diagnosis, n (%)

    Ascending colon cancer 3 (17.6)

    Descending colon cancer 2 (11.8)

    Sigmoid colon cancer 4 (23.5)

    Rectal cancer 8 (47.1)

Surgery, n (%)

    Laparoscopic right hemicolectomy 3 (17.6)

    Laparoscopic left hemicolectomy 2 (11.8)

    Laparoscopic sigmoidectomy 4 (23.5)

    Laparoscopic rectal cancer resection 8 (47.1) 

Enrollment criteria

    Feces or pus discharged from drainage tube, n (%) 2 (11.8)

    Peritonitis with leukocytosis, n (%) 5 (29.4)

    Peritonitis with procalcitonin, n (%) 5 (29.4)

    Peritonitis with C-reactive protein, n (%) 3 (17.6)

    Abnormal drainage volume (> 100 mL lasting 3 d), n (%) 2 (11.8)

    Postoperative fever (> 38°C), n (%) 7 (41.2)

    Intraoperative blood loss > 50 mL, n (%) 3 (17.6)

    Operative time > 3 h, n (%) 6 (35.3)

    Tachycardia POD 1 (≥ 100 bpm), n (%) 2 (11.8)

    Clinical T stage (T3/T4) 7/3

tested with a reference standard, five of the seven patients who tested positive in the index test were diagnosed as GL 
positive, while all the other 10 who tested negative were diagnosed as GL negative (Table 3). The ICG test exhibited 100% 
sensitivity and 83.3% specificity for the diagnosis of GL. The positive predictive value was 71.4% and the negative pre-
dictive value was 100%. The likelihood ratios were 6.0 for a positive test result and 0 for a negative result. We ranked the 
fluorescence intensity based on the gray values of the 17 drainage collections and generated the receiver operating curve 
(ROC) to determine the predictive values of ICG for identifying postoperative GL. The ROC analysis showed the area 
under the curve as 0.933 (95%CI: 0.813–1.000; Figure 4B).
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Table 3 Contingency table evaluating the accuracy of indocyanine green measurement for the diagnosis of postoperative gut leakage

Postoperative gut leakage
ICG test

Positive Negative
Total

Positive 5 2 7

Negative 0 10 10

Total 5 12 17

ICG: Indocyanine green.

Figure 2 Indocyanine green detected in ostomy fluids in patients with enterostomy stomas. Indocyanine green test results of ostomy liquids from 
six patients using fluorescence and gray modes. The collection can be seen in green in the fluorescence mode.

DISCUSSION
We demonstrated the effectiveness of the peritoneal fluid ICG test in identifying postoperative GL in surgical GL rat 
models. We also showed the diagnostic value of the ICG test for diagnosing GL in patients undergoing colorectal surgery. 
Experimental models have become essential for verifying the effectiveness of ICG in diagnosing postoperative leakage. 
Previously reported GL models have mainly been used to study the mechanisms of intestinal wound healing[21]. Us-
ually, in models of intestinal anastomotic sutures after segmental colonic resection, five stitches were needed to achieve a 
probability of 50% leakage[21,22]. A recent report also showed that a colonoscopy leakage model can be used to study the 
different stages of intestinal wound healing[22]. In the present study, we used only two stitches after surgically removing 
the sigmoid colon in rats. This technique afforded 100% leakage, with stool consisting of ingested food, bile, and digestive 
juices leaking into the abdominal cavity, which can be detected 24 and 48 h postoperatively. Thus, our model was suitable 
for testing GL as early as 24 h postoperatively.

The intravenously injected ICG was taken up by hepatocytes. It was then initially excreted into the bile and later into 
the bowel. If no leakage occurred, there would be no green fluorescence in the peritoneal fluid when exposed to near-
infrared light. Inversely, green peritoneal fluid is indicative of leakage, because the ICG cannot enter the enterohepatic 
circulation. Our animal experiment demonstrated that the ICG test can be used to detect postoperative GL because all 
peritoneal fluids of GL model rats showed green fluorescence. Furthermore, the ICG test of the ostomy fluids showed that 
this test can be used to detect postoperative GL in human patients. These results support the high sensitivity (nearly 
100%) of ICG for detecting leakage.

Leakage is traditionally diagnosed based on clinical symptoms; laboratory tests such as markers of leukocytosis, CRP, 
and PCT; or imaging with an abdominopelvic CT scan or endoscopy[18]. Several biomarkers have been employed for 
diagnosing GL, such as postoperative fever, time to first defecation after operation[20], gut microbiota[23], MMP9[14], 
cytokines IL6 and TNFα[24,25], and ischemia biomarkers such as lactic acid and pH[26]. Usually, the most effective 
evidence of postoperative GL is a direct clinical manifestation, such as feces or pus discharged from an abdominal dra-
inage tube, the rectum, or rectovaginal fistula[18]. In our diagnostic data, two cases discharged feces in the abdominal 
drainage tube, seven had postoperative fever (≥ 38°C), four had leukocytosis, and five had elevated CRP or PCT.

The intraoperative use of ICG for assessing anastomosis perfusion has been well documented[16,17]. It has been re-
ported that the intraoperative use of fluorescence with ICG could reduce GL rates in rectal cancer surgery[27,28]. Despite 
that, the postoperative application of ICG for the diagnosis of postoperative anastomotic leakage has not yet been stu-
died. Our diagnostic test demonstrated that the ICG test conducted using drainage tubes for the diagnosis of GL had a 
sensitivity of 100% and a specificity of 83.3%. Hence, ICG can be used intraoperatively to assess anastomosis perfusion. In 
addition, it can be used postoperatively to diagnose postoperative anastomotic leakage.
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Figure 3  STARD flow diagram of the diagnostic test.

Figure 4 Diagnostic test results. A: Indocyanine green (ICG) test results of drainage fluids from 17 patients using fluorescence and gray modes; B: Receiver 
operating curves of predictive values of ICG for identifying postoperative gut leakage in patients.
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Our study has some limitations as well. The rat model of anastomotic leakage has not been previously reported. To 
verify the leakage, we used only two stitches for anastomosis in the rat model, which is not a common practice in clinical 
surgery for patients. Nonetheless, it was still acceptable and appropriate for this study because we needed 100% leakage. 
In addition, the fluorescence was detected by collecting the drainage liquid. However, this method can be applied only in 
patients with an abdominal drainage tube. Finally, the sample size for the diagnostic test was small. In addition, all the 
enrolled patients were from a single center. Therefore, it is necessary to conduct multicenter studies with a large sample 
size.

CONCLUSION
In conclusion, our study showed that the postoperative ICG test using the drainage tube is a valuable and simple te-
chnique for the diagnosis of GL. This simple technique is worthy of clinical promotion and application for diagnosing or 
ruling out GL. This method may help in proactive or early interventions in cases of postoperative GL.
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Abstract
BACKGROUND 
Data regarding the worldwide gastrointestinal surgery rates in patients with 
Crohn’s disease (CD) remains limited.

AIM 
To systematically review the global variation in the rates of surgery in CD.
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METHODS 
A comprehensive search analysis was performed using multiple electronic databases from inception through July 
1, 2020, to identify all full text, randomized controlled trials and cohort studies pertaining to gastrointestinal sur-
gery rates in adult patients with CD. Outcomes included continent based demographic data, CD surgery rates over 
time, as well as the geoepidemiologic variation in CD surgery rates. Statistical analyses were conducted using R.

RESULTS 
Twenty-three studies spanning four continents were included. The median proportion of persons with CD who 
underwent gastrointestinal surgery in studies from North America, Europe, Asia, and Oceania were 30% (range: 
1.7%-62.0%), 40% (range: 0.6%-74.0%), 17% (range: 16.0%-43.0%), and 38% respectively. No clear association was 
found regarding the proportion of patients undergoing gastrointestinal surgery over time in North America (R2 = 
0.035) and Europe (R2 = 0.100). A moderate, negative association was seen regarding the proportion of patients un-
dergoing gastrointestinal surgery over time (R2 = 0.520) in Asia.

CONCLUSION 
There appears to be significant inter-continental variation regarding surgery rates in CD. Homogenous evidence-
based guidelines accounting for the geographic differences in managing patients with CD is prudent. Moreover, as 
a paucity of data on surgery rates in CD exists outside the North American and European continents, future stu-
dies, particularly in less studied locales, are warranted.

Key Words: Gastrointestinal surgery; Crohn’s disease; Geoepidemiology; Inflammatory bowel disease; Prevalence

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Surgical intervention in patents with Inflammatory bowel disease and particularly Crohn’s disease (CD) to prevent 
complications remain a controversial subject. Significant inter-continental variation was observed regarding surgery rates in 
patients with CD. Our study provides insight for future studies targeting pathophysiology, genetics, risk factors, and mana-
gement based upon the global variations detected. In addition, it serves to encourage the development of homogenous evi-
dence-based guidelines accounting for the geographic differences in managing patients with CD: With an ultimate goal of 
helping clinicians make informed decisions for their patients independent of the region they practice. Additionally, as a 
paucity of data on surgery rates in patients with CD exists outside the North American and European continents, future 
studies, particularly in less studied locales, are warranted.
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INTRODUCTION
Inflammatory bowel disease (IBD), mainly comprised of Crohn’s disease (CD) and ulcerative colitis, is an autoimmune, 
inflammatory condition marked by periods of clinical remission and disease flares. Unique to CD, it has its transmural 
inflammatory nature and innate ability to involve any segment along the gastrointestinal tract[1]. Although predomi-
nantly seen in industrialized nations, the incidence and prevalence of CD is increasing worldwide[2-4]. While rates in 
Northern America and Europe have stabilized, studies have shown a significant increase in incidence rates in Eastern 
European and Asian countries, parallel to their social and economic growth[5-7]. Despite extensive studies, the patho-
genesis of this complex disease is still poorly understood; but exposure to environmental risk factors in genetically sus-
ceptible individuals is suspected to be one of the primary drivers of inflammation[4]. Differences in diet with subsequent 
changes in intestinal microbiota, temperature differences, socioeconomic status, and hygiene are some of the environ-
mental factors thought to result in geographical variation and a rising trend with modernization[7-9].

CD can be difficult to manage despite medical expertise, as patients often experience recurrent flares throughout their 
lifetime, with up to 50% of patients developing an intestinal complication (stricture, abscess, or fistula) within 20 years of 
diagnosis[10,11]. Despite a dramatic expansion in the therapeutic arsenal for CD and its subsequent ability to be medi-
cally managed, surgery remains a crucial option, notably for patients with complications or refractory diseases[12,13]. 
Although the risk of gastrointestinal surgery in patients with CD has been reported to have decreased in recent years, 
almost 50% of patients with CD undergo surgery within 10 years of diagnosis[14-16]. GI surgery is defined as any pro-
cedure involving bowel resection or strictureplasty. For perianal disease, surgery is defined as requirement of fistulae 
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resection and/or abscess drainage. Surgery for treatment of perianal disease was also analyzed since it is an important 
feature in the treatment of penetrating CD affecting the anorectum[17]. Some studies report an estimated 70%-80% of 
patients with CD may require surgery at some point during their lifetime[18]. However, data regarding the worldwide 
gastrointestinal surgery rates in patients with CD remains limited.

As the global geographic and ethnic variations noticed in the prevalence rates of CD have inevitably led to a discre-
pancy in management, in particular surgery rates, a detailed knowledge of the inter-continental differences in surgical 
rates is paramount[18-39]. This will allow clinicians to evaluate the impact of therapeutic strategies, identify risk factors 
for disease severity, help facilitate shared decision-making, and potentially guide clinical practice[16]. In this setting, we 
sought to perform a systematic review to investigate the global variation of gastrointestinal surgery rates in patients with 
CD. In addition, we attempt to review the inter-continental surgery rates in patients with CD over time.

MATERIALS AND METHODS
Search strategy
A comprehensive search analysis was performed using the electronic databases MEDLINE/PubMed, EMBASE, and 
Cochrane, through July 1, 2020, to identify all pertinent articles. MeSH terms “Inflammatory bowel disease”, “Crohn’s 
disease”, “surgery”, and “epidemiology” were used in different combinations to generate a comprehensive and up-to-
date list of articles. Two individual reviewers (SW and MA) performed the search independently and shortlisted the 
articles for final review. Any disagreement was resolved through mutual discussion and screening by a third reviewer 
(JDF) using a modified delphi system[40]. References of the initially identified studies were subsequently reviewed ma-
nually to find additional studies that may have been missed on initial search. Articles were initially screened by titles and 
abstracts. Full text was obtained for final shortlisted studies. We followed Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) to conduct our systematic review (Figure 1)[41,42].

Inclusion and exclusion criteria
Studies pertaining to adult patients (over age 18) with CD undergoing gastrointestinal surgery were included. We limited 
our search strategy to include full text, randomized controlled trials and cohort studies. We excluded review articles, case 
reports, studies with 10 or fewer patients, and letters to the editor. The search strategy was not restricted by language or 
date.

Outcomes
Outcomes included: (1) Continent based demographic data (gender and age at CD diagnosis); and (2) CD surgery rates 
over time, as well as iii) the geoepidemiologic variation in CD surgery rates. Figure 1 depicts the screening methodology 
and inclusion parameters used. The PICO (population, intervention, control group and outcome) description was used as 
an organizing framework for the study question to ensure a priori establishment of the study methodology[42].

Data collection
Demographic data, number of study participants, and surgery rates were extracted from each study. The data collection 
was performed by 2 individual reviewers (SW and MA) and any discrepancy was resolved by a third reviewer (JDF) 
using a modified delphi system[40].

Data synthesis and statistical analysis
All articles were screened for bias using the Newcastle-Ottawa Scale[43]. Individual study data are reported when avai-
lable and regional rates are reported as weighted averages or median and range. To identify region-specific changes in 
the proportion of patients undergoing gastrointestinal surgery over time these data were plotted and correlation coeffi-
cients were generated. Statistical analysis was conducted using R version 3.6.1.

RESULTS
Literature search
The literature search identified 1397 articles of which 135 were deemed eligible for further assessment. Of these, 112 
studies did not report on CD surgery rates and were thus excluded. The remaining 23 studies (examining 24 populations) 
met inclusion criteria and were deemed eligible for data analysis (Figure 1)[18-39,44]. Table 1 lists the baseline character-
istics of the included studies. Meta-analysis was planned for this study, however unaccountable heterogeneity precluded 
such analysis.

North America
Nine North American studies published between 2004 and 2019 were included (seven in The United States, two in 
Canada). The median sample size was 400 (range: 99-8985), the median age at CD diagnosis was 27 (range: 15-38), and the 
median proportion of males was 44% (range: 27%-59%). The median proportion of persons with CD who underwent 
gastrointestinal surgery was 30.0% (range: 1.7%-62.0%). No clear association was found regarding the proportion of pa-
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Table 1 Baseline characteristics of the included studies

Ref. Region Total (N) Surgeries (n)

Chow et al[22], 2009 Asia 132 57

Jeon et al[29], 2010 Asia 96 15

Lee et al[32], 2017 Asia 165 28

Pandey et al[34], 2015 Asia 430 112

Varma et al[38], 20191 Asia 103 16

Kariyawasam et al[30], 2014 Australia 1035 388

Alvarez-Lobos et al[17], 2005 Europe 170 59

Bernell et al[19], 2000 Europe 1936 1424

Chhaya et al[20], 2015 Europe 5235 32

Chhaya et al[21], 2016 Europe 9391 1714

Cosnes et al[23], 2005 Europe 2573 1070

Golovics et al[28], 2013 Europe 506 204

González-Lama et al[44], 2016 Europe 467 210

Szántó et al[37], 2018 Europe 428 228

Zaharie et al[39], 2016 Europe 478 78

Cushing et al[24], 2018 North America 400 198

Dubinsky et al[25], 2013 North America 1115 444

Feagan et al[26], 2008 North America 778 13

Forcione et al[27], 2004 North America 345 69

Kuenzig et al[31], 2018 North America 2113 532

Nguyen et al[33], 2017 North America 8985 2648

Peyrin-Biroulet et al[35], 2012 North America 310 152

Reutemann et al[36], 2017 North America 135 84

Varma et al[38], 20191 North America 99 16

1Data from same study.

tients undergoing gastrointestinal surgery over time (R2 = 0.035) (Figure 2A).

Europe
Nine European studies published between 2000 and 2018 were included. The median sample size was 506 (range: 170-
9391), the median age at CD diagnosis was 32.0 (range: 27.9-38.5), and the median proportion of males was 48% (range: 
44%-54%). The median proportion of persons with CD who underwent gastrointestinal surgery was 40.0% (range: 0.6%-
74.0%). No clear association was found regarding the proportion of patients undergoing gastrointestinal surgery over 
time (R2 = 0.100) (Figure 2B).

Asia
Five Asian studies were included. Median sample size was 132 (range: 96-430). The median proportion of persons with 
CD who underwent gastrointestinal surgery was 17% (range: 16%-43%). A moderate, negative association was seen re-
garding the proportion of patients undergoing gastrointestinal surgery over time (R2 = 0.52) (Figure 2C).

Oceania
Only one study was identified from Oceania. The mean age at CD diagnosis reported by that study was 29; 44% of study 
participants were male. The study included 1035 patients with CD, of whom 38% (388) underwent gastrointestinal sur-
gery. As only one study, published in 2014, from this region was included, surgery trends over time could not be asse-
ssed. See Figure 3 for a summary of the regions reporting studies on CD surgery rates. See Table 2 for the continent-based 
variation in CD surgery rates. See Table 3 for a summary of included studies based on population basis, time period, 
follow up period, and journal publication.
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Table 2 Continent based variation in Crohn’s disease surgery rates

Region n (median, range) GI surgery (median, range) Proportion surgery (median, range)

North America 400 (99-8985) 152 (13-2648) 29.0% (1.6%-62.0%)

Europe 506 (170-9391) 210 (32-1714) 40.0% (0.6%-74.0%)

Asia 132 (96-430) 28 (15-112) 17.0% (16.0%-43.0%)

Oceania 1035 388 38.0%

Table 3 Summary of included studies based on population basis, time period, follow up period, and journal publication

Ref. Population based Time period Follow up period Journal publication

Chow et al[22], 2009 No 1987-2007 5.0 yr Inflammatory Bowel Diseases Journal

Jeon et al[29], 2010 No - 36.0 months Korean Journal of Gastroenterology

Lee et al[32], 2017 No 2000-2015 6.0 months World Journal of Gastroenterology

Pandey et al[34], 2015 Yes 1970-2013 7.3 years Inflammatory Bowel Diseases Journal

Varma et al[38], 20191 Yes 2014-2018 - Journal of Gastroenterology & Hepatology Foundation

Kariyawasam et al[30], 2014 No 1970-2009 12.0 months Inflammatory Bowel Diseases Journal

Alvarez-Lobos et al[17], 2005 No 2002-2004 7.4 yr Annals of Surgery

Bernell et al[19], 2000 Yes 1955-1989 14.9 yr Annals of Surgery

Chhaya et al[20], 2015 Yes 1995-2009 4.8 yr Inflammatory Bowel Diseases Journal

Chhaya et al[21], 2016 Yes 1989-2009 5.8 yr European Journal of Gastroenterology & Hepatology

Cosnes et al[23], 2005 No 1978-2002 5.0 yr Gut Journal

Golovics et al[28], 2013 Yes 1977-2008 1.0 yr World Journal of Gastroenterology

González-Lama et al[44], 2016 No - 10.7 yr Inflammatory Bowel Diseases Journal

Szántó et al[37], 2018 No 2007-2015 3.6 yr PLOS One Journal

Zaharie et al[39], 2016 Yes 2006-2014 - Journal of Crohn's and Colitis

Cushing et al[24], 2018 No 2014-2016 - Inflammatory Bowel Diseases Journal

Dubinsky et al[25], 2013 No - 60.0 months Inflammatory Bowel Diseases Journal

Feagan et al[26], 2008 No - 12.0 months Gastroenterology Journal

Forcione et al[27], 2004 No 1991-1999 3.0 yr Gut Journal

Kuenzig et al[31], 2018 Yes 1994-2010 2.0 yr American Journal of Gastroenterology

Nguyen et al[33], 2017 Yes 1999-2008 - Inflammatory Bowel Diseases Journal

Peyrin-Biroulet et al[35], 2012 Yes 2000-2009 12.0 yr American Journal of Gastroenterology

Reutemann et al[36], 2017 No 2006-2014 41.7 months Inflammatory Bowel Diseases Journal

Varma et al[38], 20191 No 2014-2018 12.0 months Journal of Gastroenterology & Hepatology Foundation

1Data from same study.

DISCUSSION
Our systematic review pertaining to global CD surgery rates and rates over time yielded considerable inter-continental 
differences. The median proportion of persons with CD who underwent gastrointestinal surgery in studies from North 
America, Europe, Asia, and Oceania were 30% (range: 1.7%-62.0%), 40% (range: 0.6%-74.0%), 17% (range: 16.0%-43.0%), 
and 38% respectively. While no clear association was found regarding the proportion of patients undergoing gastro-
intestinal surgery over time in North America (R2 = 0.035) and Europe (R2 = 0.100), a moderate, negative association was 
seen (R2 = 0.520) in Asia. In addition, studies emerging from Asia had the greatest median proportion of males, namely 
68% (with a range of 59% to 76%).
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Figure 1  Preferred reporting items for systematic reviews and meta-analyses (PRISMA) statement diagram delineating the process by 
which articles were screened and ultimately included.

The complexity of CD is multifactorial: Variable disease presentations, progression, complications, and therapeutic 
options (medical, surgical). The therapeutic options themselves are varied in terms of type of therapy, administration, 
patient adherence, and follow-up[45]. As the understanding of the risk/benefits for each option continues to evolve, 
clinicians face an arduous task of selecting the appropriate management for their patients[46]. The utility of an appro-
priate therapeutic/management strategy is paramount and needs to be individualized, i.e., based upon patient factors. In 
the age of biologics, the rate of surgical interventions has dropped, nonetheless, it still remains as a viable alternative 
option for certain complications of CD such as strictures, fistulas, perforations, abscess, and malignancy and for patients 
who do not tolerate medical therapy[1,3]. The types of surgery include small bowel or ileocecal resection, small bowel 
strictureplasty, colorectal resection, perianal surgery, and combined procedures for any combination of the previous 
stated procedures[14].

As illustrated within, we observed marked variation in the inter-regional surgery rates according to region with pro-
portions ranging from as low as 17% to as high as a staggering 40%. This is likely due to several factors including socio-
economic status, healthcare delivery model, regional difference in practices, type of surgery, and patient factors. The 
variation was also noted within the region, for example in North America, Feagan et al[26] noted a surgical rate of 1.7% 
while Reutemann et al[36] noted rate of 62.2%. In addition to the factors described above, these variations can also reflect 
the uncertainty in best clinical practice, hence suggesting a need for updated, and perhaps more global, evidence-based 
guidelines for the management of patients with CD.

The variation in patient demographics and surgical rates are perhaps also due to the lower incidence of CD in certain 
geographical regions such as Asia[2]. Indeed, the incidence and prevalence of CD in Asia is somewhat lower compared to 
rest of the world, however, this trend has changed in the last few years. Some of the disease characteristics are also 
different such as higher male proportions, older age of onset, lower rates of family history, extra-intestinal manifestations, 
and surgery. Despite the lack of strong family history, the postulated mechanisms for increasing IBD prevalence in Asian 
countries are attributable to a host of factors including vaccinations, antibiotics, western diet, contact with west, and 
alteration in gut microbiota[47]. Future research targeted to understanding the differences in these factors in the various 
populations (and variations in disease manifestations) are important to develop improved health care models and gui-
delines to cater to different populations more appropriately.

Alternate therapies such as herbal medications in India/Pakistan and Chinese medications in China can lead to a 
delayed presentation to conventional medical practitioners. The mechanism of action, drug interactions, and adverse 
events are not clear for these medications[48]. The use of these medications needs to be regulated after establishing safety 
and efficacy using the appropriate process (research, marketing surveillance, and FDA approval, etc). Awareness should 
be created in patients regarding the potential adverse outcomes of using inappropriate therapies for CD. A delayed 
presentation can potentially lead to higher surgical complications necessitating surgical corrections.

European countries were observed to have higher surgical rates amongst patients with CD (approximately 40%). The 
higher surgical rate, particularly from centers in Northern Europe, is thought to be secondary to aggressive disease 
phenotype, higher prevalence, attitude towards surgery, and/or genetics[49]. The surgery rates in Europe were higher 
likely because of the public insurance system in majority of the countries compared to the private insurance in United 
States. Studies have showed people with IBD had thrice the direct cost of treatment for IBD compared to a non-IBD 
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Figure 2 Gastrointestinal surgery rates in Crohn’s disease. A: Gastrointestinal surgery rates in Crohn’s disease (CD) in North America over time as 
reported by the included studies; B: Gastrointestinal surgery rates in CD in Europe over time as reported by the included studies; C: Gastrointestinal surgery rates in 
CD in Asia over time as reported by the included studies.

patient and twice the out-of-pocket expenses[50]. In Asia, the surgery rates for IBD were likely lower because of the low 
socio-economic status and limited access to surgical care[51].

Our systematic review has some limitations. First, data was gathered primarily from observational studies which have 
significant bias (recall, information, selection, subjective etc.). Second, there was significant variation in the reporting of 
data and follow-ups. Studies with longer follow-up/study duration period tended to have increased proportions of sur-
gical rates. Third, we were not able to account for the type of surgery that CD patients underwent. Further, surgery based 
on urgency (elective, urgent, and emergent) was also not accounted for. Lastly, we were also not able to account residual 
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Figure 3  Map summary of the epidemiology of Crohn’s disease surgery rates based upon study region.

confounders such as concomitant IBD medications (particularly biologics), co-morbidities, and disease flares. Despite the 
limitations, we included a large number of studies with a diverse and robust number of patients. Moreover, this is the 
first study reporting the geoepidemiological variations in the rate of surgery for CD patients.

CONCLUSION
In summary, significant inter-continental variation was observed regarding surgery rates in patients with CD. Our study 
provides insight for future studies targeting pathophysiology, genetics, risk factors, and management based upon the 
global variations detected. In addition, it serves to encourage the development of homogenous evidence-based guidelines 
accounting for the geographic differences in managing patients with CD, with an ultimate goal of helping clinicians make 
informed decisions for their patients independent of the region they practice. Additionally, as a paucity of data on sur-
gery rates in patients with CD exists outside the North American and European continents, future studies—particularly 
in less studied locales, are warranted.
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Abstract
BACKGROUND 
To compare the efficacy and safety of total neoadjuvant therapy (TNT) and 
neoadjuvant chemoradiotherapy (nCRT) in the treatment of middle and low 
locally advanced rectal cancer. Our study will systematically collect and integrate 
studies to evaluate the ability of these two treatments to improve tumor shrinkage 
rates, surgical resection rates, tumor-free survival, and severe adverse events.

AIM 
To provide clinicians and patients with more reliable treatment options to 
optimize treatment outcomes and quality of life for patients with locally advanced 
rectal cancer by comparing the advantages and disadvantages of the two 
treatment options.

METHODS 
A full search of all clinical studies on the effectiveness and safety of TNT and 
nCRT for treating locally advanced rectal cancer identified in Chinese (CNKI, 
Wanfang, China Biomedical Literature Database) and English (PubMed, Embase) 
databases was performed. Two system assessors independently screened the 
studies according to the inclusion and exclusion criteria. Quality evaluation and 
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https://dx.doi.org/10.4240/wjgs.v16.i6.1845
mailto:wangsztcm@163.com


Wang Y et al. Efficacy and safety of TNT and nCRT

WJGS https://www.wjgnet.com 1846 June 27, 2024 Volume 16 Issue 6

data extraction were performed for the included literature. We used RevMan 5.3 software to perform a meta-
analysis of the pathologic complete response (pCR) rate, T stage degradation rate, resection 0 (R0) rate, anal grade 
3/4 acute toxicity rate, perioperative complications, overall survival (OS), and disease-free survival (DFS) in the 
TNT and nCRT groups.

RESULTS 
Finally, 14 studies were included, six of which were randomized controlled studies. A total of 3797 patients were 
included, including 1865 in the TNT group and 1932 in the nCRT group. The two sets of baseline data were 
comparable. The results of the meta-analysis showed that the pCR rate [odds ratio (OR) = 1.57, 95% confidence 
interval (CI): 1.30-1.90, P < 0.00001], T stage degradation rate (OR = 2.16, 95%CI: 1.63-2.57, P < 0.00001), and R0 
resection rate (OR = 1.42, 95%CI: 1.09-1.85, P = 0.009) were significantly greater in the nCRT group than in the 
nCRT group. There was no significant difference in the incidence of grade 3/4 acute toxicity or perioperative 
complications between the two groups. The 5-year OS [hazard ratio (HR) = 0.84, 95%CI: 0.69-1.02, P = 0.08] and 
DFS (HR = 0.94, 95%CI: 0.03-1.39, P = 0.74) of the TNT group were similar to those of the nCRT group.

CONCLUSION 
TNT has greater clinical efficacy and safety than nCRT in the treatment of locally advanced rectal cancer.

Key Words: Neoadjuvant therapy; Neoadjuvant chemoradiotherapy; Advanced rectal cancer; Clinical efficacy; Meta-analysis

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The main aim of this study was to perform a meta-analysis and compare the clinical efficacy and safety of 
neoadjuvant therapy and neoadjuvant chemoradiotherapy in patients with locally advanced rectal cancer. We will collect and 
synthesize relevant research data to evaluate the performance of the two treatments in terms of the tumor shrinkage rate, 
surgical resection rate, tumor-free survival rate and other clinical indicators and analyze the safety differences between the 
two treatments in terms of the incidence of serious adverse events and other aspects. Through in-depth exploration of the 
advantages and disadvantages of the two treatment schemes, the aim is to provide more guiding treatment suggestions for 
clinicians to optimize the choice of treatment schemes for patients and improve the treatment effect and quality of life.

Citation: Wang Y, Yang Y, Liu QQ, Wang SZ. Compare clinical efficacy and safety of neoadjuvant therapy and neoadjuvant chemora-
diotherapy for locally advanced rectal cancer: Meta-analysis. World J Gastrointest Surg 2024; 16(6): 1845-1856
URL: https://www.wjgnet.com/1948-9366/full/v16/i6/1845.htm
DOI: https://dx.doi.org/10.4240/wjgs.v16.i6.1845

INTRODUCTION
Neoadjuvant chemoradiotherapy (nCRT), total mesorectal excision (TME), and postoperative adjuvant chemotherapy are 
the standard treatment strategies for low- and medium-locally advanced rectal cancer[1]. The diagnosis and treatment 
mode of “nCRT + TME + postoperative adjuvant chemotherapy” have significantly improved the local control rate of 
tumors, and the local recurrence rate of rectal cancer after surgery has decreased from 35% to 5%-10%, but the distant 
metastasis rate is still as high as 25%-30%, and it is the main factor affecting the survival prognosis. The CAO/ARO/AIO-
94 study and the EORTC22921 study both showed that nCRT did not improve the long-term survival prognosis of 
patients with rectal cancer, and patients’ compliance with postoperative adjuvant chemotherapy was poor[2-5].

To further reduce the rate of distant metastasis in patients with rectal cancer and improve survival, some scholars have 
proposed an “intensive treatment” program[6]. One is to increase the dose of radiotherapy, and the second is to add 
another cytotoxic drug, such as oxaliplatin, to the 5-fluorouracil-based synchronous chemotherapy regimen[7]. The third 
is postoperative adjuvant chemotherapy before TME, that is, total neoadjuvant therapy (TNT). TNT has two modes of 
induction chemotherapy, in which several cycles of systemic chemotherapy are administered before nCRT and consol-
idation chemotherapy is administered between nCRT and the TME. The National Comprehensive Cancer Care 
Consortium listed TNT as one of the recommended treatment strategies for locally advanced rectal cancer[8-10]. This 
study aimed to determine how well TNTs work and how long people are likely to live. The safety and effectiveness of 
TNT and nCRT for treating low to medium locally advanced rectal cancer will be compared.

https://www.wjgnet.com/1948-9366/full/v16/i6/1845.htm
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MATERIALS AND METHODS
Document inclusion criteria
Literature type: Clinical studies related to TNT in the treatment of locally advanced rectal cancer, limited to Chinese and 
English; study subjects: Patients with middle and low locally advanced rectal cancer confirmed by colonoscopy 
pathology; intervention measures: Experimental group received TNT, control group received nCRT; outcome measures: 
(1) Main index: Pathologic complete response (pCR) rate, R0 resection rate, incidence of grade 3/4 acute toxicity, 5-year 
overall survival (OS) and disease-free survival (DFS); and (2) Secondary index: Tumor down phase rate, anal preservation 
rate, perioperative complication rate, local recurrence and distant metastasis rate, etc.

Document exclusion criteria
Single-arm study; reviews, case reports or summaries of meetings; biological therapy, such as cetuximab, bevacizumab, 
etc.; no studies on any of these outcomes.

Search strategy
Chinese databases (CNKI, Wanfang, China Biomedical Literature Database) and English databases (PubMed, Embase) 
were comprehensively searched. The search strategy used was “neoadjuvant chemoradiotherapy” OR “total neoadjuvant 
therapy” OR “induction therapy” OR “consolidation therapy” AND “rectal cancer” OR “rectal tumor”. To avoid bias 
caused by language limitations, this study searched both English studies. To avoid missing relevant studies, relevant 
references listed in the articles and conference abstracts found in the search were traced (Figure 1).

Data collection and data extraction
Literature screening was performed by two independent researchers according to the inclusion and exclusion criteria[11-
14]. Disagreements over the search results were resolved through discussion. If there was still a dispute after negotiation, 
it was resolved by a third researcher[15]. Data extraction was carried out in strict accordance with the designed table[16]. 
The main contents included author, publication year, country, study type, baseline data, observation indicators, etc.

Literature quality evaluation
The quality of randomized controlled studies was assessed using bias assessment tools recommended by the Cochrane 
Collaboration, including six aspects: Randomization, assignment concealment, blindness, integrity of results, selective 
reporting of findings, and other sources of bias. Each indicator was evaluated as “low risk”, “unclear” or “high risk”. The 
Newcastle-Ottawa Scale (NOS) was selected for the methodological evaluation of nonrandomized controlled studies[17-
20]. The evaluation included four aspects: Population selection, comparability, exposure and result evaluation. The NOS 
uses a semiquantitative star system, with a full score of 9 stars and a score greater than 5 points included in the analysis
[21].

Bias analysis
Heterogeneity between studies was assessed using I2 statistics, with 25%, 50%, and 75% representing low, medium and 
high heterogeneity, respectively; I2 < 50% and P > 0.1 between studies using fixed effect models; and I2 > 50% and P < 0.1 
from χ2 analysis indicating study heterogeneity[22-24]. Meta-analysis by random effects models was performed, and 
possible heterogeneity was determined by subgroup analysis. The sensitivity analysis removed the included studies one 
by one to determine whether the pooled effect values were stable or reliable.

Statistical analysis
The Cochrane Collaboration provided RevMan 5.3 software for the statistical analysis. The odds ratio (OR) and 95% 
confidence interval (CI) of the binary measurement data were calculated. The hazard ratio (HR) and 95%CI of the 
survival data were calculated. For heterogeneity tests, the statistics I2 and Q tests were selected. An I2 > 0.5 indicated that 
the heterogeneity was high, and a random effects model was selected. If I2 < 0.5, the fixed effects model was chosen. A 
funnel plot was constructed for publication-offset analysis of the included studies. P < 0.05 indicated that the difference 
was statistically significant.

RESULTS
Literature retrieval results and included research characteristics
A total of 14 studies meeting the criteria were included in the study, including 6 randomized controlled studies, 5 
retrospective case-control studies, and 3 prospective studies (Figure 1). A total of 3797 patients with rectal cancer were 
included, including 1865 in the TNT group and 1932 in the nCRT group. The general characteristics of the included 
studies are shown in Table 1, and the chemoradiotherapy protocols adopted in each study are shown in Table 2. The 
quality evaluation results of randomized controlled studies are shown in Figure 2, and the quality evaluation scores of 
nonrandomized controlled studies were no less than 5 points.
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Table 1 General characteristics of included studies

Sample size
Ref. Country Study type Cases

TNT nCRT
Inclusion in research quality evaluation

Garcia-Aguilar et al[9], 2015 America Prospective study 259 199 60 6

Zhai et al[11], 2020 China Retrospective study 134 79 55 6

Cercek et al[12], 2018 America Retrospective study 628 308 320 8

Markovina et al[13], 2017 America Prospective study 138 69 69 6

Zhu et al[14], 2019 America Retrospective study 1079 372 707 8

Fernandez-Martos et al[15], 2015 America Randomized controlled study 103 54 49 7

Maréchal et al[18], 2012 Belgium Randomized controlled study 57 28 29 8

Calvo et al[19], 2014 Spain Retrospective study 335 207 128 7

Bhatti et al[20], 2015 Pakistan Retrospective study 154 93 61 7

Bujko et al[21], 2016 Poland Randomized controlled study 515 261 254 8

Kim et al[22], 2018 South Korea Randomized controlled study 110 54 56 7

Liang et al[23], 2019 China Prospective study 156 76 80 5

Moore et al[24], 2017 Australia Randomized controlled study 49 25 24 8

Wu et al[25], 2022 China Randomized controlled study 80 40 40 8

TNT: Total neoadjuvant therapy; nCRT: Neoadjuvant chemoradiotherapy.

Figure 1 Flow chart of the literature screening. 1Consider, if feasible to do so, reporting the number of records identified from each database or register 
searched (rather than the total number across all databases/registers). 2If automation tools were used, indicate how many records were excluded by a human and how 
many were excluded by automation tools.
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TNT safety evaluation analysis
Grade 3/4 acute toxic reactions: A total of 10 studies reported the incidence of grade 3/4 acute toxic reactions during the 
TNT or nCRT stage[9,11,13,15,18,19,21-23,25]. There was great heterogeneity among the studies (I2 = 80%), so the random 
effects model was selected. The results of the meta-analysis showed that there was no significant difference in the 
incidence of grade 3/4 acute toxicity between the TNT group and the nCRT group (OR = 0.79, 95%CI: 0.47-1.32, P = 0.36) 
(Figure 3A).

Perioperative complications: A total of 10 studies reported perioperative complications[7,11,15-19,21,23,24]. There was 
little heterogeneity among the studies (P = 0.62, I2 = 0%), and the fixed-effects model was chosen. The results of the meta-
analysis showed that there was no significant difference in the incidence of perioperative complications between the two 
groups (OR = 1.02, 95%CI: 0.78-1.33, P = 0.87) (Figure 3B).

Evaluation of the perioperative efficacy of TNT
pCR rate analysis: A total of 14 studies used pCR as the main outcome index[11-18,20-25]. There was little heterogeneity 
among the studies (P = 0.54, I2 = 0%), and the fixed-effects model was chosen. The results of the meta-analysis showed 
that the pCR rate in the TNT group was significantly greater than that in the nCRT group (OR = 1.57, 95%CI: 1.30-1.90, P 
< 0.00001) (Figure 3C).

Analysis of the tumor downphase rate: A total of 6 studies reported the T stage regression rate[13,18,19,22,23,25]. There 
was little heterogeneity among the studies (P = 0.26, I2 = 24%), and the fixed-effects model was chosen. The results of the 
meta-analysis showed that the T stage decline rate in the TNT group was significantly greater than that in the nCRT 
group (OR = 2.16, 95%CI: 1.63-2.57, P < 0.00001) (Figure 3D).

R0 removal rate analysis: A total of 14 studies reported R0 removal rates after TNT or nCRT[7,11,14-25]. There was little 
heterogeneity among the studies (P = 0.10, I2 = 38%), and the fixed-effects model was chosen. The results of the meta-
analysis showed that the R0 removal rate in the TNT group was significantly greater than that in the nCRT group (OR = 
1.42, 95%CI: 1.09-1.85, P = 0.009) (Figure 3E).

Anal retention rate analysis: A total of 14 studies reported anal preservation rates after TNT or nCRT[7,11-13,15-24]. 
There was little heterogeneity among the studies (P = 0.08, I2 = 41%), and the fixed-effects model was chosen. The results 
of the meta-analysis showed that there was no significant difference in the anal preservation rate between the TNT and 
nCRT groups (OR = 0.99, 95%CI: 0.82-1.19, P = 0.88) (Figure 3F).

TNT survival prognosis analysis
Analysis of local recurrence and distant metastasis: Local recurrence and distant metastasis were reported in four 
studies each during the follow-up period[16,20,23,25], as was distant metastasis[16,20,22,25]. There was little hetero-
geneity among the studies (both I2 = 0%), and the fixed-effects model was selected. The results of the meta-analysis 
showed that there was no statistically significant difference in local recurrence rates between the TNT group and the 
nCRT group (OR = 0.89, 95%CI: 0.47-1.69; P = 0.73) (Figure 3G). The rates of distant metastasis were similar between the 
two groups (OR = 1.11, 95%CI: 0.81-1.52; P = 0.5) (Figure 3H).

OS and DFS analysis: Seven studies reported 5-year OS in both groups[13-15,20,21,23,25]. There was little heterogeneity 
among the studies (P = 0.24, I2 = 25%), and the fixed-effects model was chosen. The results of the meta-analysis showed 
that there was no significant difference in 5-year OS between the TNT group and the nCRT group (HR = 0.84, 95%CI: 
0.69-1.02; P = 0.08) (Figure 4A). Four studies reported 5-year DFS in the TNT and nCRT groups[13,15,20,23]. There was 
little heterogeneity among the studies (P = 0.95, I2 = 0%), and the fixed-effects model was selected. Meta-analysis revealed 
no significant difference in 5-year DFS between the two groups (HR = 0.94, 95%CI: 0.03-1.39, P = 0.74) (Figure 4B).

Literature publication bias analysis: A funnel plot was used to analyze the publication bias of the included studies for 
each outcome index, and it was found that the distributions on both sides of the funnel plot were basically symmetrical 
with no significant publication bias, indicating good stability. Taking pCR as an example, the funnel plot of the 4 included 
studies was basically distributed within the 95%CI, indicating no significant publication bias (Figure 5).

DISCUSSION
A number of studies have shown that TNT can significantly improve the treatment compliance of rectal cancer patients; 
increase the pCR rate, tumor down phase rate, and R0 resection rate; increase the anal preservation rate and organ 
retention rate; eliminate occult micrometastases; shorten the duration of surgery; and further reduce the rate of local 
recurrence and distant metastasis by increasing the local control of tumors[26-28]. In addition, these treatments improve 
long-term survival outcomes. In this study, the pCR rate, R0 removal rate, and T stage degradation rate in the TNT group 
were significantly greater than those in the nCRT group, while the incidences of grade 3/4 acute toxic reactions and 
perioperative complications were similar to those in the nCRT group[29]. There were no significant differences in the 
local recurrence rate, distant metastasis rate, 5-year OS, or DFS between the two groups. Compared with nCRT, TNT did 
not significantly increase the rate of grade 3/4 acute toxic reactions or perioperative complications[30]. The incidence of 
grade 3/4 acute toxic reactions reported during TNT treatment ranged from 4% to 55%, mainly diarrhea and hemato-
logical toxicity (neutropenia, thrombocytopenia, etc.). Overall, the incidence of toxic reactions with TNT (27%) was similar 
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Table 2 Radiochemotherapy regimens and specific doses for total neoadjuvant therapy and neoadjuvant chemoradiotherapy groups

TNT nCRT
Ref.

IT/CT Chemotherapy Dose Radiation therapy Synchronous 
chemotherapy

Garcia-Aguilar et al
[9], 2015

CT mFOFLOX 5-FU 400 mg/m²; LV 200 mg/m²; OX 
85 mg/m2

45.0 Gy/25 f 5-FU 225 mg/m2

Zhai et al[11], 2020 CT CAPEOX CAP 1000 mg/m²; OX 130 mg/m2 50.4 Gy/28f CAP 850 mg/m²

Cercek et al[12], 2018 IT mFOFLOX 5-FU 400 mg/m²; LV 200 mg/m²; OX 
85 mg/m²

45.0 Gy/25 f 5-FU 225 mg/m²/CAP 850 
mg/m²

Markovina et al[13], 
2017

IT mFOFLOX FOFLOX 5-FU/LV/OX 45.0 Gy/25 f, 45.0 
Gy/25 f

5-FU/CAP

Zhu et al[14], 2019 IT CAPEOX 50.4 Gy/25-28 f

Fernandez-Martos et al
[15], 2015

IT CAPEOX CAP/OX 45.0 Gy/25 f CAP

Maréchal et al[18], 2012 IT mFOFLOX 5-FU 400 mg/m²; LV 400 mg/m²; OX 
100 mg/m²

45.0 Gy/25 f 5-FU 225 mg/m²

Calvo et al[19], 2014 IT mFOFLOX 5-FU 400 mg/m²; LV 200 mg/m²; OX 
85 mg/m2

45.0 Gy/25 f 5-FU 425 mg/m2

Bhatti et al[20], 2015 IT CAPEOX CAP 1000 mg/m²; OX 130 mg/m² 50.4 Gy/25-28 f CAP 825 mg/m²

Bujko et al[21], 2016 CT mFOFLOX 5-FU/LV/OX 50.4 Gy/25-28 f 5-FU 325 mg/m²/LV 20 
mg/m²

Kim et al[22], 2018 CT CAPEOX, CAPEOX CAP 1700 mg/m²; OX 100 mg/m² 50.4 Gy/25-28 f CAP

Liang et al[23], 2019 CT FOFLOX CAP 1000 mg/m²; OX 130 mg/m²; 5-
FU 400 mg/m²; LV 400 mg/m²; OX 
85 mg/m2

50.4 Gy/25-28 f CAP 825 mg/m²

Moore et al[24], 2017 CT 5-FU/LV 5-FU 450 mg/m²; LV 50 mg/m2 45.0 Gy/25 f 5-FU 225 mg/m²

Wu et al[25], 2022 CT FOFLOX 5-FU 400 mg/m²; LV200 mg/m²; OX 
85 mg/m²

50.4 Gy/25-28 f 5-FU 225 mg/m2

IT: Immunotherapy; CT: Chemotherapy; TNT: Total neoadjuvant therapy; nCRT: Neoadjuvant chemoradiotherapy; 5-FU: 5-fluorouracil; CAPEOX: 
Capecitabine; CAP: Community-acquired pneumonia; OX: Oxaliplatin; LV: Leucovorin; FOFLOX: Fluorouracil, oxaliplatin, leucovorin; mFOFLOX: 
Modified fluorouracil, oxaliplatin, leucovorin.

Figure 2 Risk of bias graph of the literature quality evaluation chart.

to that with nCRT (31%). Some studies also reported that the incidence of toxic side effects of TNT is lower, possibly 
because patients have not yet received surgical treatment, the body’s immune system and general condition are better, 
and the tolerance of systemic chemotherapy is better[31-34]. The results of this study revealed that the incidence of 
perioperative complications in the TNT group was similar to that in the nCRT group, which was consistent with the 
conclusions of most studies. Among these complications, incision complications and anastomosis-related complications 
(anastomotic leakage and anastomotic stenosis) were more common[35]. The above studies indicate that the safety of TNT 
and nCRT is comparable and that TNT may achieve better oncological efficacy without increasing the incidence of toxic 
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Figure 3 Comparative analysis of acute grade 3/4 toxicity, perioperative complications, pathologic complete response rates, the rate of 
decrease in tumor T stage, the R0 removal rate, anal preservation rates, local recurrence, and distant metastasis between total 
neoadjuvant therapy and neoadjuvant chemoradiotherapy. A: Comparative analysis of acute grade 3/4 toxicity between total neoadjuvant therapy (TNT) 
and neoadjuvant chemoradiotherapy (nCRT); B: Comparative analysis of perioperative complications between the TNT and nCRT groups; C: Comparative analysis of 
pathologic complete response rates between the TNT and nCRT groups; D: Comparative analysis of the rate of decrease in tumor T stage between the TNT and 
nCRT groups; E: Comparative analysis of the R0 removal rate between the TNT and nCRT groups; F: Comparative analysis of anal preservation rates between the 
TNT and nCRT groups; G: Comparative analysis of local recurrence between the TNT and nCRT groups; H: Comparative analysis of distant metastasis between the 
TNT and nCRT groups. TNT: Total neoadjuvant therapy; nCRT: Neoadjuvant chemoradiotherapy; CI: Confidence interval.
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Figure 4 Comparative analysis of 5-year overall survival and disease-free survival between the total neoadjuvant therapy and 
neoadjuvant chemoradiotherapy groups. A: 5-year overall survival; B: 5-year disease-free survival. TNT: Total neoadjuvant therapy; nCRT: Neoadjuvant 
chemoradiotherapy; CI: Confidence interval.

Figure 5 Publication bias of included studies. OR: Odds ratio.

side effects or postoperative complications.
As shown in the results of this study[36], the total pCR rate in the TNT group was 21.3%, which was significantly 

greater than that in the nCRT group (13.9%, P < 0.05), which was consistent with the results of the meta-analysis (22.4% vs 
13.7%, P = 0.01). TNT can significantly increase the pCR rate of patients with locally advanced rectal cancer. Another 
study divided patients with locally advanced rectal cancer into four groups who received 0, 2, 4, or 6 wk of “mFOLFOX6” 
consolidation chemotherapy between nCRT and the TME and achieved pCR rates of 18%, 25%, 30%, and 38%, res-
pectively. This showed that the pCR rate increased with an increase in the number of TNT cycles[37]. A retrospective 
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study from Memorial Sloan-Kettering Cancer Center showed that pCR rates were significantly greater in the TNT group 
than in the nCRT group (35.7% vs 21.3%, P < 0.05)[38]. However, other studies, such as the GCR-3 study and the EXPECT-
C study, have shown that TNT does not significantly improve the pCR rate of patients with rectal cancer.

The opposite conclusions of different studies may be related to the time interval between the end of neoadjuvant 
therapy and the time before radical surgery[39-41]. The Lyon R90-01 study showed that the efficacy of TNT was time 
dependent, and the pCR rate increased with increasing time intervals. After this time interval is significantly extended, 
the tumor tissue will have enough time to shrink to achieve better tumor reduction and down phase effects and a higher 
pCR rate. However, the time interval of the EXPECT C study was only 5-6 wk, which is significantly lower than the 8-12 
wk of other studies, which may be the main reason why the pCR rate of this study was not significantly improved[42].

This study showed that although there was no statistically significant difference in the operative anal preservation rate 
between the two groups, the time to return to the stoma was significantly shorter in the TNT group. The study revealed 
that 87.5% and 85.5% of patients in the TNT and nCRT groups, respectively, received protective ostomies after low 
anterior resection. Within six months after surgery, the reduction rate was significantly greater in the TNT group than in 
the nCRT group (71.9% vs 8.8%, P < 0.001). Patients in the nCRT group usually needed to complete postoperative 
adjuvant chemotherapy before the stoma was restored, while patients in the TNT group mostly completed systemic 
chemotherapy before surgery and could generally restore the stoma within six months. Therefore, TNT significantly 
shortened the duration of ostomy restoration and significantly improved the postoperative quality of life of patients with 
rectal cancer. Domestic studies also suggested that TNT did not significantly improve the survival prognosis of rectal 
cancer patients. A subgroup analysis of several studies showed that the OS and DFS of pCR patients were much better 
than those of nonpCR patients[43,44]. This suggests that the survival prognosis of rectal cancer patients may be linked to 
local tumor control. Some studies have also shown that TNT can significantly eliminate occult micrometastases and 
improve the survival of patients with rectal cancer. Among the 14 studies included in this paper, only 4 discussed the 
long-term efficacy of TNT, with a small sample size and mainly retrospective studies, which may have led to a large bias 
in the results of this study.

This meta-analysis also has certain limitations: (1) Only six randomized controlled studies were included in this study, 
and the sample size was relatively small, which may have deficiencies such as publication bias; and (2) The included 
studies mainly reported the short-term efficacy and safety of TNT, such as pCR, clinical complete response, and the R0 
resection rate. Few studies on long-term survival prognosis exist, and most of them were retrospective studies.

CONCLUSION
In summary, TNT has the advantages of eliminating occult micrometastases, shortening the time of ostomy restoration, 
improving treatment compliance in patients with rectal cancer, significantly increasing the pCR rate of locally advanced 
rectal cancer, and improving the R0 resection rate and tumor downphase rate. Follow-up studies on TNT after long-term 
survival preconditioning, such as the RAPIDO, NCT03177382, and NCT02031939 studies, are underway, and it is 
expected that the results of these studies can further clarify the clinical efficacy of TNT.
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Abstract
BACKGROUND 
Sarcopenia is a syndrome marked by a gradual and widespread reduction in 
skeletal muscle mass and strength, as well as a decline in functional ability, which 
is associated with malnutrition, hormonal changes, chronic inflammation, distur-
bance of intestinal flora, and exercise quality. Pancreatoduodenectomy is a com-
monly employed clinical intervention for conditions such as pancreatic head 
cancer, ampulla of Vater cancer, and cholangiocarcinoma, among others, with a 
notably high rate of postoperative complications. Sarcopenia is frequent in 
patients undergoing pancreatoduodenectomy. However, data regarding the 
effects of sarcopenia in patients undergoing pancreaticoduodenectomy (PD) are 
both limited and inconsistent.

AIM 
To assess the influence of sarcopenia on outcomes in patients undergoing PD.

METHODS 
The PubMed, Cochrane Library, Web of Science, and Embase databases were 
screened for studies published from the time of database inception to June 2023 
that described the effects of sarcopenia on the outcomes and complications of PD. 
Two researchers independently assessed the quality of the data extracted from the 
studies that met the inclusion criteria. Meta-analysis using RevMan 5.3.5 and Stata 
14.0 software was conducted. Forest and funnel plots were used, respectively, to 
demonstrate the outcomes of the sarcopenia group vs the non-sarcopenia group 
after PD and to evaluate potential publication bias.

https://www.f6publishing.com
https://dx.doi.org/10.4240/wjgs.v16.i6.1857
mailto:drcqp@263.net


Zhang QH et al. Sarcopenia in patients undergoing pancreatoduodenectomy

WJGS https://www.wjgnet.com 1858 June 27, 2024 Volume 16 Issue 6

RESULTS 
Sixteen studies encompassing 2381 patients were included in the meta-analysis. The patients in the sarcopenia 
group (n = 833) had higher overall postoperative complication rates [odds ratio (OR) = 3.42, 95% confidence 
interval (CI): 1.95-5.99, P < 0.0001], higher Clavien-Dindo class ≥ III major complication rates (OR = 1.41, 95%CI: 
1.04-1.90, P = 0.03), higher bacteremia rates (OR = 4.46, 95%CI: 1.42-13.98, P = 0.01), higher pneumonia rates (OR = 
2.10, 95%CI: 1.34-3.27, P = 0.001), higher pancreatic fistula rates (OR = 1.42, 95%CI: 1.12-1.79, P = 0.003), longer 
hospital stays (OR = 2.86, 95%CI: 0.44-5.28, P = 0.02), higher mortality rates (OR = 3.17, 95%CI: 1.55-6.50, P = 0.002), 
and worse overall survival (hazard ratio = 2.81, 95%CI: 1.45-5.45, P = 0.002) than those in the non-sarcopenia group 
(n = 1548). However, no significant inter-group differences were observed regarding wound infections, urinary 
tract infections, biliary fistulas, or postoperative digestive bleeding.

CONCLUSION 
Sarcopenia is a common comorbidity in patients undergoing PD. Patients with preoperative sarcopenia have 
increased rates of complications and mortality, in addition to a poorer overall survival rate and longer hospital 
stays after PD.

Key Words: Pancreaticoduodenectomy; Sarcopenia; Postoperative complications; Length of stay; Meta-analysis

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Muscle wasting has a significant impact on the clinical outcomes and prognosis of patients undergoing major 
surgery, but there is limited research on the impact of muscle wasting on patients undergoing pancreaticoduodenectomy 
(PD), and the conclusions are inconsistent. This article aims to evaluate the impact of sarcopenia on the clinical outcomes of 
PD patients through meta-analysis, in order to provide evidence-based management for PD patients during the perioperative 
period. Strictly screen articles based on pre-set inclusion and exclusion criteria.

Citation: Zhang QH, Ma JD, Lu YM, Zhang RN, Zhao ZH, Li YT, Chen QP. Sarcopenia adversely impacts clinical outcomes in 
patients undergoing pancreaticoduodenectomy: A systematic review and meta-analysis. World J Gastrointest Surg 2024; 16(6): 1857-
1870
URL: https://www.wjgnet.com/1948-9366/full/v16/i6/1857.htm
DOI: https://dx.doi.org/10.4240/wjgs.v16.i6.1857

INTRODUCTION
Sarcopenia is a syndrome characterized by a gradual, widespread reduction in mass within the skeletal musculature, 
together with decreased muscle strength or impaired capacity to engage in routine daily activities. Afflicted individuals 
often experience compromised mobility, reduced quality of life, and heightened susceptibility to undesirable outcomes 
including falls and mortality[1]. The development of sarcopenia is associated with e.g., malnutrition, hormonal changes, 
chronic inflammation, disturbance of intestinal flora, and exercise quality, as well as genetic and psychosocial factors[2]. 
Sarcopenia is a risk factor for poor prognosis in patients with pancreatic cancer, gastric cancer, lung cancer, and other 
surgical procedures[3]. Pancreatoduodenectomy is clinically used to treat pancreatic head cancer, ampulla of Vater 
cancer, cholangiocarcinoma, and other diseases, and the incidence of postoperative complications is extremely high[4]. In 
light of this complication risk, the perioperative management of patients is crucial. According to the literature, the pre-
valence of sarcopenia in patients undergoing pancreatoduodenectomy is high[5-7]. However, the effects of sarcopenia on 
clinical outcomes and prognosis following pancreaticoduodenectomy (PD) remain unclear. Therefore, the purpose of the 
present systematic review and meta-analysis was to assess the influence of sarcopenia on postoperative results in patients 
undergoing PD. Additionally, we aimed to provide an evidence-based foundation for the management of patients in the 
perioperative period after PD.

MATERIALS AND METHODS
Literature search strategy
Zhang QH and Ma JD conducted a thorough search of credible databases; i.e., PubMed, Cochrane Library, Web of 
Science, and Embase, to gather relevant literature. The search was conducted from the initiation of the databases until 
June 2023 and was limited to English-language publications. The search terms used included “sarcopenia”, “frailty”, 
“muscle weakness”, “muscle atrophy”, “pancreaticoduodenectomy”, “Whipple procedure”, “pancreaticoduodenec-
tomies”, “duodenopancreatectomy”, and “pancreatoduodenectomy”. To refine the results, the search terms were 
combined utilizing the Boolean operators “AND” and “OR”. Synonyms of all terms were considered during the search.

https://www.wjgnet.com/1948-9366/full/v16/i6/1857.htm
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Inclusion and exclusion criteria
To be considered for inclusion in the meta-analysis, studies needed to meet a series of specific criteria. These included 
having well-defined standards for assessing sarcopenia and measuring skeletal muscle, focusing on patients who were 
undergoing PD, and examining the correlation between sarcopenia and clinical outcomes after surgery. It was essential 
that the original text was accessible and that the study data could be accurately extracted. Furthermore, the studies had to 
be published in their entirety and fall into the category of cohort studies. Specific exclusion criteria included non-
randomized controlled trials including reviews, systematic reviews, case reports, and commentaries, non-clinical trials, 
and any repeated publications reporting on the same study population. Studies with incomplete data on crucial clinical 
outcome indicators or significant bias were also excluded.

Data extraction
Data of studies were extracted separately by two authors (Zhang QH and Ma JD). In cases of disagreement, the authors 
discussed and resolved the issue. If necessary, a third investigator was consulted for judgment. The following main 
parameters were considered: Basic information (i.e., first author, country, publication date, study duration, type of 
literature, number of cases, sex ratio, mean age, type of disease, body mass index, diagnostic criteria and prevalence of 
sarcopenia), clinical outcome parameters [i.e., overall complications, complications classified as Clavien-Dindo (C-D) class 
≥ III, wound infection, bacteremia, urinary tract infection, pneumonia, pancreatic fistula, biliary fistula, and death], and 
length of stay. Means and standard deviations were utilized to describe continuous outcome variables in the context of 
meta-analysis. When the initial data were presented as medians or ranges, the averages and standard deviations were 
approximated using the approach outlined by Hozo et al[8].

Quality assessment
The quality of each study was evaluated separately by two authors. In cases where the evaluations differed, a third 
investigator was consulted to decide whether the literature should be included or not. The Newcastle-Ottawa Scale was 
applied to evaluate the methodological rigor of the literature, taking into account three factors: Selection of the study 
population (4 points), comparability between groups (2 points), and outcome parameters (3 points). A maximum of nine 
points could be obtained, with studies having a score of six or more deemed as being of high quality[9].

Statistical analysis
To conduct the meta-analysis, we utilized RevMan 5.3.5 and Stata 14.0 software (Cochrane Collaboration, Oxford, United 
Kingdom). For continuous variables, we calculated the weighted mean differences along with their corresponding 95% 
confidence intervals (CIs). Similarly, for categorical variables, we computed odds ratios (ORs) with their respective 
95%CIs. To assess heterogeneity, we performed a chi-square test, considering P > 0.05 as non-significant. Statistical 
heterogeneity was assessed using I2 values, with a threshold of 50% or higher indicating the presence of heterogeneity. 
When the studies exhibited homogeneity (I2 < 50%), we adopted the fixed-effects model. Conversely, if studies presented 
heterogeneity (I2 ≥ 50%), we utilized the random-effects model.

Risk of bias
We employed funnel plots to assess potential publication bias based on major complication rates (C-D ≥ III).

RESULTS
Eligible studies
Initially, 398 relevant publications were retrieved. After layer-by-layer screening, 16 studies with a total of 2381 patients 
were finally included (n = 833 and n = 1548 in the sarcopenia and non-sarcopenia groups, respectively). All studies were 
cohort studies. The screening process is shown in Figure 1. The basic information and results of the literature quality 
evaluation are shown in Tables 1-3.

Overall rates of sarcopenia
Sixteen studies reported the overall prevalence of sarcopenia at 37% (0.29, 0.45), as shown in Figure 2.

Overall rates of postoperative and major complications (C-D ≥ III)
Four studies reported the overall rate of postoperative complications, which was statistically significant after combining 
the effects across studies (OR = 3.42, 95%CI: 1.95-5.99, P < 0.0001)[7,14,18,21] (Figure 3A). Nine studies reported major 
postoperative complications (C-D ≥ III), yielding statistically significant combined effects (OR = 1.41, 95%CI: 1.04-1.90, P = 
0.03)[5-7,12,15,16,19,20,22] (Figure 3B).

Infectious complications
Three studies reported the occurrence rate of bacteremia, which was statistically significant after combining effects (OR = 
4.46, 95%CI: 1.42-13.98, P = 0.01)[5,14,17] (Figure 3C). Six studies reported that of pneumonia, yielding statistically 
significant combined effects (OR = 2.10, 95%CI: 1.34-3.27, P = 0.001)[5,7,13,14,21,23] (Figure 3D). No inter-group statistical 
difference was noted regarding wound (OR = 1.39, 95%CI: 0.89-2.19, P = 0.15) (Figure 3E) or urinary tract (OR = 1.25, 
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Table 1 General characteristics of the included studies

Sarcopenia/no sarcopenia
Ref. Region Diagnosed period Sample 

size
Sex 
ratio

Median 
age

Prevalence of 
sarcopenia

Study 
design

Nishida et al[10], 2016 Japan January 2010 to December 
2014

132/134 70/111 68.79/66.17 49.62% Cohort study

Sandini et al[11], 2016 Italy 2007 to February 2015 30/94 10/53 -/- 24.19% Cohort study

Takagi et al[12], 2017 Japan January 2007 to May 2013 55/164 36/107 -/- 25.11% Cohort study

Stretch et al[13], 2018 Canada 2003 to 2011 50/73 29/42 68.50/66.10 40.65% Cohort study

Tankel et al[14], 2018 Israel December 2014 to February 
2017

16/45 8/24 75.0/64.0 26.23% Cohort study

Umetsu et al[6], 2018 Japan February 2008 to March 2015 48/17 12/35 71.02/61.77 73.85% Cohort study

Centonze et al[15], 
2020

Italy 2010 to 2017 36/74 20/42 70.93/64.94 32.73% Cohort study

Xu et al[16], 2020 China January 2016 to December 
2018

59/93 -/- -/- 38.82% Cohort study

Peng et al[17], 2021 China October 2005 to August 2018 20/96 12/56 72.1/65.0 17.24% Cohort study

Pessia et al[18], 2021 Italy June 2013 to May 2019 32/36 -/- -/- 47.06% Cohort study

Duan et al[19], 2021 China January 2014 to December 
2019

108/157 52/84 62.70/55.30 40.75% Cohort study

Nauheim et al[20], 
2022

United 
States

October 2017 to January 2020 83/250 40/121 70.6/65.4 24.92% Cohort study

Aoki et al[21], 2022 Japan January 2016 to March 2020 19/161 15/87 77.9/71.0 10.56% Cohort study

Umezawa et al[7], 
2022

Japan January 2006 to April 2020 44/44 35/30 73/70.5 50.00% Cohort study

La Vaccara et al[5], 
2023

Italy February 2004 to January 
2016

54/28 37/13 -/- 65.85% Cohort study

Cai et al[22], 2023 China January 2018 to January 2021 47/82 28/50 65.4/60.7 36.43% Cohort study

95%CI: 0.56-2.80, P = 0.59) infections (Figure 3F).

Non-infectious complications
Eleven studies presented statistically significant combined effects for the occurrence of pancreatic fistula (OR = 1.42, 
95%CI: 1.12-1.79, P = 0.003)[5,7,12-17,21,23,24] (Figure 3G). There was no significant difference of the occurrence rate of 
biliary fistula between the two groups (OR = 1.22, 95%CI: 0.75-1.99, P = 0.43) (Figure 3H) or postoperative bleeding (OR = 
1.44, 95%CI: 0.90-2.29, P = 0.13) (Figure 3I).

Hospital length of stay
The length of hospitalization was recorded in six studies[6,14,15,18,19,21]. The duration of stay was significantly longer 
for the sarcopenia group than that of the non-sarcopenia group (OR = 2.86, 95%CI: 0.44-5.28, P = 0.02) (Figure 3J).

Mortality
Postoperative mortality was described in six studies[7,12,14,16,18,21]. The sarcopenia group had a higher rate of 
postoperative mortality than that of the non-sarcopenia group (OR = 3.17, 95%CI: 1.55-6.50, P = 0.002) (Figure 3K).

Overall survival
Overall survival was reported in two studies included in the literature. The sarcopenic group had a worse overall 
survival (multivariate analysis: Hazard ratio = 2.81, 95%CI: 1.45-5.45, P = 0.002) compared with the non-sarcopenic group 
as shown in (Figure 3L).

Publication bias
Major complications (C-D ≥ III), a main parameter of clinical outcome, were well represented and included in a large 
number of studies. Evaluation for publication bias revealed a roughly symmetrical distribution within the inverted funnel 
plot, suggesting a low risk of publication bias (Figure 4).
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Table 2 Clinical and surgical characteristics of the included studies

Sarcopenia/no sarcopenia
Ref. Surgical procedure

Original cancer type BMI Outcomes
Measurements of 
sarcopenia Sarcopenia definition

Nishida et al[10], 2016 PD Pancreatic tumor = 80/83; bile 
duct tumor = 42/40; other 
malignant disease = 9/10; 
benign disease = 1/1

21.15 ± 3.45/22.89 ± 3.67 Complications (C-D ≥ III), 
wound infection, pancreatic 
fistula, death

L3 SMI Males < 43 cm2/m2 with BMI < 
25 kg/m2, < 53 cm2/m2 with 
BMI ≥ 25 kg/m2; females < 41 
cm2/m2

Sandini et al[11], 2016 Whipple or pylorus-preserving 
PD

- - Wound infection, urinary tract 
infection, pneumonia, 
pancreatic fistula, biliary fistula

CT TAMA Males < 43 cm2/m2 with BMI < 
25 kg/m2, < 53 cm2/m2 with 
BMI ≥ 25 kg/m2; females < 41 
cm2/m2

Takagi et al[12], 2017 PD Pancreatic adenocarcinoma = 
25/61; bile duct carcinoma = 
7/20; periampullar adenocar-
cinoma = 10/18; duodenal 
adenocarcinoma = 1/9; 
intraductal papillary mucinous 
neoplasm = 6/26; others = 6/30

21.70 ± 3.00/22.00 ± 3.40 Overall complications, wound 
infection, bacteremia, urinary 
tract infection, pneumonia, 
pancreatic fistula, total length 
of hospital stay, death

CT L3 SBI Male < 68.5 cm2/m2; female < 
52.5 cm2/m2

Stretch et al[13], 2018 Whipple Pancreatic tumor = 37/47; non-
pancreatic tumor = 13/26

23.5 ± 3.6/26.3 ± 6.5 Complications (C-D ≥ III), total 
length of hospital stay

CT L3 SMI Male < 47.7 cm2/m2; female < 
36.5 cm2/m2

Tankel et al[14], 2018 Pylorus-preserving PD - 21.9 ± 2.0/25.0 ± 3.2 Complications (C-D ≥ III), 
pancreatic fistula, total length 
of hospital stay

CT L3 TPAI Male < 83.41 cm2/m2; female < 
65.28 cm2/m2

Umetsu et al[6], 2018 Whipple Distal cholangiocarcinoma = 
48/17

21.70 ± 2.63/24.34 ± 2.84 Complications (C-D ≥ III), 
pancreatic fistula, death

CT L3 PMI Male < 5.93 cm2/m2; female < 
3.54 cm2/m2

Centonze et al[15], 2020 Whipple Pancreatic carcinoma or 
pancreatitis = 21/44; other = 
15/30

25.36 ± 3.86/24.35 ± 2.27 Wound infection, bacteremia, 
urinary tract infection, 
pancreatic fistula, biliary fistula

CT L3 HUAC Male < 16.37 HU; female < 
14.21 HU

Xu et al[16], 2020 PD - - Overall complications, total 
length of hospital stay, death

CT L3 TPAI Male < 4.78 cm2/m2; female < 
3.46 cm2/m2

Peng et al[17], 2021 PD Pancreatic cancer = 20/96 21.2 ± 2.2/22.9 ± 2.80 Complications (C-D ≥ III), total 
length of hospital stay

CT L3 SMI Male < 42.2 cm2/m2; female < 
33.9 cm2/m2

Pessia et al[18], 2021 PD Pancreatic head adenocar-
cinoma = 32/36

19.60/21.40 Complications (C-D ≥ III) CT L3 SMI Male < 52.4 cm2/m2; female < 
38.5 cm2/m2

Duan et al[19], 2021 Pylorus-preserving PD Pancreatic ductal adenocar-
cinoma = 48/77; pancreatic 
cystic tumor = 14/20; 
pancreatic neuroendocrine 
tumors = 6/9; periampullar 
tumor = 35/43; trauma = 1/3; 
others = 4/5

22.50 ± 4.1/23.20 ± 3.9 Overall complications, 
pneumonia, pancreatic fistula, 
biliary fistula, total length of 
hospital stay, death

CT L3 SMI Male < 47.32 cm2/m2; female < 
40.65 cm2/m2

Pancreatic ductal adenocar- Overall complications, complic-Nauheim et al[20], 2022 PD 25.9 ± 4.4/27.9 ± 5.5 CT L3 PMI Lowest quartile
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cinoma = 50/141; periam-
pullar/duodenal carcinoma = 
10/24; cholangiocarcinoma = 
3/8; other = 6/10; 
benign/premalignant = 14/67

ations (C-D ≥ III), wound 
infection, urinary tract 
infection; pneumonia, 
pancreatic fistula, death

Aoki et al[21], 2022 PD Pancreatic carcinoma = 14/69; 
bile duct carcinoma = 2/21; 
intraductal papillary mucinous 
neoplasm = 2/40; periampullar 
carcinoma = 1/13; others = 
0/18

20.14 ± 1.36/22.11 ± 3.52 Complications (C-D ≥ III), 
wound infection, bacteremia, 
pneumonia, pancreatic fistula

EWGSOP2 Male: SMI < 7 kg/m2; grip 
strength < 27 kg; gait speed < 
0.8 m/s; female: 
SMI < 6 kg/m2; grip strength < 
16 kg; gait speed < 0.8 m/s

Umezawa et al[7], 2022 PD Distal cholangiocarcinoma = 
44/44

21.47 ± 3.45/22.37 ± 3.07 Complications (C-D ≥ III) CT L3 PMI Male < 6.36 cm2/m2; female < 
3.98 cm2/m2

La Vaccara et al[5], 2023 PD Periampullary cancers = 54/28 - Urinary tract infection, 
pneumonia, pancreatic fistula, 
biliary fistula

CT L3 SMI Male < 55.4 m2/m2; female < 
38.9 cm2/m2

Cai et al[22], 2023 PD Periampullar neoplasms = 
47/82

21.50 ± 2.50/24.20 ± 3.30 Pancreatic fistula, biliary fistula CT L3 SMI Male < 44.2 cm2/m2; female < 
33.9 cm2/m2

SMI: Skeletal muscle index; TAMA: Total abdominal muscle area; SBI: SMA/BSA index; TPA: Total psoas muscle area index; PMI: Psoas muscle mass index; PD: Pancreaticoduodenectomy; BMI: Body mass index; C-D: Clavien-Dindo.

DISCUSSION
Sarcopenia, first described by Rosenberg in 1989, is mainly observed in the elderly population and in patients with 
chronic diseases[23,24]. Following an investigation of 58 studies encompassing different regions within China, Chen et al
[25] revealed that the occurrence rates of sarcopenia were 12.9% and 11.2% for elderly men and women within the 
community, respectively. Moreover, recent research has indicated a greater occurrence among individuals requiring 
surgical intervention, particularly in those diagnosed with malignant tumors; for example, the frequency of sarcopenia in 
patients diagnosed with liver cancer is estimated to range from 11% to 45%[26]. Similarly, patients diagnosed with 
cholangiocarcinoma and gallbladder cancer exhibited a sarcopenia rate of 33%[27], whereas those undergoing pancreatic 
surgery exhibited a range of 17% to 62%[28]. Pancreaticobiliary tumors in particular, which are accompanied by obst-
ructive jaundice, malnutrition, impairment of the intestinal mucosal barrier function, and dysbiosis of the intestinal flora, 
result in the occurrence of preoperative sarcopenia[29]. In line with these findings, the results of the current meta-analysis 
showed that the occurrence rate of sarcopenia in individuals who undergo PD was 37% (0.29, 0.45). Therefore, preo-
perative screening and evaluation of sarcopenia in patients undergoing pancreatoduodenectomy is essential, and 
sarcopenia may adversely affect the clinical outcome of patients undergoing pancreatoduodenectomy.

Only a few comprehensive research studies have examined the effects of sarcopenia on the clinical outcomes of 
patients who undergo PD. To address this gap, we conducted a meta-analysis incorporating 16 studies, comprising a total 
of 2381 participants, of whom 833 were diagnosed with sarcopenia. We evaluated 14 factors, including the duration of the 
operation, rates of overall and major (C-D ≥ III) complications[30], wound infection, bacteremia, urinary tract infection, 
pneumonia, pancreatic fistula, biliary fistula, and postoperative digestive hemorrhage, together with length of hospital 
stay and overall survival. Our results indicate a notable correlation between sarcopenia and different negative conse-
quences in comparison to that in patients without sarcopenia. Specifically, patients within the sarcopenia group exhibited 
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Table 3 Study quality evaluation

Ref. Selection of study 
population

Comparability between the two 
groups

Outcome 
indicators

Total quality assessment 
score

Nishida et al[10] 4 2 1 7

Sandini et al[11] 4 2 1 7

Takagi et al[12] 4 2 2 8

Stretch et al[13] 4 2 3 9

Tankel et al[14] 4 2 1 7

Umetsu et al[6] 4 2 2 8

Centonze et al
[15]

4 2 2 8

Xu et al[16] 4 2 1 7

Peng et al[17] 3 2 1 6

Pessia et al[18] 4 2 2 8

Duan et al[19] 4 2 2 8

Nauheim et al
[20]

4 2 2 8

Aoki et al[21] 4 2 3 9

Umezawa et al[7] 4 2 1 7

La Vaccara et al
[5]

4 2 2 8

Cai et al[22] 4 2 3 9

an increase in postoperative complications (both overall and major), occurrences of bacteremia, pneumonia, and pan-
creatic fistula, in addition to a poorer overall survival rate and prolonged hospital length of stay. However, no significant 
differences were noted between the two cohorts regarding postoperative digestive hemorrhage, wound infection, biliary 
fistula, and urinary tract infection.

Sarcopenia has a significant effect on patients during their perioperative phase. Decreased muscle function may render 
patients undergoing major abdominal surgery less active, whereas respiratory muscle weakness predisposes them to 
hypoxia and respiratory function impairment[31]. Furthermore, the metabolic processes involving proteins and carbo-
hydrates heavily rely on skeletal muscle tissue; accordingly, the depletion of muscle mass disrupts metabolism, resulting 
in functional disruption. In addition, recent research indicates that individuals with sarcopenia experience immune 
abnormalities, persistent elevation of inflammatory biomarkers including tumor necrosis factor-α, interleukin-6, and 
dysbiosis of the gut microbiota. Notably, these biomarkers have the potential to increase the perioperative hazards 
associated with PD[29,31-34].

The results of the present meta-analysis revealed that preexisting sarcopenia has a significant impact on the negative 
clinical outcomes observed in patients following PD. Previous research indicates that muscle loss also has a detrimental 
impact on the long-term survival of patients undergoing major surgical interventions for gastric cancer or hepatocellular 
carcinoma[35,36]. The occurrence of complications reduces the immune function of patients, and also delays adjuvant 
therapy (such as chemotherapy, radiotherapy, etc.), thereby shortening the survival of patients.

The SARC-F questionnaire[37] can be used for preoperative screening to identify the population at risk. Subsequently, 
an evaluation and diagnosis of sarcopenia can be performed by assessing muscle strength, muscle mass, and physical 
fitness. Methods for assessing skeletal muscle mass comprise computed tomography or magnetic resonance scans at the 
L3 level, bioelectrical impedance techniques, and dual-energy X-ray absorptiometry scans. Grip strength can be utilized 
to measure muscle strength. Assessment of physical functional status can be achieved by measuring gait speed and five 
sit-to-stand times, among other methods. In the studies analyzed in the present meta-analysis, sarcopenia was mainly 
diagnosed by measuring muscle mass via imaging. However, less attention was paid to muscle strength and physical 
functional status taking into account the concept of prehabilitation, a combination of nutrition and exercise could 
potentially be employed to maintain muscle mass, improve muscle strength and functional status, and enhance patient 
safety during surgical procedures, ultimately enhancing positive surgical outcomes and overall quality of life[38]. This 
study has some limitations. Validation of the cohort studies included in the meta-analysis is required through rand-
omized controlled trials. The limited number of studies may have resulted in an incomplete inclusion.
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Figure 1 Flowchart of the literature search strategy.

Figure 2 The overall incidence of sarcopenia.

CONCLUSION
The high occurrence of preoperative sarcopenia in patients who undergo PD significantly adversely affects postoperative 
clinical outcomes, such as an elevated likelihood of postoperative complications and a longer duration of hospitalization. 
To enhance the clinical outcome and prognosis of patients after PD, it is imperative to conduct preoperative screening for 
sarcopenia and implement suitable interventions.
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Figure 3 Comparison of the overall rate of postoperative complications, major complications (Clavien-Dindo ≥ III), the occurrence of bac-
teremia, the occurrence of pneumonia, wound infection rates, urinary tract infection rates, the incidence of pancreatic fistula, biliary 
fistula rates, the occurrence of postoperative bleeding, length of stay, postoperative mortality rates, and overall survival between the 
sarcopenia and non-sarcopenia groups. A: Comparison of the overall rate of postoperative complications between the sarcopenia and non-sarcopenia 
groups; B: Comparison of major complications (Clavien-Dindo ≥ III) between the sarcopenia and non-sarcopenia groups; C: Comparison of the occurrence of 
bacteremia between the sarcopenia and non-sarcopenia groups; D: Comparison of the occurrence of pneumonia between the sarcopenia and non-sarcopenia 
groups; E: Comparison of wound infection rates between the sarcopenia and non-sarcopenia groups; F: Comparison of urinary tract infection rates between the 
sarcopenia and non-sarcopenia groups; G: Comparison of the incidence of pancreatic fistula between the sarcopenia and non-sarcopenia groups; H: Comparison of 
biliary fistula rates between the sarcopenia and non-sarcopenia groups; I: Comparison of the occurrence of postoperative bleeding between the sarcopenia and non-
sarcopenia groups; J: Comparison of length of stay between the sarcopenia and non-sarcopenia groups; K: Comparison of postoperative mortality rates between the 
sarcopenia and non-sarcopenia groups; L: Comparison of overall survival between the sarcopenia and non-sarcopenia groups. (multivariate analysis). CI: Confidence 
interval.
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Figure 4 Funnel plot of the observed complications (Clavien-Dindo ≥ III). OR: Odds ratio.
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Abstract
BACKGROUND 
The development of laparoscopic technology has provided a new choice for 
surgery of gastric cancer (GC), but the advantages and disadvantages of laparo-
scopic total gastrectomy (LTG) and laparoscopic-assisted total gastrectomy 
(LATG) in treatment effect and safety are still controversial. The purpose of this 
study is to compare the efficacy and safety of the two methods in the treatment of 
GC, and to provide a basis for clinical decision-making.

AIM 
To compare the efficacy of totally LTG (TLTG) and LATG in the context of radical 
gastrectomy for GC. Additionally, we investigated the safety and feasibility of the 
total laparoscopic esophagojejunostomy technique.

METHODS 
Literature on comparative studies of the above two surgical methods for GC 
(TLTG group and LATG group) published before September 2022 were searched 
in the PubMed, Web of Science, Wanfang Database, CNKI, and other Chinese and 
English databases. In addition, the following search keywords were used: Gastric 
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cancer, total gastrectomy, total laparoscopy, laparoscopy-assisted, esophagojejunal anastomosis, gastric/stomach 
cancer, total gastrectomy, totally/completely laparoscopic, laparoscopic assisted/laparoscopy assisted/laparoscop-
ically assisted, and esophagojejunostomy/esophagojejunal anastomosis. Review Manager 5.3 software was used 
for the meta-analysis after two researchers independently screened the literature, extracted the data, and evaluated 
the risk of bias in the included studies.

RESULTS 
After layer-by-layer screening, 258 pieces of literature were recovered, and 11 of those pieces were eventually 
included. This resulted in a sample size of 2421 instances, with 1115 cases falling into the TLTG group and 1306 
cases into the LATG group. Age or sex differences between the two groups were not statistically significant, 
according to the meta-analysis, however the average body mass index of the TLTG group was considerably higher 
than that of the LATG group (P = 0.01). Compared with those in the LATG group, the incision length in the TLTG 
group was significantly shorter (P < 0.001), the amount of intraoperative blood loss was significantly lower (P = 
0.003), the number of lymph nodes removed was significantly greater (P = 0.04), and the time of first postoperative 
feeding and postoperative hospitalization were also significantly shorter (P = 0.03 and 0.02, respectively). There 
were no significant differences in tumor size, length of proximal incisal margin, total operation time, anastomotic 
time, postoperative pain score, postoperative anal exhaust time, postoperative anastomosis-related complications 
(including anastomotic fistula, anastomotic stenosis, and anastomotic hemorrhage), or overall postoperative 
complication rate (P > 0.05).

CONCLUSION 
TLTG and esophagojejunostomy are safe and feasible. Compared with LATG, TLTG has the advantages of less 
trauma, less bleeding, easier access to lymph nodes, and faster postoperative recovery, and TLTG is also suitable 
for obese patients.

Key Words: Total laparoscopic gastrectomy; Laparoscopically assisted total gastrectomy; Gastric cancer; Meta-analysis
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Core Tip: This study used a systematic review and meta-analysis to determine how well and safely laparoscopic total 
gastrectomy and laparoscopically assisted total gastrectomy can treat gastric cancer (GC). Clinical trial data from relevant 
literature were collected and analyzed to evaluate the differences between the two surgical methods in terms of surgical 
effect, postoperative complications, and postoperative quality of life. Through the systematic synthesis of the results, an 
objective evaluation of the advantages and disadvantages of these two surgical methods is provided, which provides a 
scientific basis for clinicians to optimize the treatment of GC patients.

Citation: Li L, Liu DY, Leng J, Tao XM, Wu HQ, Zhu YP. Comparison efficacy and safety of total laparoscopic gastrectomy and 
laparoscopically assisted total gastrectomy in treatment of gastric cancer. World J Gastrointest Surg 2024; 16(6): 1871-1882
URL: https://www.wjgnet.com/1948-9366/full/v16/i6/1871.htm
DOI: https://dx.doi.org/10.4240/wjgs.v16.i6.1871

INTRODUCTION
Surgery has been used for more advanced cases of gastric cancer (GC) as well as earlier cases of the disease[1]. 
Additionally, surgical methods have changed from laparoscopic-assisted radical gastrectomy to total laparoscopic radical 
gastrectomy[2]. However, reconstructing the digestive tract through total laparoscopic surgery is difficult. This is 
especially true for totally laparoscopic total gastrectomy (TLTG) and esophagojejunostomy, which require advanced 
endoscopic techniques and are not sure how well they work. There is also debate about whether they are safe and 
possible[3].

This study will conduct a meta-analysis of published comparative studies on TLTG and laparoscopic-assisted total 
gastrectomy (LATG) in the treatment of GC, aiming to observe the difference in efficacy of the two surgical methods in 
the treatment of GC and discuss the safety and feasibility of TLTG for GC and esophagojejunostomy. The aim is to obtain 
the best evidence to guide clinical practice.

https://www.wjgnet.com/1948-9366/full/v16/i6/1871.htm
https://dx.doi.org/10.4240/wjgs.v16.i6.1871
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MATERIALS AND METHODS
Literature retrieval strategy
The subject of this study was a controlled clinical study of TLTG and LATG for GC published before September 2023. The 
search databases used were PubMed, Web of Science, Wanfang Database, CNKI, and other Chinese and English 
databases. Keywords in the Chinese search were GC, total gastrectomy, total laparoscopy, and laparoscopy-assisted 
esophagojejunostomy. The key words in English were gastric/stomach cancer, total gastrectomy, totally/completely 
laparoscopic, laparoscopic assisted/laparoscopic assisted/laparoscopic assisted, and esophagojejunostomy/esophago-
jejunal anastomosis. The literature was reviewed by hand.

Inclusion criteria
All patients were confirmed by pathological examination to have GC; (2) all studies involved the comparison of the 
efficacy of TLTG and LATG in GC; (3) accurate and important clinical data should be provided, especially the incidence 
of postoperative anastomosis-related complications; (4) original statistical data should be provided, such as the mean and 
standard deviation of continuous variables and specific values of binary variables; and (5) for the literature of the same 
unit, recently published literature with higher quality statistics should be selected.

Exclusion criteria
(1) Patients with cancers other than those of the stomach; (2) patients who underwent distal gastrectomy, proximal 
gastrectomy, or palliative total gastrectomy; (3) patients who received neoadjuvant chemotherapy before surgery; and (4) 
patients whose clinical data, such as the rate of anastomosis-related complications, were not available.

Data extraction and quality evaluation
Using a unified data collection table, two system evaluators independently extracted the following data from the 
included literature: first author, data source (country), publication time, number of cases, patient age, sex, body mass 
index (BMI), length of surgical incision, total surgical time, anastomosis time, intraoperative blood loss, number of lymph 
node removals, tumor size, length of proximal incisal margin, postoperative pain score (visual analog scale), 
postoperative anal exhaust time, postoperative eating time, postoperative hospital stay, postoperative surgery overall 
complication rate, postoperative anastomosis-related complication rate, and other indicators. Disagreements were 
resolved after discussion with a third researcher.

The Newcastle-Ottawa Scale (NOS) was used to score the quality of the included studies. The evaluation content 
included three main aspects: research selection, research comparison, and interesting research results. The maximum 
possible score was 9 points, and an overall score > 6 was considered to indicate high-quality research.

Statistical analysis
The Cochrane Collaboration provided RevMan 5.3 software for statistical analysis. The odds ratio of binary data was 
calculated as the combined statistic, and the weighted mean difference (WMD) of continuous variable data was calculated 
as the combined statistic. The results were expressed with a 95%CI, and the test level was α = 0.05. The incidence of 
postoperative anastomosis-related complications was measured by a funnel plot to determine publication bias. A hetero-
geneity test was conducted for all included studies. An I2 ≤ 50% indicated that there was no significant heterogeneity 
among all studies. A fixed effects model (F model) was used for combined analysis; otherwise, a random effects model (R 
model) was used. To avoid the influence of different surgical operators and surgical methods on the results, the R model 
was adopted for the analysis of clinical data related to surgery.

RESULTS
Literature retrieval results and included research characteristics
Based on the inclusion and exclusion criteria (Figure 1), 11 papers[4-14] about clinical control studies of TLTG and LATG 
in GC were ultimately included. These were all nonrandomized controlled studies. There were 2421 clinical cases, 
including 1115 in the TLTG group and 1306 in the LATG group, mainly from China, South Korea, and Japan. According 
to the NOS quality score, nine studies[4-12] were considered to be of high quality, all of which compared the two groups 
by age and sex. Seven of them[4-6,8-11] also compared the body mass indices of the two groups, and the results showed 
that there was no significant difference in age or sex between the two groups (P = 0.60 and 0.61, respectively), while the 
average BMI of the TLTG group was significantly greater than that of the LATG group (P = 0.01). The basic information 
and quality evaluation of the included studies are shown in Table 1.

Meta-analysis results
The meta-analysis results of this study showed that, compared with those in the LATG group, the length of surgical 
incisions in the TLTG group was significantly shorter (P < 0.001), the amount of intraoperative blood loss was 
significantly less (P = 0.003), and the number of lymph nodes removed was significantly greater (P = 0.04). The time of 
first feeding and hospital stay were also significantly shorter (P = 0.03 and 0.02, respectively), but there were no 
significant differences in tumor size, length of proximal incisal margin, operation time, postoperative pain score, 
postoperative anal exhaust time, or postoperative complication rate (P > 0.05). Table 2 summarizes the intraoperative and 
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Table 1 Basic information of included literature

Sample size Age (yr, mean ± SD) Body mass index (kg/m²), mean ± SD)
Ref. Countries

TLTG group LATG group TLTG 
group

LATG 
group TLTG group LATG group

NOS score

Kim et al[4], 2013 South Korea 90 23 58.0 ± 10.8 56.8 ± 14.2 23.2 ± 2.9 22.2 ± 1.8 7

Kim et al[5], 2016 South Korea 27 29 60.8 ± 9.1 59.3 ± 13.1 24.0 ± 2.9 23.3 ± 3.2 7

Chen et al[6] China 108 145 59.4 ± 11.1 57.3 ± 12.5 23.5 ± 3.5 23.1 ± 4.2 8

Gong et al[7], 2017 South Korea 421 266 57.78 ± 11.2 55.69 ± 11.96 / / 7

Huang et al[8], 2017 China 51 456 55.5 ± 12.1 61.6 ± 11.2 22.5 ± 13.1 22.3 ± 13.5 7

Lu et al[9], 2016 China 25 25 59+8.9 58.4 ± 7.7 22.5 ± 2.5 22.9 ± 3.7 8

Cui et al[10] China 16 47 61.3 ± 13. 67.6+13 22.8 ± 1.2 23.2+1.3 8

Hong et al[11], 2017 China 183 190 58 ± 11 60 ± 10 23 ± 3 22 ± 3 8

Hua et al[12], 2017 China 47 47 48.51 ± 2.47 48.67 ± 2.51 / 7

Xiao et al[13], 2015 China 30 32 / / / 6

Ito et al[14], 2014 Japan 117 46 / / 6

TLTG: Totally laparoscopic total gastrectomy; LATG: Laparoscopic-assisted total gastrectomy; NOS: Newcastle-Ottawa Scale.

Figure 1 Flow chart of literature retrieval and screening.

postoperative information of the 11 studies included in this paper.

Intraoperative data comparison
Four of the eleven studies in this paper[10-13] examined the length of surgical incisions. The incisions in the TLTG group 
were significantly shorter than those in the LATG group (WMD = -4.21, 95%CI: -5.51 to -2.91, P < 0.001; Figure 2A). The 
total operation time was compared in nine studies[4-6,8-12,14]. There was no statistically significant difference in the total 
operation time between the two groups (WMD = 7.62, 95%CI: -4.35–19.59, P = 0.21; Figure 2B). Three studies[5,6,13] 
compared surgical anastomosis time, and the results indicated that there was no statistically significant difference in the 
anastomosis time between the TLTG group and the LATG group (WMD = 6.40, 95%CI: -2.28-15.08, P = 0.15; Figure 2C). 
Nine studies[5,6,8-14] compared the amount of blood loss during surgery. Much less blood was lost in the TLTG group 
than in the LATG group (WMD = -26.29, 95%CI: -43.70 to -8.88, P = 0.003; Figure 2D).
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Table 2 Intraoperative and postoperative clinical data and analysis results included in the literature

Sample size 
(examples)

Observation indicators References
TLTG 
group

LATG 
group

Heterogeneity Effect 
model

Comprehensive effect 
value 95%CI P 

value

Operative time 9 664 1008 < 0.001, 83% R WMD = 7.62 -4.35-19.59 0.21

Match time 3 165 206 < 0.001, 86% R WMD = 6.40 -2.28-15.08 0.15

Tumor size 7 905 1134 0.02, 61% R WMD = -0.29 -0.65-0.17 0.12

Proximal edge distance 5 597 512 < 0.001, 84% R WMD = -0.22 -0.86-0.41 0.49

Intraoperative bleeding volume 9 604 1017 < 0.001, 84% R WMD = -26.29 -43.70 to 
-8.88

0.003

Number of lymph node 
removals

9 973 1235 0.02, 57% R WMD = 1.78 0.06-3.50 0.04

Postoperative pain score

On the first day after surgery 
(8:00 am)

2 511 289 0.91, 0% R WMD = 0.03 -0.20-0.27 0.78

On the 3rd day after surgery 
(8:00 am)

2 511 289 0.46, 0% R WMD = 0.08 -0.13-0.28 0.45

Postoperative peak pain 2 511 289 0.09, 66% R WMD = 0.17 -0.71-1.05 0.70

Postoperative anal exhaust time 8 547 962 < 0.001, 89% R WMD = -0.22 -0.56-0.13 0.22

Postoperative feeding time 8 547 962 < 0.001, 86% R WMD = -0.56 -1.07 to 
-0.06

0.03

Postoperative hospitalization 
time

9 577 994 < 0.001, 93% R WMD = -1.53 -2.83 to 
-0.23

0.02

The incidence of anastomotic 
complications

11 1115 1306 0.74, 0% R OR = 0.71 0.47-1.06 0.09

Anastomotic fistula 11 1115 1306 0.53, 0% R OR = 0.70 0.42-1.18 0.18

Anastomotic stenosis 11 1115 1306 0.85, 0% R OR = 0.84 0.41-1.71 0.63

Anastomotic bleeding 8 439 817 0.93, 0% R OR = 0.86 0.34-2.15 0.74

Overall incidence of complic-
ations

9 947 804 0.81, 0% R OR = 0.93 0.71-1.21 0.58

TLTG: Totally laparoscopic total gastrectomy; LATG: Laparoscopic-assisted total gastrectomy; WMD: Weighted mean difference.

In nine studies[4-8,10-13], the number of lymph nodes removed during surgery was compared. More lymph nodes 
were removed in the TLTG group than in the LATG group (WMD = 1.78, 95%CI: 0.06-3.50; P = 0.04; Figure 2E). Seven 
studies[4-9,11] examined the sizes of tumors that had been removed. The results showed that there was no statistically 
significant difference in the sizes of the tumors between the two groups (WMD = -0.29, 95%CI: -0.65-0.07, P = 0.12; 
Figure 2F). Five studies[5-7,9,10] compared the length of the proximal incisal margin, and the results indicated that there 
was no statistically significant difference in the length of the proximal incisal margin between the TLTG group and the 
LATG group (WMD = -0.22, 95%CI: -0.86-0.41, P = 0.49; Figure 2G).

Postoperative data comparison
Two studies[4,7] compared postoperative pain scores, and the results indicated that there was no statistically significant 
difference in postoperative pain peak values or pain scores at the 1st and 3rd days after surgery between the TLTG group 
and the LATG group (P = 0.70, P = 0.78, and P = 0.45, respectively). In 8 studies[4-6,8-12], the postoperative anal exhaust 
time was compared. There was no significant difference between the two groups (WMD = -0.22, 95%CI: -0.56-0.13, P = 
0.22; Figure 2H). Eight studies[4-6,8-12] compared the first feeding after surgery. The first feeding in the TLTG group 
occurred significantly earlier than that in the LATG group (WMD = -0.56, 95%CI: -1.07 to -0.06, P = 0.03; Figure 2I).

A total of nine studies[4-6,8-13] compared the length of hospital stay after surgery. The TLTG group had a significantly 
shorter length of hospital stay than did the LATG group (WMD = -1.53, 95%CI: -2.83 to -0.23, P = 0.02; Figure 2J). The 11 
studies included in this study all compared the incidence of postoperative anastomosis-related complications, and the 
results indicated that there was no significant difference between the two groups (OR = 0.71, 95%CI: 0.47-1.06, P = 0.09; 
Figure 3 and Table 2). The incidence of anastomotic fistula in the TLTG and LATG groups was 2.51% and 3.98%, 
respectively (OR = 0.70, 95%CI: 0.42-1.18, P = 0.18); the incidence of anastomotic stenosis was 1.43% and 1.45%, 
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Figure 2 Meta-analysis of efficacy and safety of totally laparoscopic total gastrectomy and laparoscopic-assisted total gastrectomy in the 
treatment of gastric cancer. A: Surgical incision length; B: Operative time; C: Surgical anastomosis time; D: Intraoperative blood loss; E: The number of lymph 
nodes removed; F: Tumor size; G: Proximal incisal margin length; H: Postoperative anal exhaust time; I: Postoperative eating time; J: Postoperative hospital stay 
meta-analysis. TLTG: Totally laparoscopic total gastrectomy; LATG: Laparoscopic-assisted total gastrectomy.
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Figure 3 Literature quality evaluation chart.

respectively (OR = 0.84, 95%CI: 0.41-1.71, P = 0.63); and the incidence of anastomotic hemorrhage was 1.59% and 1.22%, 
respectively (OR = 0.86, 95%CI: 0.34-2.15, P = 0.74; Figure 4). Nine studies[4-7,9-13] examined the overall rate of complic-
ations after surgery. The results showed that there was no statistically significant difference between the two groups in 
this rate (OR = 0.93, 95%CI: 0.71-1.21; P = 0.58). In all the studies included in this study, no surgery-related deaths 
occurred in either group, and no second surgery was reported.

Sensitivity analysis
The incidence of postoperative anastomosis-related complications is an important index for evaluating surgical efficacy, 
and it is also the focus of this study. Since low-quality research data may affect the overall research results[15], when the 
two studies of lower quality[13,14] were removed, the incidence data of postoperative anastomosis-related complications 
from nine high-quality studies[4-12] were pooled and analyzed. The number of complications related to the anastomosis 
after surgery did not differ significantly between the TLTG and LATG groups (OR = 0.72, 95%CI: 0.47-1.09, P = 0.12), 
which suggests that the addition of two lower-quality studies did not change the initial results.

This study focused on the safety and feasibility of in vivo esophagojejunostomy. Different anastomosis methods or 
anastomosis instruments may have affected the final results of the study. Among the 11 studies included in this paper[4-
14], 9 items[4,5,7-13] were reconstructed by Roux-en-Y anastomosis. Among them, 8 items[4,5,7-10,12,13] were all 
esophagojejunostomies using linear staplers. Huang et al[8] reported a new anastomosis method (the isometric retrocut 
and overlap method of the jejunum). Ito et al[14] used circular staplers for anastomosis, and the other two[6,11] used 
various anastomosis methods. Therefore, the last four studies[6,8,11,14] were removed from further sensitivity analysis. 
When the four studies were removed, there was no significant change in the results of any of the studies (Figure 3).

Publication bias
In this paper, funnel plots were drawn for the incidence of postoperative anastomosis-related complications in the TLTG 
group and the LATG group. The results of the plots showed basic symmetry, suggesting no clear publication bias 
(Figure 4). Egger linear regression analysis further confirmed that there was no significant publication bias in the 
included literature (P > 0.05).

DISCUSSION
Laparoscopic-assisted radical gastrectomy has become the most commonly used surgical method for treating GC[15]. 
With the improvement of endoscopy technology, the surgical path for treating GC has gradually moved toward full 
laparoscopy. However, due to the late development of total laparoscopic radical gastrectomy, high technical 
requirements, and difficulty, most medical units do not regard it as the preferred method for GC surgery[16]. Digestive 
tract reconstruction is the focus and difficulty of laparoscopic radical gastrectomy for treating GC. In total laparoscopic 
radical gastrectomy for GC, esophagojejunal anastomosis is very difficult due to its "anatomical particularity" (high 
anastomosis site, narrow operating space, etc.), and it is also the key to successful surgery. Therefore, the safety and 
feasibility of TLTG and esophagojejunostomy are of great concern.

There are many ways to reconstruct the digestive tract after laparoscopic total gastrectomy[17]. Roux-en-Y 
anastomosis, which is currently the main surgical method for reconstruction, can effectively reduce reflux esophagitis and 
maintain good nutritional status[18]. In previous studies, two methods of in vivo esophagojejunostomy were introduced, 
including manual suturing and mechanical suturing (linear stapling and circular stapling)[19]. Using linear staplers for 
reconstruction inside the body during endoscopy can make tension-free anastomosis possible, preventing damage to 
nearby structures[20]. Unlike circular staplers, linear staplers can be inserted into the abdominal cavity through a cannula 
hole (Tocar) to complete digestive tract reconstruction without the need for an auxiliary incision. Gong et al[7] suggested 
that TLTG with a linear stapler was more suitable for endoscopic surgery than LATG with a circular stapler and 
recommended it for the treatment of upper GC. Nine of the eleven studies in this paper[4,5,7-13] used Roux-en-Y 
anastomosis to reconstruct the digestive tract. Huang et al[8] reported a new anastomosis method called the isometric 
retroincision and overlapping jejunum method. Eight studies[4,5,7-10,12,13] used linear staplers to connect the esophagus 
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Figure 4 Funnel plot of literature publication bias. A: Funnel plot of publication bias in surgical incision length; B: Funnel plot of publication bias in operative 
time; C: Funnel plot of publication bias in surgical anastomosis time; D: Funnel plot of publication bias in intraoperative blood loss; E: Funnel plot of publication bias in 
the number of lymph nodes removed; F: Funnel plot of publication bias in tumor size.

and jejunum. Ito et al[14] used circular staplers, and two studies[6,11] used more than one method of anastomosis. The 
results of this meta-analysis showed that the incidence of postoperative anastomosis-related complications (including 
anastomotic fistula, anastomotic stenosis, and anastomotic hemorrhage) was lower in the TLTG group than in the LATG 
group (4.39% and 6.20%, respectively), and there was no statistically significant difference between the two groups (P = 
0.09). Some studies[6,8,11,14] that used different anastomosis methods or devices were removed from the sensitivity 
analysis in this paper. The results of these studies did not change significantly. Therefore, in vivo digestive tract 
reconstruction is safe and feasible. To confirm the effectiveness of different anastomotic methods, further long-term and 
large-scale randomized controlled trials are needed.

Studies[21-25] have shown that total laparoscopic radical gastrectomy and esophagojejunostomy for GC can increase 
the duration of surgery and even cause much more blood to be lost during surgery. The results of this meta-analysis 
showed that there were no statistically significant differences in the total operation time or anastomotic time between the 
TLTG group and the LATG group, and the intraoperative blood loss in the TLTG group was significantly less than that in 
the LATG group[26-28]. The reasons for the low blood loss in the TLTG group were as follows: (1) there was no auxiliary 
abdominal incision in the TLTG, and the intraperitoneal wound was small; (2) TLTG can reduce excessive tissue traction 
and reduce the risk of bleeding; and (3) laparoscopic surgical techniques may affect intraoperative blood loss, and 
operators differ between the TLTG and LATG groups. According to relevant studies, TLTG will take much less time after 
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the surgeon learns and practices total laparoscopic distal gastrectomy (residual stomach and duodenal anastomosis). 
Therefore, this may be related to the operator's proficiency in endoscopic surgery.

The main difference between complete laparoscopic and laparoscopic-assisted radical gastrectomy for GC lies in the 
different paths of digestive tract reconstruction[29]. The former is completed under laparoscopy (in vivo), while the latter 
requires an auxiliary incision in vitro. However, for obese patients, total gastrectomy and esophagojejunal anastomosis in 
vitro with the aid of an abdominal incision are very difficult to perform, and the surgical incision must be prolonged, 
which ultimately extends the operation time and even increases the surgical risk and postoperative pain of patients[30-
33]. The results of this meta-analysis showed that the average BMI of the TLTG group was significantly greater than that 
of the LATG group, and the length of surgical incision was significantly shorter than that of the LATG group; however, 
there were no statistically significant differences in the total operation time, anastomotic time, or postoperative pain score 
between the two groups. In conclusion, complete LGT and esophagojejunostomy in obese patients are still safe, feasible, 
and even more advantageous.

Most of the studies[34-38] included in this paper only compared the short-term efficacy of TLTG and LATG, and the 
results showed that the postoperative feeding time and postoperative hospital stay in the TLTG group were significantly 
shorter than those in the LATG group, while there were no significant differences in the postoperative anal venting time, 
postoperative anastomosis-related complications, or overall complications between the two groups[39-41]. Therefore, 
compared with patients in the LATG group, patients in the TLTG group achieved faster postoperative recovery.

This study has several limitations. First, we focused on the safety and feasibility of in vivo esophagojejunostomy, but 
laparoscopic surgical skills may affect surgical outcomes, and surgical operators differ between the TLTG and LATG 
groups. Second, most of the studies that were examined did not report or evaluate the long-term effectiveness of total 
laparoscopic radical gastrectomy for GC. This means that the differences in long-term effectiveness between TLTG and 
LATG need to be studied further. In addition, all the included studies were retrospective studies and did not include 
blinded or randomized controlled trials, and the sample size may not be sufficient; therefore, a large-scale randomized 
care trial study of the two groups is needed in the future.

CONCLUSION
TLTG under full laparoscopy is technically safe and feasible, and it is equally suitable or even more beneficial for obese 
patients. Compared with LATG, TLTG has the advantages of less trauma, less bleeding, easier access to lymph nodes, 
faster postoperative recovery, etc. Total laparoscopic radical gastrectomy is likely to be a future direction for the treatment 
of GC.
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Abstract
BACKGROUND 
Gastric cancer is a common malignant tumor of the digestive system worldwide, 
and its early diagnosis is crucial to improve the survival rate of patients. 
Indocyanine green fluorescence imaging (ICG-FI), as a new imaging technology, 
has shown potential application prospects in oncology surgery. The meta-analysis 
to study the application value of ICG-FI in the diagnosis of gastric cancer sentinel 
lymph node biopsy is helpful to comprehensively evaluate the clinical effect of 
this technology and provide more reliable guidance for clinical practice.

AIM 
To assess the diagnostic efficacy of optical imaging in conjunction with indocya-
nine green (ICG)-guided sentinel lymph node (SLN) biopsy for gastric cancer.

METHODS 
Electronic databases such as PubMed, Embase, Medline, Web of Science, and the 
Cochrane Library were searched for prospective diagnostic tests of optical 
imaging combined with ICG-guided SLN biopsy. Stata 12.0 software was used for 
analysis by combining the "bivariable mixed effect model" with the "midas" 
command. The true positive value, false positive value, false negative value, true 
negative value, and other information from the included literature were extracted. 
A literature quality assessment map was drawn to describe the overall quality of 
the included literature. A forest plot was used for heterogeneity analysis, and P < 
0.01 was considered to indicate statistical significance. A funnel plot was used to 
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https://dx.doi.org/10.4240/wjgs.v16.i6.1883
mailto:njyy040@njucm.edu.cn


Zhang QJ et al. ICG-FI in SLN biopsy diagnosis

WJGS https://www.wjgnet.com 1884 June 27, 2024 Volume 16 Issue 6

assess publication bias, and P < 0.1 was considered to indicate statistical significance. The summary receiver 
operating characteristic (SROC) curve was used to calculate the area under the curve (AUC) to determine the 
diagnostic accuracy. If there was interstudy heterogeneity (I2 > 50%), meta-regression analysis and subgroup 
analysis were performed.

RESULTS 
Optical imaging involves two methods: Near-infrared (NIR) imaging and fluorescence imaging. A combination of 
optical imaging and ICG-guided SLN biopsy was useful for diagnosis. The positive likelihood ratio was 30.39 
(95%CI: 0.92-1.00), the sensitivity was 0.95 (95%CI: 0.82-0.99), and the specificity was 1.00 (95%CI: 0.92-1.00). The 
negative likelihood ratio was 0.05 (95%CI: 0.01-0.20), the diagnostic odds ratio was 225.54 (95%CI: 88.81-572.77), 
and the SROC AUC was 1.00 (95%CI: The crucial values were sensitivity = 0.95 (95%CI: 0.82-0.99) and specificity = 
1.00 (95%CI: 0.92-1.00). The Deeks method revealed that the "diagnostic odds ratio" funnel plot of SLN biopsy for 
gastric cancer was significantly asymmetrical (P = 0.01), suggesting significant publication bias. Further meta-
subgroup analysis revealed that, compared with fluorescence imaging, NIR imaging had greater sensitivity (0.98 vs 
0.73). Compared with optical imaging immediately after ICG injection, optical imaging after 20 minutes obtained 
greater sensitivity (0.98 vs 0.70). Compared with that of patients with an average SLN detection number < 4, the 
sensitivity of patients with a SLN detection number ≥ 4 was greater (0.96 vs 0.68). Compared with hematoxylin-
eosin (HE) staining, immunohistochemical (+ HE) staining showed greater sensitivity (0.99 vs 0.84). Compared 
with subserous injection of ICG, submucosal injection achieved greater sensitivity (0.98 vs 0.40). Compared with 5 
g/L ICG, 0.5 and 0.05 g/L ICG had greater sensitivity (0.98 vs 0.83), and cT1 stage had greater sensitivity (0.96 vs 
0.72) than cT2 to cT3 clinical stage. Compared with that of patients ≤ 26, the sensitivity of patients > 26 was greater 
(0.96 vs 0.65). Compared with the literature published before 2010, the sensitivity of the literature published after 
2010 was greater (0.97 vs 0.81), and the differences were statistically significant (all P < 0.05).

CONCLUSION 
For the diagnosis of stomach cancer, optical imaging in conjunction with ICG-guided SLN biopsy is a therapeut-
ically viable approach, especially for early gastric cancer. The concentration of ICG used in the SLN biopsy of 
gastric cancer may be too high. Moreover, NIR imaging is better than fluorescence imaging and may obtain higher 
sensitivity.

Key Words: Gastric neoplasms; Sentinel lymph nodes; Near infrared imaging; Fluorescence imaging; Indocyanine green; Meta-
analysis

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: To explore Indocyanine green fluorescence imaging (ICG-FI) in guiding the diagnosis of gastric cancer sentinel 
lymph node biopsy through meta-analysis. We will collect and analyze relevant literature to systematically evaluate the 
clinical manifestations of ICG-FI in gastric cancer patients and compare its diagnostic effectiveness with that of traditional 
methods. This study will provide clinicians with a more accurate intraoperative evaluation method for gastric cancer, which 
will help guide surgical decision making and improve patient prognosis.

Citation: Zhang QJ, Cao ZC, Zhu Q, Sun Y, Li RD, Tong JL, Zheng Q. Application value of indocyanine green fluorescence imaging 
in guiding sentinel lymph node biopsy diagnosis of gastric cancer: Meta-analysis. World J Gastrointest Surg 2024; 16(6): 1883-1893
URL: https://www.wjgnet.com/1948-9366/full/v16/i6/1883.htm
DOI: https://dx.doi.org/10.4240/wjgs.v16.i6.1883

INTRODUCTION
At present, the main treatment for gastric cancer is surgical resection. If lymph node metastasis can be evaluated 
accurately and in real time during surgery and then lymph node dissection can be performed, operative complications 
can be reduced, and postoperative quality of life can be improved[1]. According to the different reagents used, the 
traditional methods for sentinel lymph node (SLN) biopsy can be divided into the biological dye method, the isotope 
method, and the double reagent method. Although these methods have made some progress in research, they also 
present their own disadvantages: The deposition of biological dyes at lymph node sites is poor, and the isotopes are 
characterized by background scattering around the injection site[2].

Gastric cancer is one of the most common malignant tumors in the world, and SLN biopsy, as a means of early 
diagnosis, is of great value for accurate treatment[3]. Indocyanine green fluorescence imaging (ICG-FI), a new imaging 
guidance technology, has been widely used in cancer surgery in recent years. Its unique biocompatibility and high 
selectivity make it an ideal tool to guide SLN biopsy. The purpose of this study was to systematically evaluate the 
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diagnostic efficacy of ICG-FI in guiding SLN biopsy for gastric cancer through meta-analysis and to provide a scientific 
basis for its application in clinical practice[4]. The comprehensive evaluation of the application of ICG-FI in SLN biopsy of 
gastric cancer not only provides clinicians with more accurate and reliable intraoperative navigation, improves surgical 
accuracy, and reduces surgical risk but is also expected to promote further innovation in SLN biopsy technology and 
provide new ideas for the early diagnosis and treatment of gastric cancer[5]. This study has far-reaching clinical 
significance for promoting the wide application of ICG-FI technology in the field of gastric cancer and improving the 
level of surgical treatment.

Since the beginning of the 21st century, many scholars have reported the application of ICG to guide SLN biopsy for 
gastric cancer patients. These studies have shown good application prospects, but the results reported by each study are 
inconsistent: The sensitivity and specificity fluctuate between 0.40 and 1.00 and between 0.60 and 1.00, respectively. In 
view of the large numerical fluctuation range of effect indicators, we conducted a meta-analysis on the diagnostic value of 
SLN biopsy guided by optical imaging combined with ICG to provide guidance for the treatment of gastric cancer.

MATERIALS AND METHODS
Retrieval method
The search strategy followed the Cochrane Handbook of Systematic Reviews.

The search terms "gastric/stomach" and "sentinel lymph node" and the subject terms "near-infrared/NIR or fluorescent 
imaging" and "indocyanine green/ICG" (as well as all free words, synonyms, and MeSH words) were used. Electronic 
databases such as PubMed, Embase, Medline, Web of Science, and the Cochrane Library were searched for relevant 
literature in any language, the search period was from the establishment of the database to the present, and the search 
was expanded according to the corresponding references. If the original data in the literature were incomplete or missing, 
the original author was contacted by email to request the original or missing data.

Literature inclusion and exclusion criteria
The inclusion criteria for patients were as follows: (1) Had surgically resectable gastric cancer [clinical T stage of the 
tumor (cT) 0-3]; (2) had a clinical stage of the tumor determined by at least two imaging examinations; (3) had a 
diagnostic accuracy test of SLN biopsy guided by ICG combined with optical imaging (near infrared imaging and 
fluorescence imaging); (4) had prospective studies to predict lymph node metastasis in gastric cancer; (5) had intraop-
erative or postoperative pathological biopsies performed on all lymph nodes removed during surgery; and (6) had > 10 
patients statistically analyzed in the literature.

The exclusion criteria for patients were as follows: (1) Had a history of drug allergy or chemoradiotherapy; (2) had 
previously undergone endoscopic mucosal resection or endoscopic submucosal dissection; (3) had multiple digestive 
tract neoplasms; (4) had case reports, conference abstracts, clinical guidelines, editorials, reviews, meta-analyses or letters; 
(5) had previously undergone in vitro and animal experiments; and (6) had insufficient diagnostic efficiency data.

Literature screening and data extraction
The literature screening was carried out independently by two literature evaluators, and the final inclusion of the 
literature was decided after discussion by the two scholars. When there was disagreement, a third senior researcher 
participated in the discussion to make a decision. After the qualified literature was selected, the author, publication year, 
country, number of patients, age, sex, clinical T stage of the tumor, tumor diameter, ICG concentration, injection site, 
surgical method, lymph node dissection method, optical imaging equipment type, and pathological staining method were 
extracted [immunohistochemical (IHC)], hematoxylin-eosin (HE) staining, SLN detection method, sensitivity, specificity, 
and other information.

Literature quality evaluation
The quality of diagnostic tests was evaluated via the QUADAS-2. The evaluation indicators included the following: (1) 
Case selection: Whether cases were consecutively included and whether case-control design was avoided; (2) test to be 
evaluated: Whether to interpret the test results to be evaluated without knowing the gold standard test results (blind 
method); (3) gold standard test: Whether the gold standard test results are interpreted without knowing the test results to 
be evaluated (blind method) and whether the gold standard test can correctly diagnose the target disease; and (4) trial 
process and progress: Whether the interval between the trial to be evaluated and the gold standard test is appropriate, 
whether all subjects receive the same gold standard test, and whether all subjects are included in the statistical analysis.

Statistical methods analysis
Stata 12.0 software was used for the analysis with the "bivariable mixed effect model" combined with the "midas" 
command. The true positive value, false positive value, false negative value, true negative value, and other information 
from the included literature were extracted. A literature quality assessment map was drawn to describe the overall 
quality of the included literature. The heterogeneity of the forest map was analyzed, and P < 0.01 was considered to 
indicate statistical significance. A funnel plot was used to assess publication bias, and P < 0.1 was considered to indicate 
statistical significance. The area under the curve (AUC) calculated by the integrated receiver operating curve method 
(SROC) describes the diagnostic accuracy. The closer the AUC is to 1, the greater the diagnostic accuracy is; that is, the 
greater the diagnostic value of SLN biopsy guided by optical imaging combined with ICG is. If there was interstudy 
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heterogeneity (I2 > 50%), meta-regression analysis and subgroup analysis were performed, and P < 0.05 was considered to 
indicate statistical significance. The effect measures used in this meta-analysis included sensitivity, specificity, positive 
likelihood ratio, negative likelihood ratio, diagnostic odds ratio, combined AUC value (SROC), and 95%CI.

RESULTS
Included literature and literature quality evaluation
Fifteen studies[6-20] were included in this study, and a total of 1020 patients were included. The literature screening 
process is shown in Figure 1. Optical imaging equipment includes two methods: Near-infrared (NIR) imaging and 
fluorescence imaging. The tumor stage included cT1-3. The pathological staining used was IHC + HE or HE alone. The 
basic characteristics of the included studies are shown in Table 1. A literature quality evaluation revealed that among the 
15 included studies, only 3 explicitly stated "continuously included cases"[16,19,20]. Only 2 articles explicitly stated that 
"interpretation results were interpreted blindly"[6,18], which reduced the overall quality of the included literature and 
presented a high risk of bias. The literature quality assessment is shown in Figure 2.

Main index results and heterogeneity test
The combined sensitivity of all studies was 0.95 (95%CI: 0.82-0.99), the specificity was 1.00 (95%CI: 0.92-1.00), the positive 
likelihood ratio was 30.39 (95%CI: 9.14-101.06), and the negative likelihood ratio was 0.05 (95%CI: 0.92-0.99), with a 
diagnostic odds ratio of 225.54 (95%CI: 88.81-572.77). A heterogeneity test of sensitivity and specificity (Q test) was 
performed, and the heterogeneity among the included studies was statistically significant (P < 0.001). The sensitivity (I2) 
was 89.41%, and the specificity (I2) was 97.82%, indicating significant heterogeneity (Figure 3).

Diagnostic accuracy and publication bias
The plotted SROC curve did not show an "arm and arm" distribution, indicating that there was no significant threshold 
effect (actual threshold difference among the included studies). The AUC was 1.00 (95%CI: 0.99-1.00), and the critical 
values were a sensitivity of 0.95 (95%CI: 0.82-0.99) and a specificity of 1.00 (95%CI: 0.92-1.00). The "diagnostic odds ratio" 
of SLN biopsy for gastric cancer patients was analyzed with a funnel plot, the asymmetry test of the funnel plot was 
performed via the Deeks method, and the asymmetry of the funnel plot was found to be significant (P = 0.01), indicating 
significant publication bias (Figure 4).

Meta-regression and subgroup analysis
Surgical techniques for SLN biopsy of gastric cancer: Compared with fluorescence imaging, NIR imaging can achieve 
greater sensitivity (0.98 vs 0.73). Compared with optical imaging immediately after ICG injection, optical imaging after 20 
minutes obtained greater sensitivity (0.98 vs 0.70). Compared with that of patients with an average SLN detection number 
< 4, the sensitivity of patients with a SLN detection number ≥ 4 was greater (0.96 vs 0.68). Compared with HE staining, 
IHC + HE staining had greater sensitivity (0.99 vs 0.84). Compared with subserous injection of ICG, submucosal injection 
achieved greater sensitivity (0.98 vs 0.40). Compared with 5 g/L ICG, 0.5 and 0.05 g/L ICG had significantly greater 
sensitivities (0.98 vs 0.83) (P < 0.05). However, there was no significant difference in sensitivity between laparotomy and 
laparoscopy, lymph node regional dissection, or dissection (all P > 0.05).

Patient characteristics: Compared with CT2-3 patients, cT1 patients achieved greater sensitivity (0.96 vs 0.72, P = 0.02), 
while there was no significant difference in sensitivity between patients with a tumor diameter ≤ 30 mm and patients 
with a tumor diameter > 30 mm (P > 0.05). Number of patients and reference year: Compared with the sample size of ≤ 26 
patients, the sensitivity of > 26 patients was greater (0.96 vs 0.65). Compared with that in the literature published before 
2010, the sensitivity in the literature published after 2010 was greater (0.97 vs 0.81), and the differences were statistically 
significant (all P < 0.05; Table 2).

DISCUSSION
Since the beginning of the 21st century, personalized minimally invasive surgery to preserve the function of the stomach 
has not only been proposed as a new surgical strategy for gastric cancer but also as an urgent requirement for accurate 
preoperative staging of gastric cancer[21]. Following the traditional SLN biopsy technique for gastric cancer, optical 
imaging combined with ICG-guided SLN biopsy of gastric cancer has gradually been included in clinical studies, so it is 
necessary to objectively evaluate its diagnostic accuracy[22-24]. In this meta-analysis, 1020 patients were included, and a 
systematic review revealed that the clinical feasibility of this diagnostic technique was good. However, there were 
differences in several operational technical criteria in the included literature, and the heterogeneity of sensitivity and 
specificity was significant among the included studies. Therefore, meta-regression and subgroup analysis were used to 
further explore the factors that may affect diagnostic accuracy.

Optical imaging technology uses near-infrared fluorescence at 700-900 nm, which has the advantages of real-time, low 
intrinsic fluorescence, and high tissue penetration[25-27]. According to Cabrera et al[28], fluorescence imaging may be 
superior to infrared imaging because the tissue structure image it produces is clearer[28]. It was also mentioned in the 
included literature that even if individual lymph nodes were not stained, fluorescence technology could be used for 
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Table 1 Basic characteristics of 15 included literature

Ref. Year Country Cases
Average 
age 
(years)

Sex 
(male/female)

CT 
staging

Average 
tumor 
diameter 
(mm)

ICC 
concentration 
(g/L)

Average 
number of 
SLN 
detections

Sensitivity 
(%)

Specific 
(%)

Nimura et 
al[6]

2004 Japan 84 _ _ T1-2 _ 5 10.5 100 59.7

Ishikawa 
et al[7]

2007 Japan 16 57.0 8/8 T1-2 21.0 5 2.9 50.0 100

Ohdaira et 
al[8]

2007 Japan 52 59.7 37/15 T1 _ 5 _ 100 100

Kusano et 
al[9]

2008 Japan 22 67.7 9/13 T1-3 _ 5 3.6 40.0 100

Koyama et 
al[10]

2009 Japan 14 56.9 9/5 T1 26.0 5 7.1 100 100

Ohdaira et 
al[11]

2009 Japan 30 62.9 23/7 T1-2 42.6 5 4.8 100 100

Tajima et 
al[12]

2009 Japan 56 68.4 30/26 T1-3 5 7.2 64.7 100

Kelder et 
al[13]

2010 Japan 212 60.0 159/53 T1 30.0 5 6.0 97.0 100

Tajima et 
al[14]

2010 Japan 38 64.3 25/13 T1-2 33.8 5 7.9 75.0 100

Yano et al
[15]

2012 Japan 130 _ _ T1-2 _ 0.5 _ 100 86.8

Kinami et 
al[16]

2016 Japan 72 69.3 44/28 T1-3 27.6 0.05 6.0 90.9 100

Takahashi 
et al[17]

2016 Japan 36 _ _ T1-2 5 9.2 100 100

Takahashi 
et al[18]

2017 Japan 44 60.9 3519 T1 24.8 5 7.9 100 100

Kim et al
[19]

2019 South 
Korea

28 56.8 16/12 T1 16.0 _ _ 100 92.3

Okubo et 
al[20]

2018 Japan 17 _ _ T1-2 19.6 _ 4.5 100 100

ICC: Intraclass correlation coefficient; SLN: Sentinel lymph node; ICG: Indocyanine green; CT: Clinical T stage of the tumor.

effective imaging. However, meta-subgroup analysis revealed that NIR imaging has greater sensitivity than fluorescence 
imaging (0.98 vs 0.73). The reason may be the background scattering of fluorescence imaging, leading to a high false 
negative rate[29]. Therefore, we recommend that NIR imaging be used more in clinical studies[30-32]. However, it is 
worth noting that with the development of optical imaging technology, fluorescence molecular imaging and intraop-
erative multimodal imaging technology may be more commonly applied in the clinic in the future. In the included 
literature, to obtain a good deposition effect, surgeons mostly adopt optical imaging 20 minutes after ICG injection with 
high sensitivity. Subgroup analysis also revealed that imaging 20 minutes after injection yielded greater sensitivity than 
imaging immediately after injection[33]. However, if the interval is longer than 20 min, the diagnostic accuracy will be 
reduced. Therefore, to obtain good diagnostic results, NIR imaging should be performed 20 minutes after ICG injection 
during surgery[34].

If more SLN is obtained during SLN biopsy, the false negative rate of SLN biopsy for gastric cancer may be reduced. 
Meta-subgroup analysis suggested that a higher sensitivity could be obtained with an SLN detection number ≥ 4. This 
result indirectly reflects the complexity of the lymphatic system in gastric cancer; that is, multiple lymphatic drainage 
events can lead to multiple SLNS[35]. HE and IHC are currently the most widely used histopathological staining 
reagents. However, HE frequently misses lymph node micrometastasis[36]. Subgroup analysis revealed that IHC (+ HE) 
had greater sensitivity than HE staining. With increasing attention given to the concept of micrometastasis of isolated 
tumor cells, the advantages of continuous section technology and molecular diagnostic technology, which may become 
more reliable methods for intraoperative detection of lymph node metastasis and micrometastasis, are gradually 
becoming more prominent[37]. Yin et al's study[38] showed that there was no significant difference between submucosal 
ICG injection and subserosal injection. However, the meta-subgroup analysis in this paper suggested that submucosal 
injection achieves greater sensitivity[39]. Therefore, this study suggested that submucosal injection may be more advant-
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Table 2 Meta-subgroup analysis of the sensitivity-based bivariable mixed effects model

Influencing factor Number Sensitivity (95%CI) P value

Optical imaging < 0.001

    Near infrared imaging 10 0.98 (0.96-1.00)

    Fluorescence imaging 7 0.73 (0.56-0.91)

Image time < 0.001

    20 minutes after injection 10 0.98 (0.96-1.00)

    Immediately after injection 5 0.70 (0.54-0.86)

Average number of SLNS detected 0.010

    ≥ 4 12 0.96 (0.90-1.00)

    < 4 3 0.68 (0.20-1.00)

Pathological staining < 0.001

    IHC + HE 7 0.99 (0.98-1.00)

    HE 10 0.84 (0.70-0.98)

Injection site < 0.001

    Submucosal injection 14 0.98 (0.95-1.00)

    Subserous injection 2 0.40 (0.18-0.62)

ICG concentration (g/L) 0.010

    5 12 0.83 (0.80-0.89)

    0.5 3 0.98 (0.93-1.00)

Operation for gastric cancer 0.460

    Laparotomy 8 0.95 (0.86-1.00)

    Laparoscopic surgery 9 0.96 (0.88-1.00)

Cleaning method 0.200

    Lymph node regional dissection 14 0.96 (0.89-1.00)

    Lymph node dissection 3 0.96 (0.87-1.00)

Clinical stage of tumor 0.200

    cT1 13 0.96 (0.92-1.00)

    cT2-3 4 0.72 (0.41-1.00)

Tumor diameter (mm) 0.160

    ≤ 30 8 0.96 (0.91-1.00)

    > 30 3 0.81 (0.64-0.98)

SLN: Sentinel lymph node; ICG: Indocyanine green; IHC: Immunohistochemical; HE: Hematoxylin-eosin staining; cT: Clinical T stage of the tumor.

ageous and may be more suitable for early gastric cancer. The recommended concentration for SLN biopsy in breast 
cancer patients is 0.625 g/L[40]. For gastric cancer, the ICG concentrations used in the included studies were 5 g/L, 0.5 g/
L, and 0.05 g/L. Meta-subgroup analysis indicated that higher sensitivity could be obtained at 0.5 or 0.05 g/L ICG than at 
5 g/L. These results suggest that high ICG concentrations may reduce optical image recognition. Moreover, excessive 
concentrations of ICG may have been used in recent SLN biopsy studies of gastric cancer.

In this meta-analysis, there was no statistically significant difference between open and laparoscopic SLN biopsy for 
gastric cancer (P = 0.460). This may be due to the many differences between the application, operation techniques. In this 
meta-analysis, there was no significant difference between lymph node dissection and lymph node extraction (P = 0.200). 
Therefore, it is not yet possible to determine the optimal gastric cancer surgery and lymph node dissection in an SLN 
biopsy of gastric cancer patients. The diagnostic accuracy of a reaction-guided SLN biopsy for gastric cancer was 
negatively correlated with cT. The clinical stages of gastric cancer included in the literature included in this paper were 
cT1-3, and subgroup analysis also suggested that early gastric cancer can be more sensitive. This may be because 
advanced gastric cancer cells are more likely to block lymphatic vessels, and new lymphatic vessels also increase the 
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Figure 1  Literature screening flow chart.

Figure 2 Document quality assessment map. NIR: Near-infrared; ICG: Indocyanine green; IHC: Immunohistochemical; HE: Hematoxylin-eosin staining.

complexity of the lymphatic system. Therefore, the SLN biopsy technique for gastric cancer may be more suitable for 
early gastric cancer. It is generally believed that the greater the diameter of a gastric cancer tumor is, the greater the 
degree of invasion and the later the clinical T stage. The average tumor diameter reported in the included literature was 
mostly < 50 mm, so 30 mm was used as the critical point for grouping in this paper[41]. However, subgroup analysis 
indicated that there was no statistically significant difference in SLN biopsy sensitivity between the two groups with 
different tumor diameters. Therefore, it is uncertain whether tumor diameter affects diagnostic accuracy.

There are some limitations to this paper. First, the Deeks funnel plot suggested obvious publication bias. Second, most 
of the eligible literature was submitted by Japanese scholars, which showed regional bias. Finally, the original data (true 
positive value, false positive value, false negative value, and true negative value) were mainly presented by the number 
of patients in the included literature, and the data on the number of lymph nodes could not be effectively extracted, so 
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Figure 3 Forest map. A: Included document sensitivity forest map; B: Forest plot with reference specificity.

Figure 4 Funnel plot of the diagnostic odds ratio for gastric cancer patients who underwent sentinel lymph node biopsy. OR: Odds ratio.



Zhang QJ et al. ICG-FI in SLN biopsy diagnosis

WJGS https://www.wjgnet.com 1891 June 27, 2024 Volume 16 Issue 6

there was result-reporting bias. In addition, factors such as the small number of included studies and the lack of large-
scale multicenter studies may also affect the quality of the evidence in this meta-analysis.

CONCLUSION
In summary, according to the satisfactory results of systematic evaluation of sensitivity and specificity, optical imaging 
combined with an ICG-guided SLN biopsy of gastric cancer is a feasible clinical diagnostic method, especially for early 
gastric cancer. Current studies on SLN biopsy in gastric cancer patients may use excessively high concentrations of ICG. 
Near-infrared imaging may be superior to fluorescence imaging for obtaining higher sensitivity. However, more effective 
and trustworthy large-scale multicenter studies are still necessary to confirm these findings.
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Abstract
BACKGROUND 
Despite the rarity of appendiceal tumors, research in this field has intensified, 
resulting in a growing number of studies and published papers. Surprisingly, no 
comprehensive bibliometric analysis has specifically addressed appendiceal 
tumors.

AIM 
To offer a thorough analysis of the current landscape and future trends in appen-
diceal tumor research.

METHODS 
In our bibliometric analysis studies, we explored the Web of Science Core Colle-
ction database. The bibliographic details of the chosen publications were automat-
ically converted and analyzed using the bibliometric package in the R environ-
ment. Additionally, we employed VoSviewer to create cooperation network maps 
for countries, institutions, and authors, as well as clustering maps for keywords. 
Furthermore, CiteSpace, another software tool, was utilized to build dual-map 
overlays of journals and analyze references with citation bursts.

RESULTS 
Our study included 780 English-language articles published after 2010. The 
number of related publications and citations has increased in the past decade. The 
United States leads in this area, but there is a need to improve cooperation and 
communication among countries and institutions. Co-occurrence analysis also 
revealed close collaboration among different authors. Annals of Surgical Oncology 
was the most influential journal in this field. Analysis of references with high co-
citations and references with citation bursts, consistent with analysis of keywords 
and hotspots, indicated that current research primarily centers on the classi-
fication and management of appendiceal mucinous neoplasms and consequent 
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pseudomyxoma peritonei. Despite the abundance of clinical studies, a greater number of in-depth basic research 
studies should be conducted.

CONCLUSION 
Current research on appendiceal tumors focuses on classification and management of appendiceal mucinous 
neoplasms and pseudomyxoma peritonei. Enhanced collaboration and basic research are vital for further advan-
cement.

Key Words: Appendiceal tumor; Appendix; Mucinous neoplasms; Bibliometric analysis; Pseudomyxoma peritonei

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: In this bibliometric study, we reviewed both the top 10 most co-cited references and 10 references with citation 
bursts, which helped us better understand the foundation of research in this area and the revolution of research hotspots and 
frontiers in the perspective of the timeline. The findings showed that scholars had more interest in the classification and 
management of appendiceal tumors. We believe that maintaining consistency in their classification is advantageous for more 
precise management. Therefore, we have visualized the classification and summarized the management of appendiceal 
tumors based on different classifications.

Citation: Ji JN, Yin ZB. Visualizing the landscape of appendiceal tumor research after 2010: A bibliometric study. World J 
Gastrointest Surg 2024; 16(6): 1894-1909
URL: https://www.wjgnet.com/1948-9366/full/v16/i6/1894.htm
DOI: https://dx.doi.org/10.4240/wjgs.v16.i6.1894

INTRODUCTION
Appendiceal tumors are not common, with only 0.12 cases per million people. They are often discovered incidentally 
during an appendectomy for acute appendicitis[1]. The classification of this tumor has been historically varied and con-
fusing. For instance, Connor et al[2] categorized appendiceal tumors as benign, carcinoid, and primary malignant, while 
Van de Moortele et al[3] divided them into the following four subtypes: Colonic-type adenocarcinoma; mucinous 
neoplasm; goblet cell carcinoma; and neuroendocrine neoplasm. Despite being uncommon, research into this tumor 
continues to deepen, with an increasing number of studies and published papers from various perspectives. Therefore, 
establishing a knowledge framework about appendiceal tumors and identifying the research hotspots and trends is 
necessary to guide future studies.

Bibliometric analysis is a reliable and commonly used method for tracking trends in a specific field over time. This 
approach employs literature metrics to assess contributions and forecast future developments using tools such as Cite-
Space[4], VoSviewer[5], and R package “bibliometrix”[6]. Bibliometric analysis has found extensive application in various 
fields of medical research, such as in ophthalmology[7], rheumatology[8], oncology[9], and dermatology[10]. However, 
no bibliometric analysis has yet focused on appendiceal tumors. To provide a comprehensive analysis of the current state 
of research in this area, we conducted an in-depth investigation using data from the Web of Science Core Collection 
(WoSCC). Our findings illuminate the development and contributions in appendiceal tumor research as well as potential 
future focal points in this field.

MATERIALS AND METHODS
Literature search and screening
We searched the WoSCC database to conduct bibliometric analysis studies. All searches were completed on September 
25, 2023. The filtering strategy was set to ((((TI = (tumor)) OR TI = (neoplasm)) OR TI = (carcinoma)) OR TI = (cancer)) 
AND (((TI = (appendiceal)) OR TI = (appendix))). The inclusion criteria were as follows: (1) Language: English; and (2) 
Publication years: 2010-2023. A total of 1472 publications were included and assessed via the exclusion criteria of letters, 
editorial materials, corrections, books, data sets, proceedings papers, retractions, and retracted publications. Finally, 780 
publications were retrieved. Full records and cited references of all the publications that met the inclusion and exclusion 
criteria were exported and downloaded as plain text files.

Data analyses and visualization
All the available information of these screened publications was downloaded from WoSCC. The bibliographic details of 
the selected publications were automatically converted and analyzed using the bibliometric package (v3.0.0) in the R 
environment (v4.3.2). The bibliometric package was used to extract and analyze the following information: Title; author; 
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Figure 1 Publications screening flowchart. A total of 1472 publications were included according to the filtering strategy and inclusion criteria. Then, 692 
publications were excluded according to exclusion criteria of letters, editorial materials, corrections, books, data sets, proceedings papers, retractions, and retracted 
publications. In total, 780 publications were retrieved. WoSCC: Web of Science Core Collection.

Figure 2 Annual output of appendiceal tumor research. Each point represents the number of papers published in the respective year.

institution; country or region; total number of citations; year of publication; journal; keyword; and impact factor (IF). The 
IF was represented by the H-index, a high citation index proposed by Hirsch[11] in 2005 as a quantitative evaluation 
method of academic achievements. VoSviewer (v1.6.19) was utilized to generate the cooperation network map of 
countries, institution, authors, and keyword clustering[12]. CiteSpace (v6.2.4), a software developed by Synnestvedt et al
[4] for bibliometric analysis and visualization, was applied to map the dual-map overlay of journals and to analyze 
references with citation bursts. Additionally, Microsoft Office Excel 2019 was used to conduct quantitative analysis of 
publication.

RESULTS
Analysis of publication and citations
A total of 780 related publications from January 2010 to September 2023 were finally retrieved (Figure 1), including 670 
“articles” and 110 “reviews”. Figure 2 presents the annual number of publications. It was evident that literature was 
limited and grew slowly from 2010 to 2016, while the number of publications increased significantly between 2016 and 
2020. After 2020, this number became stable and hovered at around 100 per year.

The total citations from these 780 publications was 10133, and average citations per document was 12.99. The number 
of citations for 780 manuscripts is 338 (43.33%) for 1-9 citations, 245 (31.41%) for 10-99 citations, and 10 (1.28%) for more 
than 100 citations (Figure 3). A total of 187 (23.97%) manuscripts never received citations in other publications, with 88 of 
them being published in 2023. In 2000, The Pancreas published the article with the most citations, 352 in total[13]. As a 
consensus guideline, this paper elaborated the diagnosis and treatment of neuroendocrine tumors (NETs), including 
those occurring in the appendix. In addition, we filtered out the publications with the most citations and listed them in 
Table 1.
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Table 1 Top 10 publications with the most citations in appendiceal tumor research

Title Publication 
year

Total 
citations

The NANETS consensus guideline for the diagnosis and management of neuroendocrine tumors: well-differentiated 
neuroendocrine tumors of the Jejunum, Ileum, Appendix, and Cecum

2010 352

ENETS Consensus Guidelines for the management of patients with neuroendocrine neoplasms from the jejuno-ileum and 
the appendix including goblet cell carcinomas

2012 298

Japanese Classification of Colorectal, Appendiceal, and Anal Carcinoma: the 3d English Edition 2019 276

ENETS Consensus Guidelines for Neuroendocrine Neoplasms of the Appendix (Excluding Goblet Cell Carcinomas) 2016 160

The histopathological classification, diagnosis and differential diagnosis of mucinous appendiceal neoplasms, 
appendiceal adenocarcinomas and pseudomyxoma peritonei

2017 138

ENETS Consensus Guidelines for the management of patients with neuroendocrine neoplasms from the jejuno-ileum and 
the appendix including goblet cell carcinomas

2012 132

Frequent GNAS mutations in low-grade appendiceal mucinous neoplasms 2013 118

Clinicopathologic and molecular analysis of disseminated appendiceal mucinous neoplasms: identification of factors 
predicting survival and proposed criteria for a three-tiered assessment of tumor grade

2014 108

The rise in appendiceal cancer incidence: 2000-2009 2015 102

Cytoreductive surgery and hyperthermic intraperitoneal chemotherapy in 1000 patients with perforated appendiceal 
epithelial tumours

2016 100

Figure 3 Number of publications by different total citations. The bars of different length correspond to the number of papers in different total citation 
ranges.

Analysis of countries and institutions
Overall, all these manuscripts came from 67 countries or regions and 1212 institutions. First, we visualized the geographic 
distribution of countries or regions contributing to this field of research and built a collaborative network based on the 
number of publications and connections in each country or region (Figure 4). Countries or regions in this visual network 
contributed at least two relative publications. In this study, nine clusters were created, each colored differently. Larger 
nodes indicated a higher frequency, while thicker lines indicated a higher degree of collaboration. Notably, there was a 
lot of active cooperation between different countries. For example, China had active cooperation with Japan and 
Germany, and Belgium, Denmark, Turkey, and Israel had close cooperation with each other.

We subsequently analyzed the countries or regions and institutions of these manuscripts to identify the high-impact 
studies. From all 60 countries, the United States contributed both the most publications (n = 427, 36.46%) and the highest 
number of citations (n = 6975, 49.91%). The top 10 high-yield countries were distributed in Europe (n = 5), North America 
(n = 2), and Asia (n = 2). Table 2 showed the specific number of articles, total citations, and average article citations of 
these countries. The United Kingdom published the fourth most articles, but the average number of citations was the 
second highest. Germany, despite ranked 10th in terms of articles, it ranked 1st in terms of average citations. Therefore, 
these two countries conduct high-quality research. The top 10 high-yield research institutions are listed in Table 3. Nine of 
them are located in the United States, proving the country’s prominent position in this field. We then screened 58 in-
stitutions with at least five publications and created a visualized network according to the collaborative relationships 
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Table 2 Top 10 countries on research of appendiceal tumors

Country Articles Total citations Average article citations

United States 427 6975 16.3

China 98 460 4.7

Japan 84 556 6.6

United Kingdom 70 1497 21.4

Australia 48 455 9.5

Turkey 46 325 7.1

Italy 42 546 13

Canada 31 448 14.5

France 23 271 11.8

Germany 27 705 26.1

Figure 4 Geographical distribution and visualization of countries/regions. A: Intensity of the blue color represents publication count and thickness of 
the line represents cooperation intensity; B: Node size represents publication count, and link size indicates cooperation intensity.
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Table 3 Top 10 institutions for research of appendiceal tumors

Institution Articles Citations

University of Texas MD Anderson Cancer Center 24 925

University of Pittsburgh 23 667

University of California, San Diego 19 342

Ohio State University 18 184

Mercy Medical Center 17 347

University of New South Wales 16 118

Mayo Clinic 13 181

Vanderbilt University 13 158

Emory University 12 191

Memorial Sloan Kettering Cancer Center 12 614

Figure 5 Collaboration network of institutions. Node size represents publication count, and link size indicates cooperation intensity. The time of 
contributions is presented by the brightness of the color.

among them. Figure 5 shows institutions as dots, with dot size indicating article count and connections showing 
cooperation. Six clusters were formed based on cooperation closeness. Figure 5 illustrates that the University of Texas MD 
Anderson Cancer Center served as a hub for collaboration, and the connections between institutions in America were 
exceptionally strong. In Asia, some institutions such as Osaka University, National Cancer Center (Korea), and Juntendo 
University also shared links with each other. However, it is evident that cross-continental cooperation remains relatively 
rare but should be strengthened in the future.

Journals and co-cited journals
In total, 226 journals published the 780 manuscripts. We identified the top 10 high-impact journals according to the H-
index (Table 4). It was notable that Annals of Surgical Oncology, as the most influential journal, also published the most 
papers. We then selected 39 journals with at least five relevant publications and created a journal network map 
(Figure 6A). Annals of Surgical Oncology had active citation relationships with Frontiers in Oncology, American Journal of 
Surgery, and Journal of Surgical Oncology.

We also filtered journals with the minimum co-citation equal to 150 and mapped the co-citation network (Figure 6B). 
Diseases of the Colon & Rectum had positive co-citation relationships with American Journal of Surgery, Annals of Surgical 
Oncology, and Journal of Gastrointestinal Surgery. Using a dual-map overlay, citation relationships between journals and 
their co-cited journals were visualized, with citing journals on the left and cited journals on the right (Figure 7). The green 
path shown in Figure 7 represents the main citation path, indicating that research published in Health/Nursing/
Medicine journals was mainly cited by literature in Medicine/Medical/Clinical journals.
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Figure 6 Network of journals and co-cited journals. A: Network of journals; B: Network of co-cited journals. Node size represents frequency of journal, and 
link size indicates cooperation intensity.

Authors and co-cited authors
In total, 4090 authors dedicated themselves to researching appendiceal tumors. In Table 5, we listed the top 10 high-
impact authors according to H-index and the number of papers they have published. We also created a collaborative 
network based on authors who have published five or more papers (Figure 8A). Edward A Levine, Haroon A Choudry, 
Perry Shen, and David L Bartlett have the largest nodes due to their extensive publications on the topic. Additionally, we 
have noted significant collaboration among these authors, such as the close partnership between Edward A Levine and 
Perry Shen, as well as the active cooperation between Haroon A. Choudry and Reetesh K Pa and David L Bartlett.

Among the 6603 co-cited authors, 39 authors were co-cited more than 50 times. We visualized a co-citation network of 
these 39 authors. A large node in Figure 8B revealed that Paul H Sugarbaker is the most co-cited author (n = 493), 
followed by Norman J Carr (n = 481) and Joseph Misdraji (n = 281). Lines in Figure 8B showed that there were also active 
collaborations among different co-cited authors, such as R M Smeenk, Pierre Jacquet, and Daniel Elias.

Analysis of references
There were 8609 co-cited references on research of appendiceal tumor after 2010. 10 most co-cited references listed in 
Table 6 were co-cited at least 75 times, with the highest being cited 188 times. Citation bursts refer to references frequently 
cited by scholars in a specific field over time. In our study, CiteSpace identified 10 references with strong citation bursts 
(Figure 9). Citation bursts for references were observed from 2010 to 2023. “A Consensus for Classification and Pathologic 
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Table 4 Top 10 journals for research of appendiceal tumors

Journal H-index Articles IF Q
Annals of Surgical Oncology 22 67 3.7 2

European Journal of Surgical Oncology 13 28 3.8 2

Journal of Surgical Oncology 9 24 2.5 3

American Journal of Surgical Pathology 8 9 5.6 1

Archives of Pathology & Laboratory Medicine 8 11 4.6 2

Diseases of the Colon & Rectum 7 9 3.9 2

Neuroendocrinology 7 7 4.1 2

Histopathology 6 7 6.4 2

Journal of Pediatric Surgery 6 6 2.4 3

Journal of the American College of Surgeons 6 6 5.2 2

IF: Impact factor; Q: Quartile rankings by Journal Citation Reports.

Figure 7 Dual-map overlay of journals. Clusters of citing journals on the left and clusters of cited journals on the right. The lines show relationships between 
the citing and cited journals. The thickest green curve represents the main citation path.

Reporting of Pseudomyxoma Peritonei and Associated Appendiceal Neoplasia: The Results of the Peritoneal Surface 
Oncology Group International (PSOGI) Modified Delphi Process” by Carr et al[28] received the strongest citation burst 
(strength = 28.59) which occurred between 2017 and 2021. “Early- and long-term outcome data of patients with 
pseudomyxoma peritonei from appendiceal origin treated by a strategy of cytoreductive surgery and hyperthermic 
intraperitoneal chemotherapy” from Chua et al[34], hold the second place in citation burst (strength = 16.35) between 2013 
and 2017.

Hotspots and frontiers
We identified 20 keywords with the highest co-occurring frequency, accurately capturing the research hotspots in 
appendiceal tumor research (Table 7). Pseudomyxoma peritonei (PMP) and cytoreductive surgery (CRS) were the most 
frequently mentioned keywords, indicating the main areas of research interest. Keywords with 50 or more occurrences 
were filtered and subjected to cluster analysis using VoSviewer (Figure 10A). The thickness of lines connecting nodes 
indicates the strength of the relationship between keywords. Three distinct clusters were identified, each representing a 
unique research direction. The green cluster encompassed keywords such as PMP, CRS, hyperthermic intraperitoneal 
chemotherapy (HIPEC), clinicopathological analysis, etc. The keywords in the red cluster included diagnosis, prognosis, 
management, right hemicolectomy, etc. The keyword in the blue cluster only included classification.

The analysis of keyword trends (Figure 10B) indicated that the development of appendiceal research can be roughly 
divided into three stages. In stage 1 (2014-2018), scholars focused on the origin and clinicopathological analysis of 
appendiceal tumors. In stage 2 (2018-2020), the focus shifted to the management of appendiceal tumors. In stage 3 (after 
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Figure 8 Collaboration network of authors and co-cited authors. A: Collaboration network of authors; B: Collaboration network of co-cited authors. Node 
size represents frequency of author, and link size indicates cooperation intensity.

2020), scholars turned their attention to the risks and outcomes associated with appendiceal tumors, which revealed the 
current research hotspots.

DISCUSSION
Our study analyzed 780 publications about appendiceal tumors published after 2010. Quantitative analysis of public-
ations revealed that research on appendiceal tumors has gained increased attention since 2016 and has remained intense, 
with approximately 100 annual publications in recent years. Upon analyzing the citations, we discovered that most of 
these publications have been cited more than 10 times, demonstrating significant academic value. Moreover, the majority 
of the top 10 most cited articles are guidelines, indicating that our understanding of appendiceal tumors is still unclear 
and constantly evolving.

Combining the analysis of country and institution, we can easily conclude that the United States was the most 
productive country in this area, as it contributed the most publications and nine of the top ten high-yield institutions are 
located in the United States. China, despite being ranked second in the number of articles, had an average article citation 
of only 4.7. In contrast, Germany, ranked 10th in the number of articles, had the highest average number of citations. This 
comparison highlights the disparity in research quality between the two countries.
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Table 5 Top 10 most influential authors according to the H-index

Author H-index Articles

Edward A Levine 12 22

David L Bartlett 10 15

Haroon A Choudry 10 15

Vadim Gushchin 10 21

Reetesh K Pai 10 11

Armando Sardi 10 21

Perry Shen 10 19

C Nieroda 9 16

Konstantinos I Votanopoulos 9 18

Brendan John Moran 8 10

Figure 9 Top 10 references with citation burst. The red bar represents the duration of strong citation burstiness. The burst strength represents the scientific 
value of the article.

Cooperation and communication between countries and institutions can alleviate such imbalances. In fact, cooperative 
relationships already exist between some countries and institutions, such as the close cooperation among European 
countries like the United Kingdom, Turkey, Denmark, and Germany. Similarly, there was tight communication among 
institutions in the United States, such as the University of Texas MD Anderson Cancer Center, Mayo Clinic, and the 
University of Pittsburgh. However, the breadth and intensity of cooperation is not yet ideal. For instance, there was only 
limited cooperation between institutions in Europe and Asia, potentially impeding the advancement of this research field 
over the long term. Consequently, we strongly recommend that institutions across various countries establish broad 
connections and cooperation to enhance the progress of research on appendiceal tumors.

Most appendiceal tumor research has been published in the Annals of Surgical Oncology (IF = 3.7, Q2), making it the 
most popular journal in this field. Among them, Histopathology had the highest IF (IF = 6.4, Q2), followed by the American 
Journal of Surgery (IF = 5.6, Q1). Co-cited journals mostly included high-impact Q1 journals, such as Annals of Surgery (IF = 
9.0, Q1), British Journal of Surgery (IF = 9.6, Q1), and Journal of Clinical Oncology (IF = 45.3, Q1). Clearly, these are high-
quality international journals that support appendiceal tumor research. Additionally, current appendiceal tumor research 
was primarily published in clinically related journals focused on Medicine, Medical, and Health, indicating a lack of basic 
research in the biology and molecular fields.

From our perspective, Edward A Levine appeared to be the most influential figure in this field due to his H-index and 
overall academic output. His research primarily focuses on the treatment of appendiceal neoplasms with peritoneal 
dissemination. In 2008, he reported that oxaliplatin could be utilized in intraperitoneal hyperthermic chemoperfusion for 
treating peritoneal surface dissemination from colorectal and appendiceal cancers[14]. In 2022, he assessed the 
therapeutic effects of HIPEC with an incomplete cytoreduction[15]. In his basic research, he was the first to employ gene 
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Table 6 Top 10 co-cited references in appendiceal tumor research

Co-cited reference Citations

carr nj, 2016, am j surg pathol, v40, p14, doi 10.1097/pas.0000000000000535 188

mccusker me, 2002, cancer, v94, p3307, doi 10.1002/cncr.10589 163

connor sj, 1998, dis colon rectum, v41, p75, doi 10.1007/bf02236899 137

chua tc, 2012, j clin oncol, v30, p2449, doi 10.1200/jco.2011.39.7166 131

misdraji j, 2003, am j surg pathol, v27, p1089, doi 10.1097/00000478-200308000-00006 128

smeenk rm, 2008, ejso-eur j surg onc, v34, p196, doi 10.1016/j.ejso.2007.04.00 98

pai rk, 2009, am j surg pathol, v33, p1425, doi 10.1097/pas.0b013e3181af6067 97

ronnett bm, 1995, am j surg pathol, v19, p1390, doi 10.1097/00000478-199512000-00006 97

sugarbaker ph, 2006, lancet oncol, v7, p69, doi 10.1016/s1470-2045 (05)70539-8 77

carr nj, 2017, histopathology, v71, p847, doi 10.1111/his.13324 76

Table 7 Top 20 high-frequency keywords in appendiceal tumor research

Rank Keyword Counts

1 Pseudomyxoma peritonei 289

2 Appendix 192

3 Cytoreductive surgery 150

4 Neoplasms 149

5 Management 138

6 Hyperthermic intraperitoneal chemotherapy 135

7 Tumor 118

8 Origin 117

9 Classification 106

10 Survival 97

11 Clinicopathological analysis 96

12 Diagnosis 90

13 Carcinomatosis 84

14 Cancer 79

15 Adenocarcinoma 74

16 Carcinoid-tumors 65

17 Prognosis 64

18 Appendectomy 61

19 Mucocele 53

20 Systemic chemotherapy 52

expression profiling for appendiceal cancer and demonstrated genomic signatures confirming their unique biology[16].
Reetesh K Pa, in close collaboration with Haroon A Choudry, published several articles on the diagnosis, grading, 

staging, and histological features of different types of appendiceal cancer, particularly appendiceal mucinous neoplasms
[17-19]. In fact, the majority of the articles by these 10 authors were focused on peritoneal dissemination/metastases and 
PMP, which has been convincingly linked to appendiceal mucinous neoplasms, indicating the hotspots and frontiers in 
appendiceal tumor research.

Paul H Sugarbaker and Norman J Carr, the most co-cited authors, have different research focuses. Paul H Sugarbaker 
primarily focuses on peritoneal malignant lesions, such as peritoneal metastases, PMP, and peritoneal mesothelioma[20-
23]. Norman J Carr continually updates the classification, diagnosis, and treatment of various types of appendiceal 
cancer, including mucinous appendiceal neoplasms, appendiceal adenocarcinomas, and neuroendocrine neoplasms of the 
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Figure 10  Keyword cluster analysis and trend topic analysis. A: Keyword cluster analysis. Frame size represents frequency of keyword, and each color 
represents a cluster; B: Trend topic analysis. Node size represents trend frequency, and line length represents the duration.

appendix[24-27]. The work of these two authors established the current consensus that PMP, the primary focus of 
research on appendiceal tumors, is a complex disease with distinct biological behavior that typically originates from 
appendiceal mucinous neoplasms[28].

Co-cited references are those that are cited by multiple publications and can be seen as the foundation of research in a 
particular field. In addition, citation burst references have been heavily cited in a certain time span, reflecting emerging 
research topics[29]. In this bibliometric study, we reviewed both the top 10 most co-cited references and 10 references 
with citation bursts, which helped us better understand the foundation of research in this area and the revolution of 
research hotpots and frontiers.

Early in 1990s, Ronnett et al[30] comprehensively described the pathologic features and prognosis of PMP, which was 
poorly understood at that time. They separated PMP into two diagnostic categories: Disseminated peritoneal adenomu-
cinosis and peritoneal mucinous carcinomatosis (PMCA). They identified the relationship with appendiceal mucinous 
adenoma and appendiceal mucinous adenocarcinoma, respectively. In 1998, Connor et al[2] conducted a retrospective 
clinicopathologic analysis of appendiceal tumors and classified appendiceal tumors into benign (adenoma), carcinoid/
adenocarcinoid, and primary malignant (adenocarcinoma). It is interesting that there was very little overlap between 
these two early studies. This situation changed after entering the 21st century.

The concept of “mucinous” was becoming popular and controversial. McCusker et al[31] classified appendiceal tumors 
into “colonic type” adenocarcinoma, mucinous adenocarcinoma, signet ring cell carcinoma, goblet cell carcinoid, and 
“malignant carcinoid” in their population-based study in 2002. One year later, appendiceal mucinous neoplasms, one 
type of appendiceal tumor, was studied by Misdraji et al[32] and was divided into low-grade appendiceal mucinous 
neoplasm (LAMN), mucinous adenocarcinomas. In 2008, the connection between PMP and appendiceal tumors was 
formally strengthened through the bridge of appendiceal mucinous neoplasm. Smeenk et al[33] concluded that one-third 
of primary epithelial lesions of the appendix lesions are mucinous epithelial neoplasms and may progress into PMP.
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Figure 11  Classification of appendiceal neoplasm. Visualization of classification of appendiceal neoplasm according to influential references. PMP: 
Pseudomyxoma peritonei; DPAM: Disseminated peritoneal adenomucinosis; PMCA: Peritoneal mucinous carcinomatosis; PMCA-S: Peritoneal mucinous 
carcinomatosis with signet ring cells; NET: Neuroendocrine tumor; LAMN: Low-grade appendiceal mucinous neoplasm; HAMN: High-grade appendiceal mucinous 
neoplasm.

Since then, research has focused on PMP and associated appendiceal mucinous neoplasm. Sugarbaker[21] regarded 
CRS combined with HIPEC as a new standard of care for appendiceal mucinous neoplasms and PMP. The outcome data 
of this strategy was analyzed by Chua et al[34] in 2012. They proved that CRS and HIPEC was acceptable for PMP 
originating from appendiceal mucinous neoplasm. Furthermore, Fournier et al[35] concluded that LAMN have a lower 
risk for recurrence and clinical surveillance, and expectant management is a viable choice after radical resection.

Despite the evolution of the knowledge of appendiceal tumors and PMP, the classification of PMP and its primary 
appendiceal neoplasia is still contentious, especially for nomenclature and terminology. Carr et al[24] in 2017 and Carr et 
al[28] in 2016 published two consecutive papers attempting to standardize the histopathological classification and 
diagnosis of appendiceal tumor and PMP. These two papers were both high co-cited references and references with 
citation bursts, indicating the importance in this research area. In fact, these studies focused on PMP more, while the 
American Society of Colon and Rectal Surgeons provided clinical practice guidelines stating the classification of 
appendiceal neoplasms more clearly[36].

The frequent use of popular keywords and the changing trends in topics align with the development of co-cited 
references and references with citation bursts. Analysis of keywords and topic trends showed a growing scholarly interest 
in the categorization of appendiceal tumors as well as the risks and outcomes of various treatments like CRS and HIPEC. 
We believe that maintaining consistency in their classification is advantageous for more precise management. As a result, 
we have visualized the classification and summarized the management of appendiceal tumors based on different classi-
fications through a literature review of the aforementioned references (Figure 11).

Epithelial appendiceal neoplasms
We hypothesize that the progression from adenoma to LAMN to high-grade appendiceal mucinous neoplasm (HAMN), 
and ultimately to adenocarcinoma, is a process of increasing invasiveness and cytological atypia. Adenoma is a cytolo-
gically bland mucinous neoplasm clearly confined to the appendix without extra-appendiceal mucin or neoplasia[37]. 
LAMNs are characterized by well-differentiated adenomas that can proliferate outside the appendix in a malignant 
fashion, and HAMNs share some histological features with LAMNs but exhibit more aggressive cytologic atypia[22]. 
Adenoma and LAMN without perforation or peritoneal involvement have shown very low recurrence rates after 
appendectomy[35]. Appendectomy alone is usually enough to treat HAMN, but care should be taken to rule out the 
presence of associated invasive adenocarcinoma[36]. Adenocarcinoma exhibits infiltrative invasion and poses a high risk, 
as the rate of metastatic disease to regional lymph nodes ranges from 20% to 67%[38]. Right hemicolectomy is 
recommended for nonmetastatic adenocarcinoma and goblet cell carcinoid of the appendix, which is considered a variant 
of adenocarcinoma with some features similar to traditional NETs[39,40].

Nonepithelial appendiceal neoplasms
Nonepithelial appendiceal neoplasms include NETs. Somatostatin receptor scintigraphy can be used to identify the foci of 
NETs[41]. Somatostatin receptor scintigraphy is also more sensitive for detection of well-differentiated NETs (e.g., those 
expressing somatostatin receptors), whereas 2-[18F] fluoro-2-deoxy-d-glucose positron emission tomography detects 
more poorly differentiated NETs[42]. Lesions < 1 cm in diameter and without unfavorable features are adequately treated 
with appendectomy[43]. Tumors > 2 cm are best treated with formal right hemicolectomy[44]. The largest clinical study 
found no nodal disease in primary tumors < 2 cm, and some experts suggest appendectomy alone for all lesions under 
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this size[45].

Peritoneal metastases and PMP
Appendiceal neoplasms with peritoneal metastases are not equal to PMP. PMP refers to the buildup of mucus within the 
peritoneum due to mucinous neoplasia, often originating from appendiceal tumors. The term PMP is used when 
appendiceal tumors perforate and spread throughout the peritoneal cavity, leading to the production of significant 
mucin. Depending on the cellularity within the mucin, PMP is categorized as acellular mucin, low-grade mucinous 
carcinoma peritonei, or disseminated peritoneal adenomucinosis, high-grade mucinous carcinoma peritonei or PMCA, 
and high-grade mucinous carcinoma peritonei with signet ring cells or PMCA with signet ring cells[28]. Despite the 
nuanced differences between these concepts, CRS is recommended for appendiceal tumors with signs of peritoneal 
spread[46]. Patients treated with combined HIPEC may improve their long-term survival, reduce tumor recurrence, 
prolong time to disease progression, and reduce the frequency of repeated surgical interventions[34,47,48].

Advantages and shortcomings
In our study, we systematically analyzed publication trends, research evolution, and future research foci on appendiceal 
tumors using different bibliometric tools. Scholars interested in related research can benefit from this study since biblio-
metric analysis provides a more complete insight than traditional reviews. However, there are still some shortcomings to 
consider. First, the study only analyzed publications retrieved from the WoSCC database after 2010, which limits its 
ability to fully understand the historical development of this field. Second, only English articles were included, 
potentially underestimating the impact of non-English papers. Publications after October 2023 were not included either. If 
all these articles were also included, the results would be slightly different.

CONCLUSION
Despite the low incidence, research on appendiceal tumors is highly valued by scholars worldwide, and the number of 
related publications continues to increase. The United States was the leading country in this field, but cooperation and 
communication among various countries and institutions need to be strengthened. In recent years, research has mainly 
focused on appendiceal mucinous neoplasms and their close association with PMP. Scholars have shown more interest in 
the classification and management of appendiceal tumors, publishing numerous clinical-related articles. It is important to 
also focus on basic research of appendiceal tumors, such as in biology and molecular fields.
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Abstract
BACKGROUND 
Emergency pancreaticoduodenectomy (EPD) is a rare event for complex periam-
pullary etiology. Increased intraoperative blood loss is correlated with poor post-
operative outcomes.

CASE SUMMARY 
Two patients underwent EPD using a no-touch isolation technique, in which all 
arteries supplying the pancreatic head region were ligated and divided before 
manipulation of the pancreatic head and duodenum. The operative times were 
220 and 239 min, and the blood loss was 70 and 270 g, respectively. The patients 
were discharged on the 14th and 10th postoperative day, respectively. Thirty-two 
patients underwent EPD for the treatment of neoplastic bleeding. The mean 
operative time was 361.6 min, and the mean blood loss was 747.3 g. The comp-
lication rate was 37.5%. The in-hospital mortality rate was 9.38%.

CONCLUSION 
The no-touch isolation technique is feasible, safe, and effective for reducing 
intraoperative blood loss in EPD.

Key Words: No-touch isolation technique; Pancreaticoduodenectomy; Emergency pancre-
aticoduodenectomy; Neoplastic bleeding; Superior mesenteric artery first approach; Case 
report
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Core Tip: Emergency pancreaticoduodenectomy (EPD) has been rarely reported as a life-saving procedure. Morbidity and 
mortality rates remain very high for EPD. Increased intraoperative blood loss has been linked to worse postoperative results. 
The non-touch isolation technique is feasible, safe, and effective in minimizing intraoperative blood loss in EPD.

Citation: Cho A, Katagiri S, Ota M, Onizawa S, Higuchi R, Sugishita T, Niwa Y, Ishita T, Mouri T, Kato A, Iwata M. No-touch 
isolation technique in emergency pancreaticoduodenectomy for neoplastic hemorrhage: Two case reports and review of literature. 
World J Gastrointest Surg 2024; 16(6): 1910-1917
URL: https://www.wjgnet.com/1948-9366/full/v16/i6/1910.htm
DOI: https://dx.doi.org/10.4240/wjgs.v16.i6.1910

INTRODUCTION
Emergency pancreaticoduodenectomy (EPD) is rarely performed in cases of trauma, endoscopic and/or postoperative 
complications, perforation, uncontrollable hemorrhage, or progressive multiple-organ failure in severe necrotizing 
pancreatitis. While the mortality rate of elective PD has shown a significant decrease during the last three decades, it 
remains higher for EPD[1]. Increased intraoperative blood loss can be correlated with poor postoperative outcomes in PD
[2], and there is clearly a higher in-hospital mortality rate for patients with higher intraoperative blood loss in EPD[3]. 
Therefore, minimizing intraoperative blood loss during EPD is crucial. This report describes a no-touch isolation 
technique in which all arteries supplying the pancreatic head region are first ligated and divided before manipulation of 
the pancreatic head and duodenum in the early phase of resection during EPD.

CASE PRESENTATION
Chief complaints
A 67-year-old woman and an 88-year-old woman presented to emergency department with a complaint of melena and 
dyspnea, respectively.

History of present illness
Symptoms developed just before emergency transport in both patients.

History of past illness
Case 1: The first patient was scheduled to undergo pylorus-preserving PD (PPPD) because of a duodenal gastrointestinal 
stromal tumor (GIST).

Case 2: The second patient had painless mass that was gradually increasing in size over a period of six months.

Personal and family history
Both two patients denied any family history of malignant tumors.

Physical examination
Case 1: On physical examination, the vital signs were as follows: Body temperature (35.9 °C); blood pressure (75/34 
mmHg); heart rate (124 beats per min); respiratory rate (28 breaths per min).

Case 2: On physical examination, the vital signs were as follows: Body temperature (36.4 °C); blood pressure (70/40 
mmHg); heart rate (140 beats per min); respiratory rate (36 breaths per min).

Laboratory examinations
Case 1: Levels of serum hemoglobin were 3.7 g/dL.

Case 2: Levels of serum hemoglobin were 5.4 g/dL.

Imaging examinations
Case 1: Contrast-enhanced computed tomography demonstrated a duodenal hyper vascular mass, sized 5.0 cm × 6.0 cm 
(Figure 1A).

Case 2: A complex, septate cystic mass in the pancreatic head measuring 17 cm, with solid components and adjacent 
hematoma (Figure 1B).
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Figure 1 Imaging of the duodenal tumor and pancreatic tumor. A: Imaging of the duodenal tumor and pancreatic tumor. Contrast-enhanced computed 
tomography showed a well-defined, enhancing masse, sized 5.0 cm × 6.0 cm, with heterogeneous density at the second portion of the duodenum (arrow); B: Imaging 
of the pancreatic tumor. Contrast-enhanced computed tomography showed a huge cystic mass measuring 17 cm, with some solid components and adjacent 
hematoma (arrow).

Further diagnostic work-up
A diagnosis of GIST was made in the case 1 by ultrasound-guided fine-needle aspiration.

FINAL DIAGNOSIS
The final diagnosis was a GIST and an intraductal papillary mucinous neoplasm (IPMN).

TREATMENT
Two patients underwent EPD using a no-touch isolation technique as a lifesaving procedure for massive pancre-
aticoduodenal neoplastic bleeding at our institution between May and June 2023 (Table 1). All procedures were per-
formed in accordance with the ethical guidelines of the World Medical Association Declaration of Helsinki Ethical 
Principles for Medical Research Involving Human Subjects adopted by the 18th WMA General Assembly, Helsinki, 
Finland, June 1964, and revised in Tokyo 2004. Appropriate written informed consent was obtained for the publication of 
these case reports and accompanying images.

Case 1
Eight units of red blood cell concentrate were transfused, and emergency PPPD was performed using a no-touch isolation 
technique. The operative time was 220 min, and blood loss was 70 g.

Case 2
Ten units of red blood cell concentrate were transfused before surgery. Intraoperative findings showed that the superior 
mesenteric artery (SMA) and superior mesenteric vein (SMV) and the transverse colon and mesentery firmly adhered to 
the huge cystic tumor over its entire length, which made dissection difficult, and intraoperative blood loss was increased. 
Finally, PPPD was performed using a no-touch isolation technique. The operative time was 239 min, and blood loss was 
270 g.

Surgical procedure
First, the gastrocolic ligament was divided and the omental bursa was opened to visualize the anterior surface of the 
pancreas. Dissection along the inferior surface of the pancreatic neck exposed the SMV. The SMA with nerve plexuses 
surrounding the SMA is taped just to the left side of the SMV. Dissection was performed along the superior surface of the 
pancreas and between the distal duodenum and the pancreas to isolate the common and proper hepatic arteries and the 
gastroduodenal artery (GDA), which was ligated and divided. After the pancreatic neck was separated from the SMV, it 
was taped. The hepatoduodenal ligament was dissected to isolate the portal vein and the common bile duct (CBD). Next, 
the ligament of Treitz was dissected and opened to visualize the aorta. The taped SMA was visualized immediately 
superior to the left renal vein. The inferior pancreaticoduodenal artery (IPDA) arises from the first jejunal artery (FJA) or 
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Table 1 Details of patients who underwent emergency pancreaticoduodenectomy using a no-touch isolation technique

Patients 1 2

Age/sex 67/female 88/female

Pathology Duodenal-GIST IPMN

Hb (g/dL) transfusion, U 3.7, 8 5.4, 10

Tumor size (cm) 5 17

Procedure PPPD PPPD

Operative time (m) 220 239

Blood loss (g) 70 270

Complication No No

Length of stay (d) 14 10

GIST: Gastrointestinal stromal tumor; PPPD: Pylorus-preserving pancreaticoduodenectomy; IPMN: Intraductal papillary mucinous neoplasm; Hb: 
Hemoglobin.

the SMA. The IPDA usually branches from the left dorsal side of the SMA[4]. The proximal jejunum was pulled to the 
right and the SMA was rotated counterclockwise. The IPDA was visualized and then ligated and divided. The superior 
and inferior pancreaticoduodenal arteries were blocked (Figure 2). The inferior pancreatic artery (IPA) forms the arterial 
arcade between the GDA and the dorsal pancreatic artery (DPA)[5]. Therefore, ligation of the IPA is important. Early 
ligation of the IPA at the inferior border of the body of the pancreas or the arterial arcade of the DPA can be controlled by 
stay sutures on both the cranial and caudal sides of the remnant pancreas and amputation of the pancreas if the IPA 
cannot be isolated.

OUTCOME AND FOLLOW-UP
No patients required intra-or postoperative blood transfusions, and no complications were encountered. Patients were 
discharged on the 14th and 10th postoperative day, respectively. All lesions had clear surgical margins. The patients were 
still alive without recurrence.

DISCUSSION
EPD, which has been rarely reported mostly in complex pancreaticoduodenal trauma, perforations, life-threatening 
hemorrhage, and severe infection is still a very uncommon procedure[1]. Recent rapid developments in technological 
innovations, improvements in surgical skills, progress in perioperative management, and the extensive experience of 
surgeons have proven the feasibility and safety of PD[6]. While the mortality rate of elective PD has shown a significant 
decrease during the last three decades, it remains higher for EPD[7]. EPD has been reported mostly in trauma settings, 
while non-trauma cases have been also reported, although rarely, which include bleeding, complicated tumors of the 
pancreaticoduodenal complex, endoscopic complications, and caustic ingestion[1]. Emergent pancreatic resection for 
neoplastic disease also is associated with significantly higher mortality and morbidity rates compared to elective 
pancreatic resections[8]. In patients with upper gastrointestinal tract bleeding, including pancreaticoduodenal, endo-
scopic or radiological procedures can achieve hemostasis in most patients. However, conservative management with 
interventional radiologic coiling of feeding arteries may momentarily salvage the situation but does not treat the 
underlying disease, especially in cases of malignancies. Moreover, interventional angiography with embolization of the 
pancreaticoduodenal arcade might not solve the problem in the presence of erosive tumors. It could also be ineffective 
because of the notable collateral blood supply of the pancreaticoduodenal area from the celiac and superior mesenteric 
arterial circulation[5], and the rich extra-blood supply, especially in patients with huge extra-growing tumors[9]. 
Therefore, in cases of bleeding of neoplastic origin, emergency pancreatoduodenectomy can be a definite therapeutic 
option. The literature review was performed via MEDLINE and PubMed with the key words, “emergency/emergent” 
and “pancreaticoduodenectomy/pancreatoduodenectomy”. In addition, we manually searched the reference lists of all 
the identified articles to identify further relevant articles. We selected only literature with full texts published between 
January 2001 and December 2022. All recorded cases of EPD performed for neoplastic bleeding in an emergency setting 
were extracted. Thirty-two patients[1,10-32] were reported to undergo EPD for neoplastic bleeding causes (Table 2): 
Seven cases of pancreatic carcinomas, five GISTs, four IPMNs, three duodenal carcinomas, two ampullary carcinomas, 
two liposarcomas, two lymphomas, and seven others (four cases of metastases from renal cell carcinoma, adrenal cancer, 
colon cancer, or neuroendocrine tumor, one duodenal sarcoma, one gastric cancer, and one paraganglioma). There were 
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Table 2 Reported patients that underwent emergency pancreaticoduodenectomy for neoplastic hemorrhage

Characteristic

Sex, n (female/male) 15/17

Age, yr (mean) 20-93 (61.2)

Pre-operative TAE, n (%) 2 (6.25)

Operative time, min (mean) 210-553 (361.6)

Blood loss, g (mean) 20-1600 (747.3)

Morbidity, n (%) 12 (37.5)

Mortality, n (%) 3 (9.38)

Hospital stay, d (mean) 7-63 (25.5)

Pancreatic carcinoma 7 (21.8)

GIST 5 (15.6)

IPMN 4 (12.5)

Duodenal carcinoma 3 (9.4)

Ampullary carcinoma 2 (6.3)

Liposarcoma 2 (6.3)

Lymphoma 2 (6.3)

Underlying diagnosis, n (%)

Others 7 (21.8)

GIST: Gastrointestinal tumor; IPMN: Intraductal papillary mucinous neoplasm; TAE: Transcatheter arterial embolization.

Figure 2 Illustration of no-touch isolation technique in emergency pancreaticoduodenectomy. All arteries (A-D) that supply the pancreatic head 
region are isolated before manipulation of the pancreatic head and duodenum in the early phase of resection during emergency pancreaticoduodenectomy. A: The 
gastroduodenal artery; B: First jejunal artery, inferior pancreaticoduodenal artery; C: Intrapancreatic arterial arcade, including the inferior pancreatic artery. D: The 
para-biliary arterial plexus, including the 3 or 9 o’clock arteries, anastomoses to the posterior superior pancreaticoduodenal artery. Panc: Pancreas; Duod: 
Duodenum; SMV: Superior mesenteric vein; SMA: Superior mesenteric artery; CHA: Common hepatic artery; CBD: Common bile duct; GDA: Gastroduodenal artery; 
IPDA: Inferior pancreaticoduodenal artery; FJA: First jejunal artery.

15 females (46.88%) and 17 males (53.12%), with a mean age of 61.2 years. Two of the 32 patients (6.25%) underwent trans
-catheter arterial embolization before EPD. Operative time and intraoperative blood loss were described in 11 and 13 
patients, respectively. The mean operative time was 361.6 min, and mean blood loss was 747.3 g. The complication rate 
was 37.5% (n = 12). Pancreatic fistula was the most common complication, occurring in six patients (18.75%). The in-
hospital mortality rate was 9.38% (two patients). The mean length of hospitalization was 25.5 d. The overall mortality rate 
of EPD for tumor bleeding was 9.38%. Blood loss during EPD was 20-1600 g (mean 747.3 g). Increased intraoperative 
blood loss can be correlated with poor postoperative outcomes in PD[2]. There was a higher in-hospital mortality rate in 
patients with higher intraoperative blood[3]. Therefore, minimizing intraoperative blood loss during EPD is crucial. A no-
touch isolation technique was originally recommended for operations on periampullary cancer to prevent the scattering 
of cancer cells into the portal blood[33,34]. To the best of our knowledge, this is the first report of a no-touch isolation 
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technique performed to reduce intraoperative blood loss in EPD. In this procedure, all arteries that supply the pancreatic 
head region are first ligated and divided before manipulation of the pancreatic head and duodenum[6,33,34]. In conven-
tional PD using Kocher’s maneuver, the GDA is usually ligated and divided during surgery; however, IPDA ligation and 
division are performed in the final stage of resection, which might induce further tumor bleeding. Early ligation of the 
IPDA is an effective technique for minimizing intraoperative blood loss during PD[33]. Recently, the SMA first approach 
has been proposed[35]. Using this approach, we identified the origin of the IPDA arising from the posterior aspect of the 
SMA without mobilization of the duodenum or colon[4,35]. Rotating the SMA counterclockwise facilitates easy identi-
fication of the origin of the FJA or IPDA because these arteries arise from the left dorsal aspect of the SMA[4,35]. The 
arterial supply of the pancreas is marked by numerous anastomoses. Arterial arcades are formed by branches from 
different main supplying arteries, and between branches from each main artery. Major branches anastomose within the 
substance of the pancreas[5]. Moreover, the para-biliary arterial plexus, including the 3 or 9 o’clock arteries, anastomoses 
the posterior superior pancreaticoduodenal artery[36]. Therefore, both the pancreas and CBD should be divided before 
Kocher’s maneuver if bleeding cannot be controlled after ligation of the GDA and IPDA. Duo to our limited experiences, 
a larger cohort should be evaluated in a prospective, randomized study to elucidate appropriate indications and effects of 
this novel procedure.

CONCLUSION
Despite our limited experience, and pending future studies to establish appropriate indications, we believe that a non-
touch isolation technique is feasible, safe, and effective in minimizing intraoperative blood loss in EPD. The benefits of 
this approach, however, require further validation, understanding the importance of careful patient selection for succ-
essful treatment.
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Abstract
BACKGROUND 
Myopericytoma is a benign tumor that typically occurs within subcutaneous 
tissue and most often involves the distal extremities, followed by the proximal 
extremities, neck, thoracic vertebrae and oral cavity. Complete resection is often 
curative. Malignant myopericytoma is extremely rare and has a poor prognosis. 
Here, we report for the first time a case of malignant myopericytoma originating 
from the colon.

CASE SUMMARY 
A 69-year-old male was admitted to our hospital with right upper quadrant pain 
for five days. Imaging suggested a liver mass with hemorrhage. A malignant 
hepatic tumor was the initial diagnosis. Surgical resection was performed after a 
complete preoperative work up. Initial postoperative pathology suggested that 
the mass was a malignant myoblastoma unrelated to the liver. Four months after 
the first surgery, an enhanced computed tomography (CT) scan revealed a 
recurrence of the tumor. The diagnosis of malignant myopericytoma derived from 
the colon was confirmed on histopathological examination of the specimen from 
the second surgery. The patient did not return to the hospital regularly for 
surveillance. The first postoperative abdominal CT examination six months after 
the second surgery demonstrated multiple liver metastases. Survival time 
between the diagnosis of the tumor to death was approximately one year.

CONCLUSION 
Malignant myopericytoma is a rare cancer. Preoperative diagnosis may be 
difficult. Due to a lack of treatment options, prognosis is poor.

Key Words: Malignant myopericytoma; Liver tumor; Colonic neoplasms; Abdominal pain; 
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Core Tip: The incidence of malignant myopericytoma is very low and prognosis is poor. Presently, there is no ideal 
intervention. In this case, the patient was initially admitted to hospital with pain secondary to a hemorrhage into a liver 
tumor. After two surgeries, the patient was definitively diagnosed with a malignant myopericytoma originating in the colon. 
Due to the lack of comprehensive antitumor therapy and poor patient compliance, the tumor progressed rapidly. The 
patient’s survival was only one year. In view of the lack of diagnostic and treatment guidelines, future clinical and basic 
science research on myopericytomas is warranted and can hopefully improve prognosis.

Citation: Zhang HL, Zhang M, Guo JQ, Wu FN, Zhu JD, Tu CY, Lv XL, Zhang K. Malignant myopericytoma originating from the 
colon: A case report. World J Gastrointest Surg 2024; 16(6): 1918-1925
URL: https://www.wjgnet.com/1948-9366/full/v16/i6/1918.htm
DOI: https://dx.doi.org/10.4240/wjgs.v16.i6.1918

INTRODUCTION
Myopericytoma was formally defined by Granter et al[1] in 1998. It is a novel perivascular tumor which shares several 
histopathologic similarities with angioleiomyoma, myofibromatosis, glomus tumors and infantile haemangiopericytoma, 
all of which comprise a morphological spectrum of tumours that show differentiation towards perivascular myoid[2,3]. 
Despite the histological and morphological overlap with these tumors, myopericytomas have distinct characteristics. 
Microscopically, they are composed of myoid-appearing oval or spindle-shaped cells with a concentric perivascular 
arrangement, often with diffuse expression of smooth muscle actin (SMA)[4,5].

In the majority of cases, myopericytoma are benign tumors generally arising in the subcutaneous and superficial soft 
tissues of the extremities. Recurrence is very rare after complete surgical resection[6,7]. Malignant myopericytoma is rare 
with only a few cases reported in the literature. The rarity and poor prognosis of the disease warranted us to identify 
more cases in the literature and conduct in-depth research. Herein, we report for the first time a case of malignant 
myopericytoma originating in the colon, whose imaging results suggested a hepatic neoplasm leading to difficulty in 
diagnosis and treatment.

CASE PRESENTATION
Chief complaints
A 69-year-old male presented to the emergency department with right upper quadrant pain.

History of present illness
He described the pain as paroxysmal, dull, located in his right upper abdomen and present for five days. He went to the 
emergency department due to a continued worsening of the pain. He denied nausea, vomiting, melena, change to his 
bowel habit and weight loss.

History of past illness
The patient reported no past history of specific illness, including jaundice, hepatitis, gallbladder pathology or renal, 
cardiac, or pulmonary disease.

Personal and family history
The patient was not taking any medication or herbal supplements and had no allergies. Also, he had no significant family 
history of carcinoma or hepatobiliary pathology. He had not undergone a colonoscopy in the past or during his 
treatment.

Physical examination
The patient’s vital signs were within normal limits. No obvious abnormality was observed on pulmonary or cardiac 
examination. His abdomen was non-distended and soft. Mild tenderness was found on deep palpation of the right upper 
quadrant without rebound tenderness.

Laboratory examinations
Routine blood laboratory tests showed no obvious abnormalities in the patient’s liver function, kidney function, 
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coagulation, electrolytes, blood sugar, blood lipids, hepatitis B virus DNA quantification and tumor marker levels.

Imaging examinations
Abdominal computed tomography (CT) scanning with contrast demonstrated an exogenous mass in the lower segment of 
the right lobe of the liver measuring 4.5 cm × 5.4 cm and moderate ascites. Based on the CT, a rupture and hemorrhage of 
a hepatoma was the primary diagnosis (Figure 1A and B). The tumor invaded the lower segment of right posterior lobe of 
liver and the ascending colon. Surgical resection was performed after a complete preoperative work up. Part of the liver 
and the serosa and mesenteric tissue of the colon were excised during the first surgery (Figure 1C and D). Postoperative 
CT examination showed no residual mass (Figure 1E and F). Histopathological examination of the resection specimen 
revealed that the lesion was a malignant myopericytoma without invasion of the surrounding liver tissue. The primary 
lesion was considered to be in the colon (Figure 2).

FINAL DIAGNOSIS
Four months after the first surgery, a surveillance abdominal CT scan revealed the recurrence of the colonic tumor 
(Figure 3A and B). A right hemicolectomy with curative intent was performed for the tumor recurrence. During the 
second surgery, the tumor was found within the mucosal layer of the transverse colon and protrude into the lumen. On 
examination of the resection specimen, pale tissue was seen on its anatomical surface (Figure 3C). Postoperative imaging 
indicated complete resection of the tumor (Figure 3D and E). The pathological section obtained in the second operation 
was correlative with a malignant myopericytoma again. The tumor was eventually diagnosed as a malignant myoperi-
cytoma originating in the colon and growing around the liver (Figure 3F-I).

TREATMENT
The patient underwent two open surgeries. During the first surgery, we set the route of excision in liver tissue to about 2 
cm from the tumor boundary and the right liver tumor was completely resected along with a 2 cm margin of macroscop-
ically unaffected tissue. The adhesions between the tumor and the colon were carefully separated and part of the serous 
layer and mesenteric tissue of the colon were concomitantly resected the patient recovered well after the first operation, 
with no postoperative complications such as bleeding, biliary leakage or hepatic failure. A right hemicolectomy with 
curative intent was performed for the tumor recurrence. The resection included distal ileum 15 cm away from the 
ileocecal junction to the proximal third of the transverse colon. The bowel containing the intact mass, and part of 
mesentery and greater omentum were removed. Finally, an end-to-end ileocoleostomy was performed. One week after 
the second operation, the patient experienced anastomotic leakage. This was treated with an abdominal drain and 
antibiotics. The patient recovered smoothly and was discharged from hospital. Due to the lack of effective treatment 
methods other than surgical resection and the patient’s poor treatment compliance, adjuvant therapy such as 
radiotherapy and/or chemotherapy were not received after surgery.

OUTCOME AND FOLLOW-UP
The patient did not return for early, routine surveillance as requested; however, six months after the second operation, he 
presented for surveillance. An abdominal CT showed multiple masses in the liver (Figure 4). Due to his past medical 
history, hepatic metastasis from colonic carcinoma were considered. The patient and his family declined surgery and 
opted for palliation. The overall survival time from initial tumor diagnosis to death was approximately one year.

DISCUSSION
Requena et al[8] suggested the term myopericytoma as an alternative name for some cutaneous adult myofibromas, 
basing their argument on the myopericytic differentiation seen in these tumors. Later, Granter et al[1] described a group 
of benign tumors showing a distinct histologic pattern characterized by a concentric, perivascular cellular proliferation 
with myoid differentiation.

Myopericytoma often present as incidental, painless, superficial masses, which have a predilection for subcutaneous 
sites in the extremities. Histologically, they have clear boundaries and are composed of round or oval cells arranged in 
the shape of concentric circles and surrounded by blood vessels. Due to the characteristics secondary to the myoid differ-
entiation of tumor cells, they demonstrate a powerful immune response to SMA[9-11]. In recent years, increasing 
numbers of myopericytoma have been reported. Most cases have a low recurrence rate and a favorable prognosis. 
Unfortunately, myopericytoma carries a risk of malignant transformation. Malignant myopericytoma, like other 
malignancies, exhibits increased mitotic activity, nuclear atypia, pleomorphism, necrosis, infiltration, and metastasis[12,
13].
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Figure 1 Computed tomography imaging before and after the first surgery. A: Axial view of the tumor prior to surgery; B: Coronal view of the tumor 
prior to surgery; C: Gross specimen of surgically excised neoplastic lesion. The arrow indicates the margin of the liver and the tumor surrounding the liver; D: The 
arrow shows the adhesions between the tumor and the colon; E: Axial view after surgery; F: Coronal view after surgery.

Figure 2 Immunostaining results of the first surgery. A: The left half is tumor tissue and the right half is normal liver tissue. The tumor cells did not 
significantly invade the normal liver tissue. The arrow indicates a thickened but intact liver capsule (magnification power: 10 ×); B: Tumor cells in a concentric pattern 
around the blood vessels (magnification power: 100 ×); C: Abnormal mitotic figures appearing in the tumor cells (magnification power: 200 ×); D: Areas of necrosis 
within the tumor (magnification power: 100 ×); E: Diffuse smooth muscle actin expression in tumor cells (magnification power: 100 ×).

Cases diagnosed as malignant myopericytoma are very rare. The keywords “malignant myopericytoma” were used to 
search relevant studies in PubMed, Web of Science, GeenMedical, and Google scholar literature databases. Additional 
literature was identified through hand searches of the references of retrieved literature. After review, we identified 
fourteen cases of malignant myopericytoma, the characteristics of which are summarized in Table 1[13-19]. By extracting 
the clinical manifestations, diagnoses and treatment of each case, we noticed that the majority of cases found the lump at 
first unintentionally or the patient felt mild pain and had symptoms due to the mass pressing on the surrounding organs 
or nerve tissue. Pathology is the main criterion for the diagnosis of malignant myopericytoma, but the lack of unified 
diagnostic criteria in imaging and laboratory tests poses a great challenge to the early diagnosis of the disease. In these 
cases, enhanced magnetic resonance imaging (MRI) and CT are the most commonly used imaging methods. Contrast-
enhanced T1-weighted MRI showed that the mass was irregular or lobulated with clear edges, and some cases were 
accompanied by annular enhancement of the edge of the mass or partial necrosis. The imaging findings of CT are similar 
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Table 1 Clinical features of reported malignant myopericytomas

Case Sex/age Site Presenting 
symptoms Treatment Follow up Ref.

1 F/81 Left side of neck Rapidly growing 
painless mass

Excision Liver metastasis 9 
months after diagnosis. 
Alive with disease at 24 
months

McMenamin 
and Fletcher
[14], 2002

2 M/46 Left posterior thigh Painful deep-
seated 
intermuscular 
mass

Excision, postoperative adjuvant 
radiotherapy

Metastasis to the heart, 
brain, liver, and bone 
after 6 months. Death 
from the disease at 7 
months

McMenamin 
and Fletcher
[14], 2002

3 M/19 Dermis/subcutaneous 
tissue of the right heel

Painful mass Below-knee amputation Metastatic disease and 
death within 1 yr

McMenamin 
and Fletcher
[14], 2002

4 F/80 Superficial mass of the 
left upper arm

Superficial 
painless mass

Marginal excision followed by wide 
excision

No metastasis. 
Discharged after 8 
months of follow-up

McMenamin 
and Fletcher
[14], 2002

5 F/67 Mass in the superior 
mediastinum

Short history of 
superior vena 
cava obstruction

Excision of cutaneous metastatic deposit Metastasis disease to the 
skin and subcutaneous 
tissue. Died of 
respiratory failure 
within 1 month

McMenamin 
and Fletcher
[14], 2002

6 M/61 Lower leg Subcutaneous 
painless mass

Marginal excision, recurrence after 12 
months treated by wide excision

Disease free a 3 yr Mentzel et al
[9], 2006

7 M/30 Lower leg Obstructive 
periampullary 
mass with 
jaundice

Biopsy and pancreaticoduodenectomy Liver metastasis 8 
months after diagnosis

Ramdial et al
[15], 2011

8 M/52 Floor of the left atrial 
wall

Sudden decrease 
in left vision

Excision of cardiac mass. Excision of 
metastatic brain tumor followed by γ-knife 
radiotherapy. Laminectomy and vertebral 
fixation due to vertebral metastases

Alive with metastatic 
disease at 8 months

Mainville et al
[12], 2015

9 M/38 Intradural tumor of the 
lower spine (L5/S1)

Progressing 
painful in the 
right calf during 
sport

Excision Disease free after 18 
months

Holling et al
[16], 2015

10 M/65 Dermis/subcutaneous 
tissue of the right arm

Enlarging painless 
mass

Excision Disease free after 5 
months

Patrick et al
[13], 2016

11 F/15 Left shoulder region Slowly growing 
mass

Excision, postoperative chemotherapy and 
radiotherapy

Disease free after 18 
months

Binesh et al
[17], 2016

12 M/56 Subcutaneous tissue left 
armpit

Pain of left 
shoulder mass

Preoperative chemotherapy, excision Disease free after 
several years

Chen et al[18], 
2017

13 M/33 Intracranial New onset 
seizures

Excision Disease free after 12 
months

Conradie et al
[19], 2021

14 M/65 Colon Right upper 
quadrant pain

Excision Metastatic disease to the 
liver and death within 1 
yr

This case

to MRI, and the combination of the two may be helpful to diagnosis. Ultrasonography is more commonly used for masses 
that occur in superficial tissue and present as well-demarcated heterogeneous solid mass. Surgery is currently the only 
effective intervention. Of the fourteen patients who underwent surgery, seven had varying degrees of recurrence and 
metastases, and four patients died within one year, indicating a high degree of malignancy and poor prognosis of the 
tumor. Similar to benign tumors, malignant myopericytomas originating in the extremities are the most common, while 
the liver appears to be a common site for metastases. Amongst the seven patients with metastasis, four had lesions in the 
liver. This is likely due to hematogenous spread via the abundant blood supply to the liver. All histopathology showed 
concentric growth of tumor cells around blood vessels, intense expression of SMA, accompanied by increased mitotic 
activity, nuclear atypia, necrosis and other malignant features.

Here, we report a case of malignant myopericytoma that was indistinguishable on imaging from a liver tumor, which 
we finally determined actually occurred in the colon. There was a lack of concordance between diagnostic imaging (from 
both axial and coronal planes) and histopathologic results. Imaging showed that the mass was located within the liver 
parenchyma and had enhancing edges. Therefore, even if no cirrhosis and/or tumor index anomalies were found, in 
retrospect, we prefer a hepatic malignancy as the primary diagnosis. During surgery, we found that the mass was grossly 
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Figure 3 Imaging and immunohistochemical analysis before and after the second operation. A: Axial computed tomography view of the tumor prior 
to surgery; B: Coronal view of the tumor prior to surgery; C: Gross specimen of tumor tissue. The arrows show the mucosal layer of the colon; D: Axial view after 
surgery; E: Coronal view after surgery; F: Tumor cells in a concentric pattern around the blood vessels (magnification power: 100 ×); G: Abnormal mitotic figures in 
the tumor cells (magnification power: 200 ×); H: Hematoxylin and eosin staining revealed tumor giant cells (magnification power: 200 ×); I: Smooth muscle actin was 
diffusely expressed in tumor cells (magnification power: 100 ×).

adherent to both the liver and colon. We excised portions of liver and colonic tissue en bloc to include the intact mass. It 
was still considered to be an exogenous liver tumor at the end of the operation until histopathology overturned our 
diagnosis. The pathological report showed that the tumor cells grew around the blood vessels in a typical concentric 
circle pattern, with increased mitoses, atypia and diffuse expression of SMA. The lesion did not invade the surrounding 
liver tissue. It was considered as a malignant myopericytoma originating from the colon and surrounding the liver. Due 
to the rarity of malignant myopericytoma, there is no effective treatment and complete surgical resection is regarded as 
the best option. Adjuvant therapy is being tried for some patients. One patient received postoperative radiotherapy and 
six courses of chemotherapy (ifosfamide-etoposide/cyclophosphamide, vincristine-doxorubicin), no recurrence after 
surgery. But the other patient had no tumor response after receiving two standard courses of theprubicin combined with 
ifosfamide chemotherapy regimen[14,18]. There are no reports of receiving immunotherapy and targeted therapy at 
present. As more cases emerge, the possibility of diversified adjuvant therapy will be further explored.

The pathophysiological mechanism of malignant myopericytoma is unclear. This is the main reason for the lack of 
treatment. Some studies have indicated that BRAF and PDGFRB may be involved in the occurrence and progression of 
myopericytoma. BRAF is an important component in the regulation of MAPK signaling pathway. Sadow et al[20] 
discovered BRAFV600E mutation in a comprehensive genetic test of myopericytoma. BRAFV600E mutation greatly enhanced 
the adhesion, migration and angiogenesis of tumor cells by upregulating the expression of some key molecules that 
influence extracellular matrix remodeling, angiogenesis and tumor microenvironment, which ultimately may lead to 
invasiveness. PDGFRB is a receptor tyrosine kinase and plays an important role in cell proliferation, migration and 
vascular development. Its abnormal expression is considered to be a significant cause of various forms of potentially 
malignant diseases. In a study by Hung et al[21], genetic testing found that all myopericytoma cases harbored PDGFRB 
mutations, strongly suggesting the role of PDGFRB signaling in the pathogenesis of myopericytoma. However, due to 
their small sample size, these results have not been replicated in other studies[22,23]. The genetic drivers of myoperi-
cytoma remain poorly understood. Further basic science and clinical studies of this rare neoplasm are warranted in the 
future in order to better understand the etiology, improve the diagnosis and determine the optimal clinical management 
of this rare pathology.
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Figure 4 First surveillance enhanced abdominal computer tomography scan. A and B: Axial view of the tumor in the arterial phase; C and D: Axial 
view of the tumor in the venous phase.

CONCLUSION
We report for the first time a rare case of malignant myopericytoma originating from the colon, which was difficult to 
differentiate radiographically from a liver neoplasm. The patient had no background of hepatitis or gastrointestinal 
symptoms and presented only with abdominal pain after hemorrhage into the tumor occurred. Exogenous malignant 
myopericytomas occurring in deep tissue are asymptomatic or cause only mild symptoms, which are easy to ignore when 
they are not ruptured. In light of both a lack of established treatment pathways and successful adjuvant treatments, 
complete surgical excision is the currently preferred treatment. Ongoing molecular studies may uncover key signaling 
pathways that could provide better diagnostic and therapeutic approaches in the future.
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Abstract
BACKGROUND 
The treatment of postoperative anastomotic stenosis after excision of rectal cancer 
is challenging. Endoscopic balloon dilation and radial incision are not effective in 
all patients. We present a new endoscopy-assisted magnetic compression 
technique (MCT) for the treatment of rectal anastomotic stenosis. We successfully 
applied this MCT to a patient who developed an anastomotic stricture after 
radical resection of rectal cancer.

CASE SUMMARY 
A 50-year-old man had undergone laparoscopic radical rectal cancer surgery at a 
local hospital 5 months ago. A colonoscopy performed 2 months ago indicated 
that the rectal anastomosis was narrow due to which ileostomy closure could not 
be performed. The patient came to the Magnetic Surgery Clinic of the First 
Affiliated Hospital of Xi'an Jiaotong University after learning that we had 
successfully treated patients with colorectal stenosis using MCT. We performed 
endoscopy-assisted magnetic compression surgery for rectal stenosis. The 
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magnets were removed 16 d later. A follow-up colonoscopy performed after 4 months showed good anastomotic 
patency, following which, ileostomy closure surgery was performed.

CONCLUSION 
MCT is a simple, non-invasive technique for the treatment of anastomotic stricture after radical resection of rectal 
cancer. The technique can be widely used in clinical settings.

Key Words: Rectal cancer; Magnetic compression technique; Magnetosurgery; Anastomotic stricture; Magnetic surgery clinic; 
Case report

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Endoscopic balloon dilation and radial incision are commonly used for the treatment of postoperative anastomotic 
stenosis after surgery for colorectal cancer, but the effect is limited. Magnetic compression technique (MCT) can be used for 
anastomosis of various parts of the digestive tract. Cases of postoperative anastomotic stricture after colorectal cancer 
surgery treated by MCT have been rarely reported. We report a patient with low rectal anastomosis who was successfully 
treated with the MCT. This case report enriches the treatment methods of postoperative anastomotic stenosis of colorectal 
cancer, which can bring important reference significance for peers.

Citation: Zhang MM, Sha HC, Xue HR, Qin YF, Song XG, Li Y, Li Y, Deng ZW, Gao YL, Dong FF, Lyu Y, Yan XP. Novel 
magnetic compression technique for the treatment of postoperative anastomotic stenosis in rectal cancer: A case report. World J 
Gastrointest Surg 2024; 16(6): 1926-1932
URL: https://www.wjgnet.com/1948-9366/full/v16/i6/1926.htm
DOI: https://dx.doi.org/10.4240/wjgs.v16.i6.1926

INTRODUCTION
The incidence of postoperative anastomotic stenosis following colorectal cancer surgery is relatively low, however, it 
poses challenges in terms of treatment. Risk factors for anastomotic stenosis include anastomotic leakage, neoadjuvant 
chemoradiotherapy, gender, postoperative radiotherapy, and anastomotic ischemia[1-5]. The occurrence of anastomotic 
stenosis precludes the possibility of enterostomy reduction surgery, which adversely affects the quality of life of patients. 
Endoscopic balloon dilation and radial incision are effective in some patients[6-8], but some patients show poor 
outcomes. Therefore, the development of effective treatment for postoperative anastomotic stenosis after colorectal cancer 
surgery is imperative to improve the quality of life of patients. Magnetic compression technique (MCT) is a new surgical 
technique that can achieve suture-free anastomosis of the digestive tract by leveraging the magnetic force between 
magnets[9,10]. MCT in combination with endoscopic technique has been used for the treatment of biliary stricture[11-14], 
ureteral stricture[15,16], and esophageal stricture[17-20]. It has the advantages of simple operation, minimal trauma, and 
a good therapeutic effect. However, the application of MCT in postoperative anastomotic stenosis after colorectal cancer 
surgery has rarely been reported. This case report describes the successful use of MCT for the treatment of postoperative 
anastomotic stricture after radical surgery for rectal cancer.

CASE PRESENTATION
Chief complaints
A 50-year-old man presented with a narrow rectal anastomosis which was discovered 2 months ago during a follow-up 
colonoscopy following rectal cancer surgery.

History of present illness
The patient had undergone laparoscopic radical resection for rectal cancer 5 months ago. A narrow rectal anastomosis 
was detected 2 months ago during colonoscopy.

History of past illness
He was diagnosed with type 2 diabetes 5 months ago and his blood sugar has been effectively managed by oral 
hypoglycemic drugs.

Personal and family history
His family history was unremarkable.

https://www.wjgnet.com/1948-9366/full/v16/i6/1926.htm
https://dx.doi.org/10.4240/wjgs.v16.i6.1926
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Figure 1 Preoperative examination. A: Colonoscopy image showing the stenosis; B: Colonography.

Figure 2 Schematic illustration of the surgical plan. Zebra guide wire was inserted through the ileostomy and pulled out through the anus with the 
assistance of colonoscopy. The daughter magnet and parent magnets were inserted into the two sides of the rectum stenosis along the zebra guide wire through the 
ileostomy and the anus, respectively.

Physical examination
Initial physical examination revealed no cardiovascular or respiratory abnormalities. The abdomen was flat and non-
tender. An ileostomy was seen on the right side of the abdomen.

Laboratory examinations upon admission
The hematology results were normal.

Imaging examinations
During colonoscopy, a narrow rectal anastomosis located 2 cm above the anus was observed, with a diameter of approx-
imately 5 mm. Anastomotic staples were still present at the site, and the colonoscope could not pass through the narrow 
rectal anastomosis (Figure 1A). Subsequent, colonography confirmed a stenosis in the lower rectum (Figure 1B).

FINAL DIAGNOSIS
Based on the colonoscopy and colonography, the diagnosis of rectal anastomosis stenosis was established.

TREATMENT
The surgical plan developed by the Multi-disciplinary team of Magnetic Surgery at the First Affiliated Hospital of Xi’an 
Jiaotong University was shown in Figure 2. The patient and his family members provided written informed consent for 
the operation. The patient was positioned supine following intravenous anesthesia. Enteroscopy was conducted via the 
ileostomy, reaching the proximal end of the rectal anastomosis. A zebra guide wire was passed through biopsy hole of the 
colonoscope, and its tip was pulled out through the narrow section of the rectum via the anus. The zebra wire was left in 
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Figure 3 Surgical procedure. A: The daughter magnet was inserted along the zebra guide wire through the ileostomy; B: The parent magnet was inserted along 
the zebra guide wire through the anus; C: The push process of the daughter magnet; D: The state of the daughter magnet after attraction; E: The state of the parent 
magnet after attraction.

Figure 4 Postoperative x-ray examination. A: Pelvic anteroposterior radiograph showing the attraction state of the daughter and the parent magnets; B: Pelvic 
lateral radiograph showing the attraction state of the daughter and the parent magnets. DM: Daughter magnet; PM: Parent magnet.

place while the colonoscope was witdrawn. The zebra guide wire located on the side of the ileostomy was passed through 
the side hole of the daughter magnet and then retrogradely advanced through the biopsy hole of the colonoscope 
(Figure 3A). The zebra guide wire on the anal side was passed through the side hole of the parent magnet (Figure 3B). 
The colonoscope was advanced through the ileostomy and pushed the daughter magnet along the zebra guide wire to the 
proximal end of the rectal anastomosis (Figure 3C). The parent magnet along the zebra guide wire was pushed through 
the anus. The daughter magnet and the parent magnet were automatically attracted together, following which the zebra 
guide wire was exited. To increase the magnetic force between the daughter and the parent magnets, another magnet was 
introduced through the anus. Colonoscopy was performed again through ileostomy and anus to observe the status of 
daughter magnet and parent magnets (Figures 3D and E). The x-ray examination showed close apposition of the daughter 
and the parent magnets (Figures 4). Sixteen days after surgery, the daughter and the parent magnets were expelled 
through the anus (Figure 5A and B). Colonoscopy showed the new anastomosis, and the colonoscope passed smoothly 
(Figures 5C and D).

OUTCOME AND FOLLOW-UP
Following discharge, the patient insisted on anal dilation treatment using a 20 mm diameter anal dilator. Four months 
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Figure 5 Postoperative colonoscopy. A: The daughter and parent magnets were discharged on the 16th day after surgery; B: The necrotic tissue between the 
daughter and the parent magnets; C and D: Colonoscopy image showing good patency of magnetic anastomosis. DM: Daughter magnet; PM: Parent magnet.

later, the rectal anastomosis remained good patent, and the ileostomy was successfully closed. The patient experienced 
normal bowel movements postoperatively.

DISCUSSION
Hyperplasia of the scar tissue is the main pathological cause of anastomotic stenosis after colorectal cancer surgery. 
Endoscopic balloon dilation and radial incision cannot effectively remove hyperplastic scars, and may even aggravate 
scar formation. Therefore, there are limited options for the treatment of postoperative anastomotic stenosis of colorectal 
cancer[6]. The unique anastomotic principle of the MCT makes it effective in treating anastomotic stenosis after operation 
for colorectal cancer. Firstly, in the treatment of rectal anastomotic stenosis by MCT, the scar of anastomotic hyperplasia is 
located between the magnets. The continuous magnetic compression induces the pathological change sequence of 
ischemia-necrosis-shedding[21]. The primary distinction between MCT and other methods like balloon dilation and 
radial incision lies in the removal of scar tissue. Secondly, MCT does not involve inserting foreign objects into the 
intestinal wall during the establishment of the anastomosis, reducing the risk of complications such as fistula and 
infection, further reducing the formation of anastomotic scar. Third, by combining MCT with endoscopic techniques, 
minimally invasive anastomosis can be achieved, avoiding the trauma and complications associated with traditional 
surgical procedures.

The present case has some similarities with the previously reported cases where the MCT was used to treat 
postoperative anastomotic stenosis. However, there are some noteworthy novel aspects of this case. First, the patient had 
an ileostomy that provided access for the insertion of the daughter magnet. Second, zebra guides wire can pass through 
the narrow rectal anastomosis, and we chose magnets with holes on the side, which facilitated the placement of magnets. 
Third, to increase the magnetic force between the daughter magnet and the parent magnet, we inserted two magnets from 
the anus to act as the parent magnet. Fourth, unlike previous cases, the rectal anastomosis in this patient was near the 
anus, and there was a risk of anal damage during the magnetic compression process. However, the final results showed 
that the function of the anus was well maintained. This demonstrated that even if the anastomotic position is very low, 
the use of MCT does not affect anal function.

CONCLUSION
MCT combined with endoscopic technology can be used for the treatment of postoperative anastomotic stenosis after 
colorectal cancer surgery. It has the advantages of simple operation, minimal trauma, and good anastomotic patency, 
making it worthy of widespread clinical application.
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Abstract
BACKGROUND 
The combination of magnetic compression anastomosis (MCA) and endoscopy 
has been used to treat biliary stricture after liver transplantation. However, its use 
for the treatment of complex biliary obstruction after major abdominal trauma has 
not been reported. This case report describes the successful use of MCA for the 
treatment of biliary obstruction resulting from major abdominal trauma.

CASE SUMMARY 
A 23-year-old man underwent major abdominal surgery (repair of liver rupture, 
right half colon resection, and ileostomy) following a car accident one year ago. 
The abdominal drainage tube, positioned at the Winslow foramen, was draining 
approximately 600-800 mL of bile per day. During the two endoscopic retrograde 
cholangiopancreatography procedures, the guide wire was unable to enter the 
common bile duct, which prevented placement of a biliary stent. MCA combined 
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with endoscopy was used to successfully achieve magnetic anastomosis of the peritoneal sinus tract and 
duodenum, and then a choledochoduodenal stent was placed. Finally, the external biliary drainage tube was 
removed. The patient achieved internal biliary drainage leading to the removal of the external biliary drainage 
tube, which improved the quality of life.

CONCLUSION 
Magnetic compression technique can be used for the treatment of complex biliary obstruction with minimal 
operative trauma.

Key Words: Magnetic compression anastomosis; Magnetosurgery; Endoscopy; Magnetic Surgery Clinic; Biliary obstruction; 
Case report

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: In cases of severe biliary stenosis or occlusion, performing endoscopic balloon dilation or biliary stent implantation 
via endoscopic retrograde cholangiopancreatography is sometimes not possible. There are some research reports on the use 
of magnetic compression anastomosis (MCA) to treat biliary stricture or occlusion. However, the use of MCA in the 
treatment of complex biliary obstruction after abdominal trauma has not been reported. This study reports the successful 
treatment of a patient with complex biliary obstruction after abdominal trauma with MCA.

Citation: Zhang MM, Tao J, Sha HC, Li Y, Song XG, Muensterer OJ, Dong FF, Zhang L, Lyu Y, Yan XP. Magnetic compression 
anastomosis to restore biliary tract continuity after obstruction following major abdominal trauma: A case report. World J Gastrointest 
Surg 2024; 16(6): 1933-1938
URL: https://www.wjgnet.com/1948-9366/full/v16/i6/1933.htm
DOI: https://dx.doi.org/10.4240/wjgs.v16.i6.1933

INTRODUCTION
Benign biliary strictures are a common occurrence following biliary surgery or liver transplantation[1-3]. These strictures 
can typically be treated with endoscopic balloon dilation and biliary stent implantation[4,5]. However, in cases with 
severe stenosis or occlusion, endoscopic retrograde cholangiopancreatography (ERCP) treatment may not be successful
[6]. Percutaneous transhepatic biliary drainage is currently the only non-surgical treatment option available for these 
patients. However, long-term biliary drainage adversely affects the quality of life of these patients. Magnetic compression 
anastomosis (MCA) has recently emerged as a potential treatment option for severe benign biliary strictures[7-10]. In this 
report, we present a successful case of abdominal sinus and duodenal MCA in a patient with severe biliary tract injury 
following abdominal trauma.

CASE PRESENTATION
Chief complaints
One year after undergoing surgery for abdominal trauma, the bile was draining externally for 7 months.

History of present illness
A 23-year-old man underwent surgery for repair of liver rupture, right half colon resection, and ileostomy following a car 
accident one year ago. Postoperatively, he developed a complex abdominal infection, biliary leakage, abdominal wall 
incision infection, and intestinal fistula. Following conservative treatment, which included anti-infection measures, 
nutritional support, and abdominal drainage, his condition remained stable. Seven months later, the abdominal drainage 
tube, positioned at the Winslow foramen, was draining approximately 600-800 mL of bile per day. A contrast agent was 
injected via the abdominal drainage tube to visualize the middle and upper segments of the common bile duct, hepatic 
duct, and intrahepatic bile duct. However, the lower segments of the common bile duct were not visualized. During the 
two ERCP procedures, the guide wire was unable to enter the common bile duct, which prevented the placement of the 
biliary stent. For further treatment, the patient was admitted to the Magnetic Surgery Clinic of the First Affiliated 
Hospital of Xi’an Jiaotong University.

History of past illness
The past medical history was unremarkable.

https://www.wjgnet.com/1948-9366/full/v16/i6/1933.htm
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Figure 1 The surgical planning of abdominal sinus-duodenal magnetic compression anastomosis. A: Magnetic resonance cholangio-
pancreatography; B: Schematic illustration of the placement process of daughter magnet and parent magnet; C: The parent and daughter magnets are in apposition; 
D: The magnets were expelled and abdominal sinus-duodenal anastomosis was established. DM: Daughter magnet; PM: Parent magnet.

Personal and family history
There was no relevant family history.

Physical examination
The patient's vital signs were stable. Physical examination showed no cardiorespiratory abnormalities. Abdominal 
examination revealed an old surgical incision scar and a partial abdominal wall defect. An abdominal tube draining 
brown bile was seen on the right side of the abdomen. The descending ileostomy was visible in the right lower abdomen. 
The abdomen was flat and soft, with no abdominal tenderness. There was no shifting dullness, and bowel sounds were 
normal.

Laboratory examinations
Abnormal laboratory parameters included: serum alanine aminotransferase 205 U/L; aspartate aminotransferase 108 U/
L; alkaline phosphatase 511 U/L; gamma glutamyl transferase 452 U/L; albumin 34.3 g/L; total bilirubin 91.3 µmol/L; 
direct bilirubin 70.4 µmol/L; indirect bilirubin 20.9 µmol/L.

Imaging examinations
Magnetic resonance cholangiopancreatography revealed dilation of both the intrahepatic and extrahepatic bile ducts, 
with an unclear structure of the lower segment of the common bile duct (Figure 1A).

FINAL DIAGNOSIS
The final diagnosis was: Biliary obstruction, biliary fistula, ileostomy status, and right hemicolectomy status.

TREATMENT
After the patient declined further abdominal surgery, a MCA was scheduled upon obtaining his informed consent. The 
surgical plan for the abdominal sinus-duodenal MCA is illustrated in Figure 1B-D. The parent magnet (PM) and daughter 
magnet (DM) were designed by the authors (Yan XP and Zhang MM) and manufactured by Jinshan Electronic 
Appliances Ltd. (Xi’an, China). The magnetic force test showed that the magnetic force of the DM and the PM at zero 
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Figure 2 Endoscopic procedure. A: The parent magnet (PM) enters the duodenum; B: The PM is shown in X-ray; C: The daughter magnet (DM) is inserted 
through the abdominal sinus; D: X-ray shows that the DM is attracted to the PM. DM: Daughter magnet; PM: Parent magnet.

distance is 7.57 N, and the magnetic force at 5 mm is 2.81 N. The PM was guided into the duodenum using a gastroscope 
while being monitored by X-ray (Figure 2A and B). The DM was then inserted into the lower part of the common bile 
duct through the abdominal sinus (Figure 2C). The daughter magnet and parent magnet were observed to be in close 
apposition due to magnetism (Figures 2D and 3A). Subsequently, an indwelling external biliary drainage tube was placed 
via the abdominal sinus. Three days after the operation, the parent and daughter magnets were discharged from the body 
through the ileostomy (Figure 3B and C). Subsequently, a choledochoduodenal stent was inserted through the magnetic 
anastomosis channel during an ERCP procedure (Figure 3D). The external biliary drainage tube was removed after three 
days, and internal biliary drainage was established.

OUTCOME AND FOLLOW-UP
The patient's bilirubin level returned to normal after two weeks, and the serum transaminase level returned to normal 
after one month. The biliary stent was replaced after three months and was finally removed after 6 months. As of 18-
month follow-up, the patient is in a good condition with normal liver function.

DISCUSSION
Several reports have documented the use of MCA in conjunction with ERCP for treating severe benign biliary strictures
[6-8]. The magnet placement process is easier when the guide wire can pass through the stenosis. However, the surgical 
approach becomes more complicated when the guide wire cannot pass through the stenosis. In contrast to previously 
reported cases, this special case was highly complex due to the absence of the lower biliary duct structure. The patient’s 
only means of clearing bile was through the abdominal sinus. In this case, we used MCA to create a new channel between 
the abdominal sinus and duodenum instead of abdominal drainage. The establishment of this channel is facilitated using 
magnetic compression anastomosis, and its unique features. The patient's abdominal drainage tube was removed to allow 
for internal bile drainage. Follow-up assessments indicated that the patient’s overall condition was stable. To the best of 
our knowledge, MCA between the abdominal sinus and the duodenum has not been reported. The development of 
flexible magnet designs and placement methods has enabled the successful use of the MCA technique for the treatment of 
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Figure 3 Postoperative abdominal imaging data. A: The state of the magnets one day after the operation; B: The state of the magnets three days after the 
operation; C: The magnets expelled from the body; D: Biliary stent has been placed at the abdominal sinus-duodenal magnetic anastomosis. DM: Daughter magnet; 
PM: Parent magnet.

some complex digestive tract stenosis[11].

CONCLUSION
The successful outcome of MCA in the treatment of biliary stenosis in this patient shows the benefits of the technique. 
Our experience may serve as a valuable reference for treating patients with complex biliary obstruction in the future.
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Abstract
BACKGROUND 
Colonoscopy is the most frequently used diagnostic and therapeutic tool for the 
treatment of colorectal diseases. Although the complication rate is low, it can be 
potentially serious. Intussusception is a rare and severe complication often 
associated with polypectomy. Only a handful of post-colonoscopy intussus-
ception cases have been reported, making this study a valuable addition to the 
medical literature.

CASE SUMMARY 
Case 1: A 61-year-old man underwent colonoscopy with polypectomy for chronic 
abdominal pain. The patient experienced abdominal pain 11 hours later but was 
still discharged after pain management. He was readmitted due to recurring pain. 
Computed tomography (CT) showed colo-colonic intussusception. Initial conser-
vative management and attempts at endoscopic reduction failed; therefore, 
laparoscopic right hemicolectomy was performed. Histopathological examination 
revealed tubular adenomas in the polyps and inflammation in the resected 
specimens. Case 2: A 59-year-old woman underwent colonoscopy with poly-
pectomy for a polyp in the transverse colon. She experienced upper abdominal 
pain, fever, nausea, and vomiting 9 hours after the procedure. Emergency CT and 
blood tests revealed a colo-colonic intussusception near the hepatic flexure and an 
elevated white blood cell count. Initial attempts at endoscopic reduction failed 
and conservative treatment showed no improvement. She underwent successful 
laparoscopic reduction and recovered uneventfully. Histopathological exami-
nation of the resected polyp revealed hyperplasia.

CONCLUSION 
Post-colonoscopy intussusception in adults is rare, and polypectomy may 
contribute to its occurrence. Early diagnosis is crucial, with prompt CT exami-
nation serving as key. After excluding malignancies, conservative management 
and reduction of intussusception should be considered before surgical bowel 
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Core Tip: This study discusses two rare cases of colo-colonic intussusception as a complication of colonoscopy with 
polypectomy in adults. A 61-year-old man and 59-year-old woman developed intussusception after polyp removal during 
colonoscopy. Both patients underwent unsuccessful conservative and endoscopic reduction interventions, leading to surgical 
procedures. These findings highlight the importance of early detection using computed tomography and suggest that 
polypectomy may increase the risk of intussusception. Conservative management should be attempted before surgical 
resection, assuming that malignancy has been ruled out. This study highlights the importance of awareness and prompt 
management of this rare complication.

Citation: Xiang SH, Xu GQ. Colo-colonic intussusception as a rare complication of colonoscopy with polypectomy: Two case reports. 
World J Gastrointest Surg 2024; 16(6): 1939-1947
URL: https://www.wjgnet.com/1948-9366/full/v16/i6/1939.htm
DOI: https://dx.doi.org/10.4240/wjgs.v16.i6.1939

INTRODUCTION
Colonoscopy is the most frequently used diagnostic and therapeutic tool for colorectal diseases including colorectal 
tumors, inflammatory bowel disease, and lower gastrointestinal bleeding. The incidence of complications associated with 
colonoscopy is very low at < 1%[1]. Polypectomy performed during colonoscopy is generally considered safe. However, 
multiple colonoscopy-related complications may still occur, with the most common being gastrointestinal bleeding, 
perforation, and cardiopulmonary events, and over 85% of serious complications are reported in patients undergoing 
colonoscopy with polypectomy[1,2]. Intussusception after colonoscopy in adults is extremely rare and often associated 
with polypectomy. To the best of our knowledge, only 15 cases of post-colonoscopy intussusception have been reported 
since the first description by Yamazaki et al[3] in 2000.

To raise awareness and provide more information for better management of this unusual condition, we present two 
cases of intussusception after colonoscopy with polypectomy in adults, followed by a short review of the literature on this 
condition.

CASE PRESENTATION
Chief complaints
Case 1: A 61-year-old man experienced colicky abdominal pain in the right lower quadrant 11 hours after colonoscopy 
with polypectomy. Abdominal computed tomography (CT) revealed colo-colonic intussusception.

Case 2: A 59-year-old woman presented with upper abdominal pain and distention 9 hours after colonoscopy with 
polypectomy. Abdominal CT revealed a colo-colonic intussusception.

History of present illness
Case 1: The patient presented to our hospital with a 10-month history of abdominal pain in the lower right quadrant. 
Abdominal CT performed 1 month previously showed no positive findings, and colonoscopy performed 7 months 
previously showed multiple polyps. To further investigate the cause of abdominal pain and remove the polyps, we 
performed CT enterography (CTE), followed by colonoscopy and polypectomy. The CTE revealed no anomalies.

Colonoscopy was performed under intravenous anesthesia. The quality of bowel preparation was adequate, and no 
technical difficulties were encountered during colonoscopy. The colonoscopy took 25 minutes, including 11 minutes for 
intubation and 14 minutes for withdrawal. The terminal ileum was intubated. Three polyps in the sigmoid colon, sized 4-
6 mm, were discovered during intubation and removed from the spot by cold snare polypectomy (CSP). Two polyps in 
the ascending colon near the hepatic flexure, sized 4-5 mm, were discovered during withdrawal and removed by CSP 
(Figure 1). No other abnormalities were found during colonoscopy. The patient regained consciousness approximately 6 
minutes after the procedure and felt well without obvious abdominal discomfort.

Eleven hours later, the patient started to experience colicky abdominal pain in the right lower quadrant with 
tenderness, but no rebound tenderness. The patient rated the pain as 3 on a scale of 1–10. The pain lasted for 1 hour and 
was still not relieved; therefore, the doctor on duty administered 10 mg of anisodamine intramuscularly. The patient’s 
pain was relieved. However, only 4 hours later, the pain recurred without tenderness or rebound tenderness. The patient 

https://www.wjgnet.com/1948-9366/full/v16/i6/1939.htm
https://dx.doi.org/10.4240/wjgs.v16.i6.1939
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Figure 1 Images of initial colonoscopy of case 1. A and B: Two polyps measuring 4-5 mm in the ascending colon near the hepatic flexure discovered during 
withdrawal; C: Polyp in Figure 1A removed by cold snare polypectomy (CSP); D: Post-polypectomy wound after CSP of the polyp in Figure 1B.

was administered a second intravenous dose of anisodamine (10 mg). The pain was relieved, and the patient was 
discharged 2 hours later. However, 8 hours after the patient was sent home, he returned to the emergency room because 
of recurring colicky abdominal pain in the right lower quadrant.

Case 2: The patient visited our hospital because a polyp was found in the transverse colon during routine colonoscopy 
three months prior to presentation.

Colonoscopy and endoscopic polypectomy were performed under intravenous anesthesia. The quality of bowel 
preparation was adequate, and no technical difficulties were encountered during colonoscopy. The terminal ileum was 
not intubated. Colonoscopy took 36 minutes, including 10 minutes for intubation of the cecum and 26 minutes for 
withdrawal and polypectomy. A flat polyp measuring 12 mm in the transverse colon near the hepatic flexure was 
discovered and removed using endoscopic mucosal resection. The mucosal defect was closed using five metal clips 
(Figure 2). No other abnormalities were found during colonoscopy. Histopathological examination of the resected polyp 
revealed hyperplasia.

Nine hours after colonoscopy, the patient began to experience pain and distention in the upper abdomen. The pain 
worsened in the next 2 hours, and the patient rated it 7 on a scale of 1–10. A glycerin enema and antispasmodics 
(anisodamine and magnesium sulfate) were administered. The pain was briefly alleviated and then intensified again, 
accompanied by fever, nausea, and vomiting.

History of past illness
Case 1: Past medical history included chronic hepatitis B for 5 years and hepatocellular carcinoma surgery 4 years 
previously.

Case 2: The patient had a history of cesarean section surgery 30 years previously, and ectopic pregnancy surgery 22 years 
previously.

Personal and family history
Both patients’ personal and family history was unremarkable.

Physical examination
Case 1: Upon returning to the emergency room, an abdominal physical examination revealed moderate tenderness with 
peritoneal signs in the right lower quadrant. The patient’s body temperature was 38 °C, heart rate 93 beats/minute (bpm), 
respiratory rate 20 breaths/minute, and blood pressure was 101/63 mmHg.
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Figure 2 Images of initial colonoscopy of case 2. A-C: A flat polyp measuring 12 mm discovered in the transverse colon near the hepatic flexure, and 
removed by endoscopic mucosal resection; D: The mucosal defect closed using five metal clips.

Case 2: Initially, the patient exhibited moderate upper abdominal tenderness. After the pain intensified and the patient 
became febrile, with accompanying nausea and vomiting, the vital signs were recorded as follows: Temperature, 38 °C; 
heart rate, 106 bpm; respiratory rate, 22 breaths/minute; and blood pressure, 169/91 mmHg. Further examination 
revealed tenderness and rebound tenderness of the upper abdomen.

Laboratory examinations
Case 1: Laboratory examinations demonstrated an elevated white blood cell count of 14.9 × 109/L (normal 4.0-10.0 × 109/
L), with a predominance of neutrophils (90.9%). The C-reactive protein level was normal (5.07 mg/L; normal 0-8 mg/L).

Case 2: Laboratory examinations demonstrated an elevated white blood cell count of 12.5 × 109/L (normal 4.0-10.0 × 109/
L), with a predominance of neutrophils (77.9%). The C-reactive protein level was normal (1.21 mg/L; normal 0-8 mg/L) 
at that point and was found to be significantly elevated to 76.92 mg/L 13 hours later, while the complete blood cell count 
remained similar.

Imaging examinations
Case 1: Urgent abdominal CT revealed a colo-colonic intussusception near the hepatic flexure: The bowel near the hepatic 
flexure was dilated and the proximal colon was invaginated into it, which appeared as a target-like lesion (Figure 3A). 
There were no signs of bowel obstruction, perforation, or masses.

Case 2: Emergency abdominal CT revealed metal clips near the hepatic flexure and a target-like lesion with thickened 
intestinal walls in the distal colon near the clips, indicative of colo-colonic intussusception (Figure 3B).

FINAL DIAGNOSIS
Both patients were diagnosed with colo-colonic intussusception.
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Figure 3 Urgent abdominal computed tomography. A: Urgent abdominal computed tomography (CT) revealing a colo-colonic intussusception near the 
hepatic flexure; B: Emergency abdominal CT revealing a target-like lesion with thickened intestinal walls.

TREATMENT
Case 1
The patient was readmitted and initially managed conservatively with fasting and the maintenance of intravenous fluids, 
analgesics (pethidine), antispasmodics (anisodamine), antibiotics (meropenem), antipyretics (indomethacin), and 
parenteral nutrition. However, the abdominal pain persisted, and the patient passed approximately 20 mL of dark red 
bloody stool 4 hours after readmittance.

Emergency colonoscopy was performed to attempt endoscopic reduction. Colonoscopy revealed a congested, swollen, 
purple-red-colored mucosa in the ascending colon near the hepatic flexure invaginating the distal bowel (Figure 4). 
Repeated attempts to reduce the colo-colonic intussusception by pumping water and air failed.

The patient was then transferred to the operating room for laparoscopic surgery. Intraoperative findings included colo-
colonic intussusception in the ascending colon near the hepatic flexure, with significant inflammation and exudation. Due 
to concerns about possible intestinal necrosis, a laparoscopic right hemicolectomy with intracorporeal anastomosis was 
performed.

Case 2
Emergency colonoscopy was performed to reduce endoscopic intussusception. Colonoscopy revealed a congested, 
swollen, and purple-red-colored mucosa in the transverse colon that invaginated the distal bowel. The post-polypectomy 
wound with metal clips was located approximately 5 cm above the inflamed mucosa and was unaffected by intussus-
ception (Figure 5). Repeated attempts to reduce colo-colonic intussusception by changing the position and pumping 
water and air failed.

Owing to the patient’s unwillingness to undergo surgery, conservative treatment was administered. However, the 
patient’s condition did not improve, and a repeat abdominal CT showed no signs of improvement. Twelve hours after the 
emergency colonoscopy, the patient was transferred to the operating room for laparoscopic surgery. The intraoperative 
findings included colo-colonic intussusception in the transverse colon near the hepatic flexure with edema and inflam-
mation. The intussusception was laparoscopically reduced.

OUTCOME AND FOLLOW-UP
Case 1
The patient’s postoperative recovery was uneventful, and was discharged 11 days later. No complications occurred.

Histopathological examination of the polyps resected during the initial endoscopy revealed tubular adenomas, 
whereas the specimen resected laparoscopically showed inflammatory changes with no evidence of malignancy or mass.

Case 2
Postoperative recovery was uneventful, and the patient was discharged 8 days later. No complications occurred.

Both patients shared their perspective that complications are best avoided, and if unavoidable, successful conservative 
treatment is preferred over surgery; if surgery is necessary, reduction is preferred over resection.
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Figure 4 Images of emergency colonoscopy of case 1. Colonoscopy revealing congested, swollen, purple-red-colored mucosa in the ascending colon near 
hepatic flexure, invaginating into the distal bowel.

Figure 5 Images of emergency colonoscopy of case 2. A-C: Colonoscopy revealing congested, swollen, and purple-red-colored mucosa in the transverse 
colon, invaginating into the distal bowel; D: Post-polypectomy wound with metal clips located approximately 5 cm above the inflamed mucosa and not affected by the 
intussusception.

DISCUSSION
Intussusception after a colonoscopy is exceedingly rare in adults. To date, only 17 cases, including our two cases, have 
been reported (Table 1)[3-17]. In these cases, the age of patients ranged from 19 to 73 years (average 47.6 years), and the 
sex ratio was roughly equal (8 males to 9 females). All patients experienced abdominal pain that occurred several hours 
after colonoscopy as the main clinical symptom, with tenderness as the main abdominal sign. Other less documented 
symptoms include fever, bloody stools, nausea, and vomiting. Laboratory examination results were documented in 12 
cases, all showing elevated white blood cell counts ranging from 10.8 to 22 × 109/L (average 14.1 × 109/L). All diagnoses 
of intussusception were made by using abdominal CT. The majority (13 cases, 76.5%) were colo-colic intussusceptions, 
and only four cases (23.5%) were ileocolic. Almost all lesions occurred in the right colon, except in one case where it was 
located in the splenic flexure. Endoscopic interventions (biopsies or polypectomies) were performed during the initial 
colonoscopy in 14 (82.4%) of the 17 cases. Of the remaining three cases, one had a large polyp in the terminal ileum[7], 
which may serve as a potential cause, whereas the other two seemed normal. Regarding the treatments, four cases were 
successfully treated conservatively, four underwent laparoscopic reduction, one underwent successful endoscopic 
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Table 1 Summary of the reported cases of intussusception after colonoscopy

Ref. Age (years)/sex Endoscopic intervention Type of intussusception Treatment

Yamazaki et al[3], 2000 48/male Biopsy Cecal colo-colonic Open resection

Theodoropoulou et al[4], 2009 19/male No Ileocecal Open resection

Ho et al[5], 2010 32/male Polypectomy Cecal colo-colonic Laparoscopic reduction

Nachnani et al[6], 2012 73/female Biopsy Ascending colo-colonic Laparoscopic reduction

Lasithiotakis et al[7], 2012 58/male No Ileocecal Open resection

Lee et al[8], 2013 47/male Polypectomy Cecal colo-colonic Laparoscopic resection

Min et al[9], 2017 31/female Biopsy Cecal colo-colonic Laparoscopic resection

Araki et al[10], 2018 28/male Polypectomy Cecal colo-colonic Endoscopic reduction

Hassan et al[11], 2018 43/female Biopsy Ascending colo-colonic Conservative management

He et al[12], 2020 54/female Polypectomy and biopsy Transverse colo-colonic Conservative management

Ahmed et al[13], 2020 42/female Polypectomy and biopsy Transverse colo-colonic Conservative management

Moon et al[14], 2022 58/female Polypectomy Hepatic flexure colo-colonic Conservative management

Lee et al[15], 2022 69/male Polypectomy Ileocecal Laparoscopic resection

Vadakkenchery et al[16], 2022 36/female No Splenic flexure colo-colonic Laparoscopic reduction

Jastaniah et al[17], 2023 51/female Polypectomy Ileocecal Laparoscopic resection

Current case 1 61/male Polypectomy Ascending colo-colonic Laparoscopic resection

Current case 2 59/female Polypectomy Transverse colo-colonic Laparoscopic reduction

reduction, five underwent laparoscopic segmental bowel resection, and three underwent open segmental bowel resection. 
No malignant histopathological findings were observed.

Intestinal intussusception mostly occurs in the small intestine, with only 20% of cases involving solely the large bowel
[18]. Less than 5% of intussusceptions occur in adults[19]. Intussusception in adults is usually related to definable causes, 
with only 10%-20% of all cases being idiopathic[20]. Common causes of adult colonic intussusception include adherence, 
inflammatory lesions, polyps, and benign or malignant tumors[19]. The most prevalent cause is a pathological lead point 
in the bowel, which is malignant in half of the cases[17]. However, these causes are not usually present in post-
colonoscopy intussusception.

The etiology of intussusception after colonoscopy remains unclear. Several hypotheses have been proposed to explain 
the phenomenon. Some scholars have suggested that edema or hematoma caused by endoscopic interventions, including 
biopsy and polypectomy, may serve as a lead point[14,15,17]. The metal clips used after polypectomy may also act as a 
lead point. This may explain the occurrence of intussusception in our first case, as the location of intussusception 
observed during emergent colonoscopy was consistent with the site of the prior polypectomy. As mentioned previously, 
biopsies or polypectomies were performed during the initial colonoscopy in 14 (82.4%) of the 17 cases. However, in our 
second case, the post-polypectomy wound with metal clips was located approximately 5 cm above the inflamed mucosa 
and was not affected by intussusception, which implies that the post-polypectomy wound and metal clips were not the 
lead points. Additionally, no endoscopic interventions were applied in two of the previously reported cases. This finding 
implies the involvement of other mechanisms. Yamazaki et al[3] speculated that the intussusception was induced by 
hyperperistalsis, which vents gas and empties the insufflated colon after colonoscopy[3]. Hassan et al[11] proposed that 
gas aspiration during colonoscope withdrawal creates a vacuum effect, leading to the collapse and invagination of the 
proximal colon into the distal colon, which is primarily observed in the right colon because of the mobility and freedom 
of movement of the cecum within the abdomen[11]. In addition, a history of abdominal surgery may predispose patients 
to intussusception[9]. Both of our patients underwent abdominal surgery. Another hypothesis suggests that complex 
bowel loops may form during colonoscopy, potentially leading to transient intussusception[6].

Because its etiology is unclear, it is challenging to determine effective preventive measures. We speculate that measures 
such as avoiding excessive insufflation during colonoscopy, gentle suction maneuvers, and administration of 
antispasmodic drugs, such as anisodamine, when hyperperistalsis is observed may potentially reduce the incidence of 
post-colonoscopy intussusception.

Compared to prevention, early diagnosis may be more practical. Early diagnosis of intussusception improves the 
prognosis. Prompt CT examination is the key to early diagnosis. In our two cases, the severity of the situation was not 
initially recognized, resulting in delays in performing abdominal CT scans and instead administering pain management, 
which led to a delayed diagnosis of intussusception. In our first case, laparoscopic resection was performed instead of 
reduction because of the potential ischemic necrosis, which could have been avoided if the intussusception had been 
identified earlier. This served as an important cautionary measure. If abdominal pain accompanied by tenderness occurs 
within hours to days after colonoscopy, particularly after a polypectomy, abdominal CT should be performed promptly. 
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Additional manifestations, including elevated white blood cell count, fever, and bloody stools, further indicate the need 
for urgent CT evaluation.

Traditionally, laparoscopic or open bowel resection has been the standard approach for treating bowel intussusception 
in adults to allow the examination of specimens for any potential malignancy[18,19]. However, in cases of post-
colonoscopy intussusception in which the colon has already been examined and malignancy has been ruled out, we 
believe that conservative management should be considered prior to surgery. If surgical treatment is necessary, after the 
exclusion of bowel ischemic necrosis or perforation, reduction should be prioritized over resection. Multiple reports have 
suggested that intussusceptions with a short-affected segment and no lead-point mass can be managed using a 'wait and 
see' strategy with regular clinical and imaging evaluations to monitor spontaneous resolution[19]. Endoscopic reduction 
is seldom performed to treat adult intussusception[19,20]. Only 1 of the 17 patients underwent successful endoscopic 
reduction, whereas this failed in our two cases. We look forward to the future development of endoscopic reduction 
techniques with high efficacy, which would be the ideal treatment approach for post-colonoscopy intussusception.

This study has several limitations. First, there have been multiple reports on this condition prior to our report. Second, 
images obtained during surgery were not preserved. Third, we were unable to identify the exact etiology in the two cases. 
Finally, we failed to provide preventive measures with definite efficacy. Nevertheless, our report of the two cases 
provides more detailed information, including details of the initial colonoscopies, abundant original images, and the 
entire process of disease development, diagnosis, and treatment. This study adds to our knowledge of this rare condition 
and emphasizes the importance of early recognition. Patient perspectives were also reported in our study. Additionally, 
we conducted a short review of previous reports on this entity.

CONCLUSION
Intussusception after colonoscopy is rare in adults. The etiology of this condition remains unclear. An edema or 
hematoma caused by a biopsy or polypectomy may serve as the lead point. No preventive measures have been 
established. Early diagnosis plays a crucial role in the management of this condition, and prompt CT examination is 
crucial for early diagnosis. If malignancy is ruled out by the initial colonoscopy, conservative management should be 
considered before surgery. If surgery is necessary, reduction should be prioritized over resection after excluding bowel 
ischemic necrosis or perforation.
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Abstract
BACKGROUND 
The management of polyps involving the appendiceal orifice (AO) presents 
notable challenges. Endoscopic resection is frequently hindered by operational 
complexities, a heightened risk of incomplete removal, and an elevated risk of 
procedural complications, including appendicitis. Conversely, surgical resection 
may entail unnecessary excision of intestinal segments, leading to potential 
morbidity.

CASE SUMMARY 
Here, we reported two patients who presented with polyps deeply situated within 
the AO, with indistinct boundaries making it challenging to ensure completeness 
using traditional endoscopic resection. To overcome these challenges, we em-
ployed combined endo-laparoscopic surgery (CELS), achieving curative resection 
without postoperative complications.

CONCLUSION 
The application of CELS in managing polyps involving the AO is emerging as a 
safe and effective treatment modality.

Key Words: Polyps; Laterally spreading tumor; Appendiceal orifice; Endoscopic resection; 
Combined endo-laparoscopic surgery; Case report
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Core Tip: Resecting polyps involving the appendiceal orifice (AO) poses a significant challenge. Endoscopic treatment risks 
incomplete resection and high postoperative complications, while surgery may entail excessive removal of normal intestinal 
segments, leading to additional damage. Here, we present two cases of deeply extended polypoid lesions in AO, where 
vague boundaries hindered complete resection with traditional endoscopy. Hence, we adopted a combined endo-laparoscopic 
surgery (CELS) approach, achieving curative resection without postoperative complications. Our experience confirms that 
CELS is a safe and effective method for AO polyp removal, meriting further exploration.

Citation: Zhang YY, Lu JY, Wang Q, Yang AM. Resection of polyps involving the appendiceal orifice by combined endo-laparo-
scopic surgery: Two case reports. World J Gastrointest Surg 2024; 16(6): 1948-1952
URL: https://www.wjgnet.com/1948-9366/full/v16/i6/1948.htm
DOI: https://dx.doi.org/10.4240/wjgs.v16.i6.1948

INTRODUCTION
Resecting polyps involving the appendiceal orifice (AO) poses a significant challenge. Endoscopic resection is hindered 
by a confined working space and the limited maneuverability of the endoscope. Simultaneously, this approach carries a 
heightened risk of incomplete resection, perforation, and post-resection appendicitis. Surgical resection faces challenges 
in accurately delineating the lesion border under a laparoscope. This difficulty may lead to extended surgery, potentially 
necessitating the removal of the right hemi-colon, resulting in excessive damage for a benign lesion.

In this context, we present two cases involving polyps extending to the AO, successfully treated with combined endo-
laparoscopic surgery (CELS), which provide an effective and safe method for the resection of lesion involving the AO.

CASE PRESENTATION
Chief complaints
Case 1: A 71-year-old female underwent colonoscopy as part of a routine physical examination, reporting no discomfort.

Case 2: A 49-year-old male underwent colonoscopy as part of a routine health screening.

History of present illness
Case 1: During the examination, a 20-mm laterally spreading tumor encircling the AO was identified in the cecum, and 
the edge of the lesion remained invisible (Figure 1).

Case 2: Colonoscopy revealed multiple polyps in the AO, with the largest measuring 6mm, and the root of the polyp 
could not be exposed (Figure 2A and B).

History of past illness
Case 1: The patient had a history of hypertension and hyperlipidemia, with no reported instances of abdominal pain, 
rectal bleeding, or weight loss.

Case 2: The patient had a history of diabetes. He had no history of abdominal pain or weight loss.

Personal and family history
Case 1: The patient was not aware of any family history of malignant tumors.

Case 2: The patient denied any family history of malignant tumors.

Physical examination
Case 1: During the physical examination, the patient had a body temperature of 36.5 °C, blood pressure of 127/73 mmHg, 
heart rate of 78 beats per minute, and respiratory rate of 18 breaths per minute. Abdominal examination revealed no signs 
of pressure or rebound pain, and no palpable abdominal masses were noted.

Case 2: During the physical examination, the patient had a body temperature of 36.2 °C, blood pressure of 118/72 mmHg, 
heart rate of 72 beats per minute, and respiratory rate of 19 breaths per minute. He showed no signs of pressure or 
rebound pain during abdominal examination. No masses were palpable.

Laboratory examinations
Case 1: Histopathological examination of the lesion confirmed tubular adenoma. Other laboratory examinations yielded 
normal results.

https://www.wjgnet.com/1948-9366/full/v16/i6/1948.htm
https://dx.doi.org/10.4240/wjgs.v16.i6.1948


Zhang YY et al. Polyps involving AO resected by CELS

WJGS https://www.wjgnet.com 1950 June 27, 2024 Volume 16 Issue 6

Figure 1 Endoscopic findings of the laterally spreading tumor encircling the appendiceal orifice and procedure of combined endo-
laparoscopic surgery to remove the lesion encircling the appendiceal orifice of the first patient. A: Distant view of the polyp at the appendiceal 
orifice; B: Close-up view of the polyp at the appendiceal orifice; C: Exploration and localization of the lesion; D: A near-full-thickness incision was made around the 
lesion; E: Incisions were made through the layers of the cecal wall under laparoscopy; F: The gross specimen revealed markers around the outer edge of the lesion.

Figure 2 Endoscopic findings and endoscopic resection procedure of the second patient. A: Distant view of the polyp at the appendiceal orifice; B: 
Close-up view of the polyp at the appendiceal orifice; C: Marking of the lesion; D: Near-full-thickness incision of the bowel wall.

Case 2: Biopsy pathology of the lesion revealed tubular adenoma.

Imaging examinations
Case 1: Aside from the endoscopic abnormality, no other abnormalities were detected on imaging examinations.
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Case 2: Aside from the endoscopic abnormality, the patient had no other abnormalities on imaging examinations.

FINAL DIAGNOSIS
Both cases were diagnosed as tubular adenoma extending into the AO.

TREATMENT
Given the risk of incomplete resection and subsequent appendicitis associated with traditional endoscopic submucosal 
dissection (ESD) due to the lesions’ obscured margins, the CELS technique was chosen for polyp removal in both patients.

Pre-operative bowel preparation was conducted for both patients a day prior to the procedure, consistent with 
colonoscopy requirements. The surgeries were performed under general anesthesia. After the insertion of a nasogastric 
tube and urinary catheter, the patient was placed in lithotomy position to facilitate colonoscopy, which was carried out 
with carbon dioxide insufflation.

The approach to polyp removal was largely consistent between the two patients. The endoscopist began by exploring 
and identifying the lesion (Figure 1C). The lesion’s borders were then marked circumferentially using a hook knife set to 
soft coagulation ERBE mode (Figure 2C). Then, a near-full-thickness incision was executed around the lesion using the 
hook knife in endocut mode (Figures 1D and 2D), aiming to visualize the lesion’s boundaries from the serosal surface 
during laparoscopy. Pneumoperitoneum was established to inspect the abdominal cavity, and three trocars were 
introduced. The marked lesion boundaries from the endoscopy were clearly visible on the serosal surface. Using an 
ultrasonic knife guided by the colonoscope’s cutting line, incisions were made through the layers of the cecal wall 
(Figure 1E). The appendix, together with a portion of the cecum, was excised to ensure complete removal of the cecal 
mass. The incision in the cecum was then meticulously closed using 3-0 V-lock sutures. The specimen, enclosed in a 
specimen bag, was extracted through the primary operating port and sent for pathological evaluation.

OUTCOME AND FOLLOW-UP
The gross examination of the specimen revealed markers around the lesion’s outer edge, confirming the completeness of 
the resection (Figure 1F). Furthermore, both pathological examinations confirmed the presence of tubular adenomas, 
which were completely excised with clear margins. The distance from the edge of the lesions to the resection margin was 
7 mm in both cases.

Both patients abstained from oral intake for two days post-surgery, gradually resuming under close supervision 
thereafter. Encouragingly, neither patient encountered any postoperative complications, such as bleeding or perforation. 
They were both discharged from the hospital five days after the surgical procedure, indicating a smooth recovery process.

DISCUSSION
In this report, we present two cases of polyps extending into the AO, with the lesion border extending into the appendix, 
posing challenges in recognition. The polyp was resected using CELS, achieving R0 resection without postoperative 
complications. This procedure offers several advantages.

Firstly, it ensures en bloc resection and improves the R0 resection rate. The primary technical challenge in endoscopic 
resection of AO lesions is achieving an R0 resection due to difficulties in recognizing the lesion border, particularly for 
those lesions extending into the appendiceal lumen. In traditional ESD, the rate of complete histological resection was 
only 76.7%[1]. Traction techniques can help expose the lesion border[2], but if the lesion extends deep into the 
appendiceal lumen, exposing the lesion boundaries can remain challenging even with traction. By contrast, we confirmed 
the lesion boundary outside the appendix using colonoscopy and marked the border with a near-full-thickness resection. 
This enabled precise recognition of the boundary during laparoscopy, reducing the extent of surgical resection while 
ensuring complete lesion removal. Both gross appearance and microscopic examination confirmed the en bloc R0 resection 
of the lesion in both patients.

Secondly, the procedure exhibits a high level of safety. Endoscopic resection of AO lesions with complete appendix 
preservation poses a high risk of postoperative appendicitis. This may result from inadequate drainage of the AO post-
procedure. The postoperative appendicitis rate for endoscopic full-thickness resection (EFTR) can reach as high as 17%
[3]. Despite EFTR achieving a high R0 resection rate of up to 93%[3], its widespread application is severely limited by the 
excessively high rate of postoperative appendicitis. Since the CELS procedure removes the appendix completely, the risk 
of post-operative appendicitis is eliminated.

Lastly, the procedure exhibits high accessibility and reliability. Both endoscopic circumferential near-full-thickness 
resection of the appendix and laparoscopic appendectomy are fundamental procedures for endoscopists and surgeons. 
This ensures that the procedure is easily learned and can be widely adopted. There are some emerging technologies, such 
as endoscopic transcecal appendectomy (ETA), offering a balance between a high R0 resection rate and low complication 
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rate[4]. ETA involves a near-circumferential full-thickness resection of the appendix, introduction of the endoscope into 
the abdominal cavity, dissection of the appendiceal mesentery, and ultimately complete appendectomy[5]. However, this 
procedure demands a high level of technical skill and a thorough understanding of abdominal anatomy from 
endoscopists, limiting its widespread adoption.

CONCLUSION
We present a novel procedure for treating polys involving the AO, demonstrating a high level of efficacy, safety and 
accessibility. We believe that CELS can be widely employed for the treatment of appendiceal polyps. However, more case 
reports are required to more robustly determine its efficacy and safety in the future.
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Abstract
We recently read the study by Kayano et al on intracorporeal anastomosis (IA) for 
colon cancer, which assessed bacterial contamination and medium-term onco-
logical outcomes and affirmed that IA is analogous to extracorporeal anastomosis 
in reducing intraperitoneal bacterial risk and achieving similar oncological results. 
Our commentary addresses gaps, particularly concerning bowel preparation and 
surgical site infections (SSIs), and highlights the need for comprehensive details 
on the bowel preparation methods that are currently employed, including mecha-
nical bowel preparation, oral antibiotics (OA), their combination, and specific OA 
types. We emphasize the necessity for further analyses that investigate these me-
thods and their correlation with SSI rates, to enhance clinical protocol guidance 
and optimize surgical outcomes. Such meticulous analyses are essential for refi-
ning strategies to effectively mitigate SSI risk in colorectal surgeries.

Key Words: Intracorporeal anastomosis; Surgical site infection; Mechanical bowel 
preparation; Oral antibiotics; Bacterial contamination; Colon cancer
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Core Tip: We examined the study by Kayano et al on intracorporeal anastomosis for 
colon cancer, with a focus on its equivalence to extracorporeal anastomosis in managing 
bacterial risk and achieving oncological outcomes. A detailed examination of current 
bowel preparation methodologies that distinguishes between mechanical bowel 
preparation, oral antibiotics, or their combination and specific impact on surgical site 
infections (SSIs) is needed. Further research that precisely links bowel preparation 
methods with SSI rates are required to enhance patient outcomes and surgical safety 
during colorectal procedures. This critical insight urges a reevaluation of current 
practices and paves the way for substantial procedural improvements.
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TO THE EDITOR
We read the recent paper “Evaluation of bacterial contamination and medium-term oncological outcomes of intracor-
poreal anastomosis for colon cancer: A propensity score matching analysis” by Kayano et al[1] with great interest. We 
thank the authors for their extensive work and their contributions to the field of intracorporeal anastomosis (IA) in colon 
cancer treatment.

This study evaluated bacterial contamination and medium-term oncological outcomes of IA for colon cancer and 
revealed that IA is comparable to extracorporeal anastomosis in terms of intraperitoneal bacterial contamination risk and 
medium-term oncological results. However, here, we address certain aspects of the methodology and findings, partic-
ularly with regards to bowel preparation and surgical site infections (SSIs).

Despite ongoing efforts to reduce SSIs in colorectal surgery using various bowel preparation methods, SSIs persist and 
are of particular concern in IA. Recent guidelines recommend the use of oral antibiotics (OA) alone for right colon 
surgery, while a combination of mechanical bowel preparation (MBP) and OA is advised for IA procedures for the right 
colon[2]. This difference can be attributed to the characteristics of IA procedures, which can affect SSI.

Given these considerations, a detailed description of the bowel preparation methods used in this study is essential for a 
thorough SSI risk assessment. Information should include whether MBP alone, OA alone, or a combination of MBP and 
OA was employed, and the specific types of OA that were administered. This detailed preparation methodology 
information is crucial for evaluating the effectiveness of different strategies that aim to minimize the incidence of SSIs in 
colorectal surgery.

Additional analyses that examine SSIs that occur in relation to bowel preparation methods are required. Notably, 
studies that compared MBP with OA and OA alone for bowel preparation have attracted recent attention[3]. However, 
there is a paucity of data that compares the effectiveness of MBP with OA vs OA alone, particularly in the context of IA
[4]. This gap is particularly critical, as the choice of bowel preparation could significantly affect the rates of SSIs and other 
postoperative complications. In this study, additional analyses that examine SSI relative to bowel preparation methods 
could provide invaluable insights and potentially guide future clinical protocols.

Additionally, the pioneering discussion on bacterial contamination in IA can be expanded by correlating culture-
positive rates with specific bowel preparation methods. Notably, the incorporation of a detailed analysis of culture-
positive rates that correlates with specific bowel preparation methods would enhance our understanding of the 
procedural implications of bacterial contamination risks. Such data are pivotal in determining the most effective bowel 
preparation regimens to minimize the bacterial load and reduce SSI risk.

We believe that addressing these points would not only clarify the methodologies of this impactful study but also 
enhance the utility of the investigators’ findings for diverse clinical applications. Furthermore, detailed and specific data 
on bowel preparation methods can guide more accurate clinical decisions and optimize patient outcomes and procedural 
efficacy around the world.
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