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Abstract
A case report entitled “Primary gastroduodenal tuberculosis presenting as gastric 
outlet obstruction” recently published in the World Journal of Clinical Cases pre-
sented a rare cause of gastric outlet obstruction and highlighted the atypical 
manner in which gastrointestinal tuberculosis (TB) can present. The literature 
with regards to this rare pathology is limited to case reports and case series with 
the largest being published using data from between 2003 and 2013. However, 
since then the diagnostic tools available have significantly changed with more 
modern and increasingly accurate tests now available. This editorial reviews the 
current state of the art with regards to diagnosis in gastrointestinal TB.

Key Words: Gastrointestinal tuberculosis; Diagnostic approach; Microbiology; Serology; 
Molecular diagnosis; Infectious disease
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Core Tip: Gastrointestinal tuberculosis is a rare pathology that can present in many 
atypical ways. This pathology is relatively rare and can be a significant challenge to 
diagnose. This editorial, in response to a recently published case report, aims to provide 
an update on diagnostic tests and approaches available.
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INTRODUCTION
The case report “Primary gastroduodenal tuberculosis presenting as gastric outlet obstruction” presented in this edition 
by Ali et al[1] highlights the difficulties in diagnosing gastrointestinal tuberculosis (TB). TB is an infectious disease caused 
by the bacteria Mycobacterium tuberculosis (M. tuberculosis) which affects an estimated 10.6 million people and causes over 
1.3 million deaths each year. Though primarily a respiratory disease, extrapulmonary disease is found in around 20% of 
patients with TB and occurs both in isolation or conjunction with pulmonary TB[2]. Abdominal TB, affecting the 
gastrointestinal tract, visceral organs, peritoneum and/or lymph nodes is thought to represent between 3%-21% of cases 
of extrapulmonary TB[3]. Abdominal TB may develop through ingestion of infected lung secretions, direct invasion from 
adjacent infected tissues and through haematogenous or lymphatic spread[4]. Our previously published case series 
reported on all the cases of abdominal TB seen at St George’s Hospital, London between 2003 and 2013, 65 cases in total. 
Since the report of this series there have been a number of advances in TB diagnostics but it’s variable and non-specific 
clinical presentation mean that abdominal TB remains a challenge to diagnose (see Table 1)[5].

DIAGNOSING ABDOMINAL TUBERCULOSIS
Abdominal TB often mimics other gastrointestinal conditions such as inflammatory bowel disease, peptic ulcer disease, 
lymphoma and other malignancies[6,7]. Delays in diagnosis contribute to the poor prognosis of abdominal TB and 
progression to severe and potentially life-threatening complications including acute gastrointestinal haemorrhage, 
obstruction or perforation[8,9].

Establishing a diagnosis of abdominal TB begins with clinical signs and symptoms. As in pulmonary TB, features of 
systemic infection including low-grade fever, night sweats and weight loss may be present[5,9]. Abdominal symptoms 
vary according to site of infection and may only become apparent late in the disease course[4]. Gastrointestinal (or 
luminal) TB typically presents with chronic, colicky abdominal pain, vomiting, loss of appetite, chronic diarrhoea and/or 
constipation. Weight loss, accompanied with iron deficiency anaemia, are often predominant features of gastrointestinal 
TB due to impaired absorption, decreased food intake and a chronic inflammatory process[8]. Complications of 
gastrointestinal TB include ulceration, haemorrhage, stricture and fistula formation, obstruction and perforation. In India, 
abdominal TB is the second most common cause of bowel perforation, after typhoid, usually proximal to a TB-related 
stricture[4]. Organ-specific signs (such as jaundice, elevated blood liver enzymes or amylase) may aid differential 
diagnosis of visceral TB, a less common type of abdominal TB which affects the liver, spleen, gallbladder, pancreas, 
biliary or genitourinary tract[10]. Peritoneal TB may present insidiously, with sub-acute abdominal pain, distension and 
eventually, peritonitis. Depending on the site of infection, examination may reveal an abdominal mass, ascites, organo-
megaly or lymphadenopathy[10].

Imaging should be performed in all patients with a suspicion of abdominal TB. Ultrasound is useful as an initial and 
non-invasive tool able to detect features of abdominal TB, without the use of ionising radiation, including ascites, 
peritoneal thickening, lymphadenopathy and hepatic or splenic lesions. However, in confirmed TB infection, ultrasound 
has a relatively low sensitivity of 63% and specificity of 68% for diagnosing abdominal disease[11]. Ultrasound-guided 
fine needle aspiration also offers the option to obtain tissue for histopathology and microbiological evaluation and is 
particularly useful for the diagnosis of visceral TB; whereas paracentesis or laparoscopy or may be required for definitive 
diagnosis of peritoneal disease[7,12,13]. Computed tomography (CT) findings are similarly non-specific but useful for 
evaluating the extent and type of abdominal TB and identifying any complications[7,14]. CT appearances of abdominal 
TB may mimic other infections, inflammatory disorders or malignancies including lymphoma[6,7].

In cases of gastrointestinal TB, alongside cross-sectional imaging, endoscopy is crucial to investigate the extent and 
severity of disease and provide an opportunity for tissue biopsy. The endoscopic findings in gastrointestinal TB are 
variable and may include a loss of vascular pattern, erythema, superficial to deep ulcerations, nodularity, polyps, inflam-
matory masses, strictures or colitis (see Figure 1)[5,15]. Endoscopic and histological appearance of gastrointestinal TB 
may be mistaken for Crohn’s, since both diseases have a predilection for the small bowel and cause chronic granulo-
matous inflammation[16].

Histopathological examination of biopsy samples may demonstrate typical (though non-specific) features of abdominal 
TB including granulomas with caseating necrosis, Langerhans giant cells, chronic ulcers lined by conglomerate 
epithelioid histiocytes and disproportionate submucosal inflammation[8]. Although the sensitivity of histopathology is 
relatively low, diagnostic accuracy can be improved through increasing the number, volume and depth of biopsy 
specimens[17]. Analysis of ascitic fluid obtained through paracentesis usually reveals leucocytosis, low glucose and a low 
serum ascites albumin gradient[18]. Raised adenosine deaminase levels in ascitic fluid is suggestive of peritoneal TB, but 
is not useful in HIV populations[19].

For many years, conventional microbiology techniques including Ziehl Nelsen staining of acid-fast bacilli (AFB) and 
culture were the mainstay of TB diagnostics. For the diagnosis of abdominal TB, culture and Ziehl Nelsen staining have 
very high specificity (reaching 100%) but their value is limited by very low sensitivity (17.3%-31.0% and 9.3%, 
respectively)[8]. Sensitivity is reduced further in peritoneal TB, where the bacterial load in ascitic fluid is typically very 
low[20]. Due to the slow growth rate of M. tuberculosis, it may require 6-8 weeks to obtain a culture result. As with 
histopathology, diagnostic yield of culture and AFB staining, also known as Ziehl-Neelsen staining, can be significantly 
improved by increasing the number of samples sent for microbiological examination[21]. Combining histopathology and 
culture findings increases diagnostic accuracy[8].
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Table 1 Summary of diagnostic tools useful in abdominal tuberculosis

Diagnostic tools

Vary according to site of infection (luminal, visceral, peritoneal)Clinical signs 

Non-specific and may only be present in late stage of disease

Ultrasound is useful as a non-invasive imaging modality and can guide fine needle aspiration to obtain tissue for diagnosis of 
visceral TB, but has low sensitivity and specificity

Imaging 

Cross-sectional abdominal imaging is non-specific but recommended to assess extent of TB infection and identify complications

Gross endoscopic appearance may mimic other diseases such as Crohn’s (Figure 1)Endoscopy

Facilitates targeted tissue biopsy for histological and microbiological examination

Histopathology Characteristic tissue features include granulomas with caseating necrosis, Langerhans giant cells, chronic ulcers lined by 
conglomerate epithelioid histiocytes and disproportionate submucosal inflammation

Ziehl Nelsen staining of acid-fast bacilli provides rapid diagnosis with high specificity

Both staining and culture have low sensitivity

Conventional 
microbiology

Due to slow growth rate of M. tuberculosis, culture may require 6-8 weeks

PCR provides very high specificity across all specimen types

PCR sensitivity is superior in tissue compared to ascitic fluid or paraffin-embedded specimens

Molecular 

Stool PCR and cell-free DNA have potential as alternative, non-invasive tests but require further evaluation to confirm diagnostic 
performance

T-cell based IGRA, including QuantiFERON® and T-SPOT® on blood or ascitic fluid cannot differentiate between latent and active 
infection but can complement other diagnostic modalities

Serology 

Poor sensitivity in patients who are immunocompromised or who have disseminated disease

TB: Tuberculosis; IGRA: Interferon-gamma release assays; M. tuberculosis: Mycobacterium tuberculosis.

Figure 1 The endoscopic findings of intestinal Crohn’s compared to intestinal Tuberculosis. A: Longitudinal ulcers and cobblestone appearance 
seen in Crohn’s disease; B: Circumferential ulceration seen in intestinal Tuberculosis. Citation: Ye Z, Lin Y, Cao Q, He Y, Xue L. Granulomas as the Most Useful 
Histopathological Feature in Distinguishing between Crohn's Disease and Intestinal Tuberculosis in Endoscopic Biopsy Specimens. Medicine (Baltimore) 2015; 
94(49): e2157 Copyright ©The Author(s) 2015. All rights reserved. Published by Wolters Kluwer Health, Inc[27] (Supplementary material).

In recent years, molecular diagnostics such as PCR have emerged as promising new tools for the diagnosis of 
abdominal TB. The main advantage of PCR over conventional culture or microscopy is the rapid detection of even very 
low bacterial burdens directly from clinical specimens. Certain assays, such as Gene-XpertÒ, offer simultaneous detection 
of mutations conferring antimicrobial resistance, which can guide treatment regimens[8]. In a recent meta-analysis, the 
pooled sensitivity of PCR for the diagnosis of abdominal TB was low (58%, 95%CI 51%–64%) and specificity was high 
(99%, 95%CI 97%-99%) compared to a composite reference standard of clinical, radiological and histopathological 
evidence[22]. Though specificity remained consistently very high, there was significant variability in the sensitivity of 

https://f6publishing.blob.core.windows.net/03401c0d-36f5-412c-88cc-b00ab1971ff6/93556-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/03401c0d-36f5-412c-88cc-b00ab1971ff6/93556-supplementary-material.pdf
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PCR according to assay specifics. The sensitivity of multiplex PCR, which amplifies multiple DNA targets in a single 
reaction, was superior to simple PCR and Gene-XpertÒ (82%, vs 56% and 45%, respectively). PCR assays targeting the 
IS6110 gene were more sensitive than those targeting the rpoB gene (60% vs 45%). Other PCR assays including single-tube 
loop-mediated isothermal amplification and fluorescent quantitative PCR (qPCR) have been used for the diagnosis of 
abdominal PCR but data is limited. The sensitivity of PCR was superior in evaluation of tissue specimens over ascitic 
fluid (62% vs 51%), likely due to higher bacterial burdens found in the gastrointestinal tract. Sensitivity of PCR dropped 
significantly when using paraffin-embedded specimens, secondary to DNA degradation and introduction of PCR 
inhibitors (sensitivity 34% compared to 58% and 72% for fresh and frozen tissue specimens, respectively).

PCR analysis of stool samples provides a non-invasive diagnostic tool to aid in the diagnosis of gastrointestinal TB. 
Stool PCR has demonstrated a moderate sensitivity of 64%, though data is limited and larger, multicentre cohort studies 
are needed before widespread implementation is recommended[22]. Detection of circulating cell-free DNA (cfDNA) 
within easily-accessible blood, urine or ascitic fluid samples provides another potential non-invasive diagnostic test for 
abdominal TB[23]. A recent meta-analysis identified only a single study evaluating qPCR of cfDNA in ascitic fluid, with 
low sensitivity of 40% and specificity of 90% against a composite reference standard[24,25].

T-cell based interferon-gamma release assays (IGRA), including QuantiFERON® and T-SPOT® on blood or ascitic fluid, 
have largely replaced tuberculin skin test (TST) for diagnosis of active and latent TB[8]. Unlike TST, specificity of IGRA is 
not affected by prior BCG vaccination. For peritoneal TB, sensitivity and specificity of IRGA on peripheral blood was 
found to be high at 91% and 78%, respectively[26]. The utility of IGRA is limited by poor sensitivity in patients who are 
immunocompromised or have disseminated disease[8].

CONCLUSION
Abdominal TB continues to pose a major diagnostic challenge for clinicians. There exists no single test that has proved to 
be adequate in both sensitivity and specificity for the diagnosis of abdominal TB. In recent years, non-invasive diagnostic 
tools including stool or cfDNA PCR and serological tests have emerged with some promising results, though larger, 
prospective trials are needed before widespread implementation is recommended. Until then, combining results of 
multiple diagnostic modalities (including clinical, radiological, histopathological, microbiological, molecular and 
serological evidence) remains necessary in order to diagnose this clinical conundrum.
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Abstract
Traditional laparoscopic liver cancer resection faces challenges, such as difficulties 
in tumor localization and accurate marking of liver segments, as well as the 
inability to provide real-time intraoperative navigation. This approach falls short 
of meeting the demands for precise and anatomical liver resection. The intro-
duction of fluorescence imaging technology, particularly indocyanine green, has 
demonstrated significant advantages in visualizing bile ducts, tumor localization, 
segment staining, microscopic lesion display, margin examination, and lymph 
node visualization. This technology addresses the inherent limitations of 
traditional laparoscopy, which lacks direct tactile feedback, and is increasingly 
becoming the standard in laparoscopic procedures. Guided by fluorescence 
imaging technology, laparoscopic liver cancer resection is poised to become the 
predominant technique for liver tumor removal, enhancing the accuracy, safety 
and efficiency of the procedure.
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Core Tip: Fluorescence laparoscopic liver cancer resection, such as indocyanine green (ICG) fluorescence imaging, offers 
various advantages including visualizing bile ducts, tumor localization, staining of liver segments, detection of microscopic 
lesions, assessment of resection margins, and visualization of lymph nodes. This technology addresses the lack of direct 
tactile feedback in traditional laparoscopy and is becoming the standard in laparoscopic procedures. Fluorescence imaging in 
guiding laparoscopic liver cancer resection is expected to enhance the accuracy, safety and efficiency of the procedure. 
However, caution is advised regarding potential drawbacks of ICG fluorescence imaging such as false-positive liver staining 
and limited tissue penetration.

Citation: Kang LM, Zhang FW, Yu FK, Xu L. Pay attention to the application of indocyanine green fluorescence imaging technology 
in laparoscopic liver cancer resection. World J Clin Cases 2024; 12(23): 5288-5293
URL: https://www.wjgnet.com/2307-8960/full/v12/i23/5288.htm
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INTRODUCTION
The treatment model for primary liver cancer has evolved significantly with the advent of targeted therapy and immuno-
therapy. Some patients in intermediate and advanced stages now have the opportunity for radical surgical resection 
through conversion therapy, expanding the scope of liver cancer surgery indications[1]. This has made the conditions 
faced by surgeons more complex, requiring higher precision in surgical damage control and resection[2]. Traditional 
laparoscopic liver cancer resection has technical limitations, such as difficulty in tumor localization and segment marking, 
hindering real-time intraoperative navigation[3]. These inherent flaws may result in positive resection margins, 
preventing radical cure and contradicting the increasingly valued concept of precision liver resection[4].

The emergence of fluorescence laparoscopy technology, particularly indocyanine green (ICG) fluorescence imaging, 
has effectively addressed the limitations of traditional laparoscopic liver cancer resection[5]. Aoki et al[6] first reported on 
laparoscopic liver cancer resection guided by ICG fluorescence in 2008, sparking global interest in using fluorescence 
laparoscopy for laparoscopic liver cancer resection[7,8]. This technology combines functional imaging and laparoscopic 
surgery, offering significant benefits in tumor localization, liver segment marking, and intraoperative navigation[9]. Over 
the past decade, the application of fluorescence imaging in laparoscopic liver cancer resection has become increasingly 
refined[10]. Kokudo et al[11] suggest that fluorescence imaging represents one of the major technological advances in 
liver surgery over the last two decades.

PRINCIPLES OF FLUORESCENCE IMAGING
When a substance is irradiated by incident light of a specific wavelength, it absorbs light energy and enters an excited 
state, immediately de-exciting and emitting emergent light. This emergent light, known as fluorescence, is generated with 
the incident light typically referred to as the excitation light source[12]. Common excitation light sources include 
ultraviolet light, visible light, infrared light, and x-ray micro-computed tomography (CT). Luminescent substances used 
as probe molecules include melatonin, histone deacetylase and glutathione[13]. ICG, a water-soluble molecule with 
fluorescent dye properties, binds to high-molecular-weight proteins like albumin and lipoproteins in plasma and bile 
without altering their structure, providing good intravascular stability. Intravenous injection of ICG does not elicit toxic 
reactions in the body, maintaining effective concentration levels even with low-dose administration[14]. Experimental 
studies have demonstrated that when excited by light of 750 nm–810 nm, ICG molecules emit fluorescence with a peak 
wavelength of 840 nm. This fluorescence falls within the window limit of the deep red and near-infrared spectrum, with a 
wavelength of approximately 10 mm. Utilizing an interference filter lens on a camera, the fluorescence emitted by ICG in 
deep tissues 10 mm from the surface can be captured, enabling the extraction of signals and the formation of a 
fluorescence image[15].

Studies have demonstrated that following intravenous injection of ICG into the systemic circulation, hepatocytes take 
up ICG molecules through their active transport system, leading to secretion into the biliary system and subsequent 
drainage into the intestines. Notably, there is no enterohepatic circulation. While normal liver tissue can effectively clear 
ICG within 12 hours–24 hours, patients with cirrhosis exhibit reduced clearance ability[16]. Research has indicated that 
hepatocellular carcinoma with differentiation retains the capacity to uptake ICG; however, the lack of normal bile duct 
structure in these cases results in ICG accumulation within the tumor tissue. In contrast, poorly differentiated or 
metastatic liver cancer cells may impede ICG secretion from adjacent liver tissue, leading to ICG retention in local tissues
[17]. Consequently, tissues or fluids containing ICG often exhibit green fluorescence during fluorescence laparoscopy, 
creating a distinct visual contrast with the red color of normal liver tissue in laparoscopic fusion images.
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ICG FLUOROSCOPY IN LAPAROSCOPIC HEPATOCELLULAR CARCINOMA RESECTION
Intraoperative display and examination of the biliary system
The prevention of bile duct injury during laparoscopic liver resection and timely detection of bile leakage during surgery 
are crucial for preventing and treating complications of laparoscopic liver cancer resection[18]. ICG has a unique 
advantage in visualizing and examining the biliary system due to its excretion through the biliary tract[19]. The 
fluorescence produced when ICG-laden bile flows through the biliary system allows for clear visualization of the biliary 
system, reducing the risk of intraoperative bile duct damage by aiding in the identification of the biliary system and 
preventing inadvertent injuries[20]. Additionally, in cases of bile leakage during surgery, the fluorescence of leaked ICG 
can more sensitively pinpoint the location of the leakage compared to traditional bile staining[21]. Real-time ICG 
fluorescence imaging can assist in identifying variant bile ducts during surgery, offering a level of detail comparable to 
preoperative magnetic resonance imaging (MRI) and enhancing surgical safety[22]. In summary, the implementation of 
ICG fluorescence imaging can identify intraoperative biliary variations, thereby helping to prevent complications such as 
biliary injury and bile leakage[23,24].

Tumor staining for primary liver cancer
The accurate localization of tumor boundaries during laparoscopic liver cancer resection has long been a challenge. ICG 
fluorescence imaging capitalizes on the differential absorption and excretion of ICG between tumors and normal liver 
tissue to precisely stain liver tumors with fluorescence[25]. This technique aids in the precise positioning and navigation 
of tumor resection, enhancing surgical efficiency and minimizing the risk of positive resection margins. The application of 
fluorescence imaging is particularly prominent in laparoscopic liver resection[26]. Despite advances in imaging 
techniques such as CT and MRI, approximately 7% of liver tumors remain difficult to detect preoperatively. ICG 
fluorescence imaging demonstrates high sensitivity for small lesions, detecting lesions as small as 2 mm and addressing 
the issue of missed diagnoses associated with traditional imaging methods[27]. Research by Kose et al[28] showed that 
intraoperative ultrasound had a 89% recognition rate for superficial liver tumors, whereas ICG fluorescence imaging 
achieved a recognition rate of 95%. Furthermore, ICG fluorescence imaging can reveal lesions that are undetectable by 
preoperative MRI or intraoperative ultrasound. The staining patterns observed during ICG fluorescence imaging can 
provide initial insights into the nature of the tumor[29]. Different tumor properties manifest in distinct staining patterns, 
such as whole-tumor fluorescence for well-differentiated hepatocellular carcinoma, partial fluorescence for moderately 
differentiated hepatocellular carcinoma, and ring fluorescence for poorly differentiated hepatocellular carcinoma or 
metastatic tumor[30].

Laparoscopic anatomical hepatectomy with staining of liver segments
Anatomical liver resection is currently considered to offer a better clinical prognosis for treating malignant tumors that 
spread along the portal venous system[31]. In the past, liver segment marking relied on the surgeon's subjective 
estimation of liver segment boundaries based on experience and traditional imaging, rather than true anatomical 
resection[32]. ICG fluorescence can accurately visualize liver segments and subsegments, offering advantages over 
traditional labeling methods[33]. ICG is quickly absorbed by hepatocytes after entering the liver through peripheral or 
portal vein puncture, leading to a significant color difference between stained and unstained liver segments. This clear 
boundary formation enables real-time navigation of liver dissection boundaries even within the liver parenchyma[34].

Other applications
ICG can flow through lymphatic vessels and attach to proteins within these vessels, becoming concentrated in lymph 
nodes for identification, aiding in lymphatic dissection for tumors like cholangiocarcinoma[35]. Moreover, ICG 
fluorescence can also assist in determining the presence of any remaining tumor at the margin of liver resection, thus 
enhancing the rate of achieving R0 tumor resection[36]. Consequently, it is suggested that liver cancer patients 
undergoing ICG fluorescence laparoscopic resection may experience improved survival outcomes compared to those 
undergoing conventional laparoscopic surgery[37].

DEFECTS IN ICG FLUOROSCOPY IN LAPAROSCOPIC HEPATOCELLULAR CARCINOMA RESECTION
ICG fluorescence laparoscopy for cutting edge problems
The staining of tumors with ICG is thought to be due to the tumor compressing the surrounding normal liver tissue, 
leading to decreased excretion of ICG and its accumulation around the tumor. The fluorescence boundary is expected to 
be larger than the tumor boundary[18], suggesting that resection beyond the fluorescence boundary is necessary for R0 
resection[38]. However, a recent study[39] indicated that, in hepatocellular carcinoma, the pathological border closely 
aligned with the fluorescent border, requiring a resection margin of 1.5 cm–2.0 cm from the tumor edge for ideal 
resection. This study suggested resecting the tumor along the fluorescent border, acknowledging that absolute safety 
could not be guaranteed. We have only one chance to delineate fluorescence for the perfusion region because the liver 
absorbs ICG. Vigilance is essential when using ICG fluorescence imaging to guide laparoscopic liver cancer resection, and 
adjusting the resection margin in real-time with intraoperative ultrasound can help reduce the risk of tumor rupture and 
positive resection margins.
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The problem of false positives in ICG fluorescence laparoscopy
The sensitivity of ICG fluorescence to liver lesions can lead to false positives, where additional stained areas may appear 
during surgery that are later confirmed to be normal liver tissue[27]. Studies have shown that the median false-positive 
rate for detecting tumors with ICG fluorescence imaging can be as high as 10.5%[40], with even higher rates in patients 
with liver cirrhosis[29]. Therefore, it is important to carefully assess the timing and dosage of ICG based on the patient's 
liver condition before surgery, and to approach each stained lesion during surgery with caution using a combination of 
visual observation, palpation and other imaging techniques.

Limited tissue penetration of ICG fluorescence
The tissue penetration of ICG fluorescence is usually only 8 mm–10 mm, although this depth of penetration already 
exceeds that of many other probe molecules. Densitometry of ICG fluorescence images is based on the assessment of 
fluorescent areas by adjusting the threshold of fluorescence intensity, which is insufficient for the penetration of deep 
tumors in the liver. Therefore, ICG fluorescence staining is still unfavorable for the exploration of deep tumors in the liver
[41]. A systematic review[27] highlighted that the sensitivity of ICG fluorescence for tumors deeper than 8 mm ranges 
from 71% to 79%. Therefore, it is crucial to complement ICG fluorescence imaging with preoperative imaging or intraop-
erative ultrasound to prevent overlooking deep liver tumor lesions.

CONCLUSION
The continuous advancement of fluorescence imaging technology is enabling the integration of high-end features such as 
ultra-high definition, large depth of field, high dynamics, wide color gamut, and intelligent adjustment in fluorescence 
laparoscopy. This progress is expected to drive significant growth in fluorescence laparoscopy. It is anticipated that the 
technical capabilities of fluorescence laparoscopy will soon match or even surpass those of the current predominant white 
light laparoscopy, positioning fluorescence laparoscopy as the future standard in laparoscopy. The benefits of fluorescent 
imaging in tumor staining, liver segment staining, and real-time intraoperative navigation, mean that laparoscopic liver 
cancer resection guided by fluorescent imaging is poised to become the leading technique for liver tumor resection. This 
advancement will enhance the precision, safety and efficiency of laparoscopic liver cancer resection.
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Abstract
In this editorial, I comment on the article “Association of preschool children 
behavior and emotional problems with the parenting behavior of both parents” 
which was published in the latest issue of “World Journal of Clinical Cases” that 
demonstrates the prevalence of behavioral disorders in preschool children. 
Therefore I am focused on parenting which is the most effective factor shown to 
affect the development and continuity of these behaviors. The management of 
child behavior problems is crucial. Children in early ages, especially preschoolers 
who are in the first 5 years of life, are influenced by dramatic changes in various 
aspects of development, such as social, emotional, and physical. Also, children 
experience many changes linked to different developmental tasks, such as 
discovering themselves, getting new friendships, and adapting to a new 
environment. In this period, parents have a critical role in supporting child 
development. If parents do not manage and overcome their child’s misbehavior, it 
could be transformed into psychosocial problems in adulthood. Parenting is the 
most powerful predictor in the social development of preschool children. Several 
studies have shown that to reduce the child’s emotional and behavioral problems, 
a warm relationship between parents and children is needed. In addition, recent 
studies have demonstrated significant relationships between family regulation 
factors and parenting, as well as with child behaviors.

Key Words: Behavioral problems; Children; Emotional problems; Parenting style; 
Preschool
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Core Tip: Positive supporting behavior of parents towards their children is associated 
with children's increased prosocial behaviors. Conversely authoritative, coercive and 
permissive behavior styles are shown to be related to increased hyperactivity, conduct 
problems and emotional maladjustment of preschoolers.
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INTRODUCTION
Preschool children are in a critical period of their lives related to developing socio-emotional behaviors[1,2]. Parenting 
style is the first effective factor in physical, social, emotional, motor, and cognitive development[3-5]. There is great 
evidence that parenting behavior is a significant risk factor for children's functioning and has been linked with children's 
misbehaviors[6-8]. The vast majority of studies have focused on parental anxiety and lack of parental social support, 
which have been linked with children’s functioning and development[4,5,6].

Parent psychopathology is also a predictive factor in children’s behavioral and emotional problems[8]. For example, 
parents may have symptoms of psychopathology, may be less available or skilled at caretaking, may have difficulty 
facilitating children's activities, or may have difficulty in the relationship with their children. This situation may lead 
children to misbehave in their social life. The findings of many studies have linked the authoritarian behavior of the 
father to depression and emotional behavioral problems in children, while the authoritarian style of motherhood has been 
linked to anxiety, depression, as well as behavioral and emotional disorders[4,9]. In addition, having an authoritarian 
parenting style in relationships contributes to an antisocial, deviant, or delinquent personality in adolescence for children
[10]. Although negative parental behavior negatively affects child development, positive parental support has such 
positive effects on and special importance for a child's social and emotional growth and has the potential to avoid 
emotional and behavioral difficulties[11]. For example, positive parenting behaviors and positive support in relationships 
and engagement in activities, such as play and learning with the child, are key elements for desired changes in child 
behaviors[12].

To prevent the development of behavioral disorders, modifiable factors and increased symptoms need to be identified 
at early ages. Also, permissive parenting style has been associated with problem behaviors, social skills, and school 
misconduct[13]. Furthermore, emotional and social misbehavior are found to predict anxiety, recurrent depression, and 
attempted suicide in adolescents[14].

Uninvolved, oppressive, and permissive maternal or paternal behaviors are one of the reasons for reduced positive 
interactions with children[15]. When these dysfunctional interactions are repeated, strengthened aversive behaviors and 
increased behavior problems often occur. Preschoolers are susceptible to the family environment to such an extent that 
they mirror their parents in their interactions. Studies have shown that systematic changes in parenting behaviors, such 
as close and warm communication, and requesting instead of ordering can lessen the frequency of a child's conduct 
disorder[14,16]. In addition, understanding and assessing the role of parenting style in children’s development can also 
be further advanced by building a stronger knowledge base regarding the role of parents in preschoolers’ development.

CHARACTERISTICS AND OUTCOMES OF THE MOST COMMON BEHAVIORAL DISORDERS OF 
PRESCHOOLERS
Anxiety disorder
Characterized by a lack of overcoming the fears and worries that are typical[17]. If this fear interferes with the activities or 
relationships at school, home, or in the social environment, an anxiety disorder can be diagnosed.

Depression
Defined as feeling persistent sadness and hopelessness in daily life[18]. If the child has changes in sleeping or eating 
patterns or does not enjoy fun activities, depression disorder may be diagnosed.

Childhood oppositional defiant disorder
Characterized by an angry or argumentative mood and/or vindictiveness[18]. Children with oppositional defiant 
disorder (ODD) often argue with their parents, refuse to comply with their requests, and intentionally annoy others. A 
high level of ODD symptoms in preschoolers has been examined[18,19].

Attention deficit/hyperactivity disorder
Characterized by inattention and hyperactivity-impulsivity that interfere with functioning. It is one of the most common 
psychiatric disorders in preschoolers[18]. The typical symptom of attention deficit/hyperactivity disorder (ADHD) is 
having difficulty sustaining focus both at home/school or in the social environment. The child has excessive motor 
activity and/or talkativeness, in addition to having actions without forethought[19].

Conduct disorder
Is a prevalent chronic developmental disorder of childhood that is characterized by iterative and persistent behaviors in 
which the rights of others are violated[14]. At the same time, conduct disorder (CD) involves behavior one would 
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consider cruel to animals[20]. Studies have shown that this kind of cruel behavior, albeit not so common in preschoolers, 
is possible[18].

Previous studies have shown that the disorders mentioned above are normative and common among preschool 
children[18,21]. These studies involving children with behavioral disorders have demonstrated a lesser degree of parental 
warmth and a higher degree of parental depression, anxiety, and stress. In addition, a considerable amount of research 
links parenting with behavioral disorders in preschoolers[14,22-24].

The present study focuses on the effects of parenting styles on the behavioral problems of preschoolers[23]. The study 
was conducted in seven kindergartens in Ma’anshan city from October 2017 to May 2018. Data was collected with the 
“Children’s Strength and Difficulties Questionnaire”[25], and 2253 valid responses were received from parents. The study 
concluded that parenting styles were closely related to children's behavioral and emotional problems. Findings showed 
that high levels of mother and father support and participation were inversely related to abnormal children conduct 
problems. This conclusion is in line with previous studies[14,22,24,26,27]. One study in literature revealed that some 
parental characteristics and styles, such as permissive, negligent, authoritarian, and inconsistent/harsh/punitive 
discipline, were considered to increase the risk for emotional and behavioral problems in children[22]. Conversely, in a 
previous study, Haslam et al[24] explained that parenting styles with cultural values impacted child development rather 
than parenting characteristics alone. The same parenting styles may have differential effects on child development 
depending on the socio-cultural context. The authors pointed out that authoritative parenting and permissive behaviors 
of parents may not be suitable in individualist cultures but it is suitable in collectivist cultures that promote interde-
pendence and obedience. The differences in these studies may stem from the design and the related factors. In addition, 
the growing child is constantly affected not only by parenting but also several factors in the environment.

Another study showed suggestive evidence of the bidirectional effects that parenting has on child misbehaviors and 
that child misbehavior may affect parenting[27]. In addition, they found that more authoritarian, overprotective, and 
permissive parenting behaviors are related to greater child behavioral disorders, such as ADHD, ODD, and CD. At early 
ages, child misbehavior predicted greater paternal authoritarian parenting.

In detail, the authors emphasized that the effects of parenting also varied according to age levels. These results 
supported the findings of the main study that was conducted by Wang et al[23]. It showed evidence that maternal and 
paternal coercion/hostility and authoritativeness were related to conduct problems, hyperactivity, and peer commu-
nication problems. In contrast, there are supportive studies on reciprocal relations that focus on parenting and child 
misbehaviors, like the one by Allman et al[27].

In existing literature, there is growing evidence for the hereditary role in the development of prosocial behaviors and 
conduct problems in children[28-30]. It is of course possible that genetic influences are one of the reasons for the maturing 
basis for behavioral problems that endure throughout childhood.

Studies are clearly demonstrating that parenting that contributes to maladaptive child development constitutes both 
the absence of positive and supportive parenting behaviors. In a parent-child relationship, the child experiences the most 
immediate influences. In conclusion, parenting always impacts children’s adjustment.

CLINICAL IMPLICATIONS
Effective and supportive practices in child-parent relationships are positively associated with normal development for 
preschoolers. Parenting is shown as the first predictive factor in reducing prosocial behavior problems in children at early 
ages, and research suggests that behavioral and emotional disorders emerge in early childhood.

CONCLUSION
Concerning the findings, studies suggest that positive parenting styles are related to emotional and behavioral disorders. 
Future research can seek to indicate the effective factors on children's misbehavior and development. Also, more 
intervention research is needed to explore the impacts of parenting on children's misbehaviors.
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Abstract
Clear cell sarcoma (CCS) is a rare melanocytic soft tissue sarcoma known for its 
propensity to metastasize to the lymph nodes and typically has an unfavorable 
prognosis. Currently, surgical resection is the primary treatment for localized 
CCS, while radiotherapy and chemotherapy are preferred for metastatic cases. 
The roles of adjuvant chemotherapy, radiotherapy, and lymph node dissection are 
controversial. Although immunotherapy has emerged as a promising avenue in 
CCS treatment research, there are no established clinical standards for posto-
perative follow-up. This editorial discusses a recent article by Liu et al, with a 
focus on current diagnostic modalities, treatment approaches, and the challenging 
prognosis associated with CCS. Our aim is to underscore the importance of long-
term patient follow-up in CCS management.

Key Words: Clear cell carcinoma; Diagnosis; Treatment; Prognosis; Follow-up
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Core Tip: Clear cell sarcoma (CCS) is a rare subtype of melanocytic soft tissue sarcoma 
distinguished by its propensity for metastasis and recurrence. Survival rates markedly 
diminish in patients with advanced CCS compared with those with early-stage disease. 
The insidious nature of early occult onset and the limited responsiveness of CCS to 
chemoradiotherapy underscore the critical importance of routine postoperative follow-
up for early detection of recurrent cases, which is crucial for enhancing patient 
prognosis.
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INTRODUCTION
Clear cell sarcoma (CCS) is an uncommon and highly aggressive malignant soft tissue sarcoma (STS) it is characterized by 
melanocytic differentiation and is believed to originate in tendons and aponeuroses. Due to its insidious onset and slow 
growth in its early stages, CCS is frequently misdiagnosed as a benign lesion or is identified at an advanced stage. It 
poses a significant diagnostic challenge. Predominantly affecting the lower extremities, particularly the feet and ankles, 
CCS exhibits aggressive behavior, marked by local recurrence, lymph node metastasis, and distant metastasis[1,2]. At 
diagnosis, the majority of patients already present with lymph node or distant metastasis[3], contributing to the generally 
poor prognosis, with notably lower 5-year survival rates in advanced stages compared to those in early stages. Metastasis 
primarily occurs in the lungs, followed by the bones and brain[3]. While CCS of the gastrointestinal system is exceedingly 
rare[4], clear cell sarcoma-like gastrointestinal tumor (CCSLGT), initially reported by Zambrano et al[5] in 2003, is charac-
terized by robust diffuse immunoreactivity of S-100 protein, negative melanocyte-specific markers, and the presence of 
osteoclast-like multinucleated giant cells. It primarily affects the walls of the small intestine, stomach, or large intestine. 
Although only two cases of primary pancreatic CCS have been reported to date[4,6], CCSLGT has a more aggressive 
phenotype compared with traditional CCS, often presenting with metastasis at diagnosis, particularly to the lymph nodes 
or liver[7].

Despite advancements in understanding the pathogenesis of STS, agreement on the management of CCS is lacking 
because it is a rare disease. This editorial sheds light on the latest developments in CCS diagnosis and treatment, 
underscoring the necessity of postoperative follow-up of patients with CCS.

CURRENT DIAGNOSTIC METHODS FOR CCS
The diagnosis of CCS typically relies on a combination of medical history, clinical presentation, and imaging findings. 
Many patients are already at an advanced stage at symptom onset. CCSLGT predominantly affects the intestinal wall, 
manifesting as abdominal pain, intestinal obstruction, and occasionally nonspecific symptoms such as anorexia, night 
sweats, weight loss, or anemia[7]. Patients with pancreatic CCS commonly present with symptoms such as anorexia, 
jaundice, or other gastrointestinal symptoms[4,6].

Computed tomography (CT) is a primary diagnostic tool for identifying suspected cases, offering insights into sarcoma 
size and location[8]. Magnetic resonance imaging (MRI) aids in assessing tumor depth and its relationship with 
surrounding structures and is needed for preoperative planning. Liu et al[9] reported a rare case of CCS with pancreatic 
metastasis, elucidating the imaging features of pancreatic CCS. CT imaging revealed a round, mildly enhanced, hetero-
geneous lesion in the pancreatic tail and MRI depicted a vague boundary between the lesion and pancreatic body, with 
an equal to slightly lower signal on T1 and slightly higher signal on T2, along with progressive uneven enhancement. 
Given CCS's propensity for hematological or lymphatic metastasis, staging typically involves preoperative assessment 
with whole-body CT, positron emission tomography-CT, or bone scintigraphy[10]. Recent reports underscore the 
possibility of peripheral blood transmission of CCS, highlighting the utility of blood smears for rapid diagnosis[11].

A histological examination is imperative to confirm the diagnosis of CCS[12]. Additionally, preoperative confirmation 
through percutaneous biopsy is essential to ensure negative margins[13]. Multinucleated giant cells that have a wreath-
like nuclear appearance are often present in CCS[14]. In contrast, CCSLGT typically lacks conspicuous nucleoli and 
multinucleated giant cells, replaced instead by CD68-positive multinucleated osteoclast-like giant cells[15]. Immunohisto-
chemical analysis of CCS demonstrates striking similarities to malignant melanoma, commonly expressing S100 protein 
and melanocyte-specific markers such as HMB-45, melanin-A, and microphthalmia-associated transcription factor (MITF)
[16-18]. While S100 protein is expressed in nearly all cases of CCSLGT, melanoma markers (melan A, HMB45) are 
typically negative[15].

Differential diagnosis is critical in distinguishing CCS from S100 protein-positive and/or melanocyte marker-positive 
tumors, including malignant melanoma, epithelioid malignant peripheral nerve sheath tumors, melanotic schwannomas, 
and perivascular epithelioid cell tumors[19]. Despite having. morphological, ultrastructural, and histopathological 
similarities, CCS and melanoma differ in their molecular tumorigenesis[20]. Recent advancements have used fluorescence 
in situ hybridization and reverse transcription polymerase chain reaction to confirm CCS and distinguish it from 
malignant melanoma based on distinct genetic profiles[21]. Approximately 70%–90% of CCS cases are detected by the 
t(12;22)(q13;q12) translocation, which results in the Ewing sarcoma breakpoint region 1 (EWSR1)/activating transcription 
factor 1 (ATF1) chimeric gene. This translocation induces MITF expression, facilitating the acquisition of melanocytic 
characteristics and the expression of melanocyte markers[22]. Another specific mutation, the t(2;22)(q34;q12) translocation 
leading to EWSR1 and cAMP response element-binding protein (CREB1) fusion, is found in a minority of CCS cases. 
More recently, EWSR/cAMP responsive element modulator (CREM) fusion was identified in several CCS cases[21]. 
Ozenberger et al[23] used V5 labeled EWSR1/ATF1 to induce CCS in mice to observe genome distribution and found that 
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CREM may represent an important target gene and cofactor for EWSR1/ATF1 fusion. Notably, BRAF mutations, common 
in melanoma, are rare in CCS[24].

CURRENT MANAGEMENT OF CCS
Currently, the preferred treatment for localized CCS is complete surgical resection with negative margins, and is often 
followed by local excision or partial amputation. While standards for metastasis detection remain elusive, radiation or 
chemotherapy is the preferred treatment modality[3]. The most frequent systemic sarcoma chemotherapy regimens 
include doxorubicin, sunitinib, gemcitabine, and pazopanib[25]. However, clinical trials evaluating MET inhibitors, such 
as tivantinib and crizotinib, have demonstrated limited antitumor activity, necessitating further research and 
improvement of treatment strategies[26,27]. Notably, trabectedin has recently been shown to induce cell cycle arrest in 
CCS cell lines, inhibit CCS tumor growth in mice, and elicit clinical and radiological tumor responses in patients[28,29].

CCS is generally regarded as unresponsive to radiotherapy and chemotherapy, with conflicting evidence of the 
survival advantage of adjuvant radiotherapy and chemotherapy[13,19,30,31]. A randomized prospective study by Beane 
et al[32] indicated that postoperative radiotherapy significantly reduced local recurrence rates in patients with STS, albeit 
without enhancing overall survival rates. The Japanese Orthopedic Association guidelines advocate for perioperative 
adjuvant radiotherapy in patients with STS, emphasizing the necessity for meticulous individual case assessment to 
optimize treatment outcome[33].

Recently, significant attention has been directed towards the development and application of immunotherapies for 
advanced sarcomas. The fundamental principle involves inhibiting the checkpoints that tumors use as a defense 
mechanism to evade detection by immune system. The use of immune checkpoints such as cytotoxic T-lymphocyte 
antigen-4 and programmed cell death-1 (PD-1) in melanoma treatment, and their parallels with CCS, have captured the 
interest of immunotherapists in the treatment of CCS. Marcrom et al[34] reported a case of recurrent, unresectable CCS 
with a complete clinical response to pembrolizumab and radiotherapy. This suggests that there is a synergistic effect 
between PD-1 therapy and radiotherapy. A phase I/II clinical trial conducted by Gordon et al[35] found the combined use 
of immune checkpoint inhibitors ipilimumab and nivolumab and the tumoricide trabectedin (the SAINT regimen) in 
early-stage disease significantly enhanced the survival outcomes of patients with advanced sarcoma, with CCS having a 
favorable responsive. However, large-scale studies are urgently needed to explore the therapeutic potential of immuno-
therapy in patients with CCS.

The prognosis of patients with CCS remains dismal, with 5- and 10-year survival rates ranging from 47% to 67% and 
25% to 41%, respectively[19]. Notably, the 5-year overall survival rates of patients with stage III and IV CCS are substan-
tially lower than those of patients with stage I and II CCS. Approximately one-third of patients with CCS have lymph 
node metastasis at diagnosis, a prevalence significantly higher than that observed in other soft tissue sarcomas[3]. In a 
retrospective analysis of 60 cases categorized as CCSLGT, Washimi et al[15] found that the frequency of lymph node 
metastasis at diagnosis was 62%, which was significantly higher. than the metastasis rate observed in CCS. Previous 
research has highlighted tumor size, location, and metastasis as key prognostic factors[36]. A 2023 national database 
study by Fujiwara et al[33] identified primary tumor resection and metastatic lymph node dissection as independent 
factors associated with improved prognosis.

Moreover, CCS has a recurrence rate as high as 40%[37], with reports of late recurrences occurring after more than 10 
years[13]. Fujiwara et al[33] reported cumulative local recurrence rates of 11% at 3 years and 19% at 5 years postoper-
atively. Tumor size was found to be significantly correlated with local recurrence, in contrast to other soft tissue 
sarcomas, in which surgical margins and the use of chemotherapy or radiotherapy typically has a more significant role. 
Nonetheless, the limited patient cohort in this study raises concerns about the reliability of this conclusion, necessitating 
further investigation.

The high recurrence rate and aggressive nature of CCS underscore the critical importance of comprehensive long-term 
follow-up for all patients. However, there is currently a lack of published data outlining the optimal routine follow-up 
strategy for surgically treated patients with localized disease. In the case reported by Liu et al[9], the patient declined 
regular disease monitoring and examination after the first operation, seeking follow-up only when symptoms manifested, 
resulting in delayed treatment. This highlights the crucial role of regular postoperative follow-ups in patients with CCS. 
The clinical practice guidelines established by ESMO-EURACAN-GENTURIS recommend risk assessment and a tailored 
follow-up strategy based on histological type and tumor grade, size, and location. Additionally, the use of appropriate 
imaging modalities, such as MRI to detect local recurrence in extremities and superficial recurrence in the trunk and CT 
to identify lung metastases, are useful for early detection of recurrence[38].

CONCLUSION
Given the rarity of CCS, our understanding of the disease remains partial, necessitating further research to advance our 
understanding of its diagnosis and management. However, increased rates of metastasis and recurrence underscore the 
importance of prioritizing postoperative care and devising a structured follow-up regimen for patients. Early identi-
fication of at-risk individuals and prompt recognition of recurrent cases stand as crucial measures to improve patient 
prognosis and increase survival rates.
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Abstract
This editorial provides commentary on an article titled "Potential and limitations 
of ChatGPT and generative artificial intelligence (AI) in medical safety education" 
recently published in the World Journal of Clinical Cases. AI has enormous potential 
for various applications in the field of Kawasaki disease (KD). One is machine 
learning (ML) to assist in the diagnosis of KD, and clinical prediction models have 
been constructed worldwide using ML; the second is using a gene signal 
calculation toolbox to identify KD, which can be used to monitor key clinical 
features and laboratory parameters of disease severity; and the third is using deep 
learning (DL) to assist in cardiac ultrasound detection. The performance of the DL 
algorithm is similar to that of experienced cardiac experts in detecting coronary 
artery lesions to promoting the diagnosis of KD. To effectively utilize AI in the 
diagnosis and treatment process of KD, it is crucial to improve the accuracy of AI 
decision-making using more medical data, while addressing issues related to 
patient personal information protection and AI decision-making responsibility. AI 
progress is expected to provide patients with accurate and effective medical 
services that will positively impact the diagnosis and treatment of KD in the 
future.
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Core Tip: Artificial intelligence (AI) holds transformative potential in the diagnosis and treatment of Kawasaki Disease (KD). 
Utilizing machine learning algorithms, AI can analyze complex biomarkers to enhance diagnostic accuracy. Gene signal 
calculation tools can differentiate KD from similar inflammatory conditions, while deep learning algorithms can improve the 
precision of cardiac ultrasound detection. However, successful integration of AI into clinical practice requires addressing 
challenges such as data privacy, ethical considerations, and the need for robust, diverse datasets to ensure the reliability and 
accountability of AI systems.
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URL: https://www.wjgnet.com/2307-8960/full/v12/i23/5304.htm
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INTRODUCTION
Artificial intelligence (AI) is a sophisticated computational system that transcends the mere execution of pre-programmed 
instructions. AI systems possess the capacity to autonomously acquire knowledge from diverse datasets and make 
independent decisions. The pervasive utilization of the internet has facilitated the digitization of a vast array of resources. 
Moreover, the rise in smartphone usage and the growth of the “Internet of Things” have resulted in the quick gathering 
of information from people and electronic gadgets, which has contributed to the expansion of big data. Additionally, 
improvements in computer processing speeds have made it possible to analyze and handle large sets of data, which has 
enabled the creation of AI algorithms using vast amounts of data. This not only surpasses the limitations of conventional 
data analysis methods, but also has the ability to identify subtle data patterns that may elude human analysis, resulting in 
novel insights.

The rapid advancement of AI technology has ushered in a new era where its application is pervasive in various aspects 
of everyday life and business; it is widely used in various industries, such as commerce, weather prediction, and 
transportation, as well as in the medical field for tasks, such as automatic analysis of lung X-rays, bone age measurement, 
fracture diagnosis, and cancer diagnosis and treatment. While the healthcare sector is still in the early stages of 
incorporating AI technology compared to other industries, there is growing momentum for its development, and it is 
anticipated that AI will continue to expand across various fields in the future[1].

Kawasaki disease (KD), a systemic vasculitis with an unclear etiology, is the primary cause of acquired heart disease in 
developed countries[2]. The possibility of clinical similarities between KD and other conditions may lead to both KD 
being missed and misdiagnosed. Healthcare providers and scientists are currently focused on improving the accuracy 
and effectiveness of diagnosing KD. In this regard, AI is anticipated to serve as a valuable supplementary tool that has the 
potential to revolutionize KD management in practical clinical environments. This study presents several examples of 
how AI can be utilized in the realm of KD.

POTENTIAL APPLICATIONS OF AI IN THE FIELD OF KD
Using machine learning to assist in KD diagnosis
Machine learning (ML) is a branch of AI. The calculation method can acquire knowledge and predictions without relying 
on complex coding[3]. Portman et al[4] developed a blood biomarker group with high sensitivity and specificity for 
identifying children with KD. Blood samples were obtained from a single-center cohort of children with KD (n = 50) and 
control children (n = 100), and 11 candidates were selected to develop biomarkers according to the principle of clinical 
availability. ML was used to identify the 11 blood markers. The values for these markers were included in the model. The 
model provided a binary predictive risk score for KD as determined by the Youden index. The area under the final 
receiver operating characteristic curve (AUC) was 0.94 (95%CI: 0.90–0.98). Of the 97 non-KD patients 88 were diagnosed 
as negative, and of the 50 KD-positive patients 47 were diagnosed as positive. The sensitivity was 0.94 (95%CI: 0.87–1.0), 
and the specificity was 0.91 (95%CI: 0.85–0.96). When the biomarkers were reduced to three, C-reactive protein, NT prob-
type natriuretic peptide, and thyroid hormone, the AUC of the prediction model was 0.92 (95%CI: 0.87–0.96), and the 
sensitivity and specificity were 86%. However, the generalizability of the research results is limited by its single-center 
design, small cohort size, and potential deviation from the control group[4]. Liu et al[5] conducted a retrospective study in 
China on 1398 KD patients hospitalized in seven hospitals affiliated with Chongqing Medical University from January 
2015 to August 2020, and a prediction model was built based on the ML algorithm. A total of 1240 of the 1398 patients 
responded to intravenous immunoglobulin G (IVIG), while 158 were resistant to IVIG. According to the results of the 
logistic regression analysis of the training set, four independent risk factors were identified: total bilirubin [odds ratio 
(OR) = 1.115, 95%CI: 1.067–1.165], procalcitonin (OR = 1.511, 95%CI: 1.270–1.798), alanine aminotransferase (OR = 1.013, 
95%CI: 1.008–1.018) and platelet count (OR = 0.998, 95%CI: 0.996–1). Using the ML algorithm to construct the KD 
prediction model, the model performed well in terms of sensitivity, specificity, and AUC. The results of this study can 
help clinicians predict IVIG-resistant KD early and adjust treatment plans over time[5]. Wang et al[6] retrospectively 
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collected the medical records of KD patients hospitalized at Fujian Maternal and Child Health Hospital from March 2013 
to June 2019 using the electronic medical record system. The results showed that platelet count, blood calcium level, 
albumin-to-globulin ratio, days of fever before hospitalization, and body weight were predictive factors for IVIG-resistant 
KD. The AUC of this model was 0.74 (95%CI: 0.87–0.96), the sensitivity was 30%, and the specificity was 99%[6]. A 
retrospective cross-sectional study can assist ML study, but because the patient's condition is constantly changing, there 
may be some errors in judging from a single cross-sectional study.

Using the gene signal calculation toolbox to assist in identifying KD
Ghosh et al[7] used the gene signal calculation toolbox (two types of gene signals developed in the context of a new 
coronal pneumonia infection, VIP/SVIP signal) to compare children with multiple system inflammatory syndrome (MIS-
C) and KD. Using VIP/SVIP signals and 13 transcriptional signals to diagnose KD, they verified that KD and MIS-C were 
on the same host immune response continuum and that both were concentrated in the cytokine storm centered on IL15/
IL15RA, indicating that there was a common immune pathogenesis between the two factors. However, they differed in 
other laboratory parameters (left ventricular ejection fraction, C-reactive protein, white blood cell count, and lymphocyte 
count) and cardiac phenotypes (cardiac function decline and coronary artery expansion). The VIP signal revealed the 
unique targeting cytokine pathway of MIS-c. SVIP signals indicated disease severity, and the signal in MIS-c was stronger 
than that in KD, indicating that the MIS-c condition was more serious than KD. Key clinical features (cardiac function 
decline) and laboratory parameters (thrombocytopenia and eosinophilia) can be used to monitor disease severity[7-9].

Using deep learning to assist cardiac ultrasound detection
The workload of medical image labeling and manual interpretation is large and primarily depends on the expertise of 
professional doctors. In addition, there are limitations, such as misdiagnosis, missed diagnosis, and time consumption. 
The recent and continuous development of AI and big data has made computer-aided diagnosis possible. Compared to 
the traditional inspection mode, deep learning (DL) does not require significant preprocessing or manual feature 
extraction. It can automatically extract features that are difficult for humans to distinguish without losing information 
and realize end-to-end learning. This shows great potential for complex recognition of subtle patterns. Because the 
contour of echocardiography is not clear and the speckle noise is large, traditional manual segmentation is time 
consuming and error prone; an automatic segmentation algorithm based on DL can solve this problem. Incomplete KD is 
often misdiagnosed because of the lack of clinical manifestations of typical KD[10]. However, it was also associated with a 
significantly higher prevalence of coronary artery disease. It is important to identify coronary artery lesions using 
echocardiography for timely diagnosis and a good prognosis of KD. They obtained coronary artery images of children 
through echocardiography (KD, n = 138; pneumonia, n = 65) and used the collected data to train six DL networks (vgg19, 
xception, resnet50, resnext50, Se resnet50, and Se resnext50). Se-resnext50 shows the best performance in terms of classi-
fication, specificity, and accuracy. The accuracy, sensitivity, and specificity of Se resnext50 were 81.12%, 84.06%, and 
58.46%, respectively. Research results have shown that the DL algorithm performs similarly to experienced cardiologists 
in detecting coronary artery lesions to promote the diagnosis of KD[11]. DL can guide untrained novices in diagnosing 
cardiac ultrasound to assess the size, function, and pericardial effusion of the left and right ventricles[12]. It has great 
application value in remote areas where resources are scarce; however, its safety and stability still need to be further 
verified.

RISKS OF AI UTILIZATION
The primary obstacle hindering the clinical implementation of AI by clinicians is accountability. Controversies arise in 
assigning responsibility when the use of AI algorithms by pediatricians in clinical settings leads to misdiagnosis or 
unforeseen adverse reactions. The creation of AI algorithms involves multiple stakeholders, including clinical physicians, 
developers, data managers, and healthcare institutions. Therefore, it is crucial to determine the root causes of errors or 
defects and identify the specific timing and content of their occurrences to determine the responsibility when problems 
arise. Additionally, the need for a reproducibility assessment of the results generated from AI-driven studies is critical, 
especially in studies utilizing techniques such as DL on large datasets acquired across different institutions. This ensures 
that AI systems are not only effective, but also reliable and consistent across various clinical environments. Reprodu-
cibility assessments help validate the robustness of AI algorithms and their applicability to diverse patient populations 
and settings. Specifically, the development of AI systems requires access to large amounts of medical data. However, only 
essential data relevant to the intended purpose should be collected and utilized. Given the sensitivity of personal health 
information involved in AI development, obtaining appropriate legal authorization for data processing and ensuring that 
security measures are in place is essential.

CONCLUSION
This study explored the use of AI in the diagnosis of KD. In addition to the applications discussed in this study, AI has 
several other potential applications. Before the actual implementation, it is necessary to improve the efficacy of AI 
algorithms through the accumulation of data from different healthcare institutions for AI training. Furthermore, to 
effectively integrate AI into KD management, comprehensive guidelines must be established to address patient privacy 
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concerns during the data collection process and the ethical and legal obligations associated with AI system decisions. It is 
expected that the real-world challenges associated with AI integration will gradually be addressed in the future. This will 
have a transformative impact on the treatment and delivery of medical services for patients with KD.
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Abstract
In this editorial, we comment on an article by Alhammad et al that was published 
in a recent issue of the World Journal of Clinical Cases (Manuscript No.: 91134). We 
specifically focus on the mental health problems caused by coronavirus disease 
2019 (COVID-19), their mechanisms, and targeted rehabilitation strategies. Severe 
acute respiratory syndrome coronavirus 2, via its spike protein, binds to angio-
tensin-converting enzyme 2 and other receptors prior to infiltrating diverse cells 
within the central nervous system, including endothelial cells, neurons, astrocytes, 
and oligodendrocytes, thereby contributing to the development of mental 
illnesses. Epidemiological data from 2020 underscored the global upsurge in 
major depressive and anxiety disorders by 27.6% and 25.6%, respectively, during 
the pandemic. The commented research show that 30% of post-intensive care unit 
discharge patients with COVID-19 in the Arabic region exhibited Hospital 
Anxiety and Depression Scale scores that were indicative of anxiety and 
depression. While acknowledging psychosocial factors, such as grief and loss, it is 
crucial to recognize the potential neurological impact of the virus through various 
mechanisms. Accordingly, interventions that encompass dietary measures, health 
supplements, and traditional Chinese medicine with neuroprotective properties 
are necessary. This editorial underscores the urgency to implement compre-
hensive rehabilitation approaches to address the intricate interplay between 
COVID-19 and mental well-being.
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syndrome; Social medicine

https://www.f6publishing.com
https://dx.doi.org/10.12998/wjcc.v12.i23.5308
mailto:sunbaoqing@vip.163.com


Hu HS et al. Mental health problems in COVID-19 patients

WJCC https://www.wjgnet.com 5309 August 16, 2024 Volume 12 Issue 23

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

Core Tip: Epidemiological data from 2020 have revealed a worldwide escalation in major depressive disorders by 27.6% and 
in anxiety disorders by 25.6% amid the coronavirus disease 2019 (COVID-19) pandemic. The prevalence of mental health 
issues among patients with COVID-19 after rehabilitation is on the rise and is potentially linked to bereavement or the 
neurological impact of the virus. Implementing dietary interventions, health supplements, and traditional Chinese medicines 
with neuroprotective properties is imperative to safeguard the nervous systems of these individuals and improve their mental 
well-being.

Citation: Hu HS, Sun BQ. Understanding the etiology of mental health problems in post-rehabilitation COVID-19 patients: Insights 
and strategies for effective intervention. World J Clin Cases 2024; 12(23): 5308-5312
URL: https://www.wjgnet.com/2307-8960/full/v12/i23/5308.htm
DOI: https://dx.doi.org/10.12998/wjcc.v12.i23.5308

INTRODUCTION
Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), originating in December 2019, is an RNA virus classified 
within the coronavirus family. Its entry into the body is facilitated by the spike protein (S protein), which binds to the 
angiotensin-converting enzyme 2 and other receptors. This enables the virus to infiltrate a variety of cells within the 
central nervous system (CNS), including endothelial cells, neurons, astrocytes, and oligodendrocytes[1]. This broad 
cellular invasion has profound implications on the host. Evidence suggests that infection of these CNS-resident cells may 
lead to enduring consequences and potentially contribute to the development of neurodegenerative disorders over time
[2]. Epidemiological data from 2020 revealed a global surge in patients with major depressive disorders by 27.6% and in 
anxiety disorders by 25.6% amidst the pandemic[3]. Furthermore, a survey that involved 402 coronavirus disease 2019 
(COVID-19) survivors indicated varying rates of posttraumatic stress disorder, depression, anxiety, obsessive-compulsive 
symptoms, and insomnia, with percentages reaching as high as 42% for anxiety[4]. Neurological symptoms, including 
headache, altered consciousness, and paresthesia, have been documented in 36.4% of patients with COVID-19, partic-
ularly among the severely affected[5]. The neurological impact is notably high, reaching levels up to 88% in severely 
infected individuals[6]. Autopsy findings have revealed brain tissue edema and neuronal degeneration. The Beijing Ditan 
Hospital reported a case of viral encephalitis induced by SARS-CoV-2 attacking the CNS[7]. Additionally, genome 
sequencing has confirmed the presence of the virus in cerebrospinal fluid (CSF), which highlights the potential of COVID-
19 to inflict nervous system damage[8]. The study of interest showed that 30% of patients with COVID-19 in the Arabic 
region exhibited Hospital Anxiety and Depression scales scores that reflect anxiety and depression following discharge 
from the intensive care unit[9]. This underscores the importance of analyzing the potential causes of poor mental health 
of and offering rehabilitation recommendations for patients with COVID-19.

INFLUENCING FACTORS AND POSSIBLE MECHANISMS OF POOR MENTAL HEALTH IN PATIENTS 
WITH COVID-19
Years of trauma research indicate that, following negative life events, such as loss or exposure to disasters, most 
individuals experience either resilience, where there is minimal impact on symptoms of anxiety or depression, or 
recovery, marked by an initial increase in symptoms followed by improvement[10]. This trend aligns with the findings of 
extensive studies conducted during the COVID-19 pandemic. During this period, anxiety and depression symptoms 
peaked, likely as an acute response to an unforeseen crisis[11]. Therefore, we cannot rule out the possibility that the 
patients included in the study may have experienced mental health problems due to excessive longing or sadness caused 
by the passing of family or friends.

However, perturbations in the immune system triggered by an infection can also lead to psychopathological 
symptoms, as evidenced by past coronavirus outbreaks[12]. In a study conducted in India, postmortem examinations of 
the brains of rhesus and cynomolgus macaques following pulmonary disease induced by SARS-CoV-2 revealed T cell 
infiltration and microglial activation[13]. Damage to the immune system can diminish the ability of the nerve tissues to 
resist pathogen invasion and efficiently clear harmful substances, potentially resulting in mental health problems. Viral 
infections can also directly affect neurological function and potentially cause severe neurological damage. SARS-CoV-2 
has been found to possess neurotropic properties and can induce neurological diseases. Evidence suggests that 
coronaviruses can be detected in the brain or colony-stimulating factor, thus potentially leading to psychopathological 
sequelae through direct infection of the CNS or indirectly via immune responses[14]. Various studies, including clinical 
observations, post-mortem analyses, animal experiments, and in vitro studies, have highlighted the neurotropic potential 
of coronaviruses and their ability to cause neuronal injury[15]. Additionally, research by Dantzer[16] suggests that the 
immune response to coronaviruses, characterized by a "cytokine storm," may contribute to psychiatric symptoms by 
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Figure 1 Viral infections can directly cause imbalances in the circulatory system, such as increased interleukin release, lymphatic 
system disruption, and increased blood-brain barrier permeability. Additionally, infections can directly cause neuronal demyelination, potentially leading 
to mental health problems and inflammatory brain diseases. Moreover, the hypoxia induced by severe coronavirus disease 2019 can elevate anaerobic and acid 
metabolite levels, thus further affecting the nervous system. Additionally, viruses can infiltrate the brain through angiotensin converting enzyme-2 (ACE2) receptors, 
thereby disrupting the immune environment and causing damage. BBB: Blood-brain barrier; IL: Interleukin; MHC: Major histocompatibility complex; SIRS: Systemic 
inflammatory response syndrome.

triggering neuroinflammation. A possible mechanism for this is shown in Figure 1. Furthermore, preliminary findings 
suggest that SARS-CoV-2 instigates molecular and cellular alterations akin to those observed in Alzheimer's disease[17]. 
Another study indicates that neurotoxic amyloidogenic peptides derived from SARS-CoV-2 could be responsible for 
triggering neurological symptoms in patients with COVID-19[18], such as α-synuclein aggregates, which are involved in 
Parkinson's disease[19]. Moreover, a study from the United States suggested that SARS-CoV-2-infected mice displayed 
respiratory symptoms exhibiting increased expression of cytokines and chemokines, CCL11, in their CSF, resulting in 
hippocampal microglia activation. Subsequently, leading to impaired neurogenesis and loss of oligodendrocytes and 
myelinated axons[20]. Therefore, patients with severe clinical symptoms are more likely to experience mental-health 
problems.

APPROPRIATE REHABILITATION TREATMENT IS FEASIBLE
Those with mental problems after a COVID-19 diagnosis should follow doctors’ advice regarding the reasonable use of 
psychotherapeutic drugs during the recovery period[21]. Herein, we discuss the prevention of mental illness in 
convalescent patients with COVID-19 who are mentally healthy or in a sub-healthy state. Research has shown that 
Hericium erinaceus contains erinacines and hericenones, which stimulate the release of nerve growth factors, regulate 
inflammatory processes, reduce oxidative stress, protect nerve cells from apoptosis, and can be used as a functional food
[22]. In addition, the products of some health care companies can also be used to prevent mental problems in patients 
with COVID-19 after rehabilitation, such as Sour jujube kernel γ-aminobutyric acid tablets (nutrilite®) and Broken wall 
Ganoderma spore powder (nutrilite®). Prior studies have shown that traditional Chinese medicine has significant efficacy 
in protecting the nervous system. The research of Liu et al[23] showed that Panax ginseng (Meyer) and Panax notoginseng 
(Burkill) contain important bioactive ingredients such as ginsenosides and exert multiple pharmacological effects on the 
nervous system and immune diseases. Therefore, these methods can be used to improve the prognosis of patients with 
COVID-19 and effectively reduce the occurrence of mental diseases.

CONCLUSION
In general, mental illness or mental health issues are increasing in patients with COVID-19 after rehabilitation, which may 
be related to the loss of relatives or invasion of the nervous system of patients with COVID-19. Therefore, it is necessary 
to perform psychological rehabilitation for patients with COVID-19.
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Abstract
Discharging patients directly to home from the intensive care unit (ICU) is 
becoming a new trend. This review examines the feasibility, benefits, challenges, 
and considerations of directly discharging ICU patients. By analyzing available 
evidence and healthcare professionals' experiences, the review explores the 
potential impacts on patient outcomes and healthcare systems. The practice of 
direct discharge from the ICU presents both opportunities and complexities. 
While it can potentially reduce costs, enhance patient comfort, and mitigate 
complications linked to extended hospitalization, it necessitates meticulous 
patient selection and robust post-discharge support mechanisms. Implementing 
this strategy successfully mandates the availability of home-based care services 
and a careful assessment of the patient's readiness for the transition. Through 
critical evaluation of existing literature, this review underscores the significance of 
tailored patient selection criteria and comprehensive post-discharge support 
systems to ensure patient safety and optimal recovery. The insights provided 
contribute evidence-based recommendations for refining the direct discharge 
approach, fostering improved patient outcomes, heightened satisfaction, and 
streamlined healthcare processes. Ultimately, the review seeks to balance patient-
centered care and effective resource utilization within ICU discharge strategies.
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Core Tip: Intensive care unit (ICU) discharge without transferring to a lower dependency unit is gaining attention as an 
alternative to traditional discharge methods. This approach offers potential cost savings, increased patient comfort, and 
reduced complications associated with prolonged hospital stays. However, successful implementation requires careful patient 
selection and robust post-discharge support services. Establishing specific criteria for patient selection and ensuring compre-
hensive post-discharge care is crucial, ultimately balancing patient-centered care with efficient resource utilization in ICU 
discharge practices. The potential for early patient recovery and cost saving is magnanimous, as seen in recent studies.

Citation: Hassan EM, Jama AB, Sharaf A, Shaikh A, El Labban M, Surani S, Khan SA. Discharging patients home from the intensive 
care unit: A new trend. World J Clin Cases 2024; 12(23): 5313-5319
URL: https://www.wjgnet.com/2307-8960/full/v12/i23/5313.htm
DOI: https://dx.doi.org/10.12998/wjcc.v12.i23.5313

INTRODUCTION
Discharging patients from the intensive care unit (ICU) is critical in their recovery journey. It signifies a transition from 
acute care to a lower level of dependency, allowing patients to regain functional independence. Conventionally, patients 
are transferred from the ICU to a lower dependency unit (LDU) before being discharged home[1]. The bridges the 
presence of the continuous monitoring and support of the ICU to the lack of it in the outpatient setting. However, 
growing interest is in exploring the feasibility of discharging ICU patients directly without an LDU transfer[2].

This review aims to research the practice of discharging ICU patients directly and examine the potential outcomes and 
feasibility of this approach[3]. By exploring the available evidence and considering the experiences of healthcare profes-
sionals[3,4].

Direct disposition from the ICU can potentially reduce costs, preserve patient comfort, and prevent complications of 
prolonged hospitalization. A strict selection criterion, robust post-discharge support systems, and the availability of 
home-based care services are crucial factors to consider in ensuring the safety and success of this discharge strategy[5].

By critically analyzing the existing literature, this review aims to provide evidence-based recommendations for 
implementing an effective discharge process from the ICU that maintains optimized patient clinical and social outcomes.

Why discharge directly from the ICU
Discharging ICU patients directly presents several potential advantages. First, it reduces healthcare costs. By bypassing 
the LDU stay, healthcare resources such as beds, personnel, and equipment can be utilized more efficiently. This 
approach may contribute to cost savings, particularly in healthcare systems with limited resources and high demand for 
ICU beds[2,6], as well as surgical patients, where it can reduce Medicare costs significantly[2,4] and reduce monthly costs 
by 10000 USD on average[2,5].

Second, direct discharge allows for preserving patient comfort and familiarity. Familiar surroundings and the support 
of family and loved ones can contribute to emotional well-being and aid in the patient's recovery process[6].

Furthermore, direct discharge can potentially prevent potential complications associated with LDU stays, such as 
hospital-acquired infections, physical and occupational deconditioning, malnutrition, and delirium[7].

There are some challenges that complicate the direct-to-discharge process. First, appropriate patient selection criteria 
are crucial to ensure patient safety. Not all ICU patients would be suitable for direct home discharge, and the studies we 
looked at did not provide or have access to the providers reasoning behind why certain patients were directly discharged 
to home. However, they noted among the cohort that were discharged directly home, patients tended to have minimal 
invasive intervention (i.e., mechanical ventilation) requirements (P < 0.001), lack significant comorbidities, and did not 
require vasopressors, which is an indirect marker of severity of illness[3,8].

Direct discharge requires robust follow-up care, including access to healthcare professionals, monitoring, and 
assistance with activities of daily living. Establishing effective post-discharge support systems, such as home care services 
and outpatient clinics, is essential to address ongoing medical needs and ensure the patient's well-being[3].

Collaboration between the healthcare team and community-based care providers is necessary to facilitate a smooth 
transition and ensure continuity of care[6,9-12].

PATIENT SELECTION CRITERIA
The current guidelines from the society of critical care medicine published in 2016, and much of the literature on this 
topic do not provide guidelines or specific patient selection criteria for discharging ICU patients. However, the society of 
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critical care medicine recommends following a standardized process and stipulating a specific discharge criterion in every 
ICU admission, discharge, and transfer[13]. One study evaluating direct discharging (DD) in 174 ICUs found that the 
likelihood of discharge for an identical patient varied by a factor of two-fold depending on the ICU[7]. They concluded 
that practice variations between ICUs are one of the strongest predictors for discharging patients from the ICU. 
Furthermore, in our review of the literature, it became apparent that there were factors intrinsic and extrinsic to the 
patient that determined whether the patient would be discharged from the ICU. Extrinsic factors included the number of 
beds available in the acute care ward, better social home support, and the location (i.e., hospital ward, operating room) 
from which they were admitted to the ICU[3,14-15]. The intrinsic included age, sex, and comorbidities.

Adult
When examining the literature for patient characteristics, patients who had DD tended to be younger, with Stelfox et al[3] 
finding the median age of patients to be 47 years (P < 0.001) in the cohort that was DD[7]. Martin et al[7] found 64% 
greater odds of having DD if patients were 18-39 years of age compared to patients who were 80-105 years of age. DD 
patients from the ICU had few comorbidities and were less critically ill at the time of ICU admission[3,6]. Studies 
generally reported a Charlson morbidity index score of 0-1 [odds ratio (OR): 1.74; 95% confidence interval (CI): 1.63-1.85] 
or a median acute physiology and chronic health evaluation II score of 15 (P < 0.001) for patients among the DD cohort[3,
7]. Men tended to make up most of the DD cohort, with Lau et al[2] reporting that 66.4% of the DD patient cohort they 
examined were male.

Most studies did not include data based on race or ethnicity; however, Patel et al[8] showed that the DD patient cohort 
was 87.9% white and black patients. ICU length of stay ranged from 2-4 days with an average of 2.41 days (P < 0.001). 
Patients were often admitted with a diagnosis of overdose/withdrawal, seizures, day procedure, or a diabetic 
complication[2,3,7,8,16].

Pediatric
Patients who had DD patients in the pediatric population were similar to the adult studies we reviewed in regard to 
patients’ age. The median age was two years in most of the studies[14,17]. However, age was not statistically significant, 
with Pizzuto et al[14] reporting the same distribution in age for patients who were transferred to an acute care ward (P = 
0.21). Kennedy and Numa[17] reported that 66.4% of the DD patient cohort were male. Admitting or discharge diagnoses 
included asthma, bronchiolitis, respiratory failure, and ones similar to what we have seen in the adult population of 
seizures, intoxication, diabetic ketoacidosis, and post-operative/procedure care[14,17-19]. A common theme among DD 
patients was the requirement of a home ventilator, with Pizzuto et al[14] finding that 24% of the DD vs 1% (P < 0.01) of the 
acute care ward cohort required a home ventilator. In addition, if the patient required a vasoactive agent while in the 
ICU, they were less likely to have had DD, with Roumeliotis et al[19] finding decreased odds of 30% of being DD.

IMPLEMENTING DIRECT HOME DISCHARGE
Empirical evidence suggests that patients with fewer diagnoses or comorbidities, with lower mortality index, who are 
younger, with stable housing, and with reduced requirement for ventilatory support are safe candidates for DD[2,6,18]. 
After an extensive analysis of 197089 patients in 174 ICUs, Martin et al[7] recommend implementing DD for: (1) Patients 
who were admitted for a day procedure or from a hospital clinic; (2) Patients with preexisting conditions such as chronic 
dialysis or diabetes, and (3) Patients with a discharge diagnosis of diabetic ketoacidosis or overdose after careful 
evaluation. A study by Shimogai et al[20] echoed the importance of the previously stated findings of patients' age, 
mortality index, and comorbidities for the patients' readiness for DD. They further added to the growing body of 
literature by suggesting implementing DD for patients with independence at home before admission and iterating early 
mobilization at the ICU as a strong predictive factor in patients being considered for DD[20]. Furthermore, Plotnikoff et al
[21] examined the requirements for a successful discharge from the ICU, and they found involving patients and family 
members in the discharge process, and communication between healthcare providers was a common motif in a successful 
discharge. The details of the studies are shown in Table 1.

OUTCOMES
A meta-analysis of > 40000 patients by Lau et al[15] found that observational data evaluating outcomes in patients who 
were directly discharged did not significantly differ in rates of events witnessed. No increase in 90-day mortality or 
readmissions was found. Another cohort study complemented the results of this meta-analysis by showing that in > 6000 
patients, selective DD did not result in any increase in mortality or healthcare utilization[3].

One of the largest studies (> 140000 patients) evaluating the impact of DD on outcomes was conducted in 2015. This 2-
year study found no significant difference in outcomes and identified a reduced length of hospital stay in DD patients. 
While numerous studies, though observational, continue to show a lack of difference in outcomes, interestingly, 
physician satisfaction is often lacking when practicing DD. Patients and their families are more satisfied with the DD 
practice[22].

Chawla et al[10] report a readmission rate of almost 25% in DD patients, much higher than that reported by Lau et al
[15], which was only 8% of patients.
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Table 1 Patient characteristics

Ref. Sample 
size (n) Age Sex 

(%) Race/ethnicity Comorbidities (%) Admitting/discharge diagnoses Morbidity index LOS (days) Location before ICU 
(%)

Studies looking at adult population

Martin et al
[7]

197089 80-105 
vs 18-39 
(OR: 
0.36; 
95%CI: 
0.34-
0.39)

Male > 
female 
(OR > 
1)

- Chronic dialysis (OR > 1), 
diabetes (OR > 1)

Day procedure (OR: 2.82; 95%CI: 2.46-3.23), seizure, overdose 
or poisoning (OR: 1.35; 95%CI: 1.23-1.47), diabetic ketoacidosis 
or diabetic complications (OR: 1.35; 95%CI: 1.2-1.51), GI bleed 
(OR > 1)

Charlson comorbidity 
index of 0 and 1 (OR: 
1.74; 95%CI: 1.63-1.85)

- Day procedure (OR: 
2.82; 95%CI: 2.46-3.23), 
clinic (OR > 1), prior 
ICU admission (OR > 
1), prior hospital-
ization (OR > 1)

Lau et al[2] 137 44.5 ± 
16.7 (P = 
0.004)

Female 
46 
(33.6) 
(P = 
0.13)

- (P < 0.0001) hypertension 
(27), GERD (17.5), 
depression (16.1), diabetes 
(10.2), substance 
abuse/overdose (14.6)

Number of discharge diagnoses (P = 0.002) overdose, 
subglottic stenosis/angioedema/laryngospasm, trauma, 
pulmonary embolism, and seizure

Charlson comorbidity 
index score: 1.65 ± 2.1 (P 
= 0.01), NMES (at 
admission) 26.6 ± 7.2, 
NMES (at 
discharge/transfer) 
16.85 ± 8.3 (P = 0.02)

2.7 ± 3.7 (P = 
0.001)

Emergency 
department 188 (56.8), 
another hospital 78 
(23.7), home (direct 
ICU admission) 17 
(7.5), floor 25 (7.6), 
OR/PACU 9 (2.7), 
other/unknown 14 
(4.2)

Patel et al[8] 331 54.1 ± 
17.25

158 
(47.7)

White (46.2), Black 
(41.7), Asian/pacific-
islander (3.6), 
Hispanic/Latino 
(5.1), other/unknown 
(3.3)

- Monitoring (n = 13), sepsis/septic shock (n = 25), diabetic 
ketoacidosis (n = 13), electrolyte abnormalities due to alcohol 
abuse (n = 7), hyperkalemia (n = 5), hemodynamic instability 
(n =11), arrhythmia (n = 10), hypertensive urgency or 
emergency (n = 5), systolic and diastolic heart failure exacer-
bation (n = 5), angioedema (n = 29), medication desensitization 
(n = 19), pneumonia (n = 28), pulmonary embolism (n = 25), 
COPD exacerbation (n = 21), acute respiratory disease 
syndrome (n = 20), asthma exacerbation (n = 10), 
gastrointestinal hemorrhage (n = 34), hepatic failure (n = 9)

MPM0-III predicted 
mortality % 15.9 ± 11.1, 
NEMS on admission 
19.45 ± 8.58

2.41 (P = 0.001) -

Stelfox et al
[3]

6732 47 (P < 
0.001)

Female 
393 (P = 
0.67)

- Diabetes 143 (P < 0.001), 
chronic lung disease 151 (P 
= 0.11), chronic kidney 
disease 23 (P < 0.001), liver 
disease 37 (P < 0.001), 
cancer 31 (P < 0.001), 
chronic heart or peripheral 
vascular disease 72 (P < 
0.001), neurological disease 
17 (P < 0.001), any 
comorbidity 360 (P < 0.001)

Admitting diagnosis (P < 0.001): Overdose, withdrawal, 
seizures, or metabolic coma 295, pneumonia 104, respiratory 
other 133, medical or neurological additional 107, trauma or 
orthopedic 79, cardiovascular 67, sepsis (non-pulmonary) 52, 
gastrointestinal 45, pregnancy or genitourinary 21, cancer 8

Charlson Score 0-1 (P < 
0.001), APACHE II score, 
15 (P < 0.001)

2.9 (P < 0.001) Location before ICU 
(P < 0.001): 
Emergency 
department 607, ward 
160, operating or 
recovery room 98, 
other Hospital 55

Basmaji et al
[16]

- - - - - - - - -

Chawla et al
[10]

95 61.1 Male 
(60)

- - Respiratory failure, sepsis, cardiac syndromes, gastrointestinal 
bleeding

MPM0II Score 31.4 4.5 -
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Lau et al[6] 642 49 Male 
(54.9)

- - Overdose, pneumonia, seizures, diabetic ketoacidosis Multiple organ 
dysfunction scores 7

3 -

Lam et al
[22]

137 45.75 Male 
(66.4)

- - Overdose, upper airway compromise, trauma, pulmonary 
embolism, seizures

Multiple organ 
dysfunction scores 7

1.8 -

Martin et al
[12]

46859 60.79 ± 
17.42

Male 
(59)

- COPD, diabetes, congestive 
heart failure, seizure, 
overdose

Overdose/poisoning, pneumonia (respiratory tract infection or 
empyema, sepsis-other, seizure/convulsions, diabetic 
ketoacidosis or complications of diabetes

- 0 -

Studies looking at pediatric population

Pizzuto et al
[14]

532 2 Female 
(44)

White or Caucasian 
(45), black or African 
American (27), 
American Indian or 
Alaska Native (3), 
Asian (2), other (19), 
unknown (4)

- Respiratory failure; insufficiency; arrest (9), diabetic 
ketoacidosis (6), asthma (5), acute bronchiolitis (3), sleep apnea 
(3), pneumonia (3), acute tracheitis (3), septicemia (3), 
complication of device; implant or graft (3), anomalies of 
cerebrovascular system, congenital (2)

- 2.1 -

Gal et al[18] 308 4.6 Female 
(39)

- Atrial or ventricular septal 
defects, valve replacement, 
or conduit replacement

Cardiac procedure [191 (i.e. Catheterization)], cardiac surgery 
[70 (i.e. implantable)], medical condition [53 (i.e. Arrhythmia or 
infection)]

STAT Score 2 1 Emergency 
department (177), 
Operating room (45), 
post anesthesia (39), 
home (9), floor (8), 
clinic (5)

Kennedy et 
al[17]

702 2 Male 
(64.4)

- - Bronchiolitis, seizures, asthma, lower respiratory tract 
infection

- Approximately 2 Emergency 
department directly 
admitted

Roumeliotis 
et al[19] 

594 3 61.6 - - Acute intoxication, postoperative ear-nose-throat care, shock 95% of the cohort had 
PELOD 2 score of 0-8 (P 
< 0.001) 

83% of patients 
had LOS 1-6 
days. 17% had 
LOS > 7 days 

-

LOS: Length of stay; ICU: Intensive care unit; OR: Odds ratio; CI: Confidence interval; GI: Gastrointestinal; GERD: Gastroesophageal reflux disease; NMES: Neuromuscular electrical stimulation; PACU: Post-acute care unit; MPM0-III: 
Mortality probability admission model-III; COPD: Chronic obstructive pulmonary disease; STAT Score: The society of thoracic surgeons-European association of cardio-thoracic surgery; PELOD 2: Pediatric logistic organ dysfunction 2; 
APACHE II: Acute physiology and chronic health evaluation II.

FUTURE DIRECTIONS
Studies have not shown a difference between complex outcomes such as length of hospital stay and mortality between 
DD and traditional ward discharge. While this represents a potential argument for using DD to curb resource waste and 
improve patient comfort, the observational nature of the studies needs to be considered. Before guidelines recommending 
DD are ushered into the norm, additional research must be conducted to prevent potential patient harm.

First, patient selection for DD needs to be refined and specified. Currently, physician discretion is the standard for 
patient selection criteria. A study found that younger patients suffering from overdose, withdrawal, seizures, and < 48 
hours of mechanical ventilation were more likely to be discharged home than older patients, those with an acute high 
degree illness, or those who had received surgical care. While these parameters intuitively make sense, they need to be 
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studied in a blinded, randomized fashion to measure outcomes precisely[3].
Second, almost all studies focusing on DD have been observational, with various included participants. Additional, 

tightly controlled randomized trials are needed if confidence in outcome measures is required. A trial demonstrating non-
inferiority would lend reliability to the practice of DD and help in tailoring patient-specific guidelines.

Finally, there is a need to explore the role of telemonitoring in DD patients. Combining modern, virtual healthcare 
delivery methods with DD can drastically reduce the burden on the intensive care system. When such methods were 
employed in COVID-19 patients, a weeklong reduction in hospital length of stay was noted[23]. This suggests the dearth 
of potential that is yet to be realized with such measures in everyday ICU care.

CONCLUSION
Our review has highlighted the emerging concept of direct discharge from the ICU as an alternative to traditional transfer 
to LDU. The literature suggests that carefully selected patients with stable clinical conditions and robust support systems 
at home can benefit from this approach. While mortality rates and patient satisfaction appear comparable to those of the 
conventional LDU transfer, successful implementation hinges on stringent patient selection, robust risk assessment, and 
comprehensive post-discharge care strategies. Direct discharge offers potential benefits such as reduced strain on 
healthcare resources, minimized exposure to hospital-acquired infections, and improved patient experience within 
familiar surroundings. However, challenges include accurate patient identification, effective remote monitoring, and 
timely intervention in case of complications. Balancing these aspects is crucial to ensuring patient safety and successful 
outcomes. The findings of this review underscore the importance of further exploration and thoughtful implementation 
of direct discharge from the ICU. As we move forward, tailored patient selection based on rigorous criteria and risk 
assessment is paramount. Additionally, comprehensive post-discharge support mechanisms should be established to 
ensure patients' well-being beyond the hospital walls, including telehealth services and clear communication channels. 
Combining evidence-based approaches with multidisciplinary collaboration can pave the way for a more patient-
centered and resource-efficient healthcare model. We hope that continued research and innovative strategies will lead to 
improved guidelines and practices, enhancing the viability of direct home discharge and benefiting patients and the 
healthcare system.
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Abstract
BACKGROUND 
Breast cancer ranks as one of the most prevalent malignant tumors among wo-
men, significantly endangering their health and lives. While radical surgery has 
been a pivotal method for halting disease progression, it alone is insufficient for 
enhancing the quality of life for patients.

AIM 
To investigate the correlation between ultrasound characteristic parameters of 
breast cancer lesions and clinical efficacy in patients undergoing neoadjuvant 
chemotherapy (NAC).

METHODS 
Employing a case-control study design, this research involved 178 breast cancer 
patients treated with NAC at our hospital from July 2019 to June 2022. According 
to the Miller-Payne grading system, the pathological response, i.e. efficacy, of the 
NAC in the initial breast lesion after NAC was evaluated. Of these, 59 patients 
achieved a pathological complete response (PCR), while 119 did not (non-PCR 
group). Ultrasound characteristics prior to NAC were compared between these 
groups, and the association of various factors with NAC efficacy was analyzed 
using univariate and multivariate approaches.

RESULTS 
In the PCR group, the incidence of posterior echo attenuation, lesion diameter ≥ 
2.0 cm, and Alder blood flow grade ≥ II were significantly lower compared to the 
non-PCR group (P < 0.05). The area under the curve values for predicting NAC 
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efficacy using posterior echo attenuation, lesion diameter, and Alder grade were 0.604, 0.603, and 0.583, 
respectively. Also, rates of pathological stage II, lymph node metastasis, vascular invasion, and positive Ki-67 
expression were significantly lower in the PCR group (P < 0.05). Logistic regression analysis identified posterior 
echo attenuation, lesion diameter ≥ 2.0 cm, Alder blood flow grade ≥ II, pathological stage III, vascular invasion, 
and positive Ki-67 expression as independent predictors of poor response to NAC in breast cancer patients (P < 
0.05).

CONCLUSION 
While ultrasound characteristics such as posterior echo attenuation, lesion diameter ≥ 2.0 cm, and Alder blood flow 
grade ≥ II exhibit limited predictive value for NAC efficacy, they are significantly associated with poor response to 
NAC in breast cancer patients.

Key Words: Breast cancer; Ultrasound; Neoadjuvant chemotherapy; Efficacy; Pathological complete response

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

Core Tip: This study explored the relationship between ultrasound characteristic parameters of breast cancer lesions and 
clinical efficacy in patients undergoing neoadjuvant chemotherapy (NAC). In all, 59 cases achieved pathological complete 
response and 119 cases did not. The ultrasound characteristics of the lesions before NAC were compared between both 
groups of patients, and the relationship between various factors and the efficacy of NAC in breast cancer was explored using 
univariate and multivariate analyses. In conclusion, the ultrasound characteristics of breast cancer lesions have limited value 
in predicting NAC efficacy but are closely related to poor outcomes in breast cancer patients undergoing NAC.

Citation: Zheng L, Yang LX, Liu JY, Jiang Z, Li XW, Pu PP. Correlation and predictive value of pathological complete response and 
ultrasound characteristic parameters in neoadjuvant chemotherapy for breast. World J Clin Cases 2024; 12(23): 5320-5328
URL: https://www.wjgnet.com/2307-8960/full/v12/i23/5320.htm
DOI: https://dx.doi.org/10.12998/wjcc.v12.i23.5320

INTRODUCTION
Breast cancer ranks as one of the most prevalent malignant tumors among women, significantly endangering their health 
and lives. While radical surgery has been a pivotal method for halting disease progression, it alone is insufficient for 
enhancing the quality of life for patients[1,2]. In current clinical settings, a multifaceted treatment approach is predom-
inantly utilized for managing breast cancer. The efficacy of neoadjuvant chemotherapy (NAC) in reducing tumor stages 
and facilitating surgical interventions has been well documented[3-5]. The assessment of pathological responses post-
NAC is a standard measure of treatment efficacy[6]. However, studies indicate that the rates of pathological complete 
response (PCR) post-NAC are suboptimal[7], underscoring the importance of predicting pathological responsiveness for 
tailoring clinical management strategies[8]. Biomarkers such as Ki-67 are widely recognized for guiding therapy and 
monitoring response[9]. Furthermore, imaging technologies have been shown to reflect prognostic factors in breast 
cancer, sparking considerable interest among researchers globally[10-12]. Despite this, limited reports exist on the use of 
ultrasound to evaluate PCR in breast cancer post-NAC, and there is a paucity of literature confirming its validity.

Thus, this study analyzed clinical and ultrasound parameters to investigate the correlation between ultrasound charac-
teristic parameters of breast cancer lesions and clinical outcomes in patients undergoing NAC, thereby providing a 
theoretical foundation for clinical application.

MATERIALS AND METHODS
General data
This study received approval from the Ethics Committee of Xingtai People's Hospital (Xingtai, China). Utilizing a case-
control design, we enrolled 178 breast cancer patients who underwent NAC. The pathological response to NAC was 
evaluated using the Miller-Payne method, determining the efficacy on initial breast lesions. Of these participants, 59 
achieved a PCR, while 119 did not (non-PCR group).

Inclusion criteria were as follows: (1) Patients were diagnosed according to the criteria outlined in the 'Breast Cancer 
Volume', employing ultrasound with a molybdenum target, magnetic resonance imaging, and lesion biopsy[13]; (2) Pa-
tients were at clinical stages II to III; (3) All patients were diagnosed for the first time; (4) Age ranged from 35 years to 59 
years; (5) Breast cancer lesions were measurable by imaging; and (6) The study protocol received approval from the 
Medical Ethics Committee.

https://www.wjgnet.com/2307-8960/full/v12/i23/5320.htm
https://dx.doi.org/10.12998/wjcc.v12.i23.5320
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Exclusion criteria were as follows: (1) Patients presenting with distant metastases; (2) Patients with primary malignant 
tumors in tissues or organs other than the breast; (3) Patients diagnosed with immune system disorders; (4) Patients who 
did not complete the required chemotherapy cycles; (5) Patients with severe hepatic or renal dysfunction; (6) Patients 
suffering from significant immune system diseases, such as systemic lupus erythematosus; and (7) Patients lacking 
preoperative ultrasound data.

Preoperative ultrasound examination method
Ultrasound examinations were conducted using the Sequoia 512 color Doppler ultrasound system (Siemens, Munich, 
Germany), which was equipped with a high-frequency probe operating between 8.0 MHz and 9.0 MHz. Patients were 
positioned supine with their arms elevated to ensure full exposure of both axillae and breasts. An acoustic coupling agent 
was applied to facilitate the scanning process. The ultrasound captured detailed images that included characteristic Breast 
Imaging Reporting and Data System descriptors such as the boundaries of breast cancer, microcalcification, mass 
morphology, peripheral high-echo halos, posterior echo attenuation, longest baseline diameter of the lesion, and blood 
flow classification. These images were subjected to a double-blind evaluation by two experienced breast pathologists.

NAC
The NAC regimen was as follows: docetaxel + epirubicin + cyclophosphamide, epirubicin: 60 mg/m2, day 1; paclitaxel: 
175 mg/m2, 3 h on day 1; cyclophosphamide: 500 mg/m2 on day 1, 21 d as one cycle, with a total of four cycles. Surgical 
treatment began 2 wk after the last chemotherapy. Two days after the completion of NAC, all patients underwent ultra-
sound examination.

Chemotherapy efficacy evaluation
The Miller-Payne method is employed to assess the efficacy of NAC in breast cancer patients[14]. The grading is as 
follows: Grade 1: no change observed in the lesions post-NAC; Grade 2: a reduction in tumor lesion density of less than 
30% relative to pre-treatment, with no pathological changes; Grade 3: tumor lesion density decreases between 30% and 
90% compared to before treatment; Grade 4: tumor lesion density reduces by more than 90% compared to pre-treatment 
levels; and Grade 5: complete disappearance of the tumor, indicative of complete remission on pathological examination.

Statistical analyses
Statistical analyses were conducted using SPSS version 21.0 (IBM, Armonk, NY, United States). The quantitative va-
riables, including age and body mass index, followed a normal distribution. Descriptive statistics for these parameters are 
presented as the mean ± standard deviation. The independent samples t-test was utilized for hypothesis testing between 
the two groups for these quantitative data. Categorical variables, such as the distribution of the affected side, menopausal 
status, and Ki-67 expression, were summarized as counts and percentages. Differences between groups were assessed 
using the χ2 test. The predictive value of ultrasonic features for the efficacy of NAC in breast cancer was evaluated using 
the receiver operating characteristic (ROC) curve analysis. A logistic regression model was applied to perform 
multivariate analysis exploring the relationship between the efficacy of NAC and patient outcomes in breast cancer.

RESULTS
Comparison of ultrasound characteristics between the PCR and non-PCR groups
The proportion of patients exhibiting posterior echo attenuation, a lesion diameter of ≥ 2.0 cm, and an Alder blood flow 
classification of grade II or higher was significantly lower in the PCR group compared to the non-PCR group (P < 0.05). 
Refer to Table 1 and Figure 1 for detailed data.

The value of ultrasound features before NAC in predicting the efficacy of NAC in breast cancer
ROC curves were constructed for variables that showed statistical significance in univariate analysis, including posterior 
echo attenuation, lesion diameter, and Alder blood flow grade. The results indicated that the area under the curve (AUC) 
values for predicting the efficacy of NAC in breast cancer were 0.604 for posterior echo attenuation, 0.603 for lesion 
diameter ≥ 2.0 cm, and 0.583 for Alder grade ≥ II. Refer to Figure 2 and Table 2 for detailed results.

Comparison of general data and pathological data between the PCR and non-PCR groups
The proportion of patients in the PCR group presenting with pathological stage II, lymph node metastasis, vascular infilt-
ration, and positive Ki-67 expression was significantly lower compared to the non-PCR group (P < 0.05). Detailed data 
can be found in Table 3.

Multivariate analysis of the relationship between NAC efficacy and breast cancer patients
In this study, logistic regression was utilized to assess the relationship between clinical outcomes post-NAC and various 
predictors, including posterior echo attenuation, lesion diameter, Alder blood flow classification, pathological staging, 
lymph node metastasis, vascular infiltration, and Ki-67 expression. These factors served as independent variables with 
the clinical efficacy of NAC as the dependent variable. The analysis identified posterior echo attenuation, lesion diameter 
≥ 2.0 cm, Alder blood flow classification ≥ grade II, pathological stage III, vascular infiltration, and positive Ki-67 
expression as independent risk factors for poor NAC response in breast cancer patients (P < 0.05). Results are detailed in 
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Table 1 Comparison of ultrasound characteristics between pathological complete response group and non-pathological complete 
response group

Ultrasonic feature PCR group, n = 59 Non PCR group, n = 59 χ2 P value

Edge of lesion 1.374 0.241

Burr 41 (69.49) 72 (60.50)

Smooth 18 (30.51) 47 (39.50)

Calcification lesion 1.532 0.216

    Yes 27 (45.76) 43 (36.13)

    No 32 (54.24) 76 (63.87)

Peripheral echo halo 2.053 0.152

High and low echo dizziness 32 (54.24) 51 (42.86)

No 27 (45.76) 68 (57.14)

Posterior echo 6.767 0.009

Attenuation 38 (64.41) 52 (43.7)

Unchanged 21 (35.59) 67 (56.3)

Tumor morphology 1.464 0.226

Quasi-circular object 11 (18.64) 32 (26.89)

Irregular 48 (81.36) 87 (73.11)

Lesion diameter 6.769 0.006

    ≥ 2.0 cm 36 (61.02) 48 (40.34)

    < 2.0 cm 23 (38.98) 71 (59.66)

Alder blood flow grading 4.448 0.035

    ≥ II stage 41 (69.49) 63 (52.94)

    < II stage 18 (30.51) 56 (47.06)

Data are n (%). PCR: Pathological complete response.

Table 2 The value of ultrasound features in predicting the efficacy of neoadjuvant chemotherapy in breast cancer

Ultrasonic feature Sensitivity Specificity Missed diagnosis Misdiagnosis rate AUC value

Posterior echo 64.41 56.30 35.59 43.70 0.604

Lesion diameter 61.02 59.66 38.98 40.34 0.603

Alder blood flow grading 69.49 47.06 30.51 52.94 0.583

Data are %. AUC: Area under the curve.

Table 4.

DISCUSSION
The utilization of NAC for the treatment of breast cancer is increasingly prevalent. Early evaluation of NAC efficacy is 
crucial for optimizing treatment strategies and improving patient outcomes[15]. While pathological assessments, tumor 
markers, and genetic methods are traditionally employed to evaluate the effectiveness of NAC, these approaches are 
predominantly invasive[16-18]. In recent years, imaging techniques have gained traction in clinical practice as non-
invasive alternatives for assessing NAC efficacy[19-21]. Despite this advancement, studies focusing on early evaluation 
using ultrasound are sparse. This study aimed to delineate the relationship between ultrasound characteristic parameters 
and PCR in NAC.
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Table 3 Comparison of general data and pathological data between pathological complete response group and non-pathological 
complete response group

Index PCR group, n = 59 Non PCR group, n = 119 t/χ2 P value

Age in year 44.8 ± 5.2 46.1 ± 6.4 -1.354 0.178 

BMI in kg/m2 22.62 ± 1.33 22.85 ± 1.41 -1.044 0.298 

Menstrual status 1.447 0.229 

    Menopause 16 (27.12) 43 (36.13)

    Premenopausal 43 (72.88) 76 (63.87)

Affected side distribution 0.634 0.426 

    Left 27 (45.76) 62 (52.1)

    Right 32 (54.24) 57 (47.9)

Pathological type 0.565 0.452 

    Infiltrating ductal carcinoma 48 (81.36) 102 (85.71)

    Other types 11 (18.64) 17 (14.29)

Pathological staging 4.893 0.027 

    II stage 18 (30.51) 57 (47.9)

    III stage 41 (69.49) 62 (52.1)

Lymph node metastasis 3.898 0.048 

    Yes 11 (18.64) 39 (32.77)

    No 48 (81.36) 80 (67.23)

Vascular invasion 8.128 0.004 

    Yes 34 (57.63) 93 (78.15)

    No 25 (42.37) 26 (21.85)

Ki-67 5.704 0.017 

    Positive 22 (37.29) 67 (56.3)

    Negative 37 (62.71) 52 (43.7)

HER-2 2.706 0.100 

    Positive 33 (55.93) 51 (42.86)

    Negative 26 (44.07) 68 (57.14)

ER 3.497 0.061 

    Positive 21 (35.59) 60 (50.42)

    Negative 38 (64.41) 59 (49.58)

Data are n (%). BMI: Body mass index; PCR: Pathological complete response.

Ultrasound not only visualizes lesion characteristics but also detects changes in blood flow intensity at the lesion site
[22]. The findings indicate that the rates of posterior echo attenuation, lesion diameter ≥ 2.0 cm, and Alder blood flow 
classification ≥ grade II are significantly lower in the PCR group compared to the non-PCR group (P < 0.05). Ultrasound 
effectively delineates the fine structure of tumors and precisely measures tumor diameters, while also depicting the 
boundary characteristics between lesions and surrounding tissues[23,24]. Prior studies utilizing ultrasound analysis to 
monitor lesion changes post-two cycles of NAC have demonstrated correlations with pathological assessments[25,26]. 
Moreover, ultrasound can evaluate changes in lesions before and after treatment by analyzing tumor blood flow classific-
ations and hemodynamic parameters, offering the advantages of repeatability and ease of operation[27].

This study confirms that ultrasound can provide detailed internal images of lesions and inform prognostic evaluations 
of NAC outcomes. Notably, the AUC values for posterior echo attenuation, lesion diameter ≥ 2.0 cm, and Alder classi-
fication ≥ grade II were 0.604, 0.603, and 0.583, respectively, indicating moderate predictive power. Future enhancements 
may include the integration of quantitative indicators such as lesion hardness and density to further refine the assessment 
of treatment efficacy.
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Table 4 Multivariate analysis results

Index β SE Walds P value OR 95%CI

Posterior echo 0.511 0.221 5.346 0.025 1.667 1.081 2.571 

Lesion diameter 0.481 0.24 4.017 0.048 1.618 1.011 2.589 

Alder blood flow grading 0.602 0.251 5.752 0.003 1.826 1.116 2.986 

Pathological staging 0.648 0.238 7.413 0.000 1.912 1.199 3.048 

Lymph node metastasis 0.392 0.203 3.729 0.073 1.480 0.994 2.203 

Vascular invasion 0.711 0.251 8.024 0.000 2.036 1.245 3.330 

Ki-67 0.641 0.227 7.974 0.000 1.898 1.217 2.962 

Constant term 1.403 0.784 3.202 0.096 4.067 0.875 18.909 

Figure 1 A 43-yr-old female patient had a left breast mass with a diameter of 2.2 cm. The mass was irregular in shape and low echo in the rear. The 
Alder blood flow grade was grade II, and the pathological complete response effect was achieved after chemotherapy. A: Pre-chemotherapy; B: Post-chemotherapy.

This study demonstrated that the rates of pathological stage II, lymph node metastasis, and vascular invasion were 
significantly lower in the PCR group compared to the non-PCR group (P < 0.05). Clinical data can often serve as a 
benchmark for determining whether patients have achieved PCR[28]. Numerous studies have analyzed clinical data from 
patients undergoing NAC, although results can vary due to differing inclusion criteria and patient heterogeneity. 
Previous research[29] has identified body weight and estrogen receptor levels as independent predictors of PCR post-
NAC in breast cancer patients, with the number of chemotherapy cycles and lymph node metastasis also playing 
influential roles[30,31].

Pathological characteristics were found to be closely linked to the efficacy of NAC. Current clinical research in breast 
cancer increasingly emphasizes biological analysis, recognizing the significance of biological factor expression in 
evaluating and predicting NAC outcomes[32]. Ki-67, a protein related to cell proliferation, is noted for its utility in 
assessing tumor cell activity post-chemotherapy. High Ki-67 expression has been reported as a sensitive predictor of NAC 
response[33], corroborating findings from this study that high Ki-67 expression levels are significantly associated with 
NAC clinical efficacy.

Logistic regression analysis revealed that posterior echo attenuation, lesion diameter ≥ 2.0 cm, Alder blood flow classi-
fication ≥ grade II, pathological stage III, vascular invasion, and positive Ki-67 expression are independent risk factors for 
ineffective NAC in breast cancer patients (P < 0.05). Ultrasound imaging provides valuable insights into tumor size, 
shape, echo, and blood flow characteristics from various angles. Breast cancer lesions, which are typically vascular-rich 
with elastic-poor vessels, exhibit increased blood flow and reduced internal echo. Post-NAC, a significant reduction in 
cancer cells leads to diminished and narrowed blood vessels within the lesion, enhancing the internal echo. Furthermore, 
a decrease in lesion diameter and volume can reduce vascular pressure, improving internal echo characteristics. Higher 
Alder blood flow classifications, indicating elevated levels of blood perfusion, correlate with poorer clearance of lesions 
post-chemotherapy.
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Figure 2  Receiver operating characteristic curve of ultrasonographic features in predicting the efficacy of neoadjuvant chemotherapy in 
breast cancer.

In conclusion, posterior echo attenuation, lesion diameter ≥ 2.0 cm, and Alder blood flow classification are useful 
metrics for evaluating the efficacy of NAC. Ki-67 serves as a robust biological marker to gauge tumor proliferation 
activity after chemotherapy, with higher expression levels indicating less favorable postoperative outcomes. The study 
confirms that larger tumor diameters, vascular invasion, and advanced staging are predictive of poor response to NAC in 
breast cancer patients.

This study further substantiates the significance of vascular infiltration and positive Ki-67 expression in evaluating and 
predicting the efficacy of NAC. Previous research[34] has demonstrated that ultrasound is highly sensitive in reflecting 
the histological characteristics of residual tumors post-NAC. The technique provides comprehensive visualization of the 
tumor’s size, shape, internal echo, and blood flow characteristics. Our analysis utilizes multiple parameters to evaluate 
PCR, with ROC analysis indicating that the integration of various ultrasound parameters with pathological data can 
enhance the prediction of NAC outcomes.

Advancements in ultrasound technology have notably improved resolution for detecting small lesions and facilitated 
more accurate quantitative tumor measurements. Analyzing ultrasound characteristics enables clinicians to tailor 
chemotherapy regimens effectively, potentially averting ineffective treatments and boosting PCR rates. Future research 
could benefit from incorporating additional advanced ultrasound technologies to refine the evaluation process further.

CONCLUSION
The ultrasound characteristics of breast cancer lesions, specifically posterior echo attenuation, lesion diameter ≥ 2.0 cm, 
and Alder blood flow classification ≥ II, demonstrate limited predictive value for the efficacy of NAC. Nonetheless, these 
parameters are closely associated with poorer outcomes in breast cancer patients undergoing NAC, underscoring their 
relevance in clinical assessment and treatment planning.
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Abstract
BACKGROUND 
Cervical spine fracture-dislocations in patients with ankylosing spondylitis (AS) 
are mostly unstable and require surgery. However, osteoporosis, one of the 
comorbidities for AS, could lead to detrimental prognoses. There are few accurate 
assessments of bone mineral density in AS patients.

AIM 
To analyze Hounsfield units (HUs) for assessing bone mineral density in AS 
patients with cervical fracture-dislocation.

METHODS 
The HUs from C2 to C7 of 51 patients obtained from computed tomography (CT) 
scans and three-dimensional reconstruction of the cervical spine were inde-
pendently assessed by two trained spinal surgeons and statistically analyzed. 
Inter-reader reliability and agreement were assessed by interclass correlation 
coefficient.

RESULTS 
The HUs decreased gradually from C2 to C7. The mean values of the left and right 
levels were significantly higher than those in the middle. Among the 51 patients, 
25 patients (49.02%) may be diagnosed with osteoporosis, and 16 patients (31.37%) 
may be diagnosed with osteopenia.

CONCLUSION 
The HUs obtained by cervical spine CT are feasible for assessing bone mineral 
density with excellent agreement in AS patients with cervical fracture-dislocation.

Key Words: Hounsfield unit; Ankylosing spondylitis; Fracture-dislocation; Cervical spine; 
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Core Tip: In this study, we analyzed Hounsfield units (HU) for assessing bone mineral density in patients with ankylosing 
spondylitis who developed cervical spine fracture-dislocation. The HU obtained by cervical spine computed tomography are 
feasible for assessing bone mineral density with excellent agreement. Subsequently, by analyzing the HU, we described the 
distribution of vertebral HU in ankylosing spondylitis patients with cervical fracture-dislocation. Among the 51 cervical 
fracture-dislocation patients with AS, 25 patients (49.02%) were diagnosed with osteoporosis, whereas 16 patients (31.37%) 
were diagnosed with osteopenia.

Citation: Gao ZY, Peng WL, Li Y, Lu XH. Hounsfield units in assessing bone mineral density in ankylosing spondylitis patients with 
cervical fracture-dislocation. World J Clin Cases 2024; 12(23): 5329-5337
URL: https://www.wjgnet.com/2307-8960/full/v12/i23/5329.htm
DOI: https://dx.doi.org/10.12998/wjcc.v12.i23.5329

INTRODUCTION
Ankylosing spondylitis (AS), characterized by syndesmophytes and ankylosis, is an inflammatory spondyloarthropathy 
that causes spinal stiffness and reduced mobility[1]. Minor trauma can lead to vertebral fractures due to the increased 
fragility of the spine, as observed in long bones, with cervical fracture-dislocations as the most severe type[2].

Most cervical fracture-dislocations in patients with AS involve the three columns, resulting in extreme instability and 
inevitable neurological deterioration[3]. Early surgical intervention can significantly enhance neurological recovery, 
reduce the incidence of complications, and increase the survival rate[4-6]. However, spinal surgeons face challenges when 
treating cervical fractures in these patients, including high surgical risks, limited control during surgery, a high risk of 
internal fixation failure, and postoperative refracture[7,8]. One of the underlying complications contributing to these 
challenges is osteoporosis, which is frequently mentioned but not adequately addressed[9-12].

Therefore, obtaining reliable bone density measurements is essential for guiding treatment in cervical spine fracture 
patients with AS. Dual-energy X-ray absorptiometry (DXA) is the international gold standard for the diagnosis of 
osteoporosis. However, DXA has limitations in measuring bone density in patients with AS[12]. Ligamentous 
calcification, tissue hyperplasia, and bone redundancy at the measurement site can result in normal or even abnormally 
high bone density values[13]. Quantitative computed tomography (CT) can accurately measure bone density at specific 
sites, but its high cost and complex operation limits its availability in most hospitals[14].

CT produces Hounsfield units (HU), offering unique advantages in assessing spinal osteoporosis. In addition, they 
provide a means of evaluating bone density without the requirement of additional tests and patient costs[15]. Hinze[12] 
highlighted the feasibility of using HU to assess osteoporosis in AS patients requiring surgical treatment, indicating the 
value of HU assessment in these patients.

Only a few studies have explored the evaluation of osteoporosis in AS patients with cervical fractures. Consequently, 
we conducted a retrospective study to investigate the HU patterns in cervical vertebrae of these patients and explored the 
application of HU in assessing their vertebral bone density.

MATERIALS AND METHODS
Study design and patient population
This retrospective case study was based on data from AS patients who exhibited cervical spine fracture-dislocation and 
were admitted to The Second Affiliated Hospital of Naval Medical University between June 2018 and June 2023. The 
inclusion criteria comprised patients with cervical fractures occurring between C1-C7 and those with completely fused 
cervical segments due to AS. The exclusion criteria included patients with spinal infection, lack of patient consent, and 
subjects who had undergone spinal surgery previously.

The study cohort comprised 51 patients (44 males, 7 females). Each patient underwent a CT scan and three-dimensional 
reconstruction of the cervical spine after injury. Subsequently, patients were immobilized using Halo vests and 
underwent closed reduction immediately after CT or magnetic resonance imaging examinations. After achieving 
satisfactory reduction outcomes, patients underwent posterior or combined anterior-posterior surgeries under general 
anesthesia following successful awake nasotracheal intubation.

The ethics review board of our institution granted approval to conduct this study.

https://www.wjgnet.com/2307-8960/full/v12/i23/5329.htm
https://dx.doi.org/10.12998/wjcc.v12.i23.5329
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HU imaging assessments
The HUs of C2-C7 vertebrae were measured with Neusoft PACS system by two trained spinal surgeons using the images 
from the CT scan and three-dimensional reconstruction of the cervical spine. Three sagittal plane reconstruction images, 
right, middle, and left, were selected for each vertebra. Each vertebrae were divided into approximately 16 regions, and 
the HUs were measured within each region, excluding areas of bone abnormality such as cortical bone, bone islands, and 
blood vessels. A detailed description of the measurement process is provided in Figure 1.

Statistical and conformity analysis
The HUs were measured and averaged for every region of each vertebrae. Inter-reader reliability and consistency were 
evaluated using the interclass correlation coefficient (ICC). An ICC greater than 0.7 indicated consistency between the two 
datasets. SPSS 22.0 software (IBM Corp., Armonk, NY, United States) was used for statistical analysis.

RESULTS
Demographics and clinical data
Among the 51 patients enrolled in this study, 25 were diagnosed with low-energy spinal injuries, whereas 26 patients 
suffered high-energy injuries. Each patient sustained a single spinal segment injury involving the three columns. The 
fracture-dislocation levels were distributed as follows: C1/2 in 5 patients, C2/3 in 2 patients, C3/4 in 2 patients, C4/5 in 6 
patients, C5/6 in 16 patients, and C6/7 in 20 patients. All patients presented with neurological deficits. Detailed 
demographics and clinical data for the patients are presented in Table 1.

HU imaging assessments
Of the 306 vertebrae examined, 298 (97.39%) were fully assessable for the HUs. Eight vertebrae were excluded from 
complete assessment due to severe fractures and dislocations affecting all regions. However, the measurable regions of 
the eight vertebrae were evaluated, and the outcomes were averaged. Statistical analysis of HUs at the right, middle, and 
left levels of each vertebrae was conducted by the two spinal surgeons. Detailed information on the data is provided in 
Table 2.

Distribution of vertebral HUs
Both readers observed a cascading decrease in HUs from C2 to C7 (Table 3). At both levels, the highest mean HU values 
were recorded at C2 (322.83 and 322.10), whereas the lowest values were recorded at C7 (190.20 and 190.41).

In addition, the mean HU values at different levels of the sagittal plane were analyzed. The results showed that the 
mean HU values of the left (251 and 252) and right (247 and 247) levels were significantly higher than those at the middle 
level (215 and 216) level for the two readers (P < 0.5; Table 2).

Reliability and agreement of HUs
The inter-reader reliability was excellent, with ICCs ranging from 0.91 to 0.99 across the cervical spine. The C6 vertebrae 
exhibited the highest concordance with ICC of 0.99, whereas the C5 vertebrae showed the lowest with an ICC of 0.91 
(Table 3).

DISCUSSION
In this study, we evaluated bone mineral density using HUs obtained through CT scan and three-dimensional 
reconstruction of the cervical spine. The findings demonstrated that HUs are a feasible method for accessing bone mineral 
density assessment in patients with AS who develop cervical spine fracture-dislocation.

CT examination is associated with additional costs and exposure to increased radiation compared to X-ray examination 
and DXA. However, using HUs to assess bone mineral density offers several advantages. Firstly, CT scan and three-
dimensional reconstructions of the cervical spine are routine procedures for all patients with cervical fracture-dislocations 
and AS, making them accessible with no additional financial burden on patients. Moreover, the reduced risk of secondary 
nerve damage resulting from displacements eliminate the need for strict positioning and spatial requirements associated 
with other examinations such as magnetic resonance imaging and DXA[16]. Secondly, with advancements in CT 
equipment and supporting software, surgeons can quickly obtain high-definition images and measure the vertebral HUs 
digitally from images without requiring additional training from radiography specialists. In addition, CT scan is an 
important diagnostic tool for AS with cervical spine fracture-dislocations, helping prevent missed diagnoses and misdia-
gnoses often encountered with other examination methods[17]. Moreover, HUs, as a tool for assessing bone mineral 
density, offer users the ability to set regions of interest. This capability helps to avoid inaccuracies caused by osteochon-
dritis, bone islands, and vascular plexus, significantly enhancing the accuracy of bone mineral density in patients with AS
[18]. Furthermore, HUs can be used to predict internal fixation loosening and detect changes in bone mineral density[19].

Marques et al[20] conducted a cross-sectional study and reported that low-dose CT measurement of the HUs is a 
feasible method to assess vertebral bone density in r-axSpa (AS), demonstrating excellent inter-reader reliability across 
C3-L5 by two trained readers. This study, comprising 50 patients with r-axSpa, revealed that the HU values decreased 
from C3 to C7, with ICCs ranging from 0.90 to 1.00 in cervical vertebrae, consistent with the results of our study. The 
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Table 1 Demographics and clinical data of 51 ankylosing spondylitis patients with cervical spine fracture-dislocation

Feature Male, n = 44 Female, n = 7 Total, n = 51

Age (years) 55.14 59.57 55.4 

Injury level 

C1/2 5 (11.36) 0 (0) 5 (9.80)

C2/3 2 (4.55) 0 (0) 2 (3.92)

C3/4 2 (4.55) 0 (0) 2 (3.92)

C4/5 5 (11.36) 1 (14.28) 6 (11.76)

C5/6 13 (29.54) 3 (42.86) 16 (31.37)

C6/7 17 (38.64) 3 (42.86) 20 (39.23)

ASIA grade 

A 2 (4.55) 1 (14.28) 3 (5.88)

B 5 (11.36) 2 (28.58) 7 (13.73)

C 14 (31.82) 3 (42.86) 17 (33.33)

D 23 (52.27) 1 (14.28) 24 (47.06)

Data are n (%). ASIA: American Spinal Injury Association.

Table 2 Hounsfield units from three levels of sagittal plane reconstruction images of two readers

Segment Reader 1-Housfield units Reader 2-Housfield units

Right Middle Left Right Middle Left

C2 337 296 334 336 297 334

C3 266 228 261 266 229 260

C4 250 215 249 253 215 250

C5 233 198 226 235 198 225

C6 218 181 214 217 182 215

C7 201 173 196 202 174 196

Average 251 215 247 252 216 247

Table 3 Reliability and agreement of Hounsfield units

Segment Readers 1-Housfield units Readers 2-Housfield units ICC

C2 322.83 322.10 0.96

C3 252.23 251.55 0.94

C4 238.95 239.57 0.96

C5 219.60 218.47 0.91

C6 204.49 205.02 0.99

C7 190.20 190.41 0.98

Average 238.05 237.85 0.93

ICC: Interclass correlation coefficient.
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Figure 1 Hounsfield unit imaging assessments. A: A 60-year-old male cervical fracture-dislocation patient with ankylosing spondylitis. Using a three-
dimensional reconstruction, the middle sagittal plane was selected. Using nine reference lines, every vertebra was equally divided into 16 regions; B: The right, 
middle, and left sagittal planes were selected according to three reference lines.

distribution pattern of HU values in cervical vertebrae is presented in Table 2. Notably, the HU values gradually 
decreased from C2 (322) to C7(190), with the lowest ICC observed at C5 (ICC = 0.91), consistent with the results from 
Marques et al[20].

In addition, a comparative analysis of the HUs of three levels showed that the HU values of the left and the right 
sagittal levels were significantly higher than those at the middle sagittal level. This observation may be attributed to the 
mechanical support provided by extraspinal bone, which can divert gravitational, emotional, and compressive stresses 
away from the vertebral trabeculae. This phenomenon results in diminished trabecular density, as predicted by Wolf’s 
law[21].

Swart et al[22] provided insights into the mechanism of osteoporosis in AS/diffuse idiopathic skeletal hyperostosis 
patients, highlighting that HUs were significantly reduced in the middle of long-segment autofusion, consistent with 
stress shielding. Alexander also emphasized the variation in bone mineral density between fused and unfused segments, 
a point that was not addressed by Marques et al[20]. In our study, all patients were diagnosed with AS with completely 
fused cervical segments. However, it is essential to recognize that the mechanism of cervical spine injuries may differ in 
patients with incomplete fusion.

Marques et al[20] reported that lower HU values indicated a lower CT attenuation and less dense bones. Despite DXA 
being the international gold standard for bone mineral density assessment, it has limitations in measuring bone density in 
patients with AS[12]. Clinal studies have indicated a correlation between the DXA results and the HUs from the same 
vertebra[23,24]. However, there is no universally accepted standard for diagnosing osteoporosis based on HUs from the 
cervical spine. Moreover, due to differences in anatomical areas and lack of adequate techniques for cervical bone mineral 
density, the relationship between DXA results and the HUs from cervical vertebrae remains controversial[25].

Colantonio et al[26] evaluated the relationship between HUs from the C4 vertebra and femur neck bone mineral 
density, given that the C4 vertebra is considered the least degenerative segment. Han et al[27] conducted a retrospective 
analysis of cervical vertebral HUs and lumbar T-values obtained by DXA in 439 patients. This analysis demonstrated that 
the C2 and C3 vertebrae exhibited relatively higher correlation values than other subaxial spinal segments. A strong 
correlation (r = 0.64-0.70) was observed between cervical spine HUs and spine DXA results, indicating that cervical spine 
HUs could be a reliable measure for bone mineral density across different measurement planes, age groups, sex, or 
degrees of degeneration. In addition. Han et al[27] proposed a formula (T-score = 0.01 × HUs - 4.55) and suggested cutoff 
HU values for osteoporosis and osteopenia as 231.5 and 284.0, respectively.

We conducted a retrospective analysis involving 57 patients, excluding patients with AS, diffuse idiopathic skeletal 
hyperostosis, pathological fractures, and previous spinal surgeries. All the patients underwent a CT scan and three-
dimensional reconstruction of the cervical spine within 1 mo of DXA. The method for measuring HUs in C2-C7 vertebrae 
was consistent with the approach described in the previous studies on AS. Our analysis revealed a strong correlation 
between HUs in cervical vertebrae and T-scores from DXA (r = 0.772) (Figure 2). We determined HU thresholds for 
osteopenia and osteoporosis to be 274.33 and 228.08, respectively (Table 4), which were consistent with the data reported 
by Han et al[27]. Receiver operation characteristic curves (Figure 3) demonstrated that the HU measurement had a 
sensitivity of 92.2% and specificity of 87.5% with an area under the curve of 0.931 (P < 0.05) in diagnosing osteoporosis 
and a sensitivity of 80.0% and specificity of 91.7% with an area under the curve of 0.919 (P < 0.05) in diagnosing 
osteopenia.

The findings showed that among the 51 cervical fracture-dislocation patients with AS, 25 patients (49.02%) were 
diagnosed with osteoporosis, whereas 16 patients (31.37%) were diagnosed with osteopenia. These results indicated that 
the prevalence of osteoporosis is approximately 49.02% among patients with AS who experience cervical spine fracture-
dislocation. This prevalence exceeds the reported osteoporosis rate in normal patients with AS, which is 25% as reported 
by the World Health Organization[28]. This increased prevalence could be attributed to the higher risk of vertebral 
fracture among AS patients who develop osteoporosis.
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Table 4 Hounsfield unit thresholds for osteopenia and osteoporosis

Bone mineral Density T-value HU

Normal -1 or greater ≤ 274.33

Osteopenia -1 to -2.5 228.08-274.33

Osteoporosis -2.5 or less ≤ 228.08

HU: Hounsfield unit.

Figure 2 Scatter plot showing the correlation between the Hounsfield units obtained from cervical vertebrae and T-values obtained from 
dual-energy X-ray absorptiometry of the lumbar vertebrae of 59 normal patients. A significant correlation was found (r = 0.772, r2 = 0.596, P < 0.05).

Figure 3 Receiver operation characteristic curve to diagnose osteopenia and osteoporosis. A: Hounsfield unit measurement had a sensitivity of 
92.2% and specificity of 87.5% with an area under the curve (AUC) of 0.931 (P < 0.05) in diagnosing osteopenia; B: Hounsfield unit measurement had a sensitivity of 
80.0% and specificity of 91.7% with an AUC of 0.919 (P < 0.05) in diagnosing osteoporosis.

It seems contradictory that AS, characterized by aberrant ossification of extraosseous tissues, often coexists with 
osteoporosis. However, various studies have shown that AS patients have a significantly higher rate of bone loss 
compared to healthy people, with osteoporosis occurring even in the early stages of the disease[29]. The cause of 
osteoporosis in association with AS remains controversial, with the most likely scenario involving a combination of 
several mechanisms leading to bone loss. These mechanisms include genetic factors, chronic inflammation, medication 
side effects, asymptomatic bowel disease, and a gradual decrease in spinal mobility due to worsening of ankylosing 
joints. Notably, persistent inflammation that cannot be effectively alleviated by medications is the main predictor of bone 
loss in these patients[30].

Most elderly AS patients have reduced bone mass, making them susceptible to vertebral fractures from minor trauma
[31]. These fractures are often extremely unstable and frequently associated with neurological dysfunction, complex 
complications, and high mortality rates[32]. Surgical treatment is typically required for most AS patients who develop 
cervical spine fracture-dislocations[33]. Stronger internal fixations are required for reduction and stabilization due to the 
spinal fusion and deformity characteristic of AS. However, osteoporosis in the vertebrae of these patients reduces the grip 
strength for internal fixation, increasing the surgical difficulty for spinal surgeons[34]. Furthermore, patients with cervical 
fracture-dislocations often suffer from severe cervical cord injuries resulting in quadriplegia. These patients require 
prolonged postoperative immobilization, which may exacerbate the progression of osteoporosis.
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Figure 4 A 68-year-old man developed paralysis after a traffic accident. A: Preoperative computed tomography suggested ankylosing spondylitis 
combined with C2/3 fracture-dislocation; B and C: We performed a reduction with a Halo vest and an anterior combined posterior surgery; D: Postoperative 
bisphosphonates were used for anti-osteoporosis treatment, and cervical computed tomography was repeated at 6 mo postoperatively; E: We calculated the 
Hounsfield unit values of the C5 vertebra and found that the postoperative Hounsfield unit values (179.67) were significantly higher than preoperative (157.44).

Therefore, initiating anti-osteoporotic therapy for patients with AS is essential. However, current studies indicate that 
only a few patients, especially those with compromised self-care abilities, received anti-osteoporotic therapy[35]. Clinical 
guidelines for treating osteoporosis in AS are not available. Bisphosphonates are currently the first-line drugs for 
osteoporosis treatment. Previous studies demonstrated that bisphosphonates inhibit osteoclast activity, thereby reducing 
bone destruction. In addition, they have anti-inflammatory properties, which may alleviate inflammation and bone 
marrow edema in AS patients[30]. Furthermore, tumor necrosis factor inhibitors are effective in treating osteoporosis by 
increasing bone mineral density and mitigating the progression of AS[36,37]. A bioinformatic analysis study identified 
241 overlapping genes associated with AS and osteoporosis. The study proposed carlumab, bermekimab, rilonacept, 
rilotumumab, and ficalatuzumab as potential drugs for treating osteoporosis[38]. Although progress has been made in 
studying drugs for osteoporosis treatment in AS, further research should be conducted to explore the optimal anti-
osteoporosis treatment regimen.

Furthermore, regular follow-up to evaluate bone mineral destiny is crucial alongside anti-osteoporosis treatment, 
whereby HU measurements are valuable. We measured and analyzed the HU values of cervical vertebrae in non-
operated segments to evaluate the effectiveness of postoperative anti-osteoporotic treatment. Figure 4 illustrates a case of 
a 68-year-old man who developed paralysis after a traffic accident. Preoperative CT scans indicated AS combined with 
C2/3 fracture-dislocation. We performed an anterior combined posterior surgery after fixation and repositioning with a 
Halo vest. Bisphosphonates were administered postoperatively for anti-osteoporosis treatment, and cervical CT scans 
were conducted for 6 mo after the surgery. The HU values of C5 vertebra showed a significant increase in the 
postoperative HU value (179.67) compared to the preparative value (157.44), as shown in the gray scale diagram.

This study had some shortcomings. Firstly, most studies on the measurement of cervical HU refer to the methodology 
established by Schreiber et al[24]. In addition, previous research has shown that the average HU of several slices from the 
same vertebra does not significantly differ from the HU obtained from a single slice[39]. However, in our study, we 
divided each vertebra into 48 regions to explore the distribution of HUs, which significantly increased the workload. We 
anticipate leveraging artificial intelligence and upgrading software to streamline this process in future. Secondly, the 
preliminary diagnostic criteria proposed in this study, based on the relationship between cervical HUs and lumbar T-
values obtained from DXA, may not be sufficiently rigorous. Multicenter and large sample clinical studies are required to 
confirm these findings.

CONCLUSION
In summary, use of the HUs obtained from cervical spine CT is a feasible approach for assessing bone mineral density in 
patients with AS who experience cervical spine fracture-dislocation. Although further clinical studies are necessary to 
refine this approach, it provides a promising and effective method for evaluating bone mineral density of cervical spine.
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Abstract
BACKGROUND 
Influenza A and B virus detection is pivotal in epidemiological surveillance and 
disease management. Rapid and accurate diagnostic techniques are crucial for 
timely clinical intervention and outbreak prevention. Quantum dot-encoded 
microspheres have been widely used in immunodetection. The integration of 
quantum dot-encoded microspheres with flow cytometry is a well-established 
technique that enables rapid analysis. Thus, establishing a multiplex detection 
method for influenza A and B virus antigens based on flow cytometry quantum 
dot microspheres will help in disease diagnosis.

AIM 
To establish a codetection method of influenza A and B virus antigens based on 
flow cytometry quantum dot-encoded microsphere technology, which forms the 
foundation for the assays of multiple respiratory virus biomarkers.

METHODS 
Different quantum dot-encoded microspheres were used to couple the 
monoclonal antibodies against influenza A and B. The known influenza A and B 
antigens were detected both separately and simultaneously on a flow cytometer, 
and the detection conditions were optimized to establish the influenza A and B 
antigen codetection method, which was utilized for their detection in clinical 
samples. The results were compared with the fluorescence quantitative poly-
merase chain reaction (PCR) method to validate the clinical performance of this 
method.
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RESULTS 
The limits of detection of this method were 26.1 and 10.7 pg/mL for influenza A and B antigens, respectively, 
which both ranged from 15.6 to 250000 pg/mL. In the clinical sample evaluation, the proposed method well 
correlated with the fluorescent quantitative PCR method, with positive, negative, and overall compliance rates of 
57.4%, 100%, and 71.6%, respectively.

CONCLUSION 
A multiplex assay for quantitative detection of influenza A and B virus antigens has been established, which is 
characterized by high sensitivity, good specificity, and a wide detection range and is promising for clinical applic-
ations.

Key Words: Influenza A; Influenza B; Quantum dot microspheres; Antigen detection; Multiplex detection

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

Core Tip: Respiratory viruses primarily target and affect the respiratory system, such as the influenza A and B viruses, highly 
contagious and can spread through various means. The detection of influenza A and B virus antigens is significant for the 
diagnosis, treatment, and prevention of influenza. In this study, a multiplex detective method for influenza A and B virus 
antigens was developed using flow cytometry quantum dot microspheres. The multiplex assay is characterized by high 
sensitivity, good specificity, and a broad detection range, making it a promising tool for clinical applications.

Citation: Xia CJ, Li BH, Guo YN, Zhou XH, Zhang RL, Niu YN. Establishment and performance analysis of a new multiplex 
detection method for influenza an and B virus antigen. World J Clin Cases 2024; 12(23): 5338-5345
URL: https://www.wjgnet.com/2307-8960/full/v12/i23/5338.htm
DOI: https://dx.doi.org/10.12998/wjcc.v12.i23.5338

INTRODUCTION
Infections caused by respiratory viruses and their prevention and control are common public health challenges 
worldwide. The coronavirus disease 2019 pandemic that occurred in recent years has increased the attention of the public, 
public health agencies, and policy makers worldwide to infections caused by respiratory viruses[1,2]. Because different 
respiratory viruses and different subtypes of the same virus may have different treatment modalities and preventive and 
control measures, rapid and accurate identification of these viruses and their subtypes provide not only a sufficient basis 
for disease diagnosis and treatment but also a solid foundation for epidemiological investigations and prevention and 
control of outbreaks[3,4]. Therefore, developing a rapid, sensitive, and multiplexed method for the detection of 
respiratory viruses is necessary. The bead array technology has a unique advantage in multiplexed detection because it 
can detect multiple viral proteins (antigens or antibodies) in a rapid, high-throughput, parallelized manner[5-7]. The core 
principle of bead array technology is to use specific molecules linked to differently labeled microspheres to recognize the 
corresponding detectors; thus, how to prepare encoded microspheres is the key to achieving high-throughput, high 
sensitivity, and multiplexed detection. Currently, the bead array technology in the market is mainly dominated by 
Luminex, which is expensive and requires expensive multichannel detection instruments. Compared with traditional 
dyes, quantum dots (QDs), which have the advantages of broad absorption spectrum, narrow excitation fluorescence 
spectrum, high luminescence efficiency, adjustable luminescence spectrum with particle size, and good photostability, 
have gradually become the focus of fluorescence coding particles in bead array[8-12].

In this study, we proposed to develop a multiplex flow cytometry (FCM) detection method for influenza A and 
Influenza B virus antigens, using QD-encoded microspheres as reaction carriers to establish a multiplex detection of 
influenza A and Influenza B virus antigens based on the FCM QD-encoded microsphere technology and lay the 
foundation for the multiplex detection of common respiratory viruses.

MATERIALS AND METHODS
Study subjects
In this retrospective study, throat swab samples were collected from 81 patients with suspected respiratory viral 
infections attending the outpatient clinic of the University of Chinese Academy of Sciences, Shenzhen Hospital 
(Guangming) West Campus between May and August 2022. Of these patients, 43 were male and 38 were female, aged 
1–63 years. Patient samples were clinically diagnosed with influenza A and B virus infections using the colloidal gold 
antigen detection kit (Guangzhou Wondfo), and the remaining pharyngeal swab samples were frozen at −80°C. Patients 
with clinical symptomatic manifestations of respiratory viral infections were included, whereas those who had taken anti-
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influenza medications within 1 month before sampling were excluded.

Instruments and reagents
DxFlex flow cytometer (Beckman Coulter, CA, United States); ABI 7,500 real-time fluorescence quantitative polymerase 
chain reaction (PCR) instrument (Life Technologies, CA, United States); influenza A and B virus NP proteins, influenza A 
virus NP protein monoclonal antibodies (clone nos. FluA6 and FluA8), influenza B virus NP protein monoclonal 
antibodies (clone nos. FluB15, FluB66, and FluB79) were obtained from Nanjing Novozymes Medical Technology Co, Ltd. 
(China). Influenza A virus NP protein monoclonal antibodies (clone nos. FluB15, FluB66, and FluB79) are from Nanjing 
Novozymes Medical Technology Co., Ltd. Microspheres and QD reagents included fluorescence-encoded microspheres 
(Bangs Laboratories, Inc., IN, United States), polystyrene microspheres (Suzhou Institute of Nano-Tech and Nano-Bionics, 
China), CdSe/ZnS QD nanocrystals (Wuhan Jiayuan, China). N-hydroxysuccinimide N-hydroxysuccinimide (sulfo-
NHS), 1-ethyl-(3-dimethylaminopropyl) carbodiimide hydrochloride (EDC), and 2-morpholine ethanesulfonic acid (MES) 
(Sigma Aldrich, MA, United States); biotin labeling kit (Thermo Fisher Scientific, MA, United States); flow cytometer 
quality control microspheres and flow cytometer sheath solution (Beckman Coulter); and fluorescence quantitative PCR 
reagents and consumables (Daan Gene Co., Ltd., China).

Methods
QD-encoded microsphere detection system construction: (1) For QD-encoded microsphere preparation, polystyrene 
microspheres were firstly dissolved, and then fluorescent staining was performed by adding different concentrations of 
CdSe/ZnS QDs in the dissolution system. The microspheres were transferred from the organic-phase dissolution system 
to the aqueous-phase preservation system after staining. By adjusting the concentration ratio of QDs and polystyrene 
microspheres, multi-peak QD-encoded microspheres with different brightness could be obtained. Because polystyrene 
microspheres have a carboxyl group modification on the surface, they can be used for subsequent antibody coupling; (2) 
For antibody coupling to microspheres, the microsphere concentration was first determined using a blood counting plate, 
then approximately one million microspheres were removed for activation, and the microspheres were washed to MES 
buffer as the activation system. After rapid addition of EDC (0.2 mg) and sulfo-NHS (0.2 mg) to the microspheres, they 
were vortexed rapidly for 10 s and placed on a turnover mixer to react for 20 min. The activated microspheres were 
washed twice using MES buffer, and the antibody was added, rapidly vortexed for 10 s, and placed on a turnover mixer 
for 2 hours. The coupled microspheres were washed, the concentration was determined, the yield was calculated, and 
coupling was confirmed. To compare the performance of different antibodies, different mouse anti-influenza A/B virus 
NP protein monoclonal antibodies (clone no. Flu A6, Flu A8, Flu B15, Flu B66, and Flu B79) were coupled to select the 
optimal combination of antibody pairs in subsequent tests; and (3) In the preparation of biotinylated antibodies, the 
ultrafiltration column was initially used to replace the influenza A and B antibodies into the phosphate-buffered saline 
solution, and then the concentrations of influenza A and B antibodies were measured. The biotinylated reagent was 
added to the solution-exchanged antibody, mixed upside down for 10 s, and then turned over and mixed for 1 h at room 
temperature to complete the biotin labeling of the antibody. After the reaction, the reaction product was purified using an 
ultrafiltration column to remove the unreacted biotinylated reagent, and the concentration of the biotinylated antibody 
was then determined using an enzyme marker. The concentration of biotin (B) bound to IgG was determined by the 
HABA reaction, and the molar ratio (B/P) of biotin to IgG antibody (P) was then calculated.

Performance testing of the single test for influenza A and B virus antigens: The development of the encoded 
microsphere-based multiple detection method for influenza A and B virus antigens requires the establishment and 
validation of a single test for influenza A and B antigens, and the single test must be subjected to cotesting of this single 
test method.

The influenza A antigen single test mainly consists of the following steps: (1) Preparation of standards: Dilute the 
influenza A antigen masterbatch to a series of concentrations such as 1 × 106, 2 × 105, 40000, 8000, 1600, 320, 64, 12.8, and 
2.56 pg/mL by serial dilution; (2) Immunoassay: Add the diluent, standards/samples, and biotinylated antibody for 
detection of influenza A antigen, and capture the microspheres coupled to the antibody for the influenza A antigen to a 
96-well filtration plate. After incubation for 2.5 hours away from light, add streptavidin-phycoerythrin and incubate for 
0.5 hours away from light, then use a vacuum filtration device for filtration, and use a cleaning solution two times, and 
resuspend the microspheres into the cleaning solution for testing; (3) Testing and data processing: The flow cytometer 
was used to collect data from each microsphere, and the obtained median fluorescence intensity (MFI) data were 
imported into GraphPad Prism software for analysis; and (4) A calibration curve was drawn between a series of MFI 
values of the standards and the concentration of the standards, and the concentration of samples was deduced using the 
calibration curve. The steps for the single test for influenza B virus antigens were the same as those for influenza A virus, 
with different antibodies only. The initial performance evaluation of the single test method mainly included the 
measurement range and cross-reactivity. By observing the distribution of different concentrations of standards on the 
calibration curve, the measurement range of the method for influenza A and B antigens concentration was determined.

Performance test of influenza A and B virus antigens codetection: The codetection test of influenza A and B antigens is 
based on a single detection test in which two types of capture microspheres of influenza A and B viruses and two types of 
biotinylated detection antibodies of influenza A and B viruses are directly added to the same reaction system to establish 
the formation of the detection sandwich of influenza A and B virus antigens, respectively, at the same time, and 
ultimately output the fluorescence signal of the antigens on the flow cytometer using the encoded microspheres as the 
medium. The fluorescence signals of the influenza A and B detection microspheres were then used to obtain the results of 
the calibration curves and sample concentrations (Figure 1). Referring to the description of the relevant literature[12,13], a 
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Figure 1 Schematic diagram of the principle of quantum dot encoded microsphere-based multiplexed detection of Influenza A and B 
virus antigens.

performance evaluation was performed on QD microsphere-based codetection methods, including detection limit, 
measurement range, and cross-reactivity.

Validation and method comparison of clinical samples on an FCM QD microsphere technology-based influenza A 
and B codetection platform: The clinical pharyngeal swab samples stored at −80 °C were thawed at room temperature for 
30 minutes, then added with 500 μL of extraction solution, and rotated along the wall of the tube for approximately 10 
times to dissolve the specimens into the extraction solution as much as possible. The extracted sample solution was 
divided into two: one was used for this method and the other for nucleic acid detection by real-time fluorescence 
quantitative PCR (the specific procedure was performed in accordance with the instructions for the use of the reagents). 
The detection limit of the influenza A and B virus antigen detection was used as the critical value for negative and 
positive judgments, and the negative and positive results were compared with those of PCR to analyze the clinical 
sensitivity and specificity.

Statistical analysis
The results were statistically analyzed using Microsoft Excel. Measurement information was expressed as mean ± SD and 
CV = 100% × s/x. The standard curves were plotted using GraphPad Prism 9 software.

RESULTS
Preparation of reagent raw materials
By the solvent-embedding method, a set of fluorescent microspheres based on QD encoding was obtained. FCM analyses 
showed that the fluorescent microspheres had good clustering performance; theoretically, the simultaneous detection of 
six analytes could be achieved (Figure 2). To demonstrate the feasibility of antibody coupling, conventional fluorescent 
dye-based encoded microspheres, BAL1 and BAL2, were first used to couple with influenza A and B antibodies, whereas 
a species-specific fluorescent-labeled antibody (FITC-Donkey-anti-mouse IgG at a concentration of 10 μg/mL) was used 
for labeling the coupled microspheres, and the relevant characterization parameters were determined (Table 1), which 
were consistent with previously reported coupling results[14,15]. On the basis of the results, QD-encoded microspheres 
were used for the labeling of antibodies against influenza A and B, and the relevant characterization parameters were also 
determined. As a result, the microsphere recovery and antibody coverage and coupling uniformity (CV%) after antibody 
coupling were good and could be used for subsequent detection. The overall recoveries of biotinylated antibodies before 
and after labeling were 55%–70%. The B/P of the biotinylated antibodies to influenza A and B viruses was between 4 and 
6, which are consistent with the ideal labeling results reported previously[16], proving that these reagents can meet the 
needs of subsequent tests.

Preliminary assessment of influenza A and B virus antigen detection performance
In the early stage of the study, to explore the feasibility of the single detection technique for influenza A and B virus 
antigens, BAL1- and BAL2-encoded microspheres were initially used for the preliminary establishment of the 
performance, and parameters such as the antibody concentration, 1-Stearoyl-2-arachidonoyl-sn-glycero-3-phosphoryleth-
anolamine dye quantity, incubation time, and incubation steps, were optimized, and analytical performances, such as the 
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Table 1 Characterization parameters of microsphere coupling

Microsphere recovery, % MEFL value CV, %

BAL1, BAL2 > 80 2 × 105-6 × 105 < 25

Quantum dot microspheres > 80 1 × 106-1.5 × 106 < 25

BAL1: B-aggressive lymphoma 1; BAL2: B-aggressive lymphoma 2; MEFL: Molecules of equivalent fluorescein; CV: Coefficient of variation.

Figure 2 Histogram of fluorescence intensity of six quantum dot encoded microspheres with different brightness.

measurement range, and cross-reactivity, were also initially investigated. These research results laid the technical 
foundation of the microsphere multiplex immunoassay. In the preliminary study, the measurement range of influenza A 
and B combined assay was 7.81–1 × 106 pg/mL, and the signal generated by influenza A antigens on influenza B capture 
microspheres at a concentration of 2 × 105 pg/mL was 0.21%. Influenza B antigen at a concentration of 2 × 105 pg/mL 
produced a signal of 0.01% on influenza A capture microspheres (Table 2). These results demonstrate that the method can 
be used for the simultaneous detection of influenza A and B virus antigens. Thereafter, BAL1- and BAL2-encoded 
microspheres were replaced with QD-encoded microspheres, and a preliminary sensitivity assessment was performed for 
the single detection of influenza A and B virus antigens. The blank limits of the single test system using QD-encoded 
microspheres were 10.5 and 2.9 pg/mL for the detection of influenza A and B virus antigens, respectively.

Analytical performance of influenza A and B virus antigen codetection
On the basis of the above preliminary study, a QD-encoded microsphere-based codetection method for influenza A and B 
virus antigens was established, and a systematic study of sensitivity and measurement range was then performed. The 
calibration curve of influenza A and B antigen codetection is shown in Figure 3. The detection limit of the multiplexed 
detection system using QD-encoded microspheres was 26.1 (range, 15.6–2.5 × 105 pg/mL) for the detection of influenza A 
antigens. The detection limit of the detection of influenza B antigens was 10.7 (range, 15.6–2.5 × 105) pg/mL.

Comparison of multiple detection methods with fluorescent quantitative PCR results
Based on the analytical performance study, the results of the multiple detection of influenza A and B virus antigens were 
compared with those of fluorescent quantitative PCR influenza A and B nucleic acid detection. Among the 81 samples, 54 
were positive in the influenza A PCR (Table 3), with CT values ranging from 25.59 to 39.12, and 27 samples were negative 
in the influenza A PCR, with CT values > 40. The results of the QD-encoded microsphere-based detection of influenza A 
virus antigens showed that 31 samples were positive for influenza A antigens, with concentrations ranging from 26.1 to 
83,019.1 pg/mL, and 50 samples were negative for influenza A antigens, with detected concentrations < 26.1 pg/mL. 
Accordingly, a positive compliance rate (sensitivity) of 57.4%, negative compliance rate (specificity) of 100%, and overall 
compliance rate of 71.6% were calculated, which is superior to the currently commonly used clinical reagents for colloidal 
gold antigen detection, such as Wondfo’s positive compliance rate of 56.49% and a negative compliance rate of 99.75% 
(taken from the instructions for the reagent). Among the 81 samples, one was positive in the PCR for influenza B, with a 
CT value of 36.5, which was also positive in the multiplex method, with a concentration of 261.2 pg/mL of influenza B 
antigens, and the remaining 80 samples negative in the PCR for influenza B were also fully compatible with this 
multiplex method, with a sensitivity and specificity of 100%.
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Table 2 Cross-reactivity results of influenza A and B antigens detection

Proteins concentration (pg/mL)
Microspheres

Influenza B NP proteins Influenza A NP proteins
Cross-reaction rate, %

Influenza A 2 × 105 0.01

1 × 106 0.01

Influenza B 2 × 105 0.21

1 × 106 0.16

NP: Nucleoprotein.

Table 3 Comparison of the results of the multiple detection of influenza A and B antigens and polymerase chain reaction influenza A 
and B nucleic acid detection results

q-PCR assay
Antigen multiplexing detection

Positive Negative
Sensitivity, % Idiosyncrasyy, %

Influenza A virus

Positive 31 0 57.4 100

Negative 23 27

Influenza B virus

Positive 1 0 100 100

Negative 0 80

q-PCR: Quantitative polymerase chain reaction.

Figure 3 Calibration curve for fluorescence detection of influenza A and B virus antigens. MFI: Median fluorescence intensity.

DISCUSSION
In this study, a QD-encoded microsphere FCM immunoassay method for influenza A and B virus antigens was 
developed. Multiple QD-encoded microspheres, antibody coupled encoded microspheres, and biotinylated antibodies 
were successfully prepared, and their analytical performances, such as sensitivity, measurement range, and cross-
reactivity, for the influenza A and B antigen detection were investigated. The results confirmed that the codetection 
method can be used for the subsequent testing of clinical samples. In response to the problems of QD leakage and 
fluorescence intensity fluctuations encountered during development and testing, QD-encoded microspheres with long-
term stability were obtained by optimizing the solvent system, preservation conditions, and surface modification.

In a test of 81 clinical samples, 31 positive samples and 50 negative samples for influenza were measured using this 
method. When compared with the results of the fluorescent quantitative PCR, the negative and positive compliance rates 
were 100% and 57.4%, respectively. This indicates that this method is effective in avoiding false-positive results; however, 
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for false-negative results, it suggests an inherent difference in the detection sensitivity between immunoassays and 
nucleic acid detection methods[3,17,18], which is due to the ability of PCR amplification to detect very low amounts of 
nucleic acid sequences and maybe because this method requires further optimization to improve the sensitivity. 
Subsequent optimization of the conditions can be referred to the protocol of multiple microspheres[19], where the 
sensitivity can be improved by decreasing the initial incubation volume of microspheres and samples, increasing the 
initial incubation time, decreasing the amount of capture antibody coupled to microspheres, and screening for antibodies 
with a higher affinity to be used as capture or detection antibodies to achieve increased sensitivity. On the contrary, PCR 
is used to determine viral nucleic acid sequences, which may also produce positive results for inactive viruses, with a 
certain false-positive rate. Quantitative immunological assays are more effective in assessing changes in viral activity 
status and viral load and have fewer false-positive results, making them valuable not only for diagnosis but also for 
determining disease severity and prognosis. In addition, the clinical samples used were secondary eluates performed on 
pharyngeal swab samples that had already undergone primary extract elution; thus, their results may have a greater 
likelihood of false-negative results relative to PCR, which also exceeds the sensitivity and specificity of the colloidal gold 
immunoassay when compared with detection by colloidal gold immunoassay after the first elution. This demonstrates 
the superiority of the method. Follow-up research work is needed to evaluate the antigen concentrations in real 
pharyngeal swab samples to obtain more complete data for performance studies. Meanwhile, very few influenza B virus-
positive samples resulted in the evaluation of the sensitivity of this method for influenza B virus to be verified by more 
positive specimens; however, the specificity also reached 100% in comparison with PCR, which was consistent with the 
results for influenza A, proving the feasibility of this method in multiplex detection. As its main advantage, this method 
can be used for multiplex detection of respiratory viruses using the FCM detection platform, which is also the direction of 
our next research.

As study limitations, FCM QD microspheres are not sensitive enough compared with PCR; thus, more clinical samples 
are needed to validate the method.

CONCLUSION
This study demonstrated the feasibility of using QD-encoded microsphere for codetection of influenza A and B viruses. 
Therefore, we will continue to work on the development of immunoassays for various respiratory viruses and develop 
them into a rapid diagnostic technology platform that can be used for the immediate detection of multiple viruses by 
taking advantage of the unique advantages of QD-encoded microspheres to make rapid respiratory viruses testing more 
affordable, easy to use, and universally accessible.
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Abstract
BACKGROUND 
Mycoplasma pneumoniae (MP) frequently causes respiratory infections in children, 
whereas Epstein-Barr virus (EBV) typically presents subclinical manifestations in 
immunocompetent pediatric populations. The incidence of MP and EBV co-
infections is often overlooked clinically, with the contributory role of EBV in 
pulmonary infections alongside MP remaining unclear.

AIM 
To evaluate the serum concentrations of interleukin-2 (IL-2) and interleukin-12 
(IL-12) in pediatric patients with MP pneumonia co-infected with EBV and assess 
their prognostic implications.

METHODS 
We retrospectively analyzed clinical data from patients diagnosed with MP and 
EBV co-infection, isolated MP infection, and a control group of healthy children, 
spanning from January 1, 2018 to December 31, 2021. Serum IL-2 and IL-12 levels 
were quantified using enzyme-linked immunosorbent assay. Logistic regression 
was employed to identify factors influencing poor prognosis, while receiver 
operating characteristic (ROC) curves evaluated the prognostic utility of serum IL-
2 and IL-12 levels in co-infected patients.

RESULTS 
The co-infection group exhibited elevated serum IL-2 and C-reactive protein 
(CRP) levels compared to both the MP-only and control groups, with a reverse 
trend observed for IL-12 (P < 0.05). In the poor prognosis cohort, elevated CRP 
and IL-2 levels, alongside prolonged fever duration, contrasted with reduced IL-
12 levels (P < 0.05). Logistic regression identified elevated IL-2 as an independent 
risk factor and high IL-12 as a protective factor for adverse outcomes (P < 0.05). 
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ROC analysis indicated that the area under the curves for IL-2, IL-12, and their combination in predicting poor 
prognosis were 0.815, 0.895, and 0.915, respectively.

CONCLUSION 
Elevated serum IL-2 and diminished IL-12 levels in pediatric patients with MP and EBV co-infection correlate with 
poorer prognosis, with combined IL-2 and IL-12 levels offering enhanced predictive accuracy.

Key Words: Interleukin-2; Interleukin-12; Mycoplasma pneumonia; Epstein-Barr virus; Coinfection

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

Core Tip: This study presents a novel exploration of the interaction between immune response markers and co-infection 
outcomes in pediatric respiratory infections, focusing on Mycoplasma pneumoniae and Epstein-Barr virus. Our research 
addresses a critical gap in understanding the immunological dynamics in co-infected pediatric patients, offering insights into 
the prognostic values of interleukins interleukin-2 and interleukin-12. Through a comprehensive analysis of clinical data and 
a robust methodological approach, we provide evidence that serum levels of these cytokines are significantly associated with 
disease prognosis in co-infected individuals. The findings suggest a nuanced role of the immune system in managing co-
infections, with potential implications for therapeutic strategies.

Citation: Hao YP. Evaluating the role of interleukin-2 and interleukin-12 in pediatric patients with concurrent Mycoplasma 
pneumoniae and Epstein-Barr virus infections. World J Clin Cases 2024; 12(23): 5346-5353
URL: https://www.wjgnet.com/2307-8960/full/v12/i23/5346.htm
DOI: https://dx.doi.org/10.12998/wjcc.v12.i23.5346

INTRODUCTION
Mycoplasma pneumoniae (MP), a common respiratory infection, is the cause of over 40% of community-acquired 
pneumonia cases in children. It often presents as mycoplasma pneumonia, which is characterized by fever and a 
persistent, dry cough[1,2]. Simultaneously, Epstein-Barr virus (EBV), a DNA virus, is recognized for its high infectivity, 
specifically targeting the respiratory system and other organs, and has the potential to remain in a dormant state within 
the host indefinitely[3,4]. Recent studies have shown an increasing tendency in co-infections involving MP and EBV. This 
clinical scenario is sometimes difficult to diagnose because it lacks unique symptoms, which worsens lung damage, 
prolongs episodes of fever, and complicates treatment interventions[5,6]. It is worth mentioning that there have been 
reports of children with MP and EBV co-infection experiencing more severe clinical symptoms, often affecting several 
organ systems[7,8].

MP, a primary causative agent of respiratory infections, triggers inflammation and increased sensitivity in the airways 
when transmitted through respiratory droplets[1,9]. Due to their developing immune systems, children are especially 
vulnerable to experiencing severe symptoms when they have both MP and EBV infections. This may be because these 
pathogens trigger a combined immunological response that worsens the symptoms. Interleukin-2 (IL-2) and interleukin-
12 (IL-12) are important cytokines primarily produced by activated Th1 cells that have significant functions in the 
immune system[10]. IL-2 stimulates the growth and development of T and B lymphocytes by binding to their receptors 
on target cells, coordinating a cellular immune response[11]. On the other hand, IL-12, which plays a crucial role in the 
body's natural defense system, is essential for cellular immunological functions[12]. The participation of IL-2 in the 
development of MP and the significance of IL-12 as a crucial Th1 cytokine in regulating innate immunity highlight the 
intricate nature of the immune response to MP and EBV infections. While the exact pathogenic mechanisms behind co-
infections of MP and EBV are not yet fully understood, existing literature highlights their connection with immune-
mediated processes. The impaired immune response in pediatric MP pneumonia is commonly recognized, however there 
are differing views on the prevalence of Th subtypes (Th1/Th2)[10,13].

This study seeks to clarify the functions of IL-2 and IL-12 in the cellular immune response to co-infection of MP and 
EBV. It will achieve this by analyzing the levels of IL-2 and IL-12 in the blood serum of children who have MP pneumonia 
and EBV co-infection. The study aims to provide insights into the prognostic significance of these cytokines.

MATERIALS AND METHODS
Study population
This study conducted a retrospective analysis of clinical data from patients who were diagnosed with MP co-infected 
with EBV, patients with isolated MP infection, and a control group consisting of healthy youngsters. The participants 
were enlisted from Maternal and Child Health Hospital between January 1, 2018 and December 31, 2021.
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Inclusion criteria encompassed: (1) Clinical presentation of pneumonia at admission characterized by symptoms such 
as fever, cough, abnormal pulmonary sounds upon auscultation, and novel infiltrative patterns observable on chest 
radiographs; and (2) Confirmation of MP infection through positive MP polymerase chain reaction (PCR) assays[14], and 
EBV infection validated by EBV PCR positive results.

The exclusion criteria were established to exclude instances with inadequate data, poor immune function, concurrent 
bacterial or viral infections, and other respiratory diseases such as pulmonary tuberculosis and bronchial asthma.

Before the patients' guardians participated, they were given informed consent. The study's approach strictly followed 
the ethical principles specified in the Declaration of Helsinki and obtained clearance from the Hospital's Medical Ethics 
Committee.

Data collection
Data encompassing demographic details, clinical manifestations, laboratory findings, and radiological assessments were 
collated retrospectively. Specimens for laboratory analysis, including blood, nasopharyngeal aspirate (NPA), and 
bronchoalveolar lavage fluid were collected. Initial blood samples were analyzed to determine white blood cell counts, 
neutrophil percentages, platelet counts, levels of C-reactive protein (CRP), and cytokines such as IL-2 and IL-12. To 
rigorously exclude the presence of other common viral (e.g., respiratory syncytial virus, influenza, metapneumovirus, 
adenovirus, and parainfluenza virus) and bacterial co-infections, NPA samples were collected within 24 hours of 
admission for comprehensive viral antigen detection and bacterial culture. Additionally, to mitigate the low sensitivity of 
blood cultures and limited viral detection, we employed a multi-panel PCR assay capable of identifying a broader range 
of bacterial and viral pathogens. This assay complements our standard procedures by enhancing the specificity of our 
infectious agent detection, thereby reducing the potential for undetected co-infections that could influence cytokine 
levels.

The prognosis of pediatric patients, including cases involving negative outcomes such as death or long-term damage to 
lung function caused by co-infection of MP and EBV, were thoroughly recorded. The exclusion criterion for unfavorable 
outcomes involved mortality or functional impairments resulting from dysfunctions in other organs, as established 
through autopsy.

Measurement of CRP and serum cytokines
After collecting 3 mL of fasting venous blood samples, the samples were subjected to centrifugation at a speed of 2500 
rpm for a duration of 10 minutes. This process was done to separate the serum, which was thereafter stored at a 
temperature of -80°C. CRP levels were measured using an automated biochemistry analyzer (AU5800; Beckman Coulter, 
Brea, CA, United States). IL-2 and IL-12 serum levels were measured using enzyme-linked immunosorbent assays 
(ELISA) following the manufacturer’s protocol (Shanghai Jianglai Biotechnology Co., Ltd., Shanghai, China) The duration 
of the fever was also documented.

Statistical analyses
The statistical analysis was performed using SPSS version 20.0 (IBM Corp., Armonk, NY, United States). The categorical 
variables were represented as frequencies and percentages. Chi-square tests were used to compare the different groups. 
The continuous variables were reported as the mean ± standard deviation. Pairwise comparisons were conducted using t-
tests, while multigroup comparisons were performed using one-way ANOVA. Post-hoc analysis was conducted using 
SNK-q tests. Utilizing multivariate logistic regression, we analyzed the characteristics that contribute to a negative 
outcome in pediatric patients with MP and EBV co-infection. The diagnostic efficacy of serum IL-2 and IL-12 levels in 
predicting negative outcomes was assessed using receiver operating characteristic (ROC) curves. A P value less than 0.05 
was considered statistically significant.

RESULTS
Clinical characteristics
Upon comparing the general characteristics across the MP group, the co-infection group (MP and EBV), and the control 
group, no significant disparities were observed in age or sex distribution among these groups (P > 0.05). Notably, serum 
CRP levels were markedly elevated in the co-infection group compared to both the MP group and the control group, with 
the MP group also displaying higher CRP levels than the control group (P < 0.05). Furthermore, the duration of fever in 
the co-infection group significantly exceeded that in the MP group (P < 0.05, Table 1).

In the comparison between the poor prognosis and the non-poor prognosis groups, age and sex did not significantly 
differ. However, the CRP levels and fever durations were significantly higher in the poor prognosis group compared to 
the non-poor prognosis group (P < 0.05, Table 2).

Serum interleukin levels
Analysis of serum IL-2 and IL-12 levels among the MP group, the co-infection group, and the control group revealed that 
IL-2 levels in the co-infection group were significantly elevated compared to both the MP group and the control group, 
with the MP group also having higher IL-2 levels than the control group. Conversely, IL-12 levels in the co-infection 
group were significantly lower than those in both the MP group and the control group, with the MP group exhibiting 
lower IL-12 levels than the control group (P < 0.05, Table 3).
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Table 1 Comparison of general data among Mycoplasma pneumoniae group, coinfection group and control group

Group n Age Male/female CRP in mg/L Fever in days

Coinfection 165 5.31 ± 2.09 79/86 35.36 ± 10.09e,f 8.16 ± 2.15f

MP 165 5.26 ± 2.06 89/76 25.26 ± 8.06e 5.16 ± 1.06

Control 165 5.19 ± 2.45 83/82 15.30 ± 4.09 -

F/t/χ2 - 0.031 0.632 219.653 9.863

P value - 0.965 0.075 < 0.001 < 0.001

eP < 0.001 vs control group.
fP < 0.001 vs Mycoplasma pneumoniae (MP) group. Coinfection: Epstein-Barr virus coinfection in MP pneumonia; Control: Healthy children; CRP: C-reactive 
protein.

Table 2 Comparison of general data between poor prognosis group and non-poor prognosis group

Group n Age Male/female CRP in mg/L Fever in days

Poor prognosis 56 5.31 ± 2.19 32/24 36.36 ± 9.09f 9.73 ± 2.84f

Non-poor prognosis 109 5.16 ± 2.56 61/48 29.16 ± 7.31 5.83 ± 1.84

t/χ2 - 0.231 0.684 2.546 3.858

P value - 0.865 0.076 < 0.001 < 0.001

fP < 0.001 vs non-poor prognosis group. CRP: C-reactive protein.

Table 3 Comparison of the serum interleukin-2 and interleukin-12 levels among Mycoplasma pneumoniae group, coinfection group and 
control group

Group n IL-2 IL-12

Coinfection 165 3.75 ± 0.95e,f 14.09 ± 3.95e,f

MP 165 2.76 ± 0.66e 23.75 ± 7.19e

Control 165 1.89 ± 0.53 38.21 ± 10.74

F - 98.62 267.83

P value - < 0.001 < 0.001

eP < 0.001 vs control group.
fP< 0.001 vs Mycoplasma pneumoniae (MP) group. Coinfection: Epstein-Barr virus coinfection in MP pneumonia; Control: Healthy children; IL-2: Interleukin-
2; IL-12: Interleukin-12.

When comparing the poor prognosis group with the non-poor prognosis group, the poor prognosis group showed 
significantly higher serum IL-2 levels and significantly lower IL-12 levels (P < 0.05, Table 4).

Logistic regression analysis
A logistic regression analysis incorporating serum IL-2, IL-12, CRP levels, and fever duration as independent variables, 
and the poor prognosis of children with EBV co-infection in MP pneumonia as the dependent variable, identified high 
serum IL-2 as an independent risk factor for poor prognosis. Conversely, high serum IL-12 emerged as a protective factor 
against poor prognosis in these patients (P < 0.05, Table 5).

Predictive values of independent correlation factors
ROC curve analysis illustrated that the area under the curve (AUC) for serum IL-2 in predicting poor prognosis in 
children with MP and EBV co-infection was 0.815 (95%CI 0.653-0.903, P < 0.001), with a cutoff value of 3.265 ng/L, a 
sensitivity of 73.3%, and a specificity of 90.2%. The AUC for serum IL-12 in this context was 0.895 (95%CI 0.836-0.953, P < 
0.001), with a cutoff value of 13.895 ng/L, a sensitivity of 94.2%, and a specificity of 82.5%. The combined AUC for serum 
IL-2 and IL-12 was 0.915 (95%CI 0.858-0.971, P < 0.001), yielding a sensitivity of 85.1% and a specificity of 84.3% 
(Figure 1).
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Table 4 Comparison of the serum interleukin-2 and interleukin-12 levels between poor prognosis group and non-poor prognosis group

Group n IL-2 IL-12

Poor prognosis 56 4.63 ± 1.27f 11.26 ± 3.63f

Non-poor prognosis group 109 2.41 ± 0.53 18.47 ± 4.63

t - 7.974 8.764

P value - < 0.001 < 0.001

fP < 0.001 vs non-poor prognosis group.

Table 5 Logistic regression analysis of factors affecting poor prognosis in children with Epstein-Barr virus coinfection in Mycoplasma 
pneumoniae pneumonia

Variate β SE Wald χ2 P value OR 95%CI

IL-2 1.186 0.496 5.847 0.013 3.865 1.235-7.475

IL-12 1.074 0.426 6.194 0.012 0.384 0.156-0.836

CRP 0.516 0.319 2.496 0.136 1.858 0.843-3.285

Fever 0.173 0.264 0.395 0.586 1.124 0.656-2.184

CRP: C-reactive protein; IL-2: Interleukin-2; IL-12: Interleukin-12.

Figure 1 Receiver operator characteristic curves for serum interleukin-2, interleukin-12, and the combination of serum interleukin-2 and 
interleukin-12 in evaluating the poor prognosis of children with Epstein-Barr virus coinfection in Mycoplasma pneumoniae pneumonia.

DISCUSSION
The medical community has rarely reported or acknowledged cases of co-infections involving both MP and EBV in 
juvenile respiratory infections among patients with normal immune function[1,9,15]. Our analysis found that the clinical 
and radiological characteristics of children with simultaneous MP and EBV infections closely resemble those of MP 
infection alone. Nevertheless, the group of patients with co-infections displayed extended periods of fever and increased 
CRP levels, indicating more severe clinical symptoms in these individuals. This finding is consistent with similar case 
studies in scientific literature, such as the report by Li et al[7] on a patient with co-infection who experienced splenic 
infarction, and the description by Yenson et al[16] of a 7-year-old with MP and EBV co-infection who had agglutination of 
white and red blood cells. These reports further support the idea that co-infection can result in more severe manifest-
ations of the disease.
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IL-2 is essential for the immune response and is mostly produced by activated Th1 cells. It helps regulate immuno-
logical responses by activating regulatory T lymphocytes[17]. The findings of our study revealed a notable increase in 
serum IL-2 levels in the co-infection group compared to both the MP group and the control group. This suggests that co-
infection might stimulate a heightened release of IL-2, which in turn could result in an intensified inflammatory response. 
The atypical manifestation of IL-2, linked to immunological dysfunction, could be a crucial element in the development of 
MP and EBV co-infection. Significantly, the study found that higher IL-2 levels were strongly linked to a negative 
prognosis in the group being studied. This suggests that IL-2 levels may have the capacity to predict unfavorable 
outcomes. Logistic regression study revealed that elevated blood IL-2 is an autonomous risk factor for worse prognosis in 
children with MP and EBV co-infection. Additionally, ROC curve analysis confirmed the predictive significance of serum 
IL-2 levels for undesirable outcomes.

IL-12, mostly released by mononuclear macrophages, plays a crucial role in stimulating Th1 cellular immune responses 
and controlling the equilibrium between Th1 and Th2 cells[18,19]. Extensive studies on IL-12 have revealed its ability to 
boost T cell function, promote Th1 responses, and regulate the balance between Th1 and Th2 cellular immune responses. 
This plays a vital role in cellular immunity during viral infections[10,20]. The results of this work suggest that individuals 
with co-infection have a dominant Th1 response, which is associated with an enhanced cellular immunological reactivity 
resulting in systemic immune damage and more severe clinical symptoms. The co-infection group exhibited a significant 
decrease in blood IL-12 levels compared to both the MP-only and control groups. Similarly, within the MP group, serum 
IL-12 levels were lower compared to the control group. These findings imply that serum IL-12 concentrations could 
potentially be used as indications of the severity of infection[21]. Moreover, the reduced levels of IL-12 in the group with 
bad prognosis, compared to the group with non-poor prognosis, suggest an imbalance in the Th1/Th2 cellular immune 
response in co-infected children. This highlights the importance of IL-12 as a crucial regulatory component in 
determining their prognosis.

The investigation demonstrated that elevated blood IL-12 levels serve as a safeguard against unfavorable prognosis in 
children with MP and EBV co-infection, confirming the strong correlation between IL-12 levels and patient outcomes. 
There was a correlation between the decrease in serum IL-12 levels and a higher probability of experiencing a negative 
prognosis. The ROC curve study revealed that serum IL-12 is a strong predictor of bad prognosis in co-infected children, 
with an AUC value of 0.895. The sensitivity of the test was 94.2%, meaning it correctly identified 94.2% of the children 
with poor prognosis. The specificity of the test was 82.5%, indicating that it correctly identified 82.5% of the children 
without poor prognosis. An association was found between a serum IL-12 threshold of ≤ 13.895 ng/L and an increased 
likelihood of experiencing negative outcomes. In addition, when serum IL-2 and IL-12 levels were analyzed together, the 
AUC was found to be 0.915. This analysis showed a sensitivity of 85.1% and a specificity of 84.3%. These results suggest 
that the combined assessment of these cytokines provides a more accurate prediction of outcomes for children with co-
infections and could be an important prognostic marker.

Due to the notable increase in CRP levels observed in our study, it is essential to understand the complex interplay 
between EBV and MP co-infection. While EBV infections are typically subclinical in immunocompetent children, the 
scenario may differ substantially when co-infection with another pathogen such as MP is present. Studies have shown 
that EBV can enhance the host's inflammatory response, especially when co-infected with other pathogens[22]. 
Furthermore, MP is known to provoke a significant inflammatory response, potentially leading to elevated CRP levels
[23]. In the context of co-infection, as in our study, the synergistic effects of EBV and MP may intensify the inflammatory 
response, thereby causing an increase in CRP levels beyond what is typically observed with viral infections alone. 
Moreover, CRP, as an acute-phase protein, is a sensitive marker of inflammation and is elevated in various infectious 
contexts. Our findings of elevated CRP levels are corroborated by the existing literature suggesting that the presence of 
additional pro-inflammatory stimuli, such as a bacterial infection with MP, can significantly enhance the CRP response 
even in the setting of a primary viral infection[24]. Therefore, the apparent anomaly in CRP elevation in our study is 
consistent with the expected biological response to EBV and MP co-infection, rather than an indication of data error. This 
response underscores the importance of considering co-infections and their cumulative impact on inflammatory markers 
in clinical assessments and research.

This study had significant limitations, particularly its retrospective approach, which prevented the determination of an 
ideal sample size and may have led to selection bias and reduced testing effectiveness due to the very small number of 
participants. Additionally, due to the study being conducted at a single center, there is a possibility of biases that may 
restrict the applicability of the results to a broader population. Future research should focus on establishing cooperation 
between other centers to validate these findings and expand our understanding of the role of IL-12 in predicting the 
outcome of young patients with MP and EBV co-infections.

CONCLUSION
Our study reveals that elevated serum IL-2 and reduced IL-12 levels in pediatric MP pneumonia with EBV co-infection 
are indicative of poor prognosis, with their combined assessment offering superior predictive accuracy. This underscores 
the necessity for further investigation into the underlying mechanisms and interactions of MP/EBV co-infection to 
enhance clinical management and outcomes.
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Abstract
BACKGROUND 
Current concepts of beauty are increasingly subjective, influenced by the 
viewpoints of others. The aim of the study was to evaluate divergences in the 
perception of dental appearance and smile esthetics among patients, laypersons 
and dental practitioners. The study goals were to evaluate the influence of age, 
sex, education and dental specialty on the participants’ judgment and to identify 
the values of different esthetic criteria. Patients sample included 50 patients who 
responded to a dental appearance questionnaire (DAQ). Two frontal photographs 
were taken, one during a smile and one with retracted lips. Laypersons and 
dentists were asked to evaluate both photographs using a Linear Scale from (0-
10), where 0 represent (absolutely unaesthetic) and 10 represent (absolutely 
aesthetic). One-way analysis of variance (ANOVA) and t-test analysis were 
measured for each group. Most patients in the sample expressed satisfaction with 
most aspects of their smiles and dental appearance. Among laypersons (including 
488 participants), 47 pictures “with lips” out of 50 had higher mean aesthetic 
scores compared to pictures “without lips”. Among the dentist sample, 90 
dentists’ perception towards the esthetic smile and dental appearance for photos 
“with lips” and “without lips” were the same for 23 out of 50 patients. Perception 
of smile aesthetics differed between patients, laypersons and dentists. Several 
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factors can contribute to shape the perception of smile aesthetic.

AIM 
To compare the perception of dental aesthetic among patients, laypersons, and professional dentists, to evaluate 
the impact of age, sex, educational background, and income on the judgments made by laypersons, to assess the 
variations in experience, specialty, age, and sex on professional dentists’ judgment, and to evaluate the role of lips, 
skin shade and tooth shade in different participants’ judgments.

METHODS 
Patients sample included 50 patients who responded to DAQ. Two frontal photographs were taken: one during a 
smile and one with retracted lips. Laypersons and dentists were asked to evaluate both photographs using a Linear 
Scale from (0-10), where 0 represent (absolutely unaesthetic) and 10 represent (absolutely aesthetic). One-way 
ANOVA and t-test analysis were measured for each group.

RESULTS 
Most patients in the sample expressed satisfaction with most aspects of their smiles and dental appearance. Among 
laypersons (including 488 participants), 47 pictures “with lips” out of 50 had higher mean aesthetic scores 
compared to pictures “without lips”. Whereas among the dentist sample, 90 dentists’ perception towards the 
esthetic smile and dental appearance for photos “with lips” and “without lips” were the same for 23 out of 50 
patients. Perception of smile aesthetics differed between patients, laypersons and dentists.

CONCLUSION 
Several factors can contribute to shape the perception of smile aesthetic.

Key Words: Aesthetic perception; Laypersons; Dental appearance; Dentists; Smile analysis; Dental aesthetic
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INTRODUCTION
Over the past few years, there has been notable public awareness regarding dental treatment, emphasizing the 
importance of teeth in both function and facial aesthetics. During interpersonal communication, it is common for people 
to direct their attention toward the center of the face, which is the mouth, where the smile plays a crucial role in facial 
expression and enhancing one’s appearance[1].

An aesthetically pleasing smile is not only dependent on elements such as tooth position, size, shape, and color, but 
also on the amount of gingiva exposed and lip positioning[2]. All of these facial features are essential to achieve a 
harmonious form, emphasizing the importance of physical appearance and facial attractiveness.

However, the concept of attractiveness varies between individuals influenced by uncontrollable factors such as cultural 
differences, as well as their personal and social background[3]. Several studies have shown significant differences in 
aesthetic perception concerning various factors, including the presence of a black triangle, inflamed gingiva[1], diastema
[5,6], malocclusion[6], midline shift[7], facial asymmetry, buccal corridor and gingival display[8,9]. Many studies have 
reported significant differences on the aesthetic perception among laypersons and dentists[7,10,11].

https://www.wjgnet.com/2307-8960/full/v12/i23/5354.htm
https://dx.doi.org/10.12998/wjcc.v12.i23.5354
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It is widely accepted that a trained and observant eye can easily distinguish the imbalances and disharmony within its 
environment[10]. Moreover, several studies have shown that the aesthetic perception of dental features is influenced not 
only by an individual’s level of education but also by other factors including sex, age and cultural background[1,12-15].

Although there is an existing body of research, a deeper comprehension of how dental appearances are perceived is 
required. Additionally, there are limited scientific data regarding the relationship between variations in skin color and 
tooth shade values in terms of perceived attractiveness[16]. There was no widely recognized scientific relationship 
between skin color and smile perception. Therefore, the aim of this study was to compare perceptions of dental aesthetic 
among patients, laypersons, and professional dentists, as follows:

To evaluate the impact of age, sex, educational background, and income on the judgments made by laypersons.
To assess the variations in experience, specialty, age, and sex on professional dentists’ judgment.
To evaluate the role of lips, skin shade and tooth shade in different participants’ judgments.

MATERIALS AND METHODS
The data collection phase was divided into three stages: (1) Dental photography and dental appearance questionnaire 
(DAQ) for participants; (2) Questionnaire for dentist; and (3) Questionnaire targeting laypersons.

Ethical approval
This cross-sectional study received approval from the Deanship of Scientific Research, Princess Norah University under 
the study number 17-0183.

Patient selection criteria
Fifty female patients aged between 18 years and 40 years were randomly selected from active patients treated in the 
dental clinic. Patients having orthodontic appliance or any aesthetic dental treatment such as veneers, full coverage crown 
or any aesthetic fillings were excluded from the study.

Dental appearance questionnaire
The participants were asked to answer DAQ (Table 1), which had been translated into Arabic. The reliability and validity 
of this questionnaire were tested[17]. The questionnaire consists of 11 elements, and it was developed to assess the 
satisfaction of the participants. Furthermore, patients were asked about their history of orthodontic treatment or the use 
of lip fillers.

Criteria measured for each patient
(1) Measurement of length-width of central incisor, laterals and canines using digital caliper.

(2) Recording of skin shade based on Fitzpatrick scale (Figure 1)[18,19].
(3) Recording of teeth shade using digital shade detector (Ray Plicker, Borea, France), and the shade was validated by 

Vita classic shade guide (Figure 2).
and (4) Age of patient and level of education were also recorded.
The shade of each patient’s teeth was measured using the digital shade detector (Ray Plicker) scale (A1-D4), where 

(A1–A4) represents Reddish–Brownish tooth shade, (B1-B4) represents Reddish–Yellowish tooth shade, (C1-C4) 
represents Greyish tooth shade, and (D1-D4) represents Reddish Grey tooth shade. In addition to the shade categor-
ization, tooth brightness was rated on a scale from 1 to 4, with 1 representing the lightest and 4 representing the darkest 
tooth brightness.

Patients Photographing
Two frontal photographs were taken in compliance with standard dental photography (AACD) using a Nikon digital 
camera. The camera was positioned at a fixed angle of 90 degrees with adjustable height on camera holder. Participants 
were positioned at a distance of 22 inches from the camera, and their head position was stabilized using Facebow ear 
pieces in a vertical position connected to a stand perpendicular to the head (Figure 3). The first photograph was taken 
with the patient smiling to document the maximum number of teeth and gingiva displayed during laughing or broadly 
smiling. The second photograph was taken with retracted lips, and the same retractor was used to ensure standardization 
(Figure 4).

Tested esthetic criteria
The tested criteria affecting aesthetic perception included golden proportion, recurrent esthetic dental proportion, width 
to height ratio, apparent contact dimension, upper lip position, upper lip curvature, parallelism of the maxillary anterior 
incisal curve with the lower lip (smile arc), relationship between the maxillary anterior teeth and the lower lip, number of 
maxillary teeth displayed in the smile, presence of diastema between the maxillary central incisors, smile arc/lower lip 
distance, upper lip height, lower lip height, midline discrepancy, lateral incisor edge position and skin and teeth shade on 
aesthetic perception.

Assessment of dental appearance performed by laypersons and dentists
The assessment of dental appearance was performed by laypersons, dentists representing various specialties, experiences, 
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Table 1 Dental appearance questionnaire

Number Question

Q1 I am content with the appearance of my teeth

Q2 I am content with the size of my teeth

Q3 I am content with the shape of my teeth

Q4 I am content with the color of my teeth

Q5 I am content with the position of my teeth

Q6 I am content with the appearance of my gum

Q7 I tend to hide my teeth

Q8 I wish I had other teeth

Q9 I feel rather old because of my teeth

Q10 I am dissatisfied with the black hole disease between my teeth.

Q11 I am dissatisfied that my teeth are recognized as artificial

Figure 1  Fitzpatrick scale.

Figure 2  Representative image for digital shade mapping using digital shade detector “Ray Plicker”.
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Figure 3  Patient position in reference to camera.

Figure 4 Frontal views. A: Smiling with lips; B: Smiling with retracted lips.

and sexes. They were requested to evaluate the dental appearance using standardized digital photographs. Additionally, 
laypersons, and dentists were requested to judge the photographs based on aesthetic appearance using a Visual Analogue 
Scale (VAS).

Laypersons received training how to use (VAS) by being shown two photos of patients not included in the study. Once 
they felt comfortable with the process, they were asked to use the VAS to analyze the photos. The VAS was graded on a 
scale from 0 to 10, with 0 representing absolutely unaesthetic and 10 representing absolutely aesthetic. Demographic 
information collected from dentists included sex, age, nationality, place of work, specialty, and years of experience. 
Laypersons were asked about their sex, age, educational level, and income.

Statistical analysis
The collected data were analyzed using Statistical Software SPSS version 23. Descriptive statistics were calculated using 
parametric tests (t-test and one-way analysis of variance) as well as non-parametric tests (Mann-Whitney and Kruskal-
Wallis). To assess the normality testing, Shapiro-Wilk test was used.

RESULTS
The results of this study are presented according to the following: patient sample characteristics, layperson sample 
characteristics, dentist sample characteristics, comparison among patients, laypersons and dentists’ perception, and the 
aesthetic analysis of patients’ photographs.

Patient sample characteristics
The patient sample included 50 female participants. Most of the patients were in the age group of 20 years to 29 years, 
with only 2 patients falling into the age group of 50 to 69. In terms of treatment, 62.0% of the patients underwent 
orthodontic treatment while 38.0% did not. Additionally, only 8.0% of the patients underwent filler treatment, while the 
92.0% did not choose this option.

Regarding patient satisfaction, 66.0% of patients expressed satisfaction (satisfied/highly satisfied) regarding the size of 
their teeth, 42.0% of patients reported satisfaction (satisfied/highly satisfied) concerning the color of their teeth. 54.0% of 
patients were satisfied (satisfied/highly satisfied) with the appearance of their gum, whereas 30.0% of patients could not 
decide whether they are satisfied or not with the appearance of their gum (Table 2).
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Table 2 Distribution of patients' satisfaction level on their smile and dental appearance

Variable Highly dissatisfied Dissatisfied Cannot decide/do not know Satisfied Highly satisfied Total

Appearance of teeth 9 (18.0) 9 (18.0) 19 (38.0) 13 (26.0) 50 (100.0)

Size of teeth 8 (16.0) 9 (18.0) 23 (46.0) 10 (20.0) 50 (100.0)

Shape of teeth 8 (16.0) 10 (20.0) 22 (44.0) 10 (20.0) 50 (100.0)

Color of teeth 2 (4.0) 16 (32.0) 11 (22.0) 14 (28.0) 7 (14.0) 50 (100.0)

Position of teeth 9 (18.0) 8 (16.0) 21 (42.0) 12 (24.0) 50 (100.0)

Appearance of gum 2 (4.0) 6 (12.0) 15 (30.0) 16 (32.0) 11 (22.0) 50 (100.0)

Data are n (%).

Assessments of patient's behavioral attitudes related to their dental appearance was performed on a five-point Likert 
scale where a score of 1 indicated “strongly disagree” and a score of 5 represented “strongly agree”. It was found that 
74% of patients responded either “strongly disagree” or “disagree” regarding hiding their teeth. Similarly, 68% of 
patients’ responses were “strongly disagree” or “disagree” considering their desire for replacing their teeth, and 76% of 
patients reported “strongly disagree” or “disagree” concerning evaluating if their teeth made them look older. A total of 
16.0% of patients could not decide whether they are satisfied or not with in their response to these behavioral attitudes.

Patients' satisfaction level towards six measures describing their teeth, which included appearance, size, shape, color, 
position, and the appearance of the gum, was assessed. The patients’ sample indicated satisfaction with mean scores of 
3.56 for gum appearance, and 3.72 for teeth appearance and the positioning of teeth. However, patients provided a lower 
satisfaction level regarding their teeth color (Figure 5).

Patients’ agreement level regarding the five negative self-behavioral attitudes related to their reaction to smile and 
teeth appearance was assessed. In general, the patients’ sample disagreed with most items, giving mean scores of 1.84 for 
“strange teeth” and 2.32 for “black space”. Patients strongly disagreed that their teeth could make them look older, with 
mean score of 1.68. Moreover, patients who did not undergo orthodontic treatment showed lower satisfaction with gum 
appearance scoring 3.32 and tended to hide their teeth with mean score 2.58 compared to those who received orthodontic 
treatment. Furthermore, patients who did not have filler treatment expressed lower satisfaction with tooth size (mean 
score: 3.67) when compared with those who had filler treatment (mean score: 4.00).

Laypersons’ sample characteristics
The layperson sample consisted of 488 randomly selected participants, with 86.1% female and 13.9% male. In terms of age 
distribution, the majority (60.2%) were aged 27 or younger, while 28.0% were aged between 28-years-old and 43-years-
old, and the lowest percentage was aged 44 or older. Moreover, most of the participants had a bachelor’s degree and their 
monthly income extended from 10000 to 30000 Saudi Riyal.

In the laypersons’ sample, there was a significant difference in their perception of aesthetic smiles and dental 
appearances in photos “with lips” and “without lips”. Among the patients’ photos, 46 had higher aesthetic perception 
when lips were present. The highest-rated aesthetic photo, according to laypersons’ perception achieved a maximum 
mean value of (8.18 ± 1.99) “with lips” and (6.53 ± 2.74) “without lips”. In contrast, the photos that were considered 
(absolutely unaesthetic) by laypersons received scores of 1.73 ± 1.95 “with lips” and 1.0 8 ± 1.74 “without lips”. These 
findings show a significant difference in mean perception scores among laypersons for photos “with lips” compared to 
those “without lips” in most of the pictures.

Furthermore, female laypersons had higher perception mean scores compared to males. There were significant 
differences in perception mean scores among laypersons based on their educational background. The least significant 
difference post-hoc test was used to determine the significant differences within the educational background categories 
for laypersons. The mean scores for laypersons with an intermediate level of education were higher than those for 
laypersons in the Secondary, Bachelor, and PhD groups, with P values < 0.05 (0.001, 0.002, and 0.048) and mean 
differences of 1.89, 1.62 and 1.80, respectively. These findings suggest that laypersons with an intermediate level of 
education tend to have a higher aesthetical mean score when compared to laypersons in the Secondary, Bachelor, and 
PhD education groups.

Regarding laypersons’ income, significant differences were observed in perception mean scores. Laypersons with an 
income of more than 30000 obtained a higher aesthetical mean score for the group “without lips” compared to laypersons 
in both the less than 10000 and the 10000-30000 income groups.

Dentist sample characteristics
Out of the 90 randomly selected dentists, the majority were females representing 82.2% of the sample, and the remaining 
17.8% consisted of males. More than 57.8% were under the age of 30. The majority (85.6%) of the dentists' sample were 
Saudi, while the remaining were non- Saudi, regardless of the nationality. The highest percentage (97.7%) of the dentists’ 
sample worked in academic institutes and governmental hospitals, while only 2.2% held jobs in the private sector. Most 
dentists in the sample had between 1 year to 4 years of professional experience, which is compatible with the sample's 
age.
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Figure 5  Patients' mean response scores for satisfaction about dental appearance.

For the dentist sample, the perception of aesthetic smile and dental appearance in photos, “with lips” and “without 
lips”, was similar among 23 of the patients. The highest mean value for dentists' perceptions was recorded with photos 
that included lips, with a mean score of 7.83 ± 1.962, and for the same photo without lips, the mean score was 7.67 ± 2.208. 
These findings suggest that the smile and dental appearance were both considered as aesthetic parameters from dentists' 
points of view. Furthermore, the lowest mean value for dentists' perceptions were recorded in photos “with lips”, with a 
mean score of 2.20 ± 1.819 and for the same photo “without lips”, the mean score was 1.97 ± 1.839, This suggests that both 
the smile and dental appearance were considered unaesthetic parameter according to dentists’ opinion. In general, female 
dentists tended to give higher perception scores in comparison to males in the same profession.

Comparison among patients, laypersons and dentist’s perception
A positive moderate correlation existed between patients' satisfaction with their dental appearance and the assessments 
made by both laypersons and dentists for patients’ pictures, whether with or without lips. Furthermore, there was a 
strong and positive significant relationship between laypersons' perception and dentists' perception mean scores for 
pictures, with and without lips. There was no significant difference in perception mean scores between dentists and 
laypersons when evaluating pictures “with lips”, whereas the main difference was found in the evaluation of pictures 
“without lips”. Laypersons gave a mean score of 5.26 ± 2.54 for pictures “with lips” and 2.65 ± 2.53 for pictures “without 
lips”. In contrast, dentists’ mean scores were 5.33 ± 2.32 for pictures “with lips” and 4.77 ± 2.52 for pictures “without lips” 
(Figure 6).

Aesthetic analysis
Based on this study, patient satisfaction was significantly affected by certain aesthetic criteria, such as midline 
discrepancy, tooth shade, smile arc, width of smile line, presence of diastema, upper lip position, and upper lip curvature. 
However, there was no statistical evidence that patients’ satisfaction was affected by other criteria, including occlusal 
plane vs commissural line, upper inter-incisal line vs midline, labial corridor, as well as incisal curve vs lower lip.

Furthermore, there were statistically significant differences in laypersons’ perception mean scores between smile line, 
and incisal curve vs lower lip, with P values less than 0.05. There were no statistically significant differences in 
layperson's perception mean scores for tooth exposure at rest, incisal curve vs lower lip (contacting), smile width, labial 
corridor, and occlusal plane vs commissural line, with P values greater than 0.05.

Additionally, there were statistically significant differences in dentists’ perception mean scores for labial corridor, smile 
line, and incisal curve vs lower lip, with P values less than 0.05. In contrast, there was no statistical evidence that dentists’ 
perception was affected by upper inter-incisal line vs midline, incisal curve vs lower lip (contacting), and tooth exposure 
at rest aesthetic criteria.

Facial analysis
Skin shade: Within the sample of patients, the majority, 60.0%, exhibited a light brown skin shade, while 24.0% had a 
medium brown skin tone. Beige and black skin shades each comprised 8% of the sample based on Fitzpatrick scale.

Upper lip position: Within the patient group, the distribution of upper lip position was as follows (Figure 7): 50% had an 
average upper lip position (Figure 7A), 46.0% had a low position upper lip (Figure 7B), and 14% had a high position or 
gummy smile (Figure 7C).

Upper lip curvature: Within the patient group, 62.0% exhibited a straight upper lip curvature (Figure 7A), 24.0% had a 
downward curvature (Figure 7E) and only 14.0% of the patients' sample had an upward upper lip curvature during 
smiling (Figure 7D).
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Figure 6  Comparison between dentist and laypersons mean score for pictures with lips and without lips.

Figure 7 Extra-oral photograph. A: Average upper lip position, straight upper lip curvature, coincident between upper inter-incisal line and midline, normal 
buccal corridor, occlusal plane parallel to the commissural line; B: Low upper lip position, straight smile arc, narrow smile line width; C: High upper lip position, the 
bottom line of the upper teeth formed a consistent curve with the lower lip; D: Upward upper lip curvature; E: Downward upper lip curvature, midline discrepancy to 
the right, intermediate smile line width; F: Midline discrepancy to the left; G: Proper dental midline coincidence, the bottom line of the upper teeth does not form a 
consistent curve with the lower lip, wide smile line width; H: Diastema between their central incisors.

Upper inter-incisal line vs midline: Most patients (60.0%) exhibited alignment in upper inter-incisal line vs midline 
(Figure 7A).

Buccal corridor: In the present study, 42.0% of the sample had a normal buccal corridor (Figure 7A).

Occlusal plane vs commissural line: The dental measurements revealed that (74.0%) of patients had an occlusal plane 
parallel to the commissural line (Figure 7A).
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Dental aesthetics
Midline discrepancy: In this study, 48% of patients presented proper dental midline coincidence (Figure 7G). In addition, 
40.0% showed a midline discrepancy to the right, while 12.0% had a mild discrepancy to the left (Figure 7E and F).

Tooth shade: Among the patients’ sample, the highest percent (48.0%) had Reddish–Brownish tooth shade, at brightness 
level 1 and 2, with A2 being the highest. Next, 34.0% of the sample displayed Reddish–Yellowish tooth shades, at 
brightness level 1, 2 and 3, with shade B1 being the highest. Furthermore, 16.0% of the sample revealed greyish tooth 
shade at brightness level 1,2 and 3, with shade C1 being the highest. Lastly, only 2.0% of the patients' sample had 
Reddish–Grey tooth shade at brightness level 2, with shade D1.

Smile arc: In 36% of the patients’ sample, the bottom line of the upper teeth formed a consistent curve with the lower lip 
(Figure 7C). On the other hand, in 34% of patients, this alignment was not constant with the lower lip (Figure 7G), and 
only 30% had a straight smile arc (Figure 7B).

Width of smile line: The study found that most patients (76.0%) showed their first premolars during smiling. In contrast, 
20.0% of patients tended to show their second premolars, and only 4.0% of patients showed their first molar when 
smiling. This smile line width can be categorized as narrow (Figure 7B), intermediate (Figure 7E), or wide (Figure 7G).

Presence of diastema between the central incisors: Diastema between the central incisors was absent for 94.0% of 
patients. Only 6.0% displayed a diastema between their central incisors (Figure 7H).

DISCUSSION
This study evaluated the aesthetic perception towards dental appearance as perceived by three entities: patients, 
laypersons and dentists. The patients were selected from diverse backgrounds as well as socioeconomic levels in order to 
explore their satisfaction with different aesthetic elements.

Patients’ teeth shade was measured using the digital shade detector (Ray Plicker). As, traditional chairside shade 
selection is known to be subjective due to various factors, including differences in viewer interpretation, external 
influences such as eye fatigue, aging, emotional state, lighting conditions, level of experience, and physiological variable 
such as color blindness. Therefore, electronic shade matching devices are used to address the limitations of traditional 
shade selection[20].

In the present study, most of the patients have a light brown skin shade. Vadavadagi et al[21] found a correlation 
between skin tone and tooth shade, suggesting that individuals with medium to dark skin tend to have teeth categorized 
with a high value resulting in darker shaded teeth compared to individuals with fair skin tones whose teeth have a low 
value[21]. The study by Esan et al[22] did not reveal any significant relationship between tooth shade and skin color[22].

In this study, patients were categorized according to the lip position to average upper lip position, low lip position, and 
high lip position (gummy smile). According to literature, the exposure of gingival tissue at smiling is not considered a 
negative aesthetic feature[23,24]. Kokich et al[24] evaluated female smiles and found that laypersons generally considered 
a 3 mm display of gingival tissue as aesthetically pleasing[24].

Notably in this study, most patients exhibited a straight upper lip curvature during smiling. In agreement with this 
finding, Hulsye’s mean score data indicated that the group with an upward lip curvature contained the largest number of 
subjects, while the group with a straight lip curvature included the fewest subjects. Additionally, this study reported that 
most patients displayed normal buccal corridors[25]. However, Krishnan et al[26] reported that intermediate buccal 
corridors are generally considered the most aesthetically pleasing when compared to wider or narrower buccal corridors
[26].

In the current study, most patients exhibited parallel alignment of the occlusal plane with the commissural line. 
AlShamsi and AbuZayda[27] reported that the occlusal plane parallel to the commissural line is most preferred by both 
dental professionals and laypersons[27]. This aligns with the suggestions of Goldstein et al[28] and Dawson[29], 
suggesting that maintaining a parallel occlusal plane to a commissural line is essential for preserving natural facial 
harmony.

Most of the patients in this study displayed proper dental midline alignment. This observation is consistent with the 
findings of a study conducted by Priyadharshni et al[30], which reported that the dental midline coincided with facial 
midline for most of the female population[30].

In the present study, the parallel smile arc was the predominant smile amongst patients. This finding aligns with Tjan 
et al[31] study which suggested that the parallel smile arc was found to be the normal type of smile arc in untreated 
individuals, and generally is considered optimal and aesthetically pleasing[31]. Regarding smile width, our results 
indicate a higher prevalence of exposure to the first premolar (76.0%). This finding is consistent with Tjan et al[31], who 
found a high prevalence of first premolar exposure (48.6%). However, other studies have reported a greater prevalence of 
exposure to the second premolar[32,33]. This variance may be attributed to differences in the age composition of the 
sample studied.

In this study, it was observed that the presence of a diastema had an adverse effect on the perceived attractiveness of 
the smile, receiving the lowest score amongst all pictures (Figure 7H). The lower rating could be attributed to violation of 
the aesthetic principle of unity, harmony and balance. Kokich et al[24] and Geevarghese et al[7] observed that the midline 
diastema was not perceived as unattractive to neither dentists nor the public except when the gap between the central 
incisors exceeded 2.0 mm to 3.0 mm. Sabri et al[5], on the other hand, reported that a diastema exceeding 4 mm was 
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linked with an unfavorable perception of an individual’s smile. Studies have shown that smiles that create a sense of 
unity are generally considered to be more attractive[2,34,35].

The majority of female patients expressed satisfaction according to their responses. This high satisfaction level could be 
attributed to several reasons; specifically, 62.0% of the sample had undergone orthodontic treatment while 8.0% had 
received lip fillers, indicating a greater motivational attitude to achieve an aesthetically pleasing smile. In line with our 
findings Negruțiu et al[9] and An et al[36] concluded that patients who had previously undergone orthodontic treatment 
exhibited a superior aesthetic perception compared to the control group without such treatment. Additionally, Alhaj et al
[15] reported that individuals who have undergone orthodontic treatment or plastic surgery exhibited a positive impact 
on aesthetic perception.

However, when it comes to category of teeth color, most of the patients reported lower satisfaction levels[15]. The 
finding aligns with the findings of Alhaj et al[15], who also reported that teeth color received the lowest ratings when 
compared to facial and frontal profile assessments[15]. This emphasizes that teeth color is a sensitive and significant 
component of smile attractiveness[37]. This finding may be attributed to factors such as sex and age distribution within 
the sample. Research conducted by Vallittu et al[38], revealed that younger patients tend to prefer lighter tooth shade 
compared to the older individuals[38]. Similarly, Labban et al[19] found that female participants preferred lighter teeth 
shade than male participants[19].

The results of this study revealed that female laypersons tend to have higher mean scores perception than males. This 
aligns with Geron and Atalia[39], who reported statistically significant higher scores among female participants when 
evaluating smiles with upper gingival exposure[39]. This suggest that females may be more tolerant of upper gingival 
exposure. In contrast, our results differ from those of Zaugg et al[14], Alhaj et al[15] and Dudea et al[40] who reported that 
women tended to be more critical than men when assessing the presence of minor or major defects, while men were more 
accepting of different smiles. These differences could be attributed to a combination of sociocultural factors, individual 
preferences, and the specific characteristic of the study populations.

Furthermore, this study found that laypersons in the intermediate education group recorded higher level of aesthetical 
perception compared to laypersons in the Secondary, Bachelor, and PhD education groups. This observation agrees with 
Türkkahraman et al[41] findings, who noted that individuals with a primary school education had a lower ability to 
notice skeletal dysplasia compared to those with university level of education[41]. Furthermore, Alhaj et al[15] reported 
that individuals with a higher level of education tended to rate their orofacial appearance more favorably than those with 
low or no education[15]. Hence, it can be concluded that there is a positive correlation between education level and the 
refinement of aesthetic preferences.

In our study, age was found to play a significant factor in the perception of laypersons. This agrees with the results 
reported by Zaugg et al[14] and Rodrigues et al[42], who found differences in perception among various age groups, with 
younger individuals exhibiting a more critical assessment. Regarding the presence of a black triangle, a statistically 
significant difference was observed, indicating a decline in aesthetic perception for black triangle among patient aged 
over 40 years. These data are consistent with the research conducted by Pithon et al[43], who observed a decline in the 
aesthetic perception with advancing age. However, Sriphadungporn and Chamnannidiadha[44] found that older 
individuals exhibited a greater tolerance for a large black triangle size compared to younger individuals[44]. Addi-
tionally, Alomari et al[4] reported that certain gingival characteristics were found to have more significant aesthetic 
impact among laypersons than the presence of a black triangle[4]. These differences may be attributed to differences in 
cultural and regional factors, which may have an influence on smile aesthetics and perceptions.

The findings of this study indicated that professional judgment of aesthetics, particularly in cases involving images 
“without lips”, varies significantly. Dentist may apply precise scientific criteria to evaluate such images, setting them 
apart from non-experts. Our research aligns with Kusnoto et al[45] who found that education within the dental field and 
knowledge acquisition can influence and alter individuals’ perceptions[45]. This finding is consistent with the results of 
Geevarghese et al[7], Khalaf et al[11] and Kokich et al[24] who reported that dentists possess a high ability to detect the 
most subtle changes in smile aesthetics compared to the general population.

It is important to acknowledge several limitations of this study. Firstly, the study focused on a sample of 50 female 
patients aged 18 to 40, which may not accurately reflect the broader population. Additionally, the study findings may be 
influenced by the specific demographics and cultural factors of the patients, as it was conducted exclusively within PNU 
dental clinics, potentially limiting the generalization of the results to different population. Moreover, it is worth noting 
that patients who volunteered for the study may have different aesthetic concerns or treatment histories which could 
have affected the study’s outcomes. Lastly, the use of two-dimensional, static images in the assessment, both for 
laypersons and dentists, may not fully capture the dynamic nature of aesthetic outcomes, which could impact the 
accuracy of assessments.

CONCLUSION
According to our analyses, the following conclusions could be drawn: (1) Orthodontic treatment positively affected 
patient satisfaction; (2) The presence of diastema negatively impacted the patient’s smile attractiveness; (3) Female 
laypersons had a better perception of aesthetic when compared to male laypersons; (4) Higher education level with 
higher socioeconomic status enhanced aesthetic perception; (5) Younger aged laypersons displayed a more critical eye for 
aesthetics when compared to the older population; and (6) Dentists’ aesthetic evaluation was more precise when 
compared to laypersons’ aesthetic judgement.
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Abstract
BACKGROUND 
Neonatal respiratory distress syndrome (NRDS) is one of the most common 
diseases in neonatal intensive care units, with an incidence rate of about 7% 
among infants. Additionally, it is a leading cause of neonatal death in hospitals in 
China. The main mechanism of the disease is hypoxemia and hypercapnia caused 
by lack of surfactant

AIM 
To explore the effect of pulmonary surfactant (PS) combined with noninvasive 
positive pressure ventilation on keratin-14 (KRT-14) and endothelin-1 (ET-1) 
levels in peripheral blood and the effectiveness in treating NRDS.

METHODS 
Altogether 137 neonates with respiratory distress syndrome treated in our 
hospital from April 2019 to July 2021 were included. Of these, 64 control cases 
were treated with noninvasive positive pressure ventilation and 73 observation 
cases were treated with PS combined with noninvasive positive pressure 
ventilation. The expression of KRT-14 and ET-1 in the two groups was compared. 
The deaths, complications, and PaO2, PaCO2, and PaO2/FiO2 blood gas indexes in 
the two groups were compared. Receiver operating characteristic curve (ROC) 
analysis was used to determine the diagnostic value of KRT-14 and ET-1 in the 
treatment of NRDS.

RESULTS 
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The observation group had a significantly higher effectiveness rate than the control group. There was no significant 
difference between the two groups in terms of neonatal mortality and adverse reactions, such as bronchial 
dysplasia, cyanosis, and shortness of breath. After treatment, the levels of PaO2 and PaO2/FiO2 in both groups were 
significantly higher than before treatment, while the level of PaCO2 was significantly lower. After treatment, the 
observation group had significantly higher levels of PaO2 and PaO2/FiO2 than the control group, while PaCO2 was 
notably lower in the observation group. After treatment, the KRT-14 and ET-1 levels in both groups were 
significantly decreased compared with the pre-treatment levels. The observation group had a reduction of KRT-14 
and ET-1 levels than the control group. ROC curve analysis showed that the area under the curve (AUC) of KRT-14 
was 0.791, and the AUC of ET-1 was 0.816.

CONCLUSION 
Combining PS with noninvasive positive pressure ventilation significantly improved the effectiveness of NRDS 
therapy. KRT-14 and ET-1 levels may have potential as therapeutic and diagnostic indicators.

Key Words: Pulmonary surfactant; Non-invasive positive pressure ventilation; Neonatal respiratory distress syndrome; Keratin-
14; Endothelin-1

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

Core Tip: The purpose of this study was to explore the effect of pulmonary surfactant (PS) combined with noninvasive 
positive pressure ventilation on the levels of keratin-14 (KRT-14) and endothelin-1 (ET-1) in peripheral blood and the effect-
iveness for treating neonatal respiratory distress syndrome (NRDS). KRT-14 and ET-1 expression in the two groups was 
compared. The therapeutic effectiveness, occurrence of death and complications, and the blood gas indexes PaO2, PaCO2 and 
PaO2/FiO2 in the two groups were compared. Receiver operating characteristic curve analysis was used to determine the 
diagnostic value of KRT-14 and ET-1 for the effectiveness of NRDS therapy. PS combined with noninvasive positive 
pressure ventilation significantly improved the effectiveness of NRDS therapy. KRT-14 and ET-1 levels may have potential 
as diagnostic indicators of therapy.

Citation: Shi ZN, Zhang X, Du CY, Zhao B, Liu SG. Effects of pulmonary surfactant combined with noninvasive positive pressure 
ventilation in neonates with respiratory distress syndrome. World J Clin Cases 2024; 12(23): 5366-5373
URL: https://www.wjgnet.com/2307-8960/full/v12/i23/5366.htm
DOI: https://dx.doi.org/10.12998/wjcc.v12.i23.5366

INTRODUCTION
Neonatal respiratory distress syndrome (NRDS) is one of the most common conditions in neonatal intensive care units. 
The incidence is about 7% and it is one of the main causes of neonatal death in hospitals in China[1,2]. The main 
mechanism of the disease is hypoxemia and hypercapnia caused by lack of surfactant. The diffusion efficiency of oxygen 
through the alveolar-capillary exchange barrier is disturbed owing to various factors, and lung injury in neonates leads to 
asthma, septicemia, pneumonia, and other complex symptoms[3]. Premature delivery of pregnant women and pregnancy 
disease may lead to morbidity. Only early diagnosis and treatment can improve the quality of life of neonates[4,5].

As the pathogenesis of NRDS is the lack of pulmonary surfactant, exogenous pulmonary surfactant (PS) replacement 
therapy has been found to be an effective treatment[6]. When neonates suffer from respiratory failure, respiratory support 
can also improve their condition. However, invasive ventilation tends to cause a series of complications such as lung 
infection, ventilator-associated lung injury, etc that draws attention to its widespread use[7]. It has been found in many 
studies that noninvasive positive pressure ventilation significantly improves NRDS neonates and has good safety[8,9]. At 
the same time, some studies have found that PS combined with non-invasive positive pressure ventilation can further 
improve clinical efficacy[10].

Keratin-14 (KRT-14) is a cytoskeleton protein that has good diagnostic value for lung tissue injury[11]. A study by 
Confalonieri[12] reported that KRT-14 was a viable biomarker for activation and repair/regeneration of lung cells. It is 
involved in the repair and regeneration of alveoli when the alveoli collapse, and lung cells are severely damaged in 
neonates with NRDS. Therefore, KRT14 may be used as an indicator of the improvement of the condition of neonates 
with RDS. Endothelin-1 (ET-1) is a vasoactive substance, which is mainly produced in lung tissue. It promotes the gradual 
change of pulmonary vascular reactivity through angiogenesis. It participates in vascular regulation, bronchoconstriction, 
and inflammatory reactions in the respiratory system. Endothelial and epithelial dysfunction in RDS patients can be 
induced of pro-inflammatory mechanisms. The use of endothelin receptor antagonists can regulate lung injury[13,14]. El 
Shemi et al team[15] examined the plasma ET-1 concentration of 69 premature neonates from 28 to 34 wk of age and 
diagnosed with NRDS. They found that the ET-1 concentration increased significantly 3 d after birth, and was predictive 
of the development of bronchopulmonary dysplasia. At present, there are few study results on the correlation of KRT-14 
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and ET-1 with the curative effect of NRDS neonates. Therefore, this study aimed to provide a basis and direction for 
clinical research on PS combined with noninvasive positive pressure ventilation to treat NRDS in neonates and observe 
the KRT-14 and ET-1 levels in peripheral blood.

MATERIALS AND METHODS
Study population
A total of 137 neonates with NRDS were treated in our hospital between April 2019 and July 2021 and were included in 
the study. The neonates had been admitted to the hospital and received basic treatment to ensure smooth breathing, 
protect against infection, and maintain water and electrolyte balance. Sixty-four infants, 37 males and 27 females, were 
included in a control group that received noninvasive positive pressure ventilation and basic treatment. The other 73 
infants, 38 males and 35 females, were included in an observation group treated with PS combined with noninvasive 
positive pressure ventilation in addition to basic treatment. The study was approved by the Medical Ethics Committee, 
and the parents of all infants signed an informed consent form.

Inclusion and exclusion criteria
Inclusion criteria: All neonates included in the study had complete clinical data, were diagnosed NRDS by imaging using 
the diagnostic criteria established by the 2016 update of the European Consensus Guidelines on the management of 
respiratory distress syndrome[16]. All families agreed with the treatment and follow-up. Exclusion criteria: Neonates 
with congenital immune defects, status complicated by other respiratory diseases, acute infectious disease, liver and 
kidney insufficiency, or allergic to therapeutic drugs or methods were excluded.

Therapies
After admission, the two groups of neonates were treated with 21%-80% oxygen at a 6-8 L/min gas flow rate, and 4-7 
cmH2O pressure. If the continuous positive airway pressure decreased to 2-3 cmH2O and the oxygen concentration 
decreased to 25%, and dyspnea was significantly relieved or had disappeared, the treatment was terminated. If the 
oxygen concentration was > 80%, the pressure was > 6-7 cmH2O, and the oxygen saturation was < 85% after 6-8 h of 
treatment, or if type II respiratory failure occurred, the treatment was changed to mechanical ventilation. Based on the 
above, neonates in the observation group were given exogenous PS[17] by tracheal administration as soon as possible.

Sample collection and ELISA detection
After hospital admission and at 7:00 am the morning after treatment began, 5 mL of sterile venous blood was collected 
into a coagulation tube, serum was separated by centrifugation at 3000 g at 4 °C for 10 min and stored −80 °C. KRT-14 and 
ET-1 levels were determined by ELISA. The assay wells included a blank with 0 µL standard; a standard with 50 µL of 
standard substance at different concentrations, and a sample-to-be tested with 10 µL of sample and 40 µL diluent. 
Nothing was added to the blank well. In addition to the blank wells, 100 µL of horseradish peroxidase-labeled detection 
antibody was added to each of the standard wells and the sample wells. The reaction wells were sealed and incubated in 
a water bath at 37 °C for 65 min. The liquid was discarded, and the absorbent paper was patted dry. Each well was filled 
with washing liquid and allowed to stand for 2 min. The washing liquid was discarded, and the absorbent paper was 
patted dry. This procedure was repeated six times before 50 µL of substrate A and B solution was added to each well and 
incubated at 37 °C in the dark for 10 min. The optical density (OD) of each well was measured at 450 nm within 15 min 
after adding 50 µL of stop solution to each well, and the concentration was calculated.

Efficacy evaluation
After effective treatment, clinical symptoms resolved or improved, abnormal shadows in the lungs disappeared or 
improved on X-ray films, and blood gas indexes normalized or improved. After Ineffective treatment, the clinical 
symptoms worsened or did not improve, or the neonate died, X-ray films showed enlarged shadow areas or lack of 
improvement. Blood gas indexes worsened or did not improve.

Outcome measures
Main the outcome measures were KRT-14 and ET-1 expression in the observation and control groups. The therapeutic 
effect, death, and complications in the two groups were compared. The secondary outcomes were the clinical data of the 
two groups of neonates The blood gas indexes PaO2, PaO2, and PaO2/FiO2 of the two groups of neonates were compared 
and the value of KRT-14 and ET-1 for predicting the therapeutic effect in NRDS neonates was evaluated by ROC curve 
analysis.

Statistical analysis
SPSS 20.0 (IBM Corp., Armonk, NY, United States) was used to perform the statistical analysis. GraphPad Prism 7 
(GraphPad, La Jolla, CA, United States) was used to graph the collected data. Enumeration data were reported as 
numbers and percentages (%), and compared by chi-square tests. Measurement data were reported as means ± SD and 
independent sample t-tests were used to compare measurement data that were normally distributed. ROC was used to 
evaluate the diagnostic value of KRT-14 and ET-1 in the therapeutic effect of NRDS neonates. P < 0.05 was regarded as 
statistically significant.
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Table 1 Clinical data

Parameter Observation group, n = 73 Control group, n = 64 X2/t P value

Sex

Male 38 (52.05) 37 (57.81)

Female 35 (47.95) 27 (42.19)

0.456 0.499

Gestational age in wk 33.37 ± 2.12 32.87 ± 2.05 1.399 0.164

Body mass in kg 2.82 ± 0.69 2.71 ± 0.58 1.002 0.318

Apgar score 8.47 ± 1.31 8.28 ± 1.26 0.862 0.390

Age of pregnant woman in yr 27.3 ± 4.8 26.5 ± 4.1 1.041 0.230

Hypertension of Pregnant Women 9 (12.33) 5 (7.81) 0.758 0.384

Diabetes of pregnant women 11 (15.07) 7 (10.94) 0.510 0.475

Premature rupture of membranes 9 (12.33) 10 (15.63) 0.310 0.578

Delivery mode

Eutocia 41 (56.16) 40 (62.50)

Cesarean section 32 (43.84) 24 (37.50)

 
 
0.566

 
 
0.452

Premature delivery

Yes 52 (71.23) 41 (64.06)

No 21 (28.77) 23 (35.94)

 
 
0.804

 
 
0.370

Delivery history

Primiparity 50 (68.49) 43 (67.19)

Multiparity 23 (31.51) 21 (32.81)

0.027 0.870

RESULTS
Clinical data
Comparison of the clinical data (Table 1) found no significant differences between the two groups in sex, gestational age, 
body mass, Apgar score, age at pregnancy, hypertension during pregnancy, maternal diabetes, premature rupture of 
membranes, delivery mode, premature delivery, and delivery history.

Comparison of therapeutic effect and adverse reactions between the two groups
We observed and compared the therapeutic effects of the two groups of neonates after treatment. The effectiveness of 
treatment was significantly better in the observation group than in the control group. As shown in Table 2 between-group 
differences in death, bronchial dysplasia, cyanosis, and shortness of breath were not significant.

Blood gas indexes in the study groups
Comparing the blood gas indexes PaO2, PaCO2, and PaO2/FiO2 before and after treatment, found no significant difference 
between the control and observation groups before treatment. After treatment, PaO2, and PaO2/FiO2 in both groups were 
significantly higher than before treatment, and PaCO2 was notably lower than before treatment. The levels of PaO2, PaO2/
FiO2 in the observation group were considerably higher than the control group, while PaCO2 was considerably lower than 
the control group, as shown in Figure 1.

Levels of KRT-14 and ET-1 before and after treatment in the two groups
A comparison of the levels of KRT-14 and ET-1 before and after treatment in the two groups revealed that there is no 
difference between the two groups before the treatment. After treatment, the levels of KRT-14 and ET-1 were significantly 
reduced in both groups when compared to their pre-treatment levels. Moreover, the levels in the observation group were 
significantly lower than those in the control group, as shown in Figure 2.

Diagnostic value of therapeutic effects of KRT-14 and ET-1
After comparing the levels of KRT-14 and ET-1 in neonates with effective and ineffective curative effects, we found that 
neonates with ineffective curative effects had significantly higher levels of KRT-14 and ET-1 than neonates with effective 
curative effects (P < 0.05). ROC curve analysis of the diagnostic value of KRT-14 and ET-1 in the curative effectiveness of 
NRDS neonates found that the area under the curve (AUC) of KRT-14 was 0.791, and the AUC of ET-1 was 0.816, as 
shown in Table 3 and Figure 3.
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Table 2 Effective therapy and adverse reactions

Outcome Observation group, n = 73 Control group, n = 64 t P value

Effective curative effect 67 (91.78) 51 (79.69)

Ineffective curative effect 6 (8.22) 13 (20.31)

4.175 0.041

Death 3 (4.11) 6 (9.38) 1.540 0.215

Bronchial dysplasia 6 (8.22) 11 (17.19) 2.514 0.112

Cyanopathy 8 (10.96) 10 (15.63) 0.651 0.420

Shortness of breath 9 (12.33) 14 (21.88) 2.225 0.136

Table 3 Receiver operating characteristic curve analysis

Index AUC 95%CI Specificity, % Sensitivity, % Youden index, % Cut-off

KRT-14 0.791 0.665-0.917 85.47 60.00 45.47 > 3.645

ET-1 0.816 0.726-0.907 76.07 70.00 46.07 > 40.060

AUC: Area under the curve; ET-1: Endothelin-1; KRT-14: Keratin-14.

Figure 1 Changes in blood gas indexes before and after treatment. A: There was no significant difference in the PaO2 in the observation group (42.39 ± 
6.14) and in the control group (41.01 ± 5.89) (t = 1.338, P = 0.183). The PaO2 in both groups was significantly increased after treatment (P < 0.05), and it was 
significantly higher than the control group (68.54 ± 5.96) than in the observation group (76.92 ± 5.94), (t = 8.226, P < 0.001); B: There was no significant difference in 
the PaCO2 in the observation group (51.38 ± 4.57) and the control group (52.64 ± 3.89) (t = 1.725, P = 0.087). The PaCO2 in both groups was significantly decreased 
after treatment (P < 0.05), and in the observation group (35.58 ± 3.10) it was significantly lower than the control group (43.08 ± 3.83) (t = 12.659, P < 0.001); C: 
There was no significant difference in the PaO2/FiO2 of the observation group (189.19 ± 10.95) and in the control group (192.05 ± 11.55) (t = 1.487, P = 0.139). The 
PaO2/FiO2 was significantly increased in both groups after treatment (P < 0.05), and in the observation group (426.97 ± 41.39), it was significantly higher than the 
control group (387.18 ± 28.86) (t = 6.115, P < 0.001). cP < 0.001.

DISCUSSION
The pathogenesis of NRDS involves acute diffuse alveolar-capillary injury, which leads to increased pulmonary capillary 
permeability, and alveolar and interstitial edema, and ultimately gives rise to type II alveolar cell damage. This kind of 
damage reduces PS, leading to an increase in alveolar surface tension, contraction of alveolar groups, and abnormal 
pulmonary ventilation/blood flow ratio, eventually triggering severe hypoxemia[18,19]. Noninvasive positive pressure 
ventilation can relax the alveoli of neonates, improve the compliance of neonate lungs, maintain the pressure in alveoli, 
and maintain smooth breathing. Exogenous PS can supplement the lack of PS in neonates, thus reducing the tension of 
alveoli in neonates, preventing alveoli atrophy, improving lung respiratory function and lung compliance, and increasing 
blood oxygen saturation in NRDS, thus reducing the mechanical ventilation time of neonates[20,21].

We compared the therapeutic effect and adverse reactions of the two groups after treatment and found that the 
combination of PS and noninvasive positive pressure ventilation had a significantly better therapeutic effect than 
noninvasive positive pressure ventilation alone. However, the difference of the mortality rates in the two groups was not 
significant. We also compared the blood gas indexes PaO2, PaO2, and PaO2/FiO2 of the two groups before and after 
treatment. After treatment, PaO2, PaO2/FiO2 increased in both groups, and PaCO2 decreased significantly. After 
treatment, the PaO2, and PaO2/FiO2 levels were significantly higher and PaO2 was significantly lower in the observation 
group than in the control group. The blood gas levels of neonates with NRDS are significantly worse than those of 
healthy newborns as a result of differences in lung oxygenation and respiratory function. After the symptoms are 
controlled and pulmonary function improves, the blood gas index of the neonates returns to normal[22]. The study 
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Figure 2 Levels of keratin-14 and endothelin-1 before and after treatment. A: There was no significant difference in keratin-14 (KRT-14) in the 
observation group (4.38 ± 0.84) and in the control group (4.41 ± 0.70) (t = 0.822, P = 0.225). KRT-14 was significantly decreased in both groups after treatment (P < 
0.05), and in the observation group (2.99 ± 0.64), the decrease was significantly lower than the control group (3.31 ± 0.51) (t = 3.206, P < 0.002); B: There was no 
significant difference in endothelin-1 (ET-1) between the observation group (51.34 ± 5.13) and the control group (49.90 ± 4.75) (t = 1.697, P = 0.092). ET-1 was 
significantly decreased in both groups after treatment (P < 0.05), and it was significantly lower in the observation group (33.29 ± 3.93), than in the control group 
(41.51 ± 4.48) (t = 11.441, P < 0.001). bP < 0.01, cP < 0.001.

Figure 3 Diagnostic value of the curative effectiveness of keratin-14 and endothelin-1. A: Keratin-14 was significantly lower in neonates with 
effective therapy (2.94 ± 0.56) than in neonates with ineffective therapy (3.70 ± 0.65) (t = 5.472, P < 0.001); B: Endothelin-1 (ET-1) was significantly lower in 
neonates with effective therapy (33.80 ± 5.36) than that in neonates with ineffective therapy (42.68 ± 4.48) (t = 6.997, P < 0.001); C: Receiver operating characteristic 
(ROC) curves of keratin-14 in the diagnosis of effective therapy; D: ROC of ET-1 in diagnosis of therapeutic effect after treatment.

results shows that the combined treatment was more effective.
We measured the levels of KRT-14 and ET-1 in both groups of neonates. KRT-14 and ET-1 are lung tissue factors[23,24] 

and KRT14 increases rapidly in response to lung injury. Previous studies reported a negative correlation between KRT14 
and PaO2/FiO2, and KRT14 is elevated in RDS. We found that KRT-14 and ET-1 levels in both were significantly lower 
after treatment than they were before treatment, and they were significantly lower in the observation group than in the 
control group after treatment. Additionally, our findings indicate that KRT-14 and ET-1 levels were significantly elevated 
in neonates who did not respond effectively to therapy compared with those who did. This suggests that KRT-14 and ET-
1 could potentially be valuable diagnostic indicators for neonates with NRDS who are undergoing treatment. Therefore, 
we the value of KRT-14 and ET-1 for diagnosing therapeutic effectiveness by ROC curve analysis, and the AUC of each 
factor indicated that both were specific and sensitive. Both factors have diagnostic value in assessing the effectiveness of 
NRDS treatment in neonates and could potentially serve as diagnostic indices of effective treatment. Thus, KRT-14 can 
serve as an indicator of improvement in RDS patients, decreasing as their condition improves.
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The study has some weaknesses. The subjects included in our study were all sick neonates and healthy newborns were 
not included for comparison. We did not explore differences between the measures tested in this study and the indexes 
measured in healthy newborns. Secondly, various types of PS are available for treatment[25], and therefore it is expected 
that further research can be conducted to assess the differences of the therapeutic effectiveness of different PS prepar-
ations. Finally, we found that some complications occurred during the treatment of the neonates, but we did not explore 
the risk factors of these complications. We hope to add to this discussion after completing our follow-up study.

CONCLUSION
In conclusion, PS combined with noninvasive positive pressure ventilation significantly improved the effectiveness of 
NRDS therapy. KRT-14 and ET-1 levels are potential therapeutic diagnostic indicators.
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Abstract
BACKGROUND 
Sepsis is a life-threatening condition characterized by a dysregulation of the host 
response to infection that can lead to acute lung injury (ALI) and multiple organ 
dysfunction syndrome (MODS). Interleukin 6 (IL-6) is a pro-inflammatory 
cytokine that plays a crucial role in the pathogenesis of sepsis and its complic-
ations.

AIM 
To investigate the relationship among plasma IL-6 levels, risk of ALI, and disease 
severity in critically ill patients with sepsis.

METHODS 
This prospective and observational study was conducted in the intensive care unit 
of a tertiary care hospital between January 2021 and December 2022. A total of 83 
septic patients were enrolled. Plasma IL-6 levels were measured upon admission 
using an enzyme-linked immunosorbent assay. The development of ALI and 
MODS was monitored during hospitalization. Disease severity was evaluated by 
Acute Physiology and Chronic Health Evaluation II (APACHE II) and Sequential 
Organ Failure Assessment (SOFA) scores.

RESULTS 
Among the 83 patients with sepsis, 38 (45.8%) developed ALI and 29 (34.9%) 
developed MODS. Plasma IL-6 levels were significantly higher in patients who 
developed ALI than in those without ALI (median: 125.6 pg/mL vs 48.3 pg/mL; P 
< 0.001). Similarly, patients with MODS had higher IL-6 levels than those without 
MODS (median: 142.9 pg/mL vs 58.7 pg/mL; P < 0.001). Plasma IL-6 levels were 
strongly and positively correlated with APACHE II (r = 0.72; P < 0.001) and SOFA 
scores (r = 0.68; P < 0.001).
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CONCLUSION 
Elevated plasma IL-6 levels in critically ill patients with sepsis were associated with an increased risk of ALI and 
MODS. Higher IL-6 levels were correlated with greater disease severity, as reflected by higher APACHE II and 
SOFA scores. These findings suggest that IL-6 may serve as a biomarker for predicting the development of ALI and 
disease severity in patients with sepsis.

Key Words: Sepsis; Acute lung injury; Multiple organ dysfunction syndrome; Interleukin-6; Biomarker; Disease severity

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

Core Tip: Elevated plasma interleukin-6 (IL-6) levels in septic patients indicate a higher risk of acute lung injury and multiple 
organ dysfunction syndrome. Monitoring IL-6 levels can help predict disease severity and the development of complications 
in critically ill patients with sepsis, making it a potential valuable biomarker for early intervention and management 
strategies.
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INTRODUCTION
Sepsis is a life-threatening condition that arises from a dysregulated host response to infection and is associated with 
organ dysfunction and a high mortality rate[1]. Despite significant advances in medical care and treatment strategies, 
sepsis remains a major public health concern, with an estimated global incidence of 48.9 million cases and 11 million 
sepsis-related deaths annually[2]. One of the most severe and challenging complications associated with sepsis is acute 
lung injury (ALI), which can progress to acute respiratory distress syndrome (ARDS) and contribute to the development 
of multiple organ dysfunction syndrome (MODS)[3].

The pathogenesis of sepsis is complex and involves a dysregulated inflammatory response characterized by the 
excessive production of pro-inflammatory cytokines, chemokines, and other mediators[4]. Among these mediators, 
interleukin 6 (IL-6) has been identified as a key player in the inflammatory cascade and has been implicated in the 
development of various complications associated with sepsis, including ALI, ARDS, and MODS[5-7]. IL-6 is a pleiotropic 
cytokine produced by various cell types, including immune cells, endothelial cells, and fibroblasts[8] and plays a crucial 
role in the acute-phase response and regulation of inflammatory processes. During sepsis, IL-6 levels are markedly 
elevated and contribute to the systemic inflammatory response and development of organ dysfunction[9].

Several studies have suggested a potential link between elevated IL-6 levels and the risk of ALI and MODS in patients 
with sepsis. However, the specific relationship between plasma IL-6 levels and the development of these complications, 
as well as the association between IL-6 levels and disease severity, have yet to be fully elucidated.

In this prospective and observational study, we investigated the correlation between plasma IL-6 levels and the risk of 
ALI and MODS in critically ill patients with sepsis. In addition, we evaluated the association between IL-6 levels and 
disease severity, as assessed by two widely used scoring systems: The Acute Physiology and Chronic Health Evaluation II 
(APACHE II) score and the Sequential Organ Failure Assessment (SOFA) score.

MATERIALS AND METHODS
Study design and participants
This prospective and observational study was conducted in the intensive care unit (ICU) of a tertiary care hospital 
between January 2021 and December 2022. Adult patients (≥ 18-years-old) admitted to the ICU with a diagnosis of sepsis 
according to the Sepsis-3 criteria[8] were eligible for inclusion. The Sepsis-3 criteria define sepsis as a life-threatening 
organ dysfunction caused by a dysregulated host response to infection, with an increase in the SOFA score of 2 or more 
points[10]. Patients with preexisting lung diseases, such as chronic obstructive pulmonary disease, asthma, or interstitial 
lung disease, were excluded from the study to avoid potential confounding factors that could influence the development 
of ALI or ARDS. In addition, we excluded patients with known autoimmune or inflammatory disorders and those 
receiving immunosuppressive therapies to minimize the impact of these conditions on the inflammatory response and 
cytokine levels.

The research protocol was reviewed and approved by the Ethics Committee of Ninth People's Hospital Affiliated to 
Shanghai Jiao Tong University School of Medicine, and written informed consent from all participants or their legal 
representatives is obtained before enrollment.

https://www.wjgnet.com/2307-8960/full/v12/i23/5374.htm
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Data collection and measurements
Upon admission to the ICU, we collated a range of demographic and clinical data for each patient, including age, sex, 
body mass index (BMI), comorbidities (e.g., diabetes, hypertension, and cardiovascular disease), source of infection, and 
vital signs (temperature, blood pressure, heart rate, and respiratory rate).

For each patient, we calculated the APACHE II and SOFA scores to evaluate disease severity and the degree of organ 
dysfunction, respectively[11,12]. The APACHE II score is a widely used scoring system that considers the patient's age, 
acute physiological measurements, and comorbidities, to provide an estimate of the risk of hospital mortality[11]. The 
SOFA score, on the other hand, evaluates the degree of organ dysfunction across six organ systems (respiratory, 
cardiovascular, renal, hepatic, neurological, and coagulation) and is commonly used to evaluate the severity of sepsis and 
predict clinical outcomes[12].

Blood samples were collected from each patient within 24 h of ICU admission to measure plasma IL-6 levels. Blood 
samples were centrifuged and plasma was separated and stored at -80 °C to await analysis. Plasma IL-6 levels were 
quantified using a commercially available enzyme-linked immunosorbent assay (ELISA) kit (R&D Systems, Minneapolis, 
MN, United States) in accordance with the manufacturer's instructions. ELISA is a widely accepted and reliable method 
for measuring the levels of cytokines in biological samples with high levels of sensitivity and specificity.

Outcome measures
The primary outcome measures of the study were the development of ALI and MODS during hospitalization. ALI was 
defined according to the Berlin Definition criteria[13], which include the following: (1) Acute onset of hypoxemia (arterial 
oxygen pressure [PaO2]/fraction of inspired oxygen [FiO2] ≤ 300 mmHg) with or without positive end-expiratory 
pressure; (2) Bilateral opacities on chest imaging (e.g., chest radiography and computed tomography) that were not fully 
explained by effusions, lobar/lung collapse, or nodules; and (3) Respiratory failure that could not be fully explained by 
cardiac failure or fluid overload.

The severity of ALI was further classified into mild (200 mmHg < PaO2/FiO2 ≤ 300 mmHg), moderate (100 mmHg < 
PaO2/FiO2 ≤ 200 mmHg), and severe (PaO2/FiO2 ≤ 100 mmHg), in accordance with the Berlin Definition criteria.

MODS was defined as alteration of organ function in two or more organ systems requiring medical intervention to 
maintain homeostasis[14]. The presence and severity of MODS were evaluated by the SOFA score; a score of 2 or higher 
in any organ system indicated organ dysfunction.

Throughout hospitalization, patients were closely monitored for the development of ALI and MODS by the attending 
physicians and the study team. We systematically collected and analyzed a range of clinical data to determine the 
presence and severity of these complications, including respiratory parameters, laboratory findings, imaging studies, and 
organ function assessments.

Statistical analysis
Continuous variables were presented as the mean ± standard deviation or median (interquartile range) depending on 
whether the data were normally distributed. Normality was assessed using the Shapiro-Wilk test and by the visual 
inspection of histograms. Categorical variables are reported as frequencies and percentages.

Differences in continuous variables between groups (e.g., ALI vs no ALI and MODS vs no MODS) were analyzed by the 
Student's t-test or by the non-parametric Mann-Whitney U test, as appropriate, based on the distribution of data. For 
categorical variables, the differences between groups were analyzed by the χ2 test or Fisher's exact test, as appropriate.

Correlations between plasma IL-6 levels and disease severity scores (APACHE II and SOFA) were assessed by 
Spearman's rank correlation analysis. Spearman's correlation coefficient (r) was calculated and the strength of each 
correlation was interpreted as follows: 0.00–0.19 (very weak), 0.20–0.39 (weak), 0.40–0.59 (moderate), 0.60–0.79 (strong), 
and 0.80–1.00 (very strong)[15].

Receiver operating characteristic (ROC) curve analysis was performed to evaluate the ability of plasma IL-6 levels to 
predict the development of ALI and MODS. The area under the curve (AUC) was calculated, and the optimal cut-off 
values for IL-6 levels were determined based on the maximum Youden index (sensitivity + specificity - 1). Additionally, 
the sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) were reported for the 
identified cut-off values.

Multivariate logistic regression analysis was conducted to evaluate the association between plasma IL-6 levels and the 
risk of developing ALI and MODS while adjusting for potential confounders such as age, sex, BMI, and comorbidities 
(e.g., diabetes, hypertension, and cardiovascular disease). Odds ratios (ORs) and corresponding 95% confidence intervals 
(Cis) were calculated to estimate the risk of developing ALI and MODS associated with elevated IL-6 levels.

Statistical significance was set at P < 0.05 for all analyze. All statistical analyses were performed using SPSS (version 
25.0; IBM Corp., Armonk, NY, United States) and GraphPad Prism version 8.0 (GraphPad Software, San Diego, CA, 
United States).

RESULTS
Patient characteristics
A total of 83 patients with sepsis (49 males and 34 females) were included in this study. Mean patient age was 62.4 ± 16.8 
years (range: 22–88 years). The most common sources of infection were pneumonia (38.6%), intra-abdominal infections 
(24.1%), urinary tract infections (18.1%), and skin and soft tissue infections (9.6%). The median APACHE II score was 22 



Liu Y et al. IL-6, lung injury, and sepsis

WJCC https://www.wjgnet.com 5377 August 16, 2024 Volume 12 Issue 23

(interquartile range [IQR]: 17–27) and the median SOFA score was 8 (IQR: 5–11), thus indicating a high degree of disease 
severity and organ dysfunction within the study population (Table 1).

The development of ALI and MODS
During hospitalization, 38 patients (45.8%) developed ALI and 29 patients (34.9%) developed MODS. The distribution of 
ALI severity was as follows: mild (18 patients, 21.7%), moderate (14 patients, 16.9%), and severe (six patients, 7.2%).

Patients who developed ALI had significantly higher plasma IL-6 levels than those without ALI (median: 125.6 pg/mL, 
IQR: 88.4–172.9 pg/mL vs median: 48.3 pg/mL, IQR: 32.1–72.6 pg/mL; P < 0.001). Similarly, patients with MODS had 
higher IL-6 levels than those without MODS (median: 142.9 pg/mL, IQR: 102.4–196.7 pg/mL vs median: 58.7 pg/mL, 
IQR: 37.8–85.2 pg/mL; P < 0.001), as shown in Table 2.

The correlation between IL-6 levels and disease severity
Plasma IL-6 levels were strongly and positively correlated with APACHE II (r = 0.72; P < 0.001) and SOFA scores (r = 
0.68; P < 0.001), thus indicating a significant association between elevated IL-6 levels and increased disease severity and 
organ dysfunction (Tables 3 and 4).

Predictive value of IL-6 levels
ROC curve analysis revealed that plasma IL-6 levels exhibited a good predictive value for the development of ALI (AUC 
= 0.84; 95%CI: 0.75–0.93) and MODS (AUC = 0.82; 95%CI: 0.72–0.91). The optimal cut-off value for predicting ALI was 
92.5 pg/mL, with a sensitivity of 76.3% (95%CI: 60.4%–87.6%), a specificity of 80.0% (95%CI: 66.2%–89.1%), a PPV of 
72.7% (95%CI: 57.2%–84.4%), and a NPV of 82.9% (95%CI: 69.0%–91.6%). For the prediction of MODS, the optimal cut-off 
value for IL-6 was 118.7 pg/mL, with a sensitivity of 72.4% (95%CI: 54.3%–85.5%), a specificity of 85.2% (95%CI: 
72.9%–92.5%), a PPV of 75.0% (95%CI: 57.8%–87.1%), and a NPV of 83.8% (95%CI: 71.5%–91.6%), as shown in Table 5.

Multivariate logistic regression analysis
After adjusting for age, sex, BMI, and comorbidities (diabetes, hypertension, cardiovascular disease), multivariate logistic 
regression analysis revealed that higher plasma IL-6 levels were independently associated with an increased risk of 
developing ALI (OR: 1.22; 95%CI: 1.09–1.37; P = 0.001) and MODS (OR: 1.18, 95%CI: 1.06–1.32; P = 0.003).

DISCUSSION
This prospective and observational study investigated the relationship between plasma IL-6 levels and the risk of 
developing ALI and MODS, as well as the association between IL-6 levels and disease severity in critically ill patients 
with sepsis.

Our analysis revealed that patients with sepsis who developed ALI or MODS had significantly higher plasma IL-6 
levels than those without such complications. Furthermore, plasma IL-6 levels were strongly and positively correlated 
with disease severity scores (APACHE II and SOFA), indicating that higher IL-6 levels were associated with more severe 
illness and organ dysfunction. Elevated IL-6 levels demonstrated good predictive value for the development of ALI and 
MODS, and identified optimal cut-off values for each outcome. We also found that higher plasma IL-6 levels were 
independently associated with an increased risk of developing ALI and MODS, even after adjusting for potential 
confounders. These findings are consistent with those of previous studies that reported an association between elevated 
IL-6 levels and the development of ALI, ARDS, and MODS in In patients with sepsis[5-7,16-18]. IL-6 is a key mediator of 
the inflammatory response and plays a crucial role in the pathogenesis of sepsis and its complications. Increased levels of 
IL-6 can lead to endothelial dysfunction, increased vascular permeability, and the recruitment of inflammatory cells, thus 
contributing to the development of ALI and MODS[13,14,19].

The strong positive correlation between plasma IL-6 levels and disease severity scores (APACHE II and SOFA) 
observed in this study further supports the potential role of IL-6 as a biomarker of disease severity in patients with sepsis. 
Higher IL-6 levels may reflect a more dysregulated inflammatory response and a greater degree of organ dysfunction, 
ultimately leading to worse clinical outcomes[20,21]. This finding is consistent with previous studies that reported a 
correlation between elevated IL-6 levels and increased disease severity and mortality in patients with sepsis[22,23].

The ability of plasma IL-6 levels to predict the development of ALI and MODS, as demonstrated by our ROC curve 
analysis, highlights the potential clinical utility of IL-6 as a prognostic biomarker for patients with sepsis. We also 
identified optimal cut-off values for IL-6 levels which could facilitate risk stratification and guide early interventions to 
prevent or mitigate the development of these complications[24,25]. The early identification of patients at high risk of 
developing ALI and MODS could encourage more intensive monitoring, the early implementation of protective 
ventilation strategies, and the initiation of targeted therapies to modulate the inflammatory response. This evidence was 
strengthened further by multivariate logistic regression analysis which demonstrated that higher plasma IL-6 levels were 
independently associated with an increased risk of developing ALI and MODS, even after adjusting for potential 
confounders such as age, sex, BMI, and comorbidities. This finding suggests that IL-6 may play a direct role in the 
pathogenesis of these complications rather than simply representing an independent marker of inflammation.
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Table 1 Baseline characteristics of the study participants

Characteristic All Patients ALI No ALI MODS No MODS

Age in yr 62.4 ± 16.8 65.2 ± 15.1 60.1 ± 17.9 67.3 ± 14.2 59.8 ± 17.5

Male sex 49 (59.0) 23 (60.5) 26 (57.8) 18 (62.1) 31 (57.4)

BMI (kg/m2) 26.8 ± 4.9 27.2 ± 5.3 26.5 ± 4.6 27.6 ± 5.1 26.4 ± 4.8

Comorbidities

Diabetes mellitus 22 (26.5) 12 (31.6) 10 (22.2) 10 (34.5) 12 (22.2)

Hypertension 35 (42.2) 19 (50.0) 16 (35.6) 16 (55.2) 19 (35.2)

Cardiovascular disease 16 (19.3) 9 (23.7) 7 (15.6%) 7 (24.1%) 9 (16.7%)

Source of infection

Pneumonia 32 (38.6) 21 (55.3) 11 (24.4) 14 (48.3) 18 (33.3)

Intra-abdominal 20 (24.1) 7 (18.4) 13 (28.9) 6 (20.7) 14 (25.9)

Urinary tract 15 (18.1) 5 (13.2) 10 (22.2) 4 (13.8) 11 (20.4)

Skin/soft tissue 8 (9.6) 2 (5.3) 6 (13.3) 2 (6.9%) 6 (11.1)

APACHE II score, median (IQR) 22 (17-27) 26 (21-31) 18 (14-23) 28 (24-33) 19 (15-24)

SOFA score, median (IQR) 8 (5-11) 11 (8-14) 6 (4-8) 13 (10-16) 6 (4-8)

Data are n (%) or mean ± standard deviation. ALI: Acute lung injury; APACHE II: Acute Physiology and Chronic Health Evaluation II; BMI: Body mass 
index; IQR: Interquartile range; MODS: Multiple organ dysfunction syndrome; SOFA: Sequential Organ Failure Assessment.

Table 2 Distribution of plasma interleukin 6 levels in patients with and without acute lung injury and multiple organ dysfunction 
syndrome

Groups Median IL-6 in pg/mL Interquartile range

ALI 125.6 88.4-172.9

No ALI 48.3 32.1-72.6

MODS 142.9 102.4-196.7

No MODS 58.7 37.8-85.2

Data are mean ± standard deviation. ALI: Acute lung injury; IL: Interleukin; MODS: Multiple organ dysfunction syndrome.

Table 3 Correlation between plasma interleukin 6 levels and Acute Physiology and Chronic Health Evaluation II scores

APACHE II score Median IL-6 in pg/mL Interquartile range

10-14 32.8 25.6-41.2

15-19 62.1 48.7-79.3

20-24 98.5 75.4-122.7

25-29 146.2 115.8-176.4

≥ 30 198.6 162.7-235.8

Data are mean ± standard deviation. Spearman's r = 0.72 (P < 0.001). APACHE II: Acute Physiology and Chronic Health Evaluation II; IL: Interleukin.

CONCLUSION
This prospective and observational study demonstrated a significant correlation between elevated plasma IL-6 levels and 
an increased risk of developing ALI and MODS in critically ill patients with sepsis. Furthermore, we found that higher IL-
6 levels were associated with a greater disease severity, as reflected by higher APACHEII and SOFA scores. These 
findings suggest that IL-6 may serve as a potential biomarker for predicting the development of ALI and MODS as well 
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Table 4 Correlation between plasma interleukin 6 levels and Sequential Organ Failure Assessment scores

SOFA score Median IL-6 in pg/mL Interquartile range

2-4 39.7 28.9-51.6

5-7 72.5 53.2-94.7

8-10 121.8 95.6-149.5

11-13 167.3 137.8-203.2

≥ 14 221.6 185.9-264.7

Data are mean ± standard deviation. Spearman's r = 0.68 (P < 0.001). IL-6: Interleukin 6; SOFA: Sequential Organ Failure Assessment.

Table 5 Receiver operating characteristic curve analysis for the prediction of acute lung injury and multiple organ dysfunction 
syndrome using plasma interleukin 6 levels

Outcome Cut-off in pg/mL Sensitivity Specificity PPV NPV AUC (95%CI)

ALI 92.5 76.3 80.0 72.7 82.9 0.84 (0.75-0.93)

MODS 118.7 72.4 85.2 75.0 83.8 0.82 (0.72-0.91)

ALI: Acute lung injury; AUC: Area under the curve; CI: Confidence interval; MODS: Multiple organ dysfunction syndrome; NPV: Negative predictive 
value; PPV: Positive predictive value.

as for assessing disease severity in patients with sepsis.
It is important to note that this study has certain limitations that should be considered when interpreting the results. 

First, the sample size was relatively small, and the study was conducted at a single center; these factors may limit the 
generalizability of our findings. Second, we did not evaluate the prognostic value of serial IL-6 measurements or the 
effect of interventions targeting IL-6 on clinical outcomes. Future studies, with larger sample sizes, multicenter designs, 
and longitudinal IL-6 measurements, are now required to validate these findings and investigate the potential therapeutic 
implications of targeting IL-6 in patients with sepsis. Furthermore, it is important to recognize that IL-6 is not the only 
mediator involved in the inflammatory response during sepsis, and that other cytokines, chemokines, and inflammatory 
markers may also contribute to the development of ALI and MODS. Future research should investigate the potential 
synergistic or additive effects of combining IL-6 with other biomarkers to improve risk stratification and the prognosis of 
patients with sepsis.

Despite these limitations, the present study provides valuable insights into the role of IL-6 as a biomarker for 
predicting the development of ALI and MODS, as well as its association with disease severity in critically ill patients with 
sepsis. Collectively, our findings contribute to a better understanding of the pathophysiology of sepsis and its complic-
ations and may pave the way for the development of novel therapeutic strategies targeting the IL-6 pathway.
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Abstract
BACKGROUND 
Intracranial aneurysms (IAs) pose significant health risks, attributable to their 
potential for sudden rupture, which can result in severe outcomes such as stroke 
and death. Despite extensive research, the variability of aneurysm behavior, with 
some remaining stable for years while others rupture unexpectedly, remains 
poorly understood.

AIM 
To employ bibliometric analysis to map the research landscape concerning risk 
factors associated with IAs rupture.

METHODS 
A systematic literature review of publications from 2004 to 2023 was conducted, 
analyzing 3804 documents from the Web of Science Core Collection database, 
with a focus on full-text articles and reviews in English. The analysis encom-
passed citation and co-citation networks, keyword bursts, and temporal trends to 
delineate the evolution of research themes and collaboration patterns. Advanced 
software tools, CiteSpace and VOSviewer, were utilized for comprehensive data 
visualization and trend analysis.

RESULTS 
Analysis uncovered a total of 3804 publications on IA rupture risk factors between 
2006 and 2023. Research interest surged after 2013, peaking in 2023. The United 
States led with 28.97% of publications, garnering 37706 citations. Notable United 
States-China collaborations were observed. Capital Medical University produced 
184 publications, while Utrecht University boasted a citation average of 69.62 per 
publication. “World Neurosurgery” published the most papers, contrasting with “
Stroke”, the most cited journal. The PHASES score from “Lancet Neurology” 
emerged as a vital rupture risk prediction tool. Early research favored endo-
vascular therapy, transitioning to magnetic resonance imaging and flow diverters. 
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“Subarachnoid hemorrhage” stood out as a recurrent keyword.

CONCLUSION 
This study assesses global IA research trends and highlights crucial gaps, guiding future investigations to improve 
preventive and therapeutic approaches.

Key Words: Bibliometric; VOSviewer; CiteSpace; Intracranial aneurysm; Risk factor

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

Core Tip: This bibliometric analysis provides a comprehensive overview of research on risk factors associated with 
intracranial aneurysms (IAs) rupture. Highlighting global trends and collaborations, it identifies key publications, influential 
journals, and evolving research themes. Notably, the study emphasizes the increasing research interest post-2013 and the 
pivotal role of tools like the PHASES score in predicting rupture risks. By synthesizing two decades of data, this analysis 
offers valuable insights into the dynamic landscape of IAs studies, guiding future investigations and enhancing preventive 
and therapeutic strategies.

Citation: Chen JC, Luo C, Li Y, Tan DH. Knowledge domain and emerging trends in the rupture risk of intracranial aneurysms 
research from 2004 to 2023. World J Clin Cases 2024; 12(23): 5382-5403
URL: https://www.wjgnet.com/2307-8960/full/v12/i23/5382.htm
DOI: https://dx.doi.org/10.12998/wjcc.v12.i23.5382

INTRODUCTION
Unruptured intracranial aneurysms (UIAs) are localized, pathological dilations of the intracranial arterial wall that pose a 
significant risk of rupture[1]. The prevalence of UIAs is notably elevated, as evidenced by a comprehensive systematic 
review and meta-analysis spanning 21 countries, 83 study populations, and 94912 UIA patients. Within a cohort of 
asymptomatic adults aged 50 years, the collective prevalence of UIA was approximately 3.2% (95% confidence interval: 
1.9%-5.2%)[2]. Given the grave implications of aneurysmal subarachnoid hemorrhage, a severe complication of UIAs with 
a mortality rate of 67%, and a substantial proportion of survivors who are left disabled[3,4], it is imperative for clinicians 
to discern the risk of rupture. The evolving landscape of our understanding of the risk factors associated with UIAs 
underscores the need for continued investigation. Past studies have indicated the dichotomous behavior of aneurysms, 
with some exhibiting rapid enlargement and rupture within a condensed timeframe while others remaining stable over 
prolonged periods[2]. The exploration of risk factors contributing to aneurysm rupture has been a focal point of 
numerous studies[4-8].

Various systematic methodologies exist for comprehensively mapping an academic domain, with bibliometric analysis 
emerging as the predominant approach due to advancements in mathematics and computation[9]. Bibliometrics not only 
allows for qualitative and quantitative evaluation of author contributions, organizational collaborations, country affili-
ations, and journal impact but also facilitates the assessment of emerging trends and developments in academic research, 
a task beyond the scope of traditional reviews, meta-analyses, and experimental studies[9-12]. Consequently, biblio-
metrics plays an increasingly crucial role in trend analysis and guideline development, making bibliometrics a valuable 
tool for assessing and surveying studies related to the risk factors for IA rupture. In this study, CiteSpace and VOSviewer, 
two prominent bibliometric software tools, were used to delineate the knowledge base and emerging trends within 
studies related to the risk factors for IA rupture from key perspectives[13,14]. These perspectives encompass quantifying 
information on rupture risk factors for IAs, including individual impacts and collaborative efforts based on annual 
publications, journals, co-cited publications, countries, authors, and co-cited authors. Additionally, the study identifies 
the most cited articles through co-citation analyses to evaluate the foundational knowledge in this area. Furthermore, this 
research aims to uncover the evolution of knowledge structures and key areas of interest through keyword and co-cited 
reference burst analyses. Subsequently, this study sought to determine the research content and potential future 
development directions in this field by analyzing the top 50 articles’ journals, co-cited journals, countries, and keywords.

MATERIALS AND METHODS
Literature search
The bibliographic classification accuracy of the Web of Science Core Collection (WoSCC) surpasses that of any other 
database, rendering it the optimal choice for bibliographic analysis. Hence, we opted to conduct our search within this 
database. On March 12, 2024, we searched the WoS for articles spanning from 2004 to December 31, 2023, pertaining to 
the risk factors for IA rupture. The search query employed was as follows: (((((((((((((((((((((((((((((((((((((((((((TS = 

https://www.wjgnet.com/2307-8960/full/v12/i23/5382.htm
https://dx.doi.org/10.12998/wjcc.v12.i23.5382
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Figure 1 Flowchart of study identification and selection. WoSCC: Web of Science Core Collection.

(intracranial aneurysm)) OR TS = (Intracranial Aneurysm)) OR TS = (Aneurysms, Intracranial)) OR TS = (Intracranial 
Aneurysms)) OR TS = (Aneurysm, Intracranial)) OR TS = (Aneurysm, Anterior Communicating Artery)) OR TS = 
(Anterior Communicating Artery Aneurysm)) OR TS = (Aneurysm, Basilar Artery)) OR TS = (Aneurysms, Basilar 
Artery)) OR TS = (Artery Aneurysm, Basilar)) OR TS = (Artery Aneurysms, Basilar)) OR TS = (Basilar Artery 
Aneurysms)) OR TS = (Basilar Artery Aneurysm)) OR TS = (Aneurysm, Middle Cerebral Artery)) OR TS = (Middle 
Cerebral Artery Aneurysm)) OR TS = (Aneurysm, Posterior Cerebral Artery)) OR TS = (Posterior Cerebral Artery 
Aneurysm)) OR TS = (Berry Aneurysm)) OR TS = (Aneurysm, Berry)) OR TS = (Aneurysms, Berry)) OR TS = (Berry 
Aneurysms)) OR TS = (Brain Aneurysm)) OR TS = (Aneurysm, Brain)) OR TS = (Aneurysms, Brain)) OR TS = (Brain 
Aneurysms)) OR TS = (Cerebral Aneurysm)) OR TS = (Aneurysms, Cerebral)) OR TS = (Cerebral Aneurysms)) OR TS = 
(Aneurysm, Cerebral)) OR TS = (Giant Intracranial Aneurysm)) OR TS = (Aneurysm, Giant Intracranial)) OR TS = (Giant 
Intracranial Aneurysms)) OR TS = (Intracranial Aneurysm, Giant)) OR TS = (Intracranial Aneurysms, Giant)) OR TS = 
(Mycotic Aneurysm, Intracranial)) OR TS = (Aneurysm, Intracranial Mycotic)) OR TS = (Aneurysms, Intracranial 
Mycotic)) OR TS = (Intracranial Mycotic Aneurysm)) OR TS = (Intracranial Mycotic Aneurysms)) OR TS = (Mycotic 
Aneurysms, Intracranial)) OR TS = (Aneurysm, Anterior Cerebral Artery)) OR TS = (Anterior Cerebral Artery 
Aneurysm)) OR TS = (Aneurysm, Posterior Communicating Artery)) OR TS = (Posterior Communicating Artery 
Aneurysm) AND TS = (Risk Factor). The literature screening for this study was based on the following inclusion criteria: 
(1) Full-text publications related to risk factors for the rupture of IAs; (2) Articles and review manuscripts written in 
English; and (3) Publications dated between January 1, 2004, and December 31, 2023. The exclusion criteria were as 
follows: (1) Irrelevant to the topic of risk factors for the rupture of IAs; and (2) Conference abstracts, news articles, brief 
reports, or similar formats. A plain text version of the selected papers was exported (Figure 1).

Analysis
The annual publications, national trends, and proportions of papers were analyzed and visualized using GraphPad Prism 
v8.0.2. Additionally, CiteSpace (6.2.4R 64-bit Advanced Edition) and VOSviewer (version 1.6.18) were employed for 
further analysis of the data, facilitating the visualization of scientific knowledge maps. VOSviewer version 1.6.17, created 
by van Eck and Waltman et al[13], is a Java-based free software designed for analyzing large volumes of literature data 
and displaying them in map format. To visualize the research outcomes of a specific field by drawing a co-citation 
network map, Professor Chao-Mei Chen developed CiteSpace (version 6.2.4R) software[15]. This software envisions using 
an experimental framework to explore new concepts and evaluate existing technologies. It enables users to gain a better 
understanding of knowledge domains, research frontiers, and trends, thereby predicting future research advancements
[16,17].

RESULTS
Overall distribution
The results indicate that from January 1, 2006, to December 31, 2023, there were a total of 3804 literature entries on risk 
factors for the rupture of IAs in the WoSCC database, comprising 3346 articles (94.31%) and 458 reviews (5.69%). These 
publications span 96 countries and regions, involve 3061 institutions, and include contributions from 14902 authors.

Since 2004, the annual publication output has shown a gradual increase (Figure 2). We divided this trend into three 
phases: A slow growth period from 2004 to 2009 (Figure 2) with an annual publication count of less than 100, indicating a 
lack of attention from researchers in the field; a gradual increase in publications from 2010 to 2012, signifying increased 
interest from researchers; and a rapid surge in publications after 2013, reaching a peak in 2023, indicating widespread 
attention to the field since 2013.
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Figure 2  The annual trend publications related to risk factors for the rupture of intracranial aneurysms from 2004 to 2023.

Figure 3  Number of articles by publication in countries.

Figure 4  Publication output heatmap by countries.

Countries/regions and institutions analysis
Research on the risk factors for IA rupture has been conducted in 96 countries and regions. Figures 3 and 4 illustrate the 
annual publication output of the top 10 countries in the past decade. The top 5 countries in this field are the United States, 
China, Japan, Germany, and South Korea. The United States accounts for 28.97% of the total publication output, 
significantly surpassing other nations.

Among the top ten countries/regions in terms of publication output, the United States’s papers were cited 37706 times 
(Table 1), significantly exceeding all other countries/regions. Its citation-to-publication ratio (34.22) ranks 6th among all 
countries, indicating generally high-quality publications. China ranks 2nd in publication output (847 papers) and 5th in 
citation count (8992 times), with a citation-to-publication ratio of 10.62. The collaboration network, as depicted in 
Figure 5A, shows close collaboration between the most prolific producers, the United States and China. The United States 
collaborates closely with Germany, France, and Italy, among others, while China’s collaborations are more pronounced 
with Japan, South Korea, and the Netherlands. The United States not only leads in publication output and citation 
frequency but also exhibits a centrality of 0.32, signifying its position as a leading nation in the field.
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Table 1 The top 10 countries/regions and institutions involved in risk factors for the rupture of intracranial aneurysms research

Rank Country/region Article counts Centrality Percentage (%) Citation Citation per publication

1 United States 1102 0.32 28.97 37706 34.22

2 China 847 0.12 22.27 8992 10.62

3 Japan 416 0.08 10.94 10264 24.67

4 Germany 314 0.1 8.25 9871 31.44

5 South Korea 275 0.04 7.23 3546 12.89

6 Netherlands 213 0.03 5.60 13789 64.74

7 England 169 0.11 4.44 6994 41.38

8 Canada 157 0.08 4.13 7488 47.69

9 France 151 0.14 3.97 6985 46.26

10 Italy 149 0.05 3.92 5599 37.58

Table 2 The top 10 institutions of intracranial aneurysms rupture risk factors research

Rank Institution Country Number of studies Total citations Average citation

1 Capital Medical University China 184 1920 10.43

2 Utrecht University Netherlands 149 10373 69.62

3 Mayo Clinic United States 134 6645 49.59

4 Harvard University United States 128 3299 25.77

5 University of California System United States 101 3257 32.25

6 Harvard Medical School United States 101 2778 27.50

7 University of Helsinki Finland 95 5978 62.93

8 Beijing Neurosurgical Institute China 85 1070 12.59

9 Helsinki University Central Hospital Finland 78 4080 52.31

10 University of Toronto Canada 70 4338 61.97

A total of 3061 institutions have systematically published articles on risk factors for IA rupture. Among the top ten 
institutions in terms of publication output, 4 are from the United States, 2 are from China, 2 are from Finland, 1 is from 
the Netherlands, and 1 is from Canada (Table 2, Figure 5B). Capital Medical University has the greatest number of public-
ations (184 papers, 1920 citations, averaging 10.43 citations per paper). Utrecht University (149 papers, 10373 citations, 
averaging 69.62 citations per paper) ranks second, followed by Mayo Clinic (134 papers, 6645 citations, averaging 49.59 
citations per paper) in third place and Harvard University (128 papers, 3299 citations, averaging 25.77 citations per paper) 
in fourth place.

Journals and co-cited academic journals
Tables 3 and 4 present the top 10 journals with the highest publication output and most citations. “World Neurosurgery” 
(320 papers, 8.41%) is the journal with the highest number of publications in this field, followed by “Journal of 
Neurosurgery” (218 papers, 5.73%), “Stroke” (172 papers, 4.52%), and “Neurosurgery” (158 papers, 4.15%). Among the top 
10 journals by publication output, “Cell Death & Disease” has the highest impact factor (IF) of 9.0. Approximately 90% of 
the journals are classified as Q1 or Q2 (Figure 6A).

The impact of a journal is determined by the frequency of its co-citation, indicating whether the journal has made a 
significant impact on the scientific community. According to Figure 6B and Table 4, the most co-cited journal was “Stroke” 
(3230 citations), followed by “J Neurosurg” (2756 citations) and “Neurosurgery” (2674 citations). Among the top 10 most co-
cited journals, “Lancet” has been cited 1827 times, with the highest IF among the top 10 journals (168.9). In the co-cited 
journals, 90% of the journals are in the Q1/Q2 categories.

The distribution of academic publications by topic is displayed through a double-map overlay (Figure 7). The colored 
trajectories represent citation connections, with citing journals on the left and cited journals on the right. Based on the 
results, we identified 7 main colored citation paths. For example, research published in molecular/biology/immunology 
journals is primarily cited by research published in molecular/biology/genetics journals. Similarly, research published in 
medicine/medical/clinical journals is mainly cited by research published in molecular/biology/genetics, health/
nursing/medicine, and psychology/education/social journals. Additionally, research published in neurology/sports/
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Table 3 The top 10 journals of intracranial aneurysms rupture risk factors research

Rank Journal Article counts Percentage (%) IF Quartile in category

1 World Neurosurgery 320 8.41 2.0 Q4

2 Journal of Neurosurgery 218 5.73 5.6 Q1

3 Stroke 172 4.52 5.2 Q2

4 Neurosurgery 158 4.15 4.7 Q2

5 Acta Neurochirurgica 123 3.23 9.0 Q1

6 Frontiers in Neurology 113 2.97 3.7 Q2

7 Journal of Neurointerventional Surgery 102 2.68 3.8 Q1

8 American Journal of Neuroradiology 87 2.29 3.3 Q2

9 Journal of Clinical Neuroscience 80 2.10 4.2 Q2

10 Clinical Neurology and Neurosurgery 66 1.74 4.8 Q1

IF: Impact factor.

Table 4 The top 10 co-cited journals related with rupture risk factors of intracranial aneurysms research

Rank Cited Journal Co-citation IF (2022) Quartile in category

1 Stroke 3230 11.2 Q1

2 J Neurosurg 2756 13.3 Q1

3 Neurosurgery 2674 3.7 Q2

4 Am J Neuroradiol 1864 4.8 Q1

5 Lancet 1827 64.5 Q4

6 Neurology 1525 11.5 Q1

7 New Engl J Med 1509 8.0 Q1

8 World Neurosurg 1375 254.7 Q1

9 Acta Neurochir 1339 64.8 Q1

10 Lancet Neurol 1215 4.8 Q2

IF: Impact factor.

ophthalmology journals is primarily cited by research published in molecular/biology/genetics, health/nursing/
medicine, and psychology/education/social journals.

Authors and co-cited authors
Among all authors who have published literature related to rupture risk factors for IAs, Table 5 lists the top 10 authors 
with the most publications. The top 10 authors have collectively published 397 papers, accounting for 9.65% of all papers 
in this field. Rinkel Gabriel JE has the greatest number of research papers, with 73 publications, followed by Xin-Jian 
Yang (47 papers), Koivisto Timo (40 papers), and Jaaskelainen Juha E (37 papers). Further analysis revealed that among 
the top ten authors, 4 were from China, 3 were from the Netherlands, 2 were from Finland, and 1 was from the United 
States. CiteSpace visualizes the network between authors (Figure 8).

Figure 9A and Table 5 display the top 10 authors with the most co-citations and citations, respectively. A total of 54 
authors have been cited more than 20 times, indicating that their research has a strong reputation and strong influence. 
The largest nodes are associated with the authors who have the most co-citations, including Wiebers D (795 citations), 
Juvela S (766 citations), and Vlak MHM (536 citations).

Co-cited references
Based on the top 10 co-cited articles (Table 6), one of them included “Development of the PHASES score for prediction of 
risk of rupture of IAs: A pooled analysis of six prospective cohort studies” from Lancet Neurology. The primary author of 
this article is Jacoba P Greving. He found that the PHASES score serves as a readily applicable tool for predicting the 
rupture risk of asymptomatic IAs[5]. Within the temporal scope spanning from 2004 to 2023, represented in annual time 
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Table 5 The top 10 authors and co-cited authors related with rupture risk factors of intracranial aneurysms research

Rank Author Count Location Co-cited author Citation

1 Rinkel Gabriel JE 73 Netherlands Wiebers D 795

2 Xin-Jian Yang 47 China Juvela S 766

3 Koivisto Timo 40 Finland Vlak Mhm 536

4 Jaaskelainen Juha E 37 Finland Rinkel Gje 429

5 Du Rose 36 United States Morita A 428

6 Shuo Wang 36 China Greving JP 357

7 You-Xiang Li 34 China Chalouhi N 354

8 Hernesniemi Juha 32 China Brinjikji W 353

9 Ruigrok Ynte M 32 Netherlands Schievink WI 335

10 Algra Ale 30 Netherlands Inagawa T 333

Table 6 The top 10 co-cited references related to rupture risk factors of intracranial aneurysms research

Rank Title Journal Author(s) Total 
citations

1 Development of the PHASES score for prediction of risk of rupture of intracranial aneurysms: 
a pooled analysis of six prospective cohort studies

Lancet Neurology Greving JP 150

2 The natural course of unruptured cerebral aneurysms in a Japanese cohort New England Journal of 
Medicine

Morita A 135

3 Prevalence of unruptured intracranial aneurysms, with emphasis on sex, age, comorbidity, 
country, and time period: a systematic review and meta-analysis

Lancet Neurology Vlak MHM 110

4 Guidelines for the management of patients with unruptured intracranial aneurysms a 
guideline for healthcare professionals From the American Heart Association/American 
Stroke Association

Stroke Thompson 
BG

100

5 Natural history of unruptured intracranial aneurysms: probability of and risk factors for 
aneurysm rupture (reprinted from Journal of Neurosurgery, vol 93, pg 379-387, 2000)

Journal of 
Neurosurgery

Juvela S 83

6 High WSS or low WSS? Complex interactions of hemodynamics with intracranial aneurysm 
initiation, growth, and rupture: Toward a unifying hypothesis

American Journal of 
Neuroradiology

Meng H 78

7 Guidelines for the management of aneurysmal subarachnoid hemorrhage a guideline for 
healthcare professionals From the American Heart Association/American Stroke Association

Stroke Connolly 
ES

78

8 Worldwide incidence of aneurysmal subarachnoid hemorrhage according to region, time 
period, blood pressure, and smoking prevalence in the population a systematic review and 
meta-analysis

Jama Neurology Etminan N 73

9 Natural history of unruptured intracranial aneurysms a long-term follow-up study Stroke Juvela S 72

10 Risk factors for growth of intracranial aneurysms: A systematic review and meta-analysis American Journal of 
Neuroradiology

Brinjikji W 70

slices, the co-citation network of references comprises 678 nodes and 2377 links (Figure 9B). Ranked second is “The 
natural course of unruptured cerebral aneurysms in a Japanese cohort” published in the New England Journal of Medicine of 
Medicine. The authors of this article are UCAS Japan Investigators. Their study demonstrated that the natural progression 
of unruptured cerebral aneurysms is influenced by factors such as aneurysm size, location, and morphology[18].

We conducted co-citation reference clustering and temporal clustering analysis (Figures 10 and 11). Our findings 
revealed that endovascular therapy (cluster 1), polymorphisms (cluster 8), and patent foramen ovale (cluster 10) were 
early research hotspots. In the mid-term, microarray analysis (cluster 2), wall shear stress (cluster 4), hydrocephalus 
(cluster 7), vertebral artery (cluster 11), patent foramen ovale (cluster 12), subarachnoid hemorrhage (cluster 14), and 
HDAC inhibitors (cluster 13) emerged as prominent research areas. Magnetic resonance imaging (cluster 0), risk factor 
(cluster 3), flow diverter (cluster 5), radiosurgery (cluster 6), aneurysmal subarachnoid hemorrhage (cluster 9), and the 
ellipticity index (cluster 13) represent the current hot topics and trends in this field.

Keywords and references with citation burstness
By analyzing keywords, we can swiftly grasp the status and developmental trajectory of a particular field. Based on the 
co-occurrence of keywords in VOSviewer, the most prominent term was “subarachnoid hemorrhage” (1286 occurrences), 
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Figure 5 Co-occurrence map of nations/regions and organizations in risk factors for the rupture of intracranial aneurysms studies. A: Co-
occurrence map of nations/regions in risk factors for the rupture of intracranial aneurysms studies; B: Co-occurrence map of organizations in risk factors for the 
rupture of intracranial aneurysms studies.
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Figure 6 Density map of journals and co-cited journals in risk factors for the rupture of intracranial aneurysms research. A: Density map of 
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journals in risk factors for the rupture of intracranial aneurysms research; B: Density map of co-cited journals in risk factors for the rupture of intracranial aneurysms 
research.

Figure 7 The dual-map overlay of periodicals associated with risk factors for the rupture of intracranial aneurysms research. The citing 
journals are on the left, the cited journals are on the right, and the line path represents the citation relationship.

Figure 8  The network map of co-authors in rupture risk factors of intracranial aneurysms research.

followed by “rupture” (594), “management” (563), “natural history” (475), and “stroke” (458) (Table 7, Figures 12 and 13). 
After filtering out irrelevant keywords, we constructed a network comprising 170 keywords that appeared at least 33 
times, yielding 5 distinct clusters. The first cluster (in red) encompasses 45 keywords, including “rupture”, “natural 
history”, “prediction”, “flow”, “morphology”, “aspect ratio”, “geometry”, “location”, “artery”, “CT angiography”, 
“geometry”, “magnetic resonance imaging”, “MRI”, “score”, “shape”, “hemodynamics”, “cohort”, and “parameters”. The 
second cluster (in green) comprised 39 keywords, such as “endovascular treatment”, “safety”, “follow-up”, “morbidity”, 
“surgery”, “therapy”, “embolization”, “recurrence”, “clipping”, “long term”, “stent”, “neurosurgery”, “efficacy”, 
“occlusion”, “trial”, “flow diversion”, and “recanalization”. The third cluster (in blue) included 36 keywords, such as 
“subarachnoid hemorrhage”, “association”, “population”, “region”, “age”, “case fatality”, “cigarette smoking”, “disease”, 
“emphasis”, “epidemiology”, “gender”, “genetics”, “hypertension”, “meta-analysis”, “population”, “sex”, and “time”. 
The fourth cluster (in yellow) consisted of 27 keywords, such as “brain”, “aneurysms”, “children”, “diagnosis”, 
“dissection”, “events”, “headache”, “hemorrhage”, “ischemic stroke”, “prevention”, “repair”, “replacement”, and 
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Table 7 The top 20 keywords concerning rupture risk factors of intracranial aneurysms research

Rank Keyword Counts

1 Subarachnoid hemorrhage 1286

2 Rupture 594

3 Management 563

4 Natural-history 475

5 Stroke 458

6 Endovascular treatment 422

7 Surgery 281

8 Complications 263

9 Prevalence 240

10 Hemodynamics 222

11 Embolization 220

12 Mortality 220

13 Growth 216

14 Outcome 203

15 Aneurysms 200

16 Coiling 199

17 Angiography 195

18 Vasospasm 189

19 Age 179

20 Follow-up 171

“vertebral artery”. The fifth cluster (in purple) contains 23 keywords, including “blood”, “cerebral infarction”, 
“outcome”, “impact”, “predictors”, “scale”, “vasospasm”, “infarction”, “prognosis”, “delayed cerebral ischemia”, 
“infarction”, “rebleeding”, “vasospasm”, “quality of life”, “hydrocephalus”, and “symptomatic vasospasm”. We 
generated a volcano plot using CiteSpace to visually depict the evolution of research hotspots over time (Figures 14 and 
15).

Through CiteSpace, we identified the 50 most reliable citation bursts in the field of rupture risk factors for IAs. The 
most highly cited reference (with a burst rate of 51.74) is the article titled “The natural course of unruptured cerebral 
aneurysms in a Japanese cohort” published in the New England Journal of Medicine, with the first author being The UCAS 
Japan Investigators. Out of the 50 references, 47 were published between 2004 and 2023, indicating that these papers have 
been frequently cited over the past two decades. Importantly, 8 of these papers are currently experiencing a peak in 
citations (as shown in Figure 16), suggesting that the rupture risk factors for IAs will continue to be a subject of interest in 
the future. Among the 844 most prominent burst keywords in this field, we have specifically focused on the top 50 
keywords with the most intense bursts (as depicted in Figure 17). These keywords represent the current research hotspots 
in the field and indicate potential directions for future studies.

DISCUSSION
General information
In this investigation, a bibliometric analysis was performed on publications pertaining to risk factors associated with IA 
rupture over the past two decades. The aim was to discern prominent areas of focus and emerging trends in this research 
domain. Our findings reveal a notable surge in the volume of publications concerning risk factors for IA rupture, partic-
ularly since 2012, with a pinnacle observed in 2023. This upward trajectory underscores the sustained relevance and 
continued interest of researchers in this field for the foreseeable future.

Our analysis revealed that the United States plays a pivotal role in research on risk factors for IA rupture, with 
significant contributions from China, Japan, Germany, and South Korea. Approximately 28.97% of all publications 
originated from researchers in the United States. Notably, the United States exhibited dominance in publication output, 
total citations, and international collaborations based on our findings. The notable performance of the Netherlands and 
Canada in total citations underscores the quality of research activities in these nations. In terms of international 
cooperation, the United States, Italy, and Germany were identified as closely collaborating with other countries, while 
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Figure 9 Density map of co-cited authors and co-cited references in rupture risk factors of intracranial aneurysms research. A: Density map 
of co-cited authors in rupture risk factors of intracranial aneurysms research; B: Density map of co-cited references in rupture risk factors of intracranial aneurysms 
research.
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Figure 10  Co-citation Clustered network of the rupture risk factors for intracranial aneurysms research.

China, Japan, South Korea, and the Netherlands engaged in collaboration to a lesser extent, potentially impacting their 
citation rankings. Strengthening international collaboration in China, Japan, South Korea, and the Netherlands is essential 
for enhancing the dissemination of high-quality publications.

Among the top 10 institutions with the greatest impact, 40% were located in the United States. Notably, Capital 
Medical University in China had the highest volume of publications but was ranked ninth in overall citations. This 
suggests that the institution should focus on enhancing research quality and fostering increased collaboration and 
knowledge exchange. Among the authors, Gabriel JE, Xin-Jian Yang, Timo Koivisto, and Juha E. Jaaskelainen stood out 
for their significant contributions to advancing the understanding of risk factors associated with the rupture of IAs. 
Furthermore, works by Wiebers D, Juvela S, and Vlak MHM received the highest average number of citations, 
underscoring the caliber of their research contributions in this domain. Our analysis revealed that several journals are 
actively publishing research on the risk factors for IA rupture. Noteworthy publications in this area appeared in World 
Neurosurgery, Journal of Neurosurgery, Stroke, and Neurosurgery, indicating that these journals are primary outlets for 
disseminating research findings in this field.

Knowledge base
Co-cited references indicate the frequency with which two publications are jointly cited by other works, serving as a 
knowledge repository within a specific field[19]. In this scientometric analysis, the top 10 co-cited references were 
examined to delineate the foundational knowledge base concerning risk factors for IA rupture. The study by Greving et al
[5] was the most frequently cited publication in 2014, garnering 150 co-citations. This article elucidates the utility of the 
PHASES score in predicting the risk of IA rupture by considering factors such as age, hypertension, aneurysm size, and 
location, highlighting variations in rupture risk among diverse populations. The second most highly cited publication, the 
New England Journal of Medicine, was authored by UCAS Japan Investigator[18]. This study demonstrated that the natural 
progression of unruptured cerebral aneurysms varies based on factors such as the size, location, and shape of the 
aneurysm. In 2011, Vlak et al[2] published the third co-cited paper in Lancet Neurology. This study revealed that the 
increased incidence of subarachnoid hemorrhage in Finland and Japan could not be solely attributed to a greater 
incidence of UIAs, indicating an elevated risk of rupture in these populations. Stroke published the fourth co-cited 
prospective study by Thompson et al[20]. The objective of this guideline is to offer thorough and evidence-based 
recommendations for the management of patients with UIAs. A holistic approach involving both risk factor prevention 
and management may be essential to decrease the prevalence of unruptured aneurysms and their potential as a precursor 
for subarachnoid hemorrhage in the majority of cases. The fifth co-cited publication was published in the Journal of 
Neurosurgery by Juvela et al[21]. The study highlighted that cigarette smoking, the size of the UIA, and age (inversely) are 
significant factors that influence the risk of subsequent aneurysm rupture. The sixth co-cited study was published in 2014 
by Meng et al[22]. This study suggested that low wall shear stress and a high oscillatory shear index play a role in 
activating an inflammatory cell-mediated pathway that could contribute to the formation and rupture of large athero-
sclerotic aneurysms. Conversely, high wall shear stress combined with a positive wall shear stress gradient is linked to a 
mural cell-mediated pathway, which may lead to the expansion and rupture of small or secondary bleb aneurysms. The 
seventh most commonly co-cited paper was published by Connolly et al[23] in Stroke. The guidelines concluded that, 
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Figure 11  Volcano map of the co-citation related to the rupture risk factors for intracranial aneurysms.

beyond the size and location of the aneurysm and the patient’s age and health status, it may be appropriate to take into 
account the morphological and hemodynamic features of the aneurysm when assessing the risk of aneurysm rupture. In 
2019, the eighth most commonly co-cited paper was published by Etminan et al[24] in JAMA Neurology. In their systematic 
review and meta-analysis, the researchers found that the global incidence of subarachnoid hemorrhage and its decline 
exhibit significant regional variations, closely mirroring the reduction in blood pressure and smoking rates. Identifying 
the factors contributing to these regional differences and implementing strategies to further reduce blood pressure and 
smoking prevalence could lead to a reduction in the overall burden of subarachnoid hemorrhage. Juvela et al[25] invest-
igated the long-term natural history of UIAs and risk factors predictive of subsequent rupture and published the ninth co-
cited paper. Cigarette smoking, patient age (inversely), and the size and location of the UIA appear to be risk factors for 
aneurysm rupture. However, the risk of bleeding tends to decrease with very long-term follow-up. The article published 
in the American Journal of Neuroradiology in 2016, which received the last co-citations, presented observational evidence 
highlighting various clinical and anatomic risk factors for aneurysm growth. These factors included age over 50 years, 
female sex, smoking history, and nonsaccular shape. These findings should be taken into account when advising patients 
about the natural progression of UIA[26]. In general, the top 10 co-citations primarily focused on clinical, morphological, 
and hemodynamic risk factors, as well as the development of a simple and practical scoring system to assess the risk of 
rupture factors for IAs. These foundational topics have significantly contributed to advancements in this field of study.

Emerging topics
Keywords play a crucial role in reflecting the prevailing research themes and trajectories within a specific domain. Table 7 
highlights the prominence of the top 20 keywords, each appearing more than 170 times, which encapsulates the pivotal 
areas of investigation concerning the risk factors associated with IA rupture. Noteworthy keywords include subarachnoid 
hemorrhage, rupture, management, natural history, stroke, endovascular treatment, surgery, complications, prevalence, 
and hemodynamics. These keywords collectively paint a comprehensive picture of the landscape surrounding risk factors 
for IA rupture. Specifically, they underscore: (1) The critical association between IA rupture and subarachnoid 
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Figure 12  The co-occurrence network and clusters of keywords related to rupture risk factors of intracranial aneurysms research.

hemorrhage, a significant contributor to stroke[27-30]; (2) The intrinsic link between the natural history of IAs and their 
propensity for rupture[27,29,31]; (3) The increasing interest in hemodynamic parameters concerning IAs in recent studies
[32-35]; and (4) The pivotal role of understanding risk factors for IA rupture in enhancing management and treatment 
strategies aimed at averting complications, encompassing both surgical and endovascular interventions[23,36-38].

The keyword density map serves as a visual representation, offering a more intuitive depiction of the prevalent 
keywords within this field (Figure 13). Through network clustering analysis, the keywords are categorized into five 
clusters, effectively delineating the research focus and breadth of this domain. As illustrated in Figure 12, these clusters 
are as follows: Cluster 1 (red) predominantly explores the natural history and hemodynamic risk factors associated with 
IA rupture. Cluster 2 (green) centers on endovascular and surgical interventions for IA treatment. Cluster 3 (blue) 
includes 2 epidemiological and genetic risk factors pertinent to IAs. Cluster 4 (yellow) focuses on the complications 
arising from IA rupture. Cluster 5 (purple) is dedicated to investigating the impact and prognosis of IA rupture. These 
five clusters represent the research focus and scope of IA rupture risk factor research to some extent. In addition, from 
this ranking, we can see that IA rupture research on natural history and hemodynamic risk factors has become a critical 
research focus. Only by gaining a profound understanding of the pivotal factors contributing to IA rupture can we 
fundamentally discern effective therapeutic modalities for the management of IAs, thereby mitigating the occurrence of 
rupture-related complications, reducing disability rates, and lowering mortality rates. The timeline viewer (Figure 14) for 
keywords enables us to discern the temporal progression of topics within this domain, facilitating an exploration of the 
evolutionary trajectory of this field.

References experiencing intense citation bursts denote a sudden surge in citations for specific documents within a 
defined timeframe. This phenomenon aids in identifying emerging topics and research areas that have garnered 
significant attention within a particular field[12]. This study identified the most impactful citation bursts and curated the 
top 50 among them (Figure 16). The paper (strength: 51.74) with the strongest citation burstness was a large, prospective 
cohort study published by UCAS Japan Investigators[18] in the New England Journal of Medicine in 2012. This study in 
Japan from 2001 to 2004 examined 6697 UIAs, 91% of which were incidentally discovered, predominantly in the middle 
cerebral and internal carotid arteries. Research has shown that the risk of aneurysm rupture increases with size, with 
larger aneurysms and those in the posterior and anterior communicating arteries being more likely to rupture. Overall, 
the study highlighted the diverse natural history of UIAs based on size, location, and shape. Currently, 8 (16%) of the top 
50 papers are still in a state of citation burst, and the citation burst of 7 papers has lasted for at least 3 years. These 7 
papers represent the latest research topics related to rupture risk factors for IAs. According to the ranking by burst 
strength (from high to low), paper No. 1 (strength: 51.47) is mentioned above. The second-ranked paper (strength: 45.31) 
was published by Vlak et al[2] in Lancet Neurology in 2011. Researchers have shown that the prevalence of UIAs is greater 
in patients with autosomal dominant polycystic kidney disease or a positive family history of IAs or subarachnoid 
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Figure 13  Density map of keywords in rupture risk factors of intracranial aneurysms research.

Figure 14  CiteSpace visualization keywords volcano map of timeline viewer related to the rupture risk factors for intracranial aneurysms.
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Figure 15  Keywords cluster graph of timeline viewer related to the rupture risk factors for intracranial aneurysms.

hemorrhage than in individuals without these comorbidities. In Finland and Japan, the increased incidence of 
subarachnoid hemorrhage cannot be solely accounted for by a higher incidence of UIAs, suggesting an elevated risk of 
aneurysm rupture. The third-ranked paper (strength: 43.49) was published by Greving et al[5] in Lancet Neurology in 2014. 
They conducted a systematic review and pooled analysis of individual patient data from 8382 participants across six 
prospective cohort studies focusing on subarachnoid hemorrhage as the primary outcome. The objective of this study was 
to identify predictors of aneurysm rupture in individuals with UIAs and to develop a risk prediction tool enabling 
healthcare providers to assess the 5-year risk of aneurysm rupture based on routinely evaluated patient and aneurysm 
features. The study concluded that the PHASES score serves as a user-friendly tool for predicting the risk of rupture in 
asymptomatic IAs. The fourth-ranked paper (strength: 34.43) was published by Thompson et al[20] in Stroke in 2015. The 
writing group members conducted systematic literature reviews spanning from January 1977 to June 2014. Additionally, 
they examined current evidence-based guidelines to offer thorough and evidence-supported recommendations for the 
management of individuals with UIAs. Finally, Juvela et al[21] published the article with the fifth-highest citation burst 
(strength: 33.43) in the Journal of Neurosurgery in 2000. The study revealed that cigarette smoking, the size of the UIA, and 
age (inversely) are crucial factors that influence the risk of future aneurysm rupture. The authors recommend surgical 
intervention for such unruptured aneurysms irrespective of their size and the patient’s smoking habits, particularly in 
younger and middle-aged adults, provided that this approach is feasible and that the patient’s comorbidities are not 
contraindicated. For older patients with small aneurysms, smoking cessation could be considered a viable alternative to 
surgery. The citation burstness analysis showed that exploring the different risk factors for IA rupture (such as age, 
smoking status, and hemodynamic parameters) and advocating for proactive surgical interventions (including both 
surgical procedures and endovascular treatments) are essential for mitigating the potential risk of IA rupture.

Limitations
First, the data were exclusively sourced from the WoSCC, as opposed to conducting searches across additional databases 
such as Embase or Scopus. While the WoSCC serves as a widely utilized and extensive online database within the realm 
of scientometrics[39-41], it is plausible that numerous papers pertaining to this subject have been published in journals 
that are not encompassed within the Web of Science. Second, the present scientometric instruments encounter significant 
challenges in concurrently analyzing data from multiple databases. Subsequently, all data were extracted using sciento-
metric tools rather than being manually curated by authors in meta-analyses or systematic review overviews[41-43]. 
Third, the exclusion of non-English publications meant that seminal articles published in languages other than English 
were not considered, leading to a limited number of articles being omitted from the analysis. Finally, potential biases may 
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Figure 16  Representative burst references with the top 50 strongest citation.

be inherent in our findings. For instance, the likelihood of author homonymy remains a concern, as these tools may not 
accurately discern such nuances. These issues could be addressed in the future through advancements in machine 
learning, natural language processing, and data science[44]. Nonetheless, our findings are largely congruent with the 
conclusions drawn from the most recent traditional literature reviews while simultaneously providing scholars with more 
objective data, knowledge, and insights.

CONCLUSION
We used CiteSpace and VOSviewer to analyze the knowledge base and research hotspots on rupture risk factors for IA 
publications in the past decade. The United States contributed the most to IA risk factor-related research, and the Capital 
Medical University produced the most publications. Worldwide, Neurosurgery and Stroke were the most significant journals 
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Figure 17  Representative burst keywords among top 50 references with the strongest citation bursts.

for determining the risk factors for IA rupture. Rinkel Gabriel JE and Wiebers D may have an important influence on this 
field because they published numerous articles and were co-cited in several more publications. Exploring the 
hemodynamic features and emphasizing the importance of preventing IA rupture were recent topics of interest in this 
research. This scientometric review offers a comprehensive understanding of drug-induced liver injury-related public-
ations from 2004 to 2023, which could serve as a reference for researchers in this field. As investigators discover more 
information on rupture risk factors for IAs, we look forward to more targeted treatments and preventive measures to 
reduce the burden of IAs.



Chen JC et al. IAs risk factors bibliometrics

WJCC https://www.wjgnet.com 5401 August 16, 2024 Volume 12 Issue 23

FOOTNOTES
Author contributions: Chen JC contributed to the writing - original draft and investigation; Luo C participated in the formal analysis; Luo 
C and Li Y took part in the methodology; Tan DH contributed to the writing - review & editing and conceptualization.

Supported by Guangdong Provincial Medical Science and Technology Research Fund Project, No. A2024525.

Conflict-of-interest statement: All the authors report no relevant conflicts of interest for this article.

PRISMA 2009 Checklist statement: The authors have read the PRISMA 2009 Checklist, and the manuscript was prepared and revised 
according to the PRISMA 2009 Checklist.

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: Jun-Chen Chen 0000-0001-9922-1986; Cheng Luo 0000-0002-1762-1159; Yong Li 0000-0002-6640-883X; Dian-Hui Tan 0000-
0002-5624-3170.

S-Editor: Wang JJ 
L-Editor: A 
P-Editor: Cai YX

REFERENCES
1 van Gijn J, Kerr RS, Rinkel GJ. Subarachnoid haemorrhage. Lancet 2007; 369: 306-318 [PMID: 17258671 DOI: 

10.1016/S0140-6736(07)60153-6]
2 Vlak MH, Algra A, Brandenburg R, Rinkel GJ. Prevalence of unruptured intracranial aneurysms, with emphasis on sex, age, comorbidity, 

country, and time period: a systematic review and meta-analysis. Lancet Neurol 2011; 10: 626-636 [PMID: 21641282 DOI: 
10.1016/S1474-4422(11)70109-0]

3 Nieuwkamp DJ, Setz LE, Algra A, Linn FH, de Rooij NK, Rinkel GJ. Changes in case fatality of aneurysmal subarachnoid haemorrhage over 
time, according to age, sex, and region: a meta-analysis. Lancet Neurol 2009; 8: 635-642 [PMID: 19501022 DOI: 
10.1016/S1474-4422(09)70126-7]

4 Kleinloog R, de Mul N, Verweij BH, Post JA, Rinkel GJE, Ruigrok YM. Risk Factors for Intracranial Aneurysm Rupture: A Systematic 
Review. Neurosurgery 2018; 82: 431-440 [PMID: 28498930 DOI: 10.1093/neuros/nyx238]

5 Greving JP, Wermer MJ, Brown RD Jr, Morita A, Juvela S, Yonekura M, Ishibashi T, Torner JC, Nakayama T, Rinkel GJ, Algra A. 
Development of the PHASES score for prediction of risk of rupture of intracranial aneurysms: a pooled analysis of six prospective cohort 
studies. Lancet Neurol 2014; 13: 59-66 [PMID: 24290159 DOI: 10.1016/S1474-4422(13)70263-1]

6 Han P, Jin D, Wei W, Song C, Leng X, Liu L, Yu J, Li X. The prognostic effects of hemodynamic parameters on rupture of intracranial 
aneurysm: A systematic review and meta-analysis. Int J Surg 2021; 86: 15-23 [PMID: 33444872 DOI: 10.1016/j.ijsu.2020.12.012]

7 Shu Z, Chen S, Wang W, Qiu Y, Yu Y, Lyu N, Wang C. Machine Learning Algorithms for Rupture Risk Assessment of Intracranial 
Aneurysms: A Diagnostic Meta-Analysis. World Neurosurg 2022; 165: e137-e147 [PMID: 35690311 DOI: 10.1016/j.wneu.2022.05.117]

8 Guo Y, Guo XM, Zhao K, Yang MF. Aspirin and growth, rupture of unruptured intracranial aneurysms: A systematic review and meta-
analysis. Clin Neurol Neurosurg 2021; 209: 106949 [PMID: 34562772 DOI: 10.1016/j.clineuro.2021.106949]

9 Bebis G, Levy D, Rockne R, Lima EABDF, Benos PV. Editorial: Advances in Mathematical and Computational Oncology. Front Physiol 
2022; 13: 889198 [PMID: 35464082 DOI: 10.3389/fphys.2022.889198]

10 Osareh F. Bibliometrics, Citation Analysis and Co-Citation Analysis: A Review of Literature I. Libri 1996; 46: 149-158 [DOI: 
10.1515/libr.1996.46.3.149]

11 Ellegaard O, Wallin JA. The bibliometric analysis of scholarly production: How great is the impact? Scientometrics 2015; 105: 1809-1831 
[PMID: 26594073 DOI: 10.1007/s11192-015-1645-z]

12 Chen C. Science Mapping: A Systematic Review of the Literature. J Data Inf Sci 2017; 2: 1-40 [DOI: 10.1515/jdis-2017-0006]
13 van Eck NJ, Waltman L. Software survey: VOSviewer, a computer program for bibliometric mapping. Scientometrics 2010; 84: 523-538 

[PMID: 20585380 DOI: 10.1007/s11192-009-0146-3]
14 Synnestvedt MB. Enriching knowledge domain visualizations: analysis of a record linkage and information fusion approach to citation data. 

AMIA Annu Symp Proc 2007; 2007: 711-715 [PMID: 18693929]
15 Chen C. Searching for intellectual turning points: progressive knowledge domain visualization. Proc Natl Acad Sci U S A 2004; 101 Suppl 1: 

5303-5310 [PMID: 14724295 DOI: 10.1073/pnas.0307513100]
16 Chen C, Song M. Visualizing a field of research: A methodology of systematic scientometric reviews. PLoS One 2019; 14: e0223994 [PMID: 

31671124 DOI: 10.1371/journal.pone.0223994]
17 Chen C, Leydesdorff L. Patterns of connections and movements in dual‐map overlays: A new method of publication portfolio analysis. J Asso 

Inf Sci Tech 2014; 65: 334-351 [DOI: 10.1002/asi.22968]
UCAS Japan Investigators, Morita A, Kirino T, Hashi K, Aoki N, Fukuhara S, Hashimoto N, Nakayama T, Sakai M, Teramoto A, Tominari 
S, Yoshimoto T. The natural course of unruptured cerebral aneurysms in a Japanese cohort. N Engl J Med 2012; 366: 2474-2482 [PMID: 

18

https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0000-0001-9922-1986
http://orcid.org/0000-0001-9922-1986
http://orcid.org/0000-0002-1762-1159
http://orcid.org/0000-0002-1762-1159
http://orcid.org/0000-0002-6640-883X
http://orcid.org/0000-0002-6640-883X
http://orcid.org/0000-0002-5624-3170
http://orcid.org/0000-0002-5624-3170
http://orcid.org/0000-0002-5624-3170
http://www.ncbi.nlm.nih.gov/pubmed/17258671
https://dx.doi.org/10.1016/S0140-6736(07)60153-6
http://www.ncbi.nlm.nih.gov/pubmed/21641282
https://dx.doi.org/10.1016/S1474-4422(11)70109-0
http://www.ncbi.nlm.nih.gov/pubmed/19501022
https://dx.doi.org/10.1016/S1474-4422(09)70126-7
http://www.ncbi.nlm.nih.gov/pubmed/28498930
https://dx.doi.org/10.1093/neuros/nyx238
http://www.ncbi.nlm.nih.gov/pubmed/24290159
https://dx.doi.org/10.1016/S1474-4422(13)70263-1
http://www.ncbi.nlm.nih.gov/pubmed/33444872
https://dx.doi.org/10.1016/j.ijsu.2020.12.012
http://www.ncbi.nlm.nih.gov/pubmed/35690311
https://dx.doi.org/10.1016/j.wneu.2022.05.117
http://www.ncbi.nlm.nih.gov/pubmed/34562772
https://dx.doi.org/10.1016/j.clineuro.2021.106949
http://www.ncbi.nlm.nih.gov/pubmed/35464082
https://dx.doi.org/10.3389/fphys.2022.889198
https://dx.doi.org/10.1515/libr.1996.46.3.149
http://www.ncbi.nlm.nih.gov/pubmed/26594073
https://dx.doi.org/10.1007/s11192-015-1645-z
https://dx.doi.org/10.1515/jdis-2017-0006
http://www.ncbi.nlm.nih.gov/pubmed/20585380
https://dx.doi.org/10.1007/s11192-009-0146-3
http://www.ncbi.nlm.nih.gov/pubmed/18693929
http://www.ncbi.nlm.nih.gov/pubmed/14724295
https://dx.doi.org/10.1073/pnas.0307513100
http://www.ncbi.nlm.nih.gov/pubmed/31671124
https://dx.doi.org/10.1371/journal.pone.0223994
https://dx.doi.org/10.1002/asi.22968


Chen JC et al. IAs risk factors bibliometrics

WJCC https://www.wjgnet.com 5402 August 16, 2024 Volume 12 Issue 23

22738097 DOI: 10.1056/NEJMoa1113260]
19 Chen C. CiteSpace II: Detecting and visualizing emerging trends and transient patterns in scientific literature. J Am Soc Inf Sci Tec 2006; 57: 

359-377 [DOI: 10.1002/asi.20317]
20 Thompson BG, Brown RD Jr, Amin-Hanjani S, Broderick JP, Cockroft KM, Connolly ES Jr, Duckwiler GR, Harris CC, Howard VJ, Johnston 

SC, Meyers PM, Molyneux A, Ogilvy CS, Ringer AJ, Torner J; American Heart Association Stroke Council, Council on Cardiovascular and 
Stroke Nursing, and Council on Epidemiology and Prevention;  American Heart Association;  American Stroke Association. Guidelines for the 
Management of Patients With Unruptured Intracranial Aneurysms: A Guideline for Healthcare Professionals From the American Heart 
Association/American Stroke Association. Stroke 2015; 46: 2368-2400 [PMID: 26089327 DOI: 10.1161/STR.0000000000000070]

21 Juvela S, Porras M, Poussa K. Natural history of unruptured intracranial aneurysms: probability of and risk factors for aneurysm rupture. J 
Neurosurg 2000; 93: 379-387 [PMID: 10969934 DOI: 10.3171/jns.2000.93.3.0379]

22 Meng H, Tutino VM, Xiang J, Siddiqui A. High WSS or low WSS? Complex interactions of hemodynamics with intracranial aneurysm 
initiation, growth, and rupture: toward a unifying hypothesis. AJNR Am J Neuroradiol 2014; 35: 1254-1262 [PMID: 23598838 DOI: 
10.3174/ajnr.A3558]

23 Connolly ES Jr, Rabinstein AA, Carhuapoma JR, Derdeyn CP, Dion J, Higashida RT, Hoh BL, Kirkness CJ, Naidech AM, Ogilvy CS, Patel 
AB, Thompson BG, Vespa P; American Heart Association Stroke Council;  Council on Cardiovascular Radiology and Intervention;  Council 
on Cardiovascular Nursing;  Council on Cardiovascular Surgery and Anesthesia;  Council on Clinical Cardiology. Guidelines for the 
management of aneurysmal subarachnoid hemorrhage: a guideline for healthcare professionals from the American Heart Association/american 
Stroke Association. Stroke 2012; 43: 1711-1737 [PMID: 22556195 DOI: 10.1161/STR.0b013e3182587839]

24 Etminan N, Chang HS, Hackenberg K, de Rooij NK, Vergouwen MDI, Rinkel GJE, Algra A. Worldwide Incidence of Aneurysmal 
Subarachnoid Hemorrhage According to Region, Time Period, Blood Pressure, and Smoking Prevalence in the Population: A Systematic 
Review and Meta-analysis. JAMA Neurol 2019; 76: 588-597 [PMID: 30659573 DOI: 10.1001/jamaneurol.2019.0006]

25 Juvela S, Poussa K, Lehto H, Porras M. Natural history of unruptured intracranial aneurysms: a long-term follow-up study. Stroke 2013; 44: 
2414-2421 [PMID: 23868274 DOI: 10.1161/STROKEAHA.113.001838]

26 Brinjikji W, Zhu YQ, Lanzino G, Cloft HJ, Murad MH, Wang Z, Kallmes DF. Risk Factors for Growth of Intracranial Aneurysms: A 
Systematic Review and Meta-Analysis. AJNR Am J Neuroradiol 2016; 37: 615-620 [PMID: 26611992 DOI: 10.3174/ajnr.A4575]

27 Ćmiel-Smorzyk K, Ładziński P, Kaspera W. Biology, Physics and Genetics of Intracranial Aneurysm Formation: A Review. J Neurol Surg A 
Cent Eur Neurosurg 2022 [PMID: 36482003 DOI: 10.1055/a-1994-8560]

28 Medetov Y, Babi A, Makhambetov Y, Menlibayeva K, Bex T, Kaliyev A, Akshulakov S. Risk factors for aneurysm rupture among Kazakhs: 
findings from a national tertiary. BMC Neurol 2022; 22: 357 [PMID: 36127629 DOI: 10.1186/s12883-022-02892-y]

29 Darkwah Oppong M, Pierscianek D, Ahmadipour Y, Dinger TF, Dammann P, Wrede KH, Özkan N, Müller O, Sure U, Jabbarli R. 
Intraoperative Aneurysm Rupture During Microsurgical Clipping: Risk Re-evaluation in the Post-International Subarachnoid Aneurysm Trial 
Era. World Neurosurg 2018; 119: e349-e356 [PMID: 30059784 DOI: 10.1016/j.wneu.2018.07.158]

30 Southerland AM, Green IE, Worrall BB. Cerebral aneurysms and cervical artery dissection: Neurological complications and genetic 
associations. Handb Clin Neurol 2021; 177: 241-251 [PMID: 33632443 DOI: 10.1016/B978-0-12-819814-8.00033-0]

31 Giotta Lucifero A, Baldoncini M, Bruno N, Galzio R, Hernesniemi J, Luzzi S. Shedding the Light on the Natural History of Intracranial 
Aneurysms: An Updated Overview. Medicina (Kaunas) 2021; 57 [PMID: 34440948 DOI: 10.3390/medicina57080742]

32 Perera R, Isoda H, Ishiguro K, Mizuno T, Takehara Y, Terada M, Tanoi C, Naito T, Sakahara H, Hiramatsu H, Namba H, Izumi T, 
Wakabayashi T, Kosugi T, Onishi Y, Alley M, Komori Y, Ikeda M, Naganawa S. Assessing the Risk of Intracranial Aneurysm Rupture Using 
Morphological and Hemodynamic Biomarkers Evaluated from Magnetic Resonance Fluid Dynamics and Computational Fluid Dynamics. 
Magn Reson Med Sci 2020; 19: 333-344 [PMID: 31956175 DOI: 10.2463/mrms.mp.2019-0107]

33 Tian Z, Li X, Wang C, Feng X, Sun K, Tu Y, Su H, Yang X, Duan C. Association Between Aneurysmal Hemodynamics and Rupture Risk of 
Unruptured Intracranial Aneurysms. Front Neurol 2022; 13: 818335 [PMID: 35528737 DOI: 10.3389/fneur.2022.818335]

34 Kataoka H, Yagi T, Ikedo T, Imai H, Kawamura K, Yoshida K, Nakamura M, Aoki T, Miyamoto S. Hemodynamic and Histopathological 
Changes in the Early Phase of the Development of an Intracranial Aneurysm. Neurol Med Chir (Tokyo) 2020; 60: 319-328 [PMID: 32536660 
DOI: 10.2176/nmc.st.2020-0072]

35 Shen Y, Molenberg R, Bokkers RPH, Wei Y, Uyttenboogaart M, van Dijk JMC. The Role of Hemodynamics through the Circle of Willis in 
the Development of Intracranial Aneurysm: A Systematic Review of Numerical Models. J Pers Med 2022; 12 [PMID: 35743791 DOI: 
10.3390/jpm12061008]

36 Adamou A, Alexandrou M, Roth C, Chatziioannou A, Papanagiotou P. Endovascular Treatment of Intracranial Aneurysms. Life (Basel) 2021; 
11 [PMID: 33920264 DOI: 10.3390/life11040335]

37 Olthuis SGH, Pirson FAV, Pinckaers FME, Hinsenveld WH, Nieboer D, Ceulemans A, Knapen RRMM, Robbe MMQ, Berkhemer OA, van 
Walderveen MAA, Lycklama À Nijeholt GJ, Uyttenboogaart M, Schonewille WJ, van der Sluijs PM, Wolff L, van Voorst H, Postma AA, 
Roosendaal SD, van der Hoorn A, Emmer BJ, Krietemeijer MGM, van Doormaal PJ, Roozenbeek B, Goldhoorn RB, Staals J, de Ridder IR, 
van der Leij C, Coutinho JM, van der Worp HB, Lo RTH, Bokkers RPH, van Dijk EI, Boogaarts HD, Wermer MJH, van Es ACGM, van Tuijl 
JH, Kortman HGJ, Gons RAR, Yo LSF, Vos JA, de Laat KF, van Dijk LC, van den Wijngaard IR, Hofmeijer J, Martens JM, Brouwers PJAM, 
Bulut T, Remmers MJM, de Jong TEAM, den Hertog HM, van Hasselt BAAM, Rozeman AD, Elgersma OEH, van der Veen B, Sudiono DR, 
Lingsma HF, Roos YBWEM, Majoie CBLM, van der Lugt A, Dippel DWJ, van Zwam WH, van Oostenbrugge RJ; MR CLEAN-LATE 
investigators. Endovascular treatment versus no endovascular treatment after 6-24 h in patients with ischaemic stroke and collateral flow on CT 
angiography (MR CLEAN-LATE) in the Netherlands: a multicentre, open-label, blinded-endpoint, randomised, controlled, phase 3 trial. 
Lancet 2023; 401: 1371-1380 [PMID: 37003289 DOI: 10.1016/S0140-6736(23)00575-5]

38 Ries T, Groden C. Endovascular treatment of intracranial aneurysms: long-term stability, risk factors for recurrences, retreatment and follow-
up. Klin Neuroradiol 2009; 19: 62-72 [PMID: 19636679 DOI: 10.1007/s00062-009-8032-1]

39 Miao Y, Zhang Y, Yin L. Trends in hepatocellular carcinoma research from 2008 to 2017: a bibliometric analysis. PeerJ 2018; 6: e5477 
[PMID: 30128213 DOI: 10.7717/peerj.5477]

40 Gao Y, Shi S, Ma W, Chen J, Cai Y, Ge L, Li L, Wu J, Tian J. Bibliometric analysis of global research on PD-1 and PD-L1 in the field of 
cancer. Int Immunopharmacol 2019; 72: 374-384 [PMID: 31030093 DOI: 10.1016/j.intimp.2019.03.045]

41 Ke L, Lu C, Shen R, Lu T, Ma B, Hua Y. Knowledge Mapping of Drug-Induced Liver Injury: A Scientometric Investigation (2010-2019). 
Front Pharmacol 2020; 11: 842 [PMID: 32581801 DOI: 10.3389/fphar.2020.00842]

http://www.ncbi.nlm.nih.gov/pubmed/22738097
https://dx.doi.org/10.1056/NEJMoa1113260
https://dx.doi.org/10.1002/asi.20317
http://www.ncbi.nlm.nih.gov/pubmed/26089327
https://dx.doi.org/10.1161/STR.0000000000000070
http://www.ncbi.nlm.nih.gov/pubmed/10969934
https://dx.doi.org/10.3171/jns.2000.93.3.0379
http://www.ncbi.nlm.nih.gov/pubmed/23598838
https://dx.doi.org/10.3174/ajnr.A3558
http://www.ncbi.nlm.nih.gov/pubmed/22556195
https://dx.doi.org/10.1161/STR.0b013e3182587839
http://www.ncbi.nlm.nih.gov/pubmed/30659573
https://dx.doi.org/10.1001/jamaneurol.2019.0006
http://www.ncbi.nlm.nih.gov/pubmed/23868274
https://dx.doi.org/10.1161/STROKEAHA.113.001838
http://www.ncbi.nlm.nih.gov/pubmed/26611992
https://dx.doi.org/10.3174/ajnr.A4575
http://www.ncbi.nlm.nih.gov/pubmed/36482003
https://dx.doi.org/10.1055/a-1994-8560
http://www.ncbi.nlm.nih.gov/pubmed/36127629
https://dx.doi.org/10.1186/s12883-022-02892-y
http://www.ncbi.nlm.nih.gov/pubmed/30059784
https://dx.doi.org/10.1016/j.wneu.2018.07.158
http://www.ncbi.nlm.nih.gov/pubmed/33632443
https://dx.doi.org/10.1016/B978-0-12-819814-8.00033-0
http://www.ncbi.nlm.nih.gov/pubmed/34440948
https://dx.doi.org/10.3390/medicina57080742
http://www.ncbi.nlm.nih.gov/pubmed/31956175
https://dx.doi.org/10.2463/mrms.mp.2019-0107
http://www.ncbi.nlm.nih.gov/pubmed/35528737
https://dx.doi.org/10.3389/fneur.2022.818335
http://www.ncbi.nlm.nih.gov/pubmed/32536660
https://dx.doi.org/10.2176/nmc.st.2020-0072
http://www.ncbi.nlm.nih.gov/pubmed/35743791
https://dx.doi.org/10.3390/jpm12061008
http://www.ncbi.nlm.nih.gov/pubmed/33920264
https://dx.doi.org/10.3390/life11040335
http://www.ncbi.nlm.nih.gov/pubmed/37003289
https://dx.doi.org/10.1016/S0140-6736(23)00575-5
http://www.ncbi.nlm.nih.gov/pubmed/19636679
https://dx.doi.org/10.1007/s00062-009-8032-1
http://www.ncbi.nlm.nih.gov/pubmed/30128213
https://dx.doi.org/10.7717/peerj.5477
http://www.ncbi.nlm.nih.gov/pubmed/31030093
https://dx.doi.org/10.1016/j.intimp.2019.03.045
http://www.ncbi.nlm.nih.gov/pubmed/32581801
https://dx.doi.org/10.3389/fphar.2020.00842


Chen JC et al. IAs risk factors bibliometrics

WJCC https://www.wjgnet.com 5403 August 16, 2024 Volume 12 Issue 23

42 Nugent SM, Morasco BJ, O'Neil ME, Freeman M, Low A, Kondo K, Elven C, Zakher B, Motu'apuaka M, Paynter R, Kansagara D. The 
Effects of Cannabis Among Adults With Chronic Pain and an Overview of General Harms: A Systematic Review. Ann Intern Med 2017; 167: 
319-331 [PMID: 28806817 DOI: 10.7326/M17-0155]

43 Pan B, Ge L, Xun YQ, Chen YJ, Gao CY, Han X, Zuo LQ, Shan HQ, Yang KH, Ding GW, Tian JH. Exercise training modalities in patients 
with type 2 diabetes mellitus: a systematic review and network meta-analysis. Int J Behav Nutr Phys Act 2018; 15: 72 [PMID: 30045740 DOI: 
10.1186/s12966-018-0703-3]

44 Kehl KL, Elmarakeby H, Nishino M, Van Allen EM, Lepisto EM, Hassett MJ, Johnson BE, Schrag D. Assessment of Deep Natural Language 
Processing in Ascertaining Oncologic Outcomes From Radiology Reports. JAMA Oncol 2019; 5: 1421-1429 [PMID: 31343664 DOI: 
10.1001/jamaoncol.2019.1800]

http://www.ncbi.nlm.nih.gov/pubmed/28806817
https://dx.doi.org/10.7326/M17-0155
http://www.ncbi.nlm.nih.gov/pubmed/30045740
https://dx.doi.org/10.1186/s12966-018-0703-3
http://www.ncbi.nlm.nih.gov/pubmed/31343664
https://dx.doi.org/10.1001/jamaoncol.2019.1800


WJCC https://www.wjgnet.com 5404 August 16, 2024 Volume 12 Issue 23

World Journal of 

Clinical CasesW J C C
Submit a Manuscript: https://www.f6publishing.com World J Clin Cases 2024 August 16; 12(23): 5404-5409

DOI: 10.12998/wjcc.v12.i23.5404 ISSN 2307-8960 (online)

CASE REPORT

Necrolytic migratory erythema caused by pancreatic hyperglycemia 
with emphasis on therapeutic and prognosis: A case report

Shi-Ping Zhan

Specialty type: Dermatology

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 B 
Creativity or Innovation: Grade B 
Scientific Significance: Grade B

P-Reviewer: Bosevski M

Received: April 8, 2024 
Revised: May 10, 2024 
Accepted: June 13, 2024 
Published online: August 16, 2024 
Processing time: 87 Days and 20.6 
Hours

Shi-Ping Zhan, Department of Dermatology, General Hospital of the Yangtze River Shipping, 
Wuhan Brain Hospital, Wuhan 430000, Hubei Province, China

Corresponding author: Shi-Ping Zhan, MMed, Doctor, Department of Dermatology, General 
Hospital of the Yangtze River Shipping, Wuhan Brain Hospital, No. 5 Huiji Road, Jiang'an 
District, Wuhan 430000, Hubei Province, China. 15271841071@163.com

Abstract
BACKGROUND 
With the incidence of pancreatic diseases increasing year by year, pancreatic 
hyperglycemia, as one of the common complications, is gradually gaining atten-
tion for its impact on the skin health of patients.

CASE SUMMARY 
This was the case of an elderly female with clinical manifestations of necrolytic 
migratory erythema, “three more and one less,” diabetes mellitus, hypertension, 
anemia, hypoproteinemia, and other syndromes, which had been misdiagnosed 
as eczema. Abdominal computed tomography showed a pancreatic caudal space-
occupying lesion, and the magnetic resonance scanning of the epigastric region 
with dynamic enhancement and diffusion-weighted imaging suggested a tumor 
of the pancreatic tail, which was considered to be a neuroendocrine tumor or 
cystadenoma. The patient was referred to a more equipped hospital for laparo-
scopic pancreatic tail resection. Post-surgery diagnosis revealed a neuroendocrine 
tumor in the tail of the pancreas. To date, the patient’s general condition is good, 
and she is still under close follow-up.

CONCLUSION 
Necrolytic migratory erythema can be induced by endocrine system tumors or 
endocrine metabolic abnormalities, with complex clinical manifestations, difficult 
diagnosis, and easy misdiagnosis by dermatologists. The initial treatment prin-
ciples in dermatology include symptomatic supportive therapy and effective 
drugs to relieve skin lesions. After clarifying the etiology of glucagonoma, 
comprehensive treatment in collaboration with endocrinologists, general 
surgeons, and oncologists can help provide individualized treatment for patients 
and improve their prognosis.

Key Words: Glucagonoma; Necrolytic loosening of wandering erythema; Treatment; 
Prognosis
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Core Tip: This report presented a case of necrolytic migratory erythema, a rare skin condition triggered by pancreatic 
hyperglycemia. Here, we highlighted the diagnostic challenges, therapeutic strategies, and prognostic considerations in the 
management of this complex disease.
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INTRODUCTION
The core presentation of necrolytic migratory erythema (NME) is intermittent episodes of erythema, plaques, and papules 
with hyperpigmentation, most often circumscribed[1]. It can be triggered by various diseases, such as enteropathic acral 
dermatitis, and skin disorders such as severe drug rash, pancreatic glucagonoma (GCGN), hepatitis B, and cholangiocar-
cinoma. NME is the first and specific skin lesion manifestation of GCGN (a tumor of pancreatic islet A cells), with an 
incidence of 68%-90%[2]. Both are known as GCGN syndrome, which is extremely rare clinically, with an incidence of 
about 1/2000000000 people[3]. Therefore, the pathophysiology of this disease is poorly understood, and misdiagnosis is 
frequent despite the specific symptoms of NME, perioral inflammation/linguitis, diabetes mellitus, and anemia.

Most patients diagnosed with GCGN having NME have distant metastases and poor prognosis, with a median survival 
of 3-7 years[4]. Therefore, it is crucial to enhance the clinical understanding of GCGN and NME, to screen and diagnose 
the disease at an early stage, to accept surgical treatment before distant metastasis, and to improve the prognosis of the 
patients. This study presents a case of GCGN with NME admitted to the Department of Dermatology of Wuhan Brain 
Hospital, Yangtze River Shipping General Hospital to elucidate the key points of diagnosis, treatment, and prognosis and 
to deepen the understanding of this disease.

CASE PRESENTATION
Chief complaints
A 77-year-old female was admitted to the Department of Dermatology of our hospital on April 26, 2022 for erythema of 
the trunk and limbs and dandruff with itching for half a year.

History of present illness
Six months prior, the patient had migratory erythema with itching without any obvious triggers, which was concentrated 
in the lower limbs, buttocks, shoulders, back, waist, and abdomen but did not yet involve the face. It was initially charac-
terized by irregular erythema, with some of the erythema bulging around to form a ring or a map and showed dark red 
pigmentation after scratching, ulceration, scabbing, and healing. She was administered topical medication (e.g., a 
medication to treat the skin) by local hospitals. She had been treated with topical medication (specific name and dosage 
unknown) in a local hospital for eczema. The rash was reduced, but the lesions were still recurring after discontinuation 
of the medication. Thus, she consulted the Department of Dermatology of our hospital.

History of past illness
The patient’s medical history revealed that she had hypertension for > 40 years that was controlled by oral antihyper-
tensive drugs. She was diagnosed with type 2 diabetes mellitus 5 years prior to admission that was controlled by oral 
metformin, control. The admission diagnosis was eczema, type 2 diabetes, and hypertension grade 3 (very high risk).

Personal and family history
The patient denied any family history of malignant tumors.

Physical examination
Vital signs included: Temperature of 36.3 °C; pulse 90 beats/minute; respiration 19/minute; and blood pressure 113/78 
mmHg. Physical examination revealed clear, automatic position, neck soft, jugular vein was not furious, the hepatic 
jugular venous reflux sign was negative, normal respiratory sounds of the lungs, no dry and wet rales, the heart 
boundary was not big, heart rhythm was neat, and no murmur. The abdomen was soft, the liver and spleen were not 
palpable under the ribs, there was no percussion pain in either kidney, and there was mildly depressed edema below 
both knees.

https://www.wjgnet.com/2307-8960/full/v12/i23/5404.htm
https://dx.doi.org/10.12998/wjcc.v12.i23.5404
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Figure 1 Clinical manifestations of the skin lesions at different sites. A: Bilateral lower limbs; B: Buttocks; C: Lumbar abdomen; D: Back of the shoulder.

The back of the shoulders, waist and abdomen, buttocks, and limbs had large patches of dark erythema, in the form of 
rings and maps, raised around the erythema. They had clear boundaries, on which were scattered dander and dark red 
scabs. The lower limbs had erythema based on dense scratches and scabs, no obvious ulceration or oozing, no blisters, 
nodules, etc, and some of the erythema centers faded, leaving hyperpigmentation (Figure 1).

Laboratory examinations
Random blood glucose was 9.9 mmol/L, and blood ketones were 0.1 mmol/L. Routine blood examination revealed: 
Lymphocyte percentage 15.70% (down); lymphocyte count 0.80 × 109/L (down); erythrocytes 3.17 × 1012/L (down); 
hemoglobin concentration 95 g/L (down); erythrocyte pressure 30.0% (down); and average hemoglobin concentration 
315.00 g/L (down). The fasting blood glucose was 7.27 mmol/L (up). Diabetes test revealed: C-peptide 14.97 ng/mL (up); 
and serum insulin 108.40 μU/mL (up). Electrolytes were: Potassium 3.49 mmol/L (down). Lipid profile results were: 
Triglycerides 1.72 mmol/L (up); and high-density lipoprotein cholesterol 0.83 mmol/L (down). The renal function profile 
showed: Uric acid 404 μmol/ L(up); and glomerular filtration rate 79 mL/min(down). Six liver functions were: Total 
protein 61.40 g/L (down); albumin 37.80 g/L (down); and aspartate aminotransferase 12.30 U/L (down). Coagulation 
function, an immunity three, heart attack three, glycated hemoglobin, and calcitonin showed no significant abnormalities. 
C-reactive protein was 18.4 mg/L (up), D-dimer was 1.53 mg/L (up), and B-type natriuretic peptide was 415.6 ρg/mL 
(up). Blood sedimentation and urinary and fecal routines revealed no significant abnormalities.

Imaging examinations
Electrocardiogram revealed sinus rhythm and atrial premature beats. Chest computed tomography (CT) scanning 
revealed thickening of the tail of the pancreatic body and uneven density, leading to the possibility of pancreatic body tail 
occupancy. Fungal microscopy (buttocks, calves, and back dermatomes) were all negative. Epigastric magnetic resonance 
imaging (MRI) with dynamic enhancement and diffusion-weighted imaging (DWI) revealed a pancreatic tail mass of low-
signal T1WI, low T2WI iso-low mixed signals, of approximately 2.77 cm × 2.86 cm, having clear borders. The DWI was a 
high signal, and the apparent diffusion coefficient map was a low signal. Pancreatic tail tumor was visualized (Figure 2; 
possible neuroendocrine tumor or cystadenoma).

FINAL DIAGNOSIS
Combined with the patient’s medical history, the final diagnosis was NME.

TREATMENT
Antihistamine, antiallergic, and local physical therapy were administered during hospitalization. When the patient’s skin 
lesions improved significantly, she was discharged from the hospital and transferred to a higher-level hospital. 
Carbohydrate antigen 125 was 6.2 U/mL (normal value: 0.1-27.0 U/mL), and neuron-specific enolase was 14.63 μg/L 
(normal value: < 16.3 μg/L). Laparoscopic resection of the pancreatic tail lesion was performed after stabilization of the 
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Figure 2 Magnetic resonance sweep + dynamic enhancement + diffusion-weighted imaging of epigastric pain. A: T1-weighted image; B: T2-
weighted image; C: Magnetic resonance enhanced image; D: Diffusion-weighted imaging.

condition, and postoperative pancreatic pathology was performed. The macroscopic view revealed a pancreatic tissue of 
10.8 cm × 5.5 cm × 2.7 cm, and there was a 3.5 cm × 3.5 cm × 2.7 cm pancreas 3.3 cm away from the cut edge of the 
pancreas. There was a 3.5 cm × 3.0 cm × 2.8 cm grayish-white mass in the pancreas, grayish-white on the cut surface, 
hard, and no lymph nodes were detected in the splenic hilum. Immunohistochemical staining showed tumor cells: PCK 
(+); CD56 (+); CgA (+); Syn (+); Ki67 (LI: 4%); β-Catenin (plasma +); BCL10 (-); and Chymotrypsin (-). This was consistent 
with a neuroendocrine tumor in the tail of the pancreatic body (NET, G2). One week postoperatively, the patient’s rash 
had largely subsided, and at 2 wk postoperatively, the patient’s glucagon level had decreased.

OUTCOME AND FOLLOW-UP
At present, the patient’s general condition is satisfactory, and she is under regular close follow-up.

DISCUSSION
NME was officially named by Wilkinson in 1973, initially as a specific skin lesion of GCGN. In 1979, Mallinson referred to 
GCGN and its associated series of syndromes (including NME, diabetes mellitus, anemia, and perioral inflammation/
tongue inflammation) as GCGN syndrome. In this study, we reported a case of an elderly female who initially presented 
to our dermatology department with NME and was subsequently diagnosed with GCGN with NME.

We searched the relevant literature to summarize the key points of diagnosis, treatment, and prognosis of GCGN with 
NME as follows. The patient was admitted to the dermatology department of our hospital because of erythema on the 
trunk and limbs, which was concentrated on the lower limbs, buttocks, back of the shoulders, waist, and abdomen. It was 
initially characterized by irregular erythema, with the surrounding elevation in the form of a ring or a map, which was 
scratched, ulcerated, scabbed, and healed to show a dark reddish pigmentation. She also presented with typical diabetic 
manifestations such as dry mouth, polydipsia, polyuria, and weight loss.

Her medical history revealed type 2 diabetes mellitus for 5 years and hypertension for more than 40 years (grade 3, 
very high risk). According to the laboratory results, the erythrocyte pressure volume and erythrocytes were reduced, 
suggesting anemia. A hemoglobin concentration of 95 g/L suggests a mild degree of anemia, while an average 
hemoglobin concentration of < 320 g/L suggests small-cell hypopigmented anemia. The average hemoglobin concen-
tration was < 320 g/L, suggesting microcytic hypopigmented anemia. This type of anemia has many causes, including 
cancer, iron deficiency, abnormal iron metabolism, chronic bleeding, and hemorrhoids. The appearance of skin lesions 
after anemia is clinically common.

A potassium level of 3.49 mmol/L suggests that the body is mildly hypokalemic, which is mainly related to decreased 
oral intake, increased release of total immunoreactive insulin, loss of potassium in the digestive tract, frequent vomiting 
and diarrhea, and loss of potassium in the urine. This reasons typically do not cause skin lesions. However, diabetes and 
diarrhea are secondary symptoms of GCGN, which cannot be excluded as a result of diabetes or diarrhea induced by 
GCGN.

Liver function, total protein, albumin, and aspartate aminotransferase decreased, suggesting hepatocellular damage or 
malnutrition. Common causes include malignant tumors, liver disease, renal disease, nutrition, and absorption disorders. 
Among them, albumin, as the main carrier of electrolytes and essential amino acids, will reduce the level of fatty acids, 
electrolytes, and other nutrient transfer, which will lead to the depletion of epidermal proteins and necrolysis and then 
NME.

In addition, it was also found that the patient had reduced renal function and inflammation, which may have led to the 
accumulation of waste, which can stimulate the skin to induce itchiness. The formation of NME and inflammation can 
lead to dysregulation of the immune system.
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Moreover, the insulin and C-peptide release test suggested that the patient was in an early stage of type 2 diabetes 
mellitus, which was a non-insulin-dependent type. Her blood glucose could be effectively controlled by dietary 
interventions and the oral administration of metformin glucose-lowering drugs. However, because GCGN tumor cells 
independently secrete more glucagon to raise blood glucose, it further stimulated B cells to release insulin. Due to the 
antagonistic effect, the body’s blood glucose rise was not obvious, and it could have also manifested as early diabetes 
mellitus. Therefore, clinicians often misdiagnose GCGN as type 2 diabetes mellitus. According to the diagnostic criteria of 
GCGN agreed upon by several scholars in the past, we must focus on monitoring the glucagon level and consider the 
possibility of GCGN if it is > 1000 ng/L.

Further, imaging examinations are necessary to find the thickening and uneven density of the tail of the pancreatic 
body. In this case, further imaging examination was applied, and the thickening and uneven density of the tail of the 
pancreatic body was found in the chest CT scan. The possibility of pancreatic tail occupation was considered. Further 
improvement of the upper abdomen MRI with dynamic enhancement and DWI showed that the tail of the pancreatic 
body was a mass of T1WI low-signal and T2WI iso-low mixed signals. The size of the mass was about 2.77 cm × 2.86 cm, 
with poorly defined borders, and inhomogeneous enhancement, suggesting that it was a tumor of the tail of the 
pancreatic body, and a neuroendocrine tumor or cystadenoma should be considered.

Based on the clinical symptoms and medical history, physical and dermatological examinations, and laboratory and 
imaging evidence, a preliminary diagnosis of GCGN with NME was made at our hospital. Due to the limitations of the 
hospital, the patient was referred to a higher-level hospital to improve the examination after the symptomatic treatment 
of itching and rash symptoms was relieved to enable the patient to receive timely treatment.

The additional tumor marker test and positron emission tomography/MRI of growth inhibitory receptors were 
considered to be positive lesions of growth inhibitory receptors, and neuroendocrine neoplasia was considered to be a 
positive lesion of the neuroendocrine receptor. Receptor-positive lesions, the possibility of neuroendocrine tumors, and 
laparoscopic pancreatic tail lesion resection, according to the postoperative pancreatic histopathology confirmed the 
presence of a pancreatic mass. PCK (+), CD56 (+), CgA (+), and Syn (+) were used for immunohistochemistry. They are 
commonly used as markers for neuroendocrine tumors, of which CgA has the strongest specificity, and CD56 is the most 
sensitive but lacks specificity. The results confirmed a neuroendocrine tumor of the tail of the pancreatic body. This 
supports the accuracy of our initial diagnosis, combined with previous evidence in the literature[5-8].

In this article, there was a lack of dermatopathologic and glucagon test data. The diagnostic basis was slightly 
insufficient, and the diagnostic points of GCGN with NME were briefly described: (1) Clinical symptoms of GCGN with 
NME were relatively typical, including NME, diabetes mellitus, “three more and one less,” diarrhea, and perioral inflam-
mation/tongue inflammation; (2) Medical history was accompanied by diabetes; (3) Routine blood tests, liver function, 
renal function, blood lipids, electrolytes, blood glucose and C-peptide release test, fasting glucagon and serum tumor 
markers were improved, and particular attention was paid to monitoring fasting glucagon levels; (4) Imaging 
examination was the primary method of preoperative diagnosis, using abdominal CT and MRI to show pancreatic mass 
as a reliable diagnostic basis, and growth inhibitor receptor positron emission tomography/MRI imaging were used 
under the condition. This provided information on the expression of growth inhibitor receptors and glucose transporter 
protein receptors in the primary and metastatic foci of neuroendocrine tumors, which can significantly improve the 
detection rate and accuracy of neuroendocrine tumors; and (5) The gold standards for the diagnosis of GCGN in NME are 
postoperative pancreatic histopathology and immunohistochemistry.

In this case, serum tumor markers were normal, and Ki67 (LI: 4%) was < 5%, which was of low grade. Combined with 
the characteristics of tumor cell heterogeneity and structure, the patient was diagnosed as having a neuroendocrine 
tumor of the pancreatic tail (NET, G2) according to the 2010 World Health Organization Neuroendocrine Tumor Grade 
Criteria. Currently, the patient has not yet developed distant metastases, and surgery was the first option to improve the 
prognosis. Our hospital did not have surgical conditions, so only symptomatic treatment was performed, including 
antihistamine, anti-allergy, and local physical therapy for the skin lesions and itching on the trunk and limbs.

The patient was transferred to a higher-level hospital when the skin lesions improved significantly because the lesion 
involved the spleen. Laparoscopic pancreatic tail resection and laparoscopic splenectomy were performed. Postoper-
atively, the patient developed a pancreatic fistula that was adequately drained, and no obvious peritoneal fluid was 
observed on repeat CT. Postoperatively, the patient’s blood potassium level was low; oral and intravenous potassium 
supplementation was provided. Albumin level improved, and enteral and parenteral nutritional support was provided.

Combined with previous evidence in the literature[9-12], the treatment and prognostic points of GCGN with NME 
were briefly summarized: (1) Preoperative application of growth inhibitory analogs such as octreotide helped to reduce 
patients’ glucagon levels and ameliorated skin lesion symptoms; (2) If erythema and rash were present on the abdomen 
that interfere with the surgical incision, an intravenous infusion of amino acids or oral zinc preparations were feasible to 
relieve the rash; (3) Postoperative hypoglycemic drugs were generally not required and should be administered in strict 
compliance with medical advice; (4) Molecularly targeted drugs have brought new hope for the treatment of metastatic 
GCGN. Sunitinib and everolimus have been certified by the United States Food and Drug Administration for use in the 
treatment of low and intermediate-grade metastatic GCGN but have not yet been introduced in China. Their exact 
efficacy has yet to be confirmed by more evidence-based research trials; and (5) Because this patient did not have distant 
metastasis, no postoperative chemotherapy was needed, but most patients have distant metastasis at the time of 
definitive diagnosis and need to be supplemented with necessary postoperative chemotherapy.

The main chemotherapeutic drugs are adriamycin, 5-fluorouracil, and azelnimidamide. Domestic experts generally 
believe that azemetidine is the most effective, with a recommended dose of 400 mg/day, a 5-d course of treatment once a 
month for a total of 3-10 courses of treatment. After discharge from the hospital, patients should improve their nutrition, 
pay attention to rest, and follow up regularly. Early diagnosis and surgery before the occurrence of distant metastases are 
essential to improve patient prognosis. Even if distant metastases are present preoperatively, aggressive surgery and 
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comprehensive treatment are expected to achieve high long-term survival rates.

CONCLUSION
NME can be induced by endocrine tumors or endocrine metabolic abnormalities, and dermatologists are prone to misdia-
gnosis. The initial treatment principles in dermatology include symptomatic supportive therapy and effective drugs to 
relieve skin lesions. After clarifying the etiology of GCGN, comprehensive treatment in collaboration with endocrino-
logists, general surgeons, and oncologists can help provide individualized treatment and improve patient prognosis.
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Abstract
BACKGROUND 
Small cell lung cancer (SCLC) exhibits a pronounced tendency for metastasis and 
relapse, and the acquisition of resistance to chemotherapy and radiotherapy, 
leading to complexity in treatment outcomes. It is crucial to tackle these chall-
enges by advancing targeted therapeutic approaches in ongoing research 
endeavors. Variant RET fusions have been reported in several solid tumors, but 
are rarely reported in SCLC.

CASE SUMMARY 
We present the first case of a KIF5B-RET fusion in a 65-year-old male patient with 
SCLC. To date, the patient has received the 4th line chemotherapy with anlotinib 
for one year and has shown a sustained favorable partial response. According to 
the results of next generation sequencing, this SCLC patient harbors the KIF5B-
RET fusion, suggesting that RET fusion could serve as a promising molecular 
target for SCLC treatment. Next-generation sequencing (NGS) plays a critical role 
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in comprehensively assessing the genotype and phenotype of cancer.

CONCLUSION 
NGS can provide SCLC patients with personalized and targeted therapy options, thereby improving their 
likelihood of survival.

Key Words: KIF5B-RET fusion; Small cell lung cancer; Anlotinib; Partial response; Next-generation sequencing; Case report
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Core Tip: This work describes a rare case of a KIF5B-RET fusion in small cell lung cancer (SCLC) and the patient's sustained 
partial response to the 4th line therapy with anlotinib. The study highlights the potential of RET fusions as a promising 
molecular target in SCLC treatment and emphasizes the importance of next-generation sequencing for personalized therapy 
options. The innovative arguments include the identification of a novel fusion in SCLC and the potential for targeted therapy 
to enhance the survival rates of SCLC patients.
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INTRODUCTION
Small cell lung cancer (SCLC) is a highly aggressive malignancy often diagnosed with metastases at the time of detection. 
Approximately 15% of lung cancer cases are classified as SCLC, with a 5-year survival rate less than 7%[1]. SCLC is 
categorized into limited-stage disease (LS-SCLC) and extensive-stage disease (ES-SCLC). ES-SCLC accounts for around 
70% of SCLC patients and carries a poorer prognosis compared to LS-SCLC. Standard therapy comprising cisplatin and 
etoposide for ES-SCLC has endured as the 1st line chemotherapy for over 30 years. Despite the favorable initial response 
rates to the 1st line chemotherapy, ES-SCLC patients experience increased relapse rates, leading to an unfavorable overall 
prognosis primarily attributed to the rapid development of drug resistance. The integration of cancer immunotherapy 
and gene profiling technology has started to revolutionize the standard treatment of SCLC. The IMpower133 phase III 
randomized trial assessed the efficacy of atezolizumab in conjunction with carboplatin and etoposide in 403 ES-SCLC 
patients[2]. The data indicated a noteworthy improvement in median overall survival to 12.3 months when atezolizumab 
was added, compared to 10.3 months with chemotherapy alone. The Food and Drug Administration (FDA), the European 
Medicines Agency, and National Medical Products Administration have approved both atezolizumab and durvalumab 
combined with carboplatin or platinum and etoposide as standards for ES-SCLC 1st line systemic therapy[3]. 
Furthermore, advancements in gene profiling technologies such as next-generation sequencing (NGS) have significantly 
accelerated our understanding of SCLC biology. Genomic losses or dysfunctions in retinoblastoma 1 (RB1) and tumor 
protein P53 (TP53) are prevalent in SCLC. The discovery of RET fusions in 1%-3% of non-SCLCs (NSCLC) presents a 
promising therapeutic target for oncologic intervention. Despite recent therapeutic advancements, ES-SCLC remains an 
exceptionally aggressive and challenging disease. RET fusions result from genomic loci rearrangements involving 
chromosomal inversion or translocation. The most prevalent RET fusion variant in lung cancer is the KIF5B-RET fusion. 
Previously reported KIF5B-RET fusions in lung cancer have all been associated with NSCLC. An exceptional case 
reported in 2023, was a 57-year-old female patient with combined SCLC who was found to harbor a KIF5B-RET fusion[4]. 
Notably, this patient demonstrated a sustained clinical response to the 4th line therapy with selpercatinib, a tyrosine 
kinase inhibitor. In the present study, we report the case of a patient with ES-SCLC harboring a KIF5B-RET fusion. To the 
best of our knowledge, this represents the first case of a KIF5B-RET fusion in ES-SCLC. Several RET-specific inhibitors are 
currently applied in clinical therapy, and have shown promising outcomes in terms of prognosis[5,6]. Thus, RET fusions 
may serve as promising molecular targets for SCLC therapies, broadening treatment options and improving survival 
rates. This finding also suggests the potential necessity for RET fusion testing in patients with SCLC.

CASE PRESENTATION
Chief complaints
A 65-year-old male patient was diagnosed with a left lung mass present for over one month and SCLC in the left lung 
was confirmed more than ten days ago.
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History of present illness
The patient fell and subsequently presented to a local hospital seeking medical evaluation. Chest computed tomography 
(CT) revealed a mass in the upper lobe of the left lung. To pursue a comprehensive diagnosis and treatment plan, the 
patient sought care at our hospital.

History of past illness
The patient was diagnosed with type 2 diabetes three years previously, with a serum glucose level of 22 mmol/L, and 
had not received any treatment.

Personal and family history
The patient has smoked and consumed alcohol for 45 years. Furthermore, his mother died at the age of 85 years due to 
cervical carcinoma.

Physical examination
A routine physical examination did not reveal any abnormalities.

Laboratory examinations
Laboratory examinations indicated elevated levels of keratin 19 (2.94 ng/mL), carbohydrate antigen 125 (CA125) (37.00 
U/mL), and blood glucose (10.22 mmol/L). In addition, the patient's serum levels of squamous epithelial cell carcinoma 
antigen, neuron-specific enolase (NSE), carcinoembryonic antigen, and carbohydrate antigen 15-3 were within normal 
limits. Remarkably, a NGS analysis of the primary lung biopsy specimen revealed a KIF5B-RET fusion, along with 
mutations in TP53 and RB1.

Imaging examinations
A chest CT scan revealed a lobulated soft tissue mass shadow in the apical posterior segment of the upper lobe of the left 
lung, measuring approximately 55 mm × 42 mm. The mass invaded the left superior pulmonary artery and the right 
pleura, and displayed enlargement of mediastinal and hilar lymph nodes (Figure 1A-C), indicating metastasis within the 
lung and lymph nodes. Histological examination of the primary mass using hematoxylin and eosin staining revealed 
typical SCLC features with small cell nests (Figure 1D-F). This was further confirmed by immunohistochemistry, which 
showed positive results for cytokeratin CAM5.2 (Figure 1G) and CD56 (Figure 1H), a Ki67 index of approximately 80% 
(Figure 1I), focal positivity for synaptophysin (Figure 1J), and negativity for chromogranin A (Figure 1K), and thyroid 
transcription factor-1 (Figure 1L).

FINAL DIAGNOSIS
ES-SCLC was diagnosed based on the patient's medical history, and laboratory and imaging examinations.

TREATMENT
Despite being unable to undergo the preferred regimen of chemotherapy combined with immunotherapy (atezolizumab) 
due to personal reasons, the patient received six cycles of etoposide/cisplatin as the 1st line chemotherapy until October 
2021 (Figure 2A). The patient experienced minimal side effects, primarily slight nausea and poor appetite. Following a 
partial response (PR) to chemotherapy, the patient underwent thoracic intensity-modulated radiotherapy starting on 
November 2021, due to residual thoracic lesions. Subsequent evaluation by chest CT scanning showed further reductions 
in the lung lesions and confirmed a PR. In April 2022, splenic metastatic nodules were confirmed by CT scans (Figure 2B), 
and the patient received 2nd line chemotherapy with docetaxel, with a PR observed (Figure 2C). However, further 
treatment was not pursued due to grade IV bone marrow suppression.

In August 2022, recurrence was observed with a size increment in splenic metastatic nodules and newly detected 
hepatic metastatic nodules (Figure 2D). The patient was treated with albumin-bound paclitaxel as 3rd line chemotherapy, 
resulting in a PR observed on CT scans (Figure 2E). Subsequent follow-up in February 2023 showed progression of lung, 
splenic, and hepatic nodules (Figure 2F), leading to the initiation of targeted therapy with anlotinib as the 4th line 
chemotherapy up to the present, resulting in a sustained PR (Figure 2G). The levels of serum biomarkers, such as 
progastrin-releasing peptide, NSE and CA125, were measured to monitor the clinical response to chemotherapy and 
tumor progression (Figure 2H).

OUTCOME AND FOLLOW-UP
Currently, the patient is still alive, taking anlotinib, and undergoing CT scanning every two months.
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Figure 1 Chest computed tomography and histological evaluation. A-C: The baseline chest computed tomography assessment in May 2021 included 
evaluation of lung lesions, lymph node lesions, and pleural lesions; D-F: Hematoxylin and eosin staining with magnifications of 100 x, 200 x, and 400 x revealed 
extensive-stage disease small cell lung cancer (SCLC) classification; G-L: Immunohistochemical staining displayed cytokeratin CAM5.2, CD56, Ki67, synaptophysin, 
chromogranin A, and thyroid transcription factor-1 in the SCLC tumor biopsy.

DISCUSSION
SCLC accounts for around 15% of all lung cancers and is known for its rapid tumor growth and early spread to multiple 
organs. Despite progress in cancer treatment, the therapeutic strategy for SCLC has stagnated, with cisplatin and 
etoposide being the established chemotherapy regimen for several decades. While most patients exhibit a favorable 
response to initial chemotherapy, recurrent disease is common, leading to a poor prognosis[7]. Current 1st line treatment 
continues to rely on chemotherapy, yet options remain limited for those with disease progression post-initial therapy[8]. 
More recent research efforts have concentrated on deciphering the molecular attributes of SCLC to tailor precise 
treatment approaches aimed at enhancing patient prognoses. Our patient exhibited a genomic loss of both TP53 and RB1 
function, a characteristic molecular feature of SCLC. SCLC is known to be highly aggressive, attributed to genomic 
instability, near-universal inactivation of TP53 and RB1, rapid tumor growth, enhanced vascularity, and pronounced 
metastatic potential[9,10]. Notably, SCLC patients with RB1 inactivating variants demonstrate sensitivity to platinum-
based chemotherapy[11]. RB1 and TP53 inactivating variants often co-occur in SCLC, with combined inactivation of these 
genes in murine models capable of inducing SCLC formation[12]. RET fusions, a rare oncogene in lung cancer, are 
detected in 1%-2% of all lung cancers and in approximately 1.6% of Chinese NSCLC cases. The predominant partners 
involved in RET fusions are KIF5B and CCDC6, contributing to approximately 70%-90% and 10%-25% of cases, 
respectively[13]. The KIF5B-RET fusion occurs in 1%-2% of lung adenocarcinoma cases, leading to sustained RET 
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Figure 2 Imaging evaluations and serum tumor biomarker testing during treatment. A-G: Imaging assessments of the tumor were conducted during 
the 1st to 4th line chemotherapy, yellow arrows were used to indicate primary tumors and metastatic lesions; H: Serum levels of progastrin-releasing peptide, neuron-
specific enolase, and carbohydrate antigen 125 were measured to monitor clinical responses. NSE: Neuron-specific enolase; CA125: Carbohydrate antigen 125; 
ProGRP: Progastrin-releasing peptide.

activation, a key driver gene in lung adenocarcinoma. RET expression is notably elevated, being 2 to 30 times higher in 
KIF5B-RET fusion lung adenocarcinoma compared to normal lung tissue[14]. Moreover, RET expression is notably 
elevated in SCLC compared to lung adenocarcinoma. A subgroup of SCLC patients could potentially derive benefits from 
tyrosine kinase inhibitors that target RET[15]. Various multikinase inhibitors targeting RET activity, including 
cabozantinib and vandetanib, have also received FDA approval. Current clinical guidelines suggest selpercatinib and 
pralsetinib as the preferred treatment for RET-rearranged NSCLC, with cabozantinib as a recommended option. This 
report marks the first identification of KIF5B-RET fusion (KIF5B exon15-RET exon12) in a patient with ES-SCLC, 
showcasing the significance of fusion genes in lung cancer pathogenesis and the breakthrough potential of KIF5B-RET 
fusion discovery for targeted SCLC treatment.

CONCLUSION
In summary, this report describes a SCLC case featuring a KIF5B-RET fusion. To date, the patient has received the 4th line 
chemotherapy with anlotinib and shown a favorable sustained PR. Given the rarity of this KIF5B-RET fusion in SCLC, the 
importance of RET fusion in SCLC patients remains unclear, underscoring the need for additional investigation. 
Furthermore, RET fusion represents a promising molecular target for SCLC therapies, deserving consideration in future 
treatment strategies.
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Abstract
BACKGROUND 
Endobronchial metastases (EBMs) are tumours that metastasise from a malignant 
tumour outside the lungs to the central and subsegmental bronchi, and are visible 
under a bronchofibrescope. Most EBMs are formed by direct invasion or metast-
asis of intrathoracic malignant tumours, such as lung cancer, oesophageal cancer 
or mediastinum tumours. Renal cell carcinoma (RCC), accounting for 2% to 3% of 
all tumours, is a common malignant tumour of the urinary system. Renal clear cell 
carcinoma (RCCC) constitutes the predominant pathological subtype of RCC, 
comprising approximately 70% to 80% of all RCC cases. RCCC can spread and 
metastasise through arterial, venous and lymphatic circulation to almost all 
organs of the body. Moreover, lung, bone, liver, brain and local recurrence are the 
most common metastatic neoplasms of RCCC. However, EBM from RCCC has a 
low complication rate and is often misdiagnosed as primary lung cancer.

CASE SUMMARY 
A 71-year-old male patient who had undergone radical left nephrectomy 7 years 
prior due to RCCC was referred to our hospital due to a 1-mo history of produc-
tive cough. The results of an enhanced chest CT scan indicated the presence of a 
soft tissue nodule in the upper lobe of the left lung, and flexible bronchoscopy 
revealed a hypervascular lesion in the bronchus of the left lung's superior lobe. 
Therefore, the patient underwent thoracoscopic left superior lobe wedge 
resection, and pathology confirmed EBM from the RCCC.
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CONCLUSION 
EBM from RCCC has a low incidence and no characteristic clinical manifestations in the early stage. If a bronchial 
tumour is found in a patient with RCCC, the possibility of bronchial metastatic cancer should be considered.

Key Words: Endobronchial metastases; Clear renal cell carcinoma; Renal cell carcinoma; diagnosis; Treatment; Case report

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

Core Tip: Endobronchial metastases (EBMs) are tumours that metastasise from a malignant tumour outside the lungs to the 
central and subsegmental bronchi, and are visible under a bronchofibrescope. Renal clear cell carcinoma (RCCC) is a 
common malignant tumour of the urinary system. EBM from RCCC has a low complication rate and is often misdiagnosed 
as primary lung cancer. We report a case of post-operative EBM in a patient with RCCC who underwent laparoscopic radical 
nephrectomy 7 years ago. This suggested that if a bronchial tumour is found in a patient with RCCC, the possibility of EBM 
should be considered.

Citation: Xie TH, Fu Y, Ha SN, Meng QX, Sun Q, Wang P. Endobronchial metastasis secondary to renal clear cell carcinoma: A case 
report. World J Clin Cases 2024; 12(23): 5416-5421
URL: https://www.wjgnet.com/2307-8960/full/v12/i23/5416.htm
DOI: https://dx.doi.org/10.12998/wjcc.v12.i23.5416

INTRODUCTION
Renal cell carcinoma (RCC), comprising 2% to 3% of all tumours, is a common malignant neoplasm affecting the urinary 
system[1,2]. Renal clear cell carcinoma (RCCC), being the most prevalent pathological type of RCC, comprises approx-
imately 70% to 80% of all RCC cases and is most frequently observed in individuals aged 50 years to 70 years. RCC can 
spread and metastasise through arterial, venous and lymphatic circulation to almost all organs of the body. Moreover, 
lung, bone, liver, brain and local recurrence are the most common metastatic neoplasms of RCC[3]. Most extrathoracic 
malignancies that metastasise to the lung are RCCs, but endobronchial metastasis (EBM) from RCCC has a low incidence 
rate[4]. Herein, we report a case of post-operative bronchial metastasis in a patient with RCCC who underwent laparo-
scopic radical nephrectomy 7 years ago.

CASE PRESENTATION
Chief complaints
A 71-year-old male patient with a 1-mo history of productive cough was referred to our outpatient department for further 
evaluation.

History of present illness
Symptoms started 1-mo before presentation with recurrent productive cough. A soft tissue nodule in the upper lobe of 
the left lung was detected by a chest computed tomography (CT) scan, prompting hospitalisation for additional 
evaluation.

History of past illness
The patient underwent laparoscopic radical resection of the left kidney 7 years ago, and post-operative pathology 
indicated that the grade II RCCC invaded the renal fibrous fascia, and no cancerous tissue was found in the vessels of the 
broken ureter or the renal portal. Post-operative recovery was successful, and Ubenimex was taken orally to enhance 
immunity. The patient was not re-examined after discharge.

Personal and family history
The patient had no history of smoking, drinking, or recent travel. His medical and family history did not reveal any 
significant health issues.

Physical examination
During the physical examination, both lung areas exhibited normal breathing sounds. The abdomen was soft, painless, 
and did not reveal any palpable masses.

https://www.wjgnet.com/2307-8960/full/v12/i23/5416.htm
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Laboratory examinations
Laboratory examinations, including routine blood, renal function, urine, and stool tests, as well as evaluations of tumour 
markers (carbohydrate antigen [CA] 125, CA15-3, CA19-9, CA72-4, carcinoembryonic antigen, alpha fetoprotein), did not 
indicate any abnormalities.

Imaging examinations
The results of an enhanced chest CT scan indicated the presence of a soft tissue nodule in the upper lobe of the left lung, 
suggesting a high likelihood of peripheral lung cancer (Figure 1). Abdominal enhanced CT showed no signs of tumour 
recurrence or metastasis. A whole-body bone scan revealed no abnormalities.

MULTIDISCIPLINARY EXPERT CONSULTATION
Subsequently, a hypervascular lesion was detected in the bronchus of the left lung superior lobe by flexible bronchoscopy 
(Figure 2). However, pathology revealed no tumour cells by bronchial brushing.

FINAL DIAGNOSIS
Pathological examination revealed clear cell carcinoma with a maximum diameter of approximately 2.2 cm, which did 
not invade the visceral pleura (Figure 3). No cancer was found at the incision margin of the suture nail. Combined with 
the immunohistochemical results and medical history, these findings were consistent with the origin of the kidney. 
Immunohistochemistry revealed positivity for CD10, CAX and CK, but negativity for Melan-A, HMB-45, S-100 and CK7. 
The patient was diagnosed with RCCC with EBM based on the detailed microscopic findings and radiological correlation 
(stage IV: T1N0M1).

TREATMENT
After consultation, the patient underwent surgery, and thoracoscopic left superior lobe wedge resection was performed 
under general anaesthesia.

OUTCOME AND FOLLOW-UP
The patient recovered smoothly without severe complications, and refused radiotherapy, chemotherapy or targeted 
therapy. There was no recurrence or metastasis found by CT at the 6-mo follow-up.

DISCUSSION
EBM is a tumour that metastasises from a malignant tumour outside the lungs to the central and subsegmental bronchi 
and is visible under a bronchofibrescope[5]. Most EBMs are formed by direct invasion or metastasis of intrathoracic 
malignant tumours, such as lung cancer, oesophageal cancer or mediastinum tumours. In 4% of cases where 
bronchoscopy is performed for suspected malignancy, extrapulmonary tumours are detected through endobronchial 
mucosal biopsy, and approximately 5% of these cases present with metastasis as the initial sign of the neoplasm[6]. The 
diagnostic modalities for EBM include CT, bronchoscopic biopsy, bronchial brushing, endobronchial ultrasound-guided 
transbronchial needle aspiration, surgical biopsy, X-ray and bronchoalveolar lavage.

Kiryu et al[5] divided EBMs into four types based on the invasion mode: Type I, direct metastasis to the airway; Type 
II, invasion of the airway through parenchymal lesions of the lung; Type III, mediastinal or hilar lymph node metastasis 
invading the airway; and Type IV, peripheral lesions growing along the proximal bronchus.

RCCC is characterised by insidious onset, high malignancy and rapid progression. Early-stage RCCC is generally 
asymptomatic and difficult to detect. Approximately 20%-30% of patients have metastasis at the initial diagnosis[7], and 
nearly 30% of patients experience recurrence and metastasis after surgery[8].

The CT imaging findings of RCCCs with lung metastasis are varied and include the following: (1) Intrapulmonary 
metastasis, typically characterised by single or multiple round soft tissue density nodules in the lung with clear 
boundaries and uniform density, which are easy to diagnose; and (2) EBM, manifested as bronchial obstruction and 
truncation, possibly resulting in obstructive pneumonia and atelectasis, which is rare and is often misdiagnosed as 
primary lung cancer. In this case, the EBM, characterised by a soft tissue density shadow and lobulated segmentation, 
originating from the RCCC, was located in the bronchial branch of the upper lobe of the left lung. The lesion was charac-
terised by soft tissue density shadows and lobed segmentation. An enhanced scan revealed uneven enhancement, and the 
patient was misdiagnosed with peripheral lung cancer.
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Figure 1 A chest enhanced computed tomography scan revealing a soft tissue nodule in the upper lobe of the left lung. A: Lung window; B: 
Mediastinal window.

Figure 2  Flexible bronchoscopy revealing a hypervascular lesion in the bronchus of the left superior lobe of the lung.

It has been reported that for tumours with characteristic CT findings of EMB from RCCC growth in the bronchus along 
the bronchial wall, bronchial tube diameter thickening resembles a glove-finger appearance. The degree of enhancement 
in the cortical period is significantly enhanced, and the degree of strengthening in the parenchymal period is rapidly 
reduced, showing a “fast-in and fast-out” phenotype[9]. Unfortunately, there were no such characteristic CT findings in 
this patient.

Although bronchoscopic biopsy is regarded as the most effective diagnostic tool for patients with EBM, its diagnostic 
accuracy in assessing EBM is comparatively low, stemming primarily from the high rate of false-negative results 
associated with this method[5]. In this case, bronchoscopy provided evidence of EBM, although the pathology results 
from the bronchial brush biopsy were negative.

The symptoms of EBM most frequently manifest as coughing and haemoptysis, subsequently accompanied by 
dyspnoea and wheezing[10,11]. Although these symptoms may also occur in patients with respiratory diseases, any of 
these symptoms in patients with extrapulmonary tumours may indicate the possibility of EBM. In addition, the 
proportion of asymptomatic patients is still 52%-62.5%[5,12,13]. At this time, regular chest CT and bronchoscopy after the 
onset of symptoms are necessary. Pathological examination and immunohistochemistry are used for the diagnosis of 
EBM.

Post-operative follow-up is an important part of the treatment process of RCCCs, the main purpose of which is to 
detect any tumour recurrence, metastasis or new tumour formation in a timely manner, in addition to monitor the preser-
vation of renal function after surgery. The follow-up process typically involves three stages:
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Figure 3  Haematoxylin and eosin-stained section of the nodule biopsy showing renal clear cell carcinoma.

Early follow-up: This occurs within 1 to 2 wk after surgery. The focus is on assessing wound healing, determining the 
next steps of the treatment plan, and evaluating post-operative recovery and any complications. During this stage, the 
doctor may recommend necessary tests based on the patient’s specific condition, such as blood tests (complete blood 
count, liver and kidney function tests, electrolyte levels, and erythrocyte sedimentation rate) and chest X-rays.

Intermediate follow-up: This occurs at 4 to 6 wk after surgery. It involves repeat blood tests, as well as additional 
imaging tests such as chest CT scans if abnormalities are detected on chest X-rays. Abdominal ultrasounds may also be 
performed, and if abnormalities are found or if the patient underwent partial nephrectomy or has advanced-stage RCCC 
(T3-T4), abdominal CT scans may be recommended. These scans may be repeated every 6 mo for 2 years, and the 
frequency may be adjusted based on the patient’s condition.

Long-term follow-up: For patients with early-stage RCCC, follow-up visits are typically scheduled at intervals of 3 mo to 
6 mo for the initial 3 years, and then annually thereafter. However, for those with advanced-stage RCCC, the follow-up 
schedule is more intensive, with visits every 3 mo for the first 2 years, followed by every 6 mo in the third year, and 
annually afterwards. During these visits, the doctor may recommend additional tests such as magnetic resonance imaging 
scans of the central nervous system or urine catecholamine testing, depending on the patient’s specific condition and 
treatment.

CONCLUSION
EBM from RCCC has a low incidence and lacks characteristic clinical manifestations in the early stage compared to that of 
primary lung cancer. For this type of atypical lung metastatic cancer, it is difficult to make an accurate diagnosis solely 
based on imaging examination, and comprehensive judgement should be made by combining medical history, physical 
signs, laboratory tests and other auxiliary examinations. The diagnosis ultimately depends on pathological examination 
and immunohistochemistry. If a bronchial tumour is found in a patient with RCCC, the possibility of bronchial metastatic 
cancer should be considered.
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Abstract
BACKGROUND 
Multiple acyl-CoA dehydrogenase deficiency (MADD) is a disease of rare auto-
somal recessive disorder. There are three types of MADD. Type I is a neonatal-
onset form with congenital anomalies. Type II is a neonatal-onset form without 
congenital anomalies. Type III is considered to a milder form and usually res-
ponds to riboflavin. However, late-onset form could also be fatal and not 
responsive to treatments.

CASE SUMMARY 
We report a severe case of a young man with onset type III MADD induced by 
drugs and strenuous exercise characterized by rhabdomyolysis and liver 
dysfunction. Urine analysis indicated 12 out of 70 kinds of organic acids like 
glutaric acid-2 were detected. Serum analysis in genetic metabolic diseases 
revealed 24 out of 43 tested items were abnormal, revealing the elevation of 
several acylcarnitines and the reduction of carnitine in the patient. By next 
generation sequencing technology for gene sequencing related to fatty acid 
oxidation and carnitine cycle defects, a rare ETFDH gene variant was identified: 
NM_004453:4:C.1448C>T(p.Pro483 Leu). The patient was diagnosed with late-
onset GAII. He was not responsive to riboflavin and progressively worsened into 
multiple organ failure that finally led to death.

CONCLUSION 
Type III MADD can also be fatal and not responsive to treatments.

Key Words: Electron transfer flavoprotein dehydrogenase mutation; Multiple acyl-CoA 
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Core Tip: Multiple acyl-CoA dehydrogenase deficiency (MADD) is a disease of rare autosomal recessive disorder of fatty 
acid, amino acid, and choline metabolism. Here, we report a severe case of a young man with onset type III MADD charac-
terized by rhabdomyolysis and liver dysfunction. His urinary and serum analysis indicated organic acids, the elevation of 
several acylcarnitines and the reduction of carnitine. Eventually, we identified a rare compound heterozygous variant in the 
patient. Unfortunately, the patient was not responsive to riboflavin and his condition progressively worsened into multiple 
organ failure that finally led to death.

Citation: Li XX, Yang XN, Pan HD, Liu L. Fatal multiple acyl-CoA dehydrogenase deficiency caused by ETFDH gene mutation: A 
case report. World J Clin Cases 2024; 12(23): 5422-5430
URL: https://www.wjgnet.com/2307-8960/full/v12/i23/5422.htm
DOI: https://dx.doi.org/10.12998/wjcc.v12.i23.5422

INTRODUCTION
Multiple acyl-CoA dehydrogenase deficiency (MADD), also called glutaric aciduria type II (GA II) (MIM:231680), is a rare 
autosomal recessive disorder. A defect in the alpha subunit of fatty acid mitochondrial electron transfer flavoprotein 
(ETFA) protein, beta subunit of fatty acid mitochondrial electron transfer flavoprotein (ETFB) protein or the electron 
transfer flavoprotein dehydrogenase (ETFDH) protein could lead to disorder of amino acid and choline metabolism. 
There are three types of MADD. Type I is a neonatal-onset form with congenital anomalies, Type II is a neonatal-onset 
form without congenital anomalies, and Type III is considered to a milder form and usually respond to riboflavin. Types I 
and II are usually considered to be more severe and sometimes fatal. The late-onset form is considered to be milder, and 
could be mostly responsive to treatments. Here, we report a late-onset MADD that is not responsive to riboflavin and is 
fatal.

CASE PRESENTATION
Chief complaints
Onset weakness for a month and vomiting for 5 h.

History of present illness
The patient complained of fatigue after strenuous exercise (tug of war) a month ago. He visited a doctor in a clinic and 
received a febuxostat tablet for hyperuricemia and bicyclol tablet for liver injury. He suffered, vomiting, shortness of 
breath, chest pain and slurred speech as the disease progressed.

History of past illness
The patient had a history of palpitation and liver dysfunction for 5 years.

Personal and family history
The patient denied infectious diseases, genetic diseases, history of surgical trauma and blood transfusion.

Physical examination
On admission, physical examination showed body temperature of 36.5 °C, pulse of 130 times per minute, respiration of 19 
times per minute, and blood pressure [p(B)] of 16.226/10.374 kPa. The body check revealed jaundice, neck stiffness, flexor 
asthenia and weakness of four limbs.

Laboratory examinations
The patient’s blood glucose concentration was 2.7 mmol/L in the emergency room. Blood tests revealed an elevation of 
creatine kinase, alanine aminotransferase, aspartate aminotransferase on admission. His serum albumin was 37.2 U/L, 
serum creatinine was 80 μmol/L, and blood urea nitrogen was 6.4 mmol/L on admission, while his blood ammonia was 
236 μmol/L, and ceruloplasmin was 13.1 mg/L. His urinalysis indicated occult blood in the urine. Blood clotting 
functions were abnormal. Blood cell analysis, index of infection, autoantibodies, tumor markers and thyroid function 
were normal on admission.

https://www.wjgnet.com/2307-8960/full/v12/i23/5422.htm
https://dx.doi.org/10.12998/wjcc.v12.i23.5422


Li XX et al. Fatal MADD: A case report

WJCC https://www.wjgnet.com 5424 August 16, 2024 Volume 12 Issue 23

Imaging examinations
Computer tomography of the patient’s brain and abdomen indicted sallow cerebral sulci and severe fatty liver (Figure 1). 
Electrocardiograph indicated supraventricular tachycardia (SVT). The heart ultrasound and electromyography were 
normal.

MULTIDISCIPLINARY EXPERT CONSULTATION
The patient was diagnosed with rhabdomyolysis, SVT, hepatic failure, acidosis, hypoglycemia and abnormal coagulation 
function on admission. A high dose of glucose was pumped in until his glucose level was stable. Timely fluid infusion, 
intravenous glutathione and glycyrrhzin were used for liver protection. Intravenous ornithine aspartate and rice vinegar 
clysis were applied for reducing blood ammonia level. However, the patient experienced very rapid deterioration in his 
clinical conditions following the onset of symptoms. His liver function and myocardial enzyme levels continuously 
increased. On the 9th day after admission, he suffered from onset fatigue, mucocutaneous stained yellow (daily elevated 
serum bilirubin level over 17 mmol/L), repeated severe hypoglycemia, acidosis, hepatic encephalopathy, SVT, rhab-
domyolysis, acute kidney injury, and respiratory failure (partial pressure of carbon dioxide of 10.241 kPa). He was then 
transferred to the intensive care unit.

His coagulation system, respiratory system, and circulatory system were collapsed, accompanied with renal and liver 
failure. Multiple organ failure could not be explained by the admitting diagnosis. Further, we discovered that his parents 
were in a consanguineous marriage. Combined with the clinical features of the patient, hereditary disease was con-
sidered. We then analyzed 70 types of organic acids in the patient’s urine, among which 12 organic acids were abnor-
mally elevated. For example, glutaric acid -2 levels were 64 times higher than normal (Table 1). We then analyzed genetic 
metabolic diseases in amino acid and acylcarnitine spectrum in his blood. Twenty-four out of the total 43 tested items 
were abnormal, revealing the elevation of several acylcarnitines and the reduction of carnitine (Table 2), inferring MADD. 
Furthermore, we applied next generation sequencing technology for gene sequencing related to fatty acid oxidation and 
carnitine cycle defects in his whole blood. Single nucleotide variation and small fragment insertion deletion variation 
were detected, which indicated single nucleotide variation of ETFDH gene with chromosomal location: Chr4:159627503; 
mutation information: NM.004453.4:c.1448C>T(p.Pro483Leu); Homozygous, which indicated glutaric acidemia type II 
(MIM:231680).

FINAL DIAGNOSIS
The patient was diagnosed with type III (late-onset form) MADD.

TREATMENT
Levocarnitine and riboflavin were intravenously injected at a dose of 60 mg/kg/d and 200 mg/d, respectively. Anti-
infective therapy was applied for secondary infection. Unfortunately, the patient fell into a coma after the 9th day of 
admission. He also suffered malignant arrhythmia with a heart rate over two hundred times per minute. Esmolol and 
metarbamine were not effective to his heart so synchronized electrical cardioversions were applied seven times on the 
11th, 12th and 13th day after his admission. The patients finally fell into a deep coma and depended on mechanical 
ventilation, continuous renal replacement treatment (CRRT) and artificial liver. Twenty-five days of ventilator support, 
eleven rounds of CRRT, two rounds of plasma exchange, three rounds of dual plasma molecular adsorption system and 
nine rounds of alveolar wash were applied within the twenty-five days of his coma. More than 20000 mL of plasma, 12 
units of red blood cells, and some blood platelet and cryoprecipitation were used during the treatment. His liver function, 
kidney function and functions of other systems were improving, as demonstrated by clinical biochemistry (Figure 2).

OUTCOME AND FOLLOW-UP
The young man finally came to after 25 days of treatment, though he was still critically ill. We transferred the patient to 
Yunnan according to the demand of his parents. Unfortunately, we got the message that he finally passed away in Yun-
nan due to malignant arrhythmia.

DISCUSSION
MADD is also called glutaric aciduria type II (GA II) (MIM:231680). This is a rare autosomal recessive disorder caused by 
defects in the mitochondrial electron transport chain, which is the electron transport from flavin adenine dinucleotide-
containing dehydrogenases to coenzyme Q10. Intra-mitochondrial acyl-CoA dehydrogenation causes MADD.
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Table 1 Organic acids tests in the urine

Number Organic acids (normal range)

1 Lactic acid -2 (0.0-13.0) 14.2↑

2 Pyruvate-OX-2 (0.0-30.0) 91.7↑

3 2-hydroxyisovaleric acid-2 (0.0-2.0) 7.8↑

4 2-ketoisovaleric acid-OX-2 (0.0-0.3) 1.0↑

5 2-ketoisohexanoic acid-OX-2 (0.0-0.8) 1.7↑

6 Glutaric acid -2 (0.0-8.0) 516.4↑

7 Isoamyl glycine-1 (0.0-1.5) 11.3↑

8 Acetylmalonic acid-2 (0.0-7.0) 17.6↑

9 Methylsuccinic acid-2 (0.0-4.0) 5.5↑

10 Methyl fumaric acid-2 (0.0-2.5) 3.0↑

11 Glutaconic acid-2 (0.0-0.0) 2.2↑

12 Adipic acid-2 (0.0-15.0) 165↑

12 of 70 organic acids were abnormal.

Table 2 Serum amino acid and acylcarnitine spectrum of genetic metabolic diseases

Amino acid and acylcarnitine spectrum (normal range) Amino acid and acylcarnitine spectrum

Palmitoyl carnitine (C16) (0.20-3.50) 4.49↑ C8/C3 (0.01-0.40) 1.20↑

Palmitoyl carnitine (C16:1) (0.02-0.30) 2.22↑ C10/C3 (0.01-0.50) 2.70↑

Palmolive dienyl carnitine (C16:2) (0.01-0.10) 0.31↑ C12/C3 (0.01-0.35) 3.58↑

Octadecyl carnitine (C18:1) (0.20-2.80) 3.80↑ C14/C3 (0.02-0.45) 9.25↑

C3/Mot (0.02-0.30) 0.01↓ C14:1/C8:1 (0.10-6.00) 12.31↑

C3DC/C4 (0.10-1.50) 0.07↓ C16/C2 (0.01-0.20) 0.82↑

C4/C2 (0.00-0.05) 0.08↑ C16/C3 (0.10-3.50) 22.07↑

C4/C3 (0.00-0.70) 2.15↑ C18/C3 (0.05-2.00) 5.44↑

C5/C2 (0.00-0.05) 0.12↑ C16 OH/C3 (0.00-0.15) 0.22↑

C5/C3 (0.00-0.50) 3.20↑ C18 OH/C3 (0.00-0.10) 0.17↑

C5DC/C3 (0.01-0.40) 0.65↑ (C1G+C18:1)/C2 (0.03-0.40) 1.52↑

C6/C3 (0.01-0.30) 0.72↑ C0/(C1G+C18) (6.50-90.00) 1.12↓

24 out of the total 43 tested items were abnormal, revealing the elevation of several acylcarnitines and the reduction of carnitine.

There are three forms of defects. Defects in the ETFA (OMIM 231680), ETFB protein (OMIM 130410) or ETFDH proteins 
(OMIM 231675) could lead to disorder of amino acid and choline metabolism. ETFA (15q23-q25) encodes the alpha 
subunit of ETF, ETFB (19q13.3-q13.4) encodes the beta subunit of ETF, and ETFDH (4q32-q35) encoding ETF-ubiquinone 
oxidoreductase (ETFQO).

Thus, there are three forms of MADD. Both type I and type II are neonatal-onset forms; type I is associated with 
congenital anomalies, while type II is not. Types I and II are usually considered to be more severe and sometimes fatal, 
presenting with hypoketotic hypoglycemia, metabolic acidosis, cardiomyopathy, and hepatomegaly. Type III is a late-
onset form which is considered to be milder, characterized by proximal myopathy. Episodic vomiting, encephalopathy, 
liver and renal impairment, and rhabdomyolysis may occur under catabolic stress[1].

ETFDH variants are the most common cause of the late-onset form[2], which[3] is considered to be more variable. 
There could be recurrent hypoglycemia, metabolic acidosis, vomiting, and muscle weakness during stress[4]. These 
atypical symptoms usually make differential diagnosis difficult. Exercise intolerance could be an atypical symptom. In 
our case, exercise and drugs may have induced rhabdomyolysis and liver dysfunction. Research has also indicated that a 
prolonged exercise test could be of diagnostic importance[5]. Intolerance for prolonged exercise in patients with anam-
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Figure 1  Computer tomography indicted severe fatty liver and sallow cerebral sulci.

nestic signs would be an important diagnostic procedure that might replace the fasting. Medication could be another 
inducer. There have been reports that an anti-TB medication could increase MADD metabolic profiles[6]. Considered as a 
frequent missed diagnosis, late-onset of MADD should get more attention in the clinic when patients present with 
rhabdomyolysis with exercise or drug inducement. Our patient presented rhabdomyolysis, SVT, hepatic failure, acidosis, 
hypoglycemia and abnormal coagulation function that finally turned into multiple organ failure. It reminded us that late-
onset MADD is also deadly; we should not only focus on prenatal diagnosis, but also pay attention to late-onset cases.

Urinary organic acid profiles could indicate MADD, which is important for the diagnosis of GAII. The test is charac-
terized by elevated acids, including isovaleric acid, a-methylbutyrate, ethylmalonic acid, isobutyrate, glutaric acid, 
aliphatic dicarboxylic acids, etc[7,8]. Urine organic acid analysis could show these acids and their derivatives. During 
metabolic decompensation, lactate levels and creatine phosphokinase are typically raised. In our case, organic acids tests 
in the urine indicated 12 of 70 organic acids were abnormal, including lactic acid-2, pyruvate-OX-2, 2-hydroxyisovaleric 
acid-2, 2-ketoisovaleric acid-OX-2, etc. Among which, the patient’s glutaric acid-2 level was over 64 times higher than the 
upper limit of the reference level. Adipic acid-2 level was over 11 times higher than the upper limit of the reference level. 
Detection of urine organic acids are effective in MADD diagnosis that could highly suggest the disease.

Serum characterization of MADD includes acylcarnitine and organic acid profiling. The biochemical test would reveal 
higher levels of acylglycine conjugates and dicarboxylic acids. The elevated levels of C4-C18 acylcarnitines could be also 
detected in the blood. All these biochemical findings might normalize during the period of stability in MADD. Acylcar-
nitine profile could reveal elevations of short-chain, medium-chain and long-chain acylcarnitines[9]. In our case, blood 
amino acid and acylcarnitine spectrum of genetic metabolic diseases revealed that 24 out of the total 43 tested items were 
abnormal, including the elevation of several acylcarnitines and the reduction of carnitine.

Defects in the ETFDH protein[10] account for about 90% of MADD cases. ETFDH-c.250G>A is one of the most common 
mutations, representing a high allelic frequency of about 80% in southern China[11]. ETFDH-c.770A>G and ETFDH-
c.1227A>C are more widespread mutations in mainland China[12]. Muscle biopsy could reveal acid and lipid accumu-
lation in skeletal muscles, reducing the activity of mitochondrial respiratory chain complexes[13,14]. In our case, we 
applied next generation sequencing technology for gene sequencing related to fatty acid oxidation and carnitine cycle 
defects in the patient’s whole blood. Single nucleotide variation and small fragment insertion deletion variation were 
detected, which indicated single nucleotide variation of ETFDH gene with Chromosomal location: Chr4:159627503; 
mutation information: NM.004453.4:c.1448C>T(p.Pro483Leu). The mutation is very rare, and whether it is related to the 
severity of clinical symptoms could be further explored.

For treatments, type III MADD usually responds to riboflavin, with a reported response rate over 98%[1]. When 
riboflavin insufficient[15], MADD patients would undergo rapid degradation. Riboflavin supplementation is vital in the 
treatment of late-onset MADD. Research suggests that ETFDH mutations were responsible for all riboflavin-responsive 
GA-II patients[16]. More than 80% of patients treated with riboflavin showed a release of the disease. The treatment 
improved their cardiac and skeletal muscle functions. Patients receiving riboflavin treatment could also respond in 
urinary organic acids normalization and acylcarnitine species reductions[17]. However, there are controversies sur-
rounding the treatment dose and course. No systematic evaluations have been reported yet. Unlike most late-onset GA-II 
patients, our patient did not respond to riboflavin treatment. Large amounts of riboflavin did not improve his condition, 
though he partially responded during the treatment. Whether the mutation was responsible for the poor outcome is 
worth further study.
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Figure 2 Changes of clinical biochemistry after treatment. A: Coagulation system: levels of thromboplastin time (APTT), thrombin time (TT), prothrombin 
time (PT) and international normalized ratio (INR); B: Liver function: levels of alanine transaminase (ALT), aspartic transaminase (AST), direct bilirubin (DBIL), indirect 
bilirubin (IBIL); C: Kidney function and myolysis: levels of serum creatinine (Scr), creatine kinase (CK), lactate dehydrogenase (LDH-L), hydroxybutyrate 
dehydrogenase (HBDH); D: Infection indicators: levels of procalcitonin (PCT), high sensitive C-reactive protein (CRP), white blood cells (WBC), platelets (PLT).

In clinic, MADD should be suspected in cases with metabolic abnormalities. Patients with liver damage, kidney failure, 
hypoglycemia, hyperammonemia, hypoglycemia and rhabdomyolysis, etc would suggest GA-II. Exercise and medicine 
might be inducements. Early diagnosis depends on urine organic acid analysis, blood amino acid tests, serum acylcar-
nitine profile analysis, muscle biopsy, and genetic tests. Riboflavin supplementation is the first line medication, though it 
may be not effective.

CONCLUSION
In summary, our report describes the clinical, biochemical, and molecular findings of a 21-year-old male with ETFDH-
related MADD. Late onset of MADD could be with definite inducement factors like drugs and severe exercise. It could 
also be fatal. c.1448C>T in ETFDH were found in this young man presented with multiple organ failure, which further 
expands the list of mutations found in MADD patients that might be riboflavin non-responsive MADD.
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Abstract
BACKGROUND 
Primary renal Ewing’s sarcoma (ES) is extremely rare, and only two cases causing 
Cushing’s syndrome (CS) have been reported to date. We report that the case of 
an 18-year-old patient is diagnosed primary renal ES with typical CS charac-
terized by purple stripes, weight gain, and hypertension.

CASE SUMMARY 
CS was first diagnosed by laboratory testing. A huge tumor was revealed in the 
kidney following an imaging examination. Moreover, brain and bone metastases 
were observed. After comprehensive treatment, primarily based on surgery, 
primary renal ES was pathologically diagnosed with a typical EWSR1-FLI1 genetic 
mutation through genetic testing. Furthermore, the glucocorticoid level returned 
to normal. By the ninth postoperative month of follow-up, the patient was 
recovering well. Cushing-related symptoms had improved, and a satisfactory 
curative effect was achieved.

CONCLUSION 
Primary renal ES, a rare adult malignant tumor, can cause CS and a poor 
prognosis.

Key Words: Renal; Kidney; Ewing's sarcoma; Neuroectodermal tumors; Cushing 
syndrome; Case report

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

https://www.f6publishing.com
https://dx.doi.org/10.12998/wjcc.v12.i23.5431
mailto:wwg0903@163.com


Dong GF et al. ES causes CS

WJCC https://www.wjgnet.com 5432 August 16, 2024 Volume 12 Issue 23

Core Tip: Primary renal Ewing's sarcoma (ES), a rare adult malignant tumor, can cause Cushing syndrome and a poor 
prognosis. The "gold standard" for diagnosing primary renal ES remains pathological examination, even though gene studies 
can aid in diagnosis and therapy planning. When treating advanced metastatic primary renal ES, a comprehensive surgical 
approach centered on surgery can produce specific outcomes.

Citation: Dong GF, Hou YK, Ma Q, Ma SY, Wang YJ, Rexiati M, Wang WG. Cushing's syndrome caused by giant Ewing's sarcoma 
of the kidney: A case report and review of literature. World J Clin Cases 2024; 12(23): 5431-5440
URL: https://www.wjgnet.com/2307-8960/full/v12/i23/5431.htm
DOI: https://dx.doi.org/10.12998/wjcc.v12.i23.5431

INTRODUCTION
Ewing’s sarcoma (ES) is a highly malignant tumor originating from the neuroectoderm and mainly occurs in children’s 
long bones, with an incidence rate of 1 case per 1.5 million[1]. ES in other tissues is even rarer. Related reports of relevant 
cases show that, to date, there have been no more than 200 cases of renal ES[2].

Cushing’s syndrome (CS) is a series of symptoms caused by excessive glucocorticoid secretion from the adrenal cortex. 
In general, some dispersed neuroendocrine system can secrete adrenocor ticotropic hormore (ACTH) or corticotropin 
releasing hormone (CRH), leading to CS, most commonly in small-cell bronchogenic carcinoma. CS is the rare symptom 
of primary renal ES, and only two cases have been reported. Herein, we report the case of an 18-year-old patient with 
typical CS and review related literature.

CASE PRESENTATION
Chief complaints
Weight gain and dizziness for three months.

History of present illness
The weight of the increased by 15 kg in three months, accompanied by purple lines in the bilateral armpits, abdomen, and 
thigh; dizziness; fatigue; and facial pigmentation.

History of past illness
The patient was in good physical health.

Personal and family history
The patient had five siblings and no family history of the presentation.

Physical examination
Physical examination revealed stable vital signs and a blood pressure, p(B) = 20.6/14.4 kpa. The patient also had a full-
moon face, acne, buffalo back, obvious centripetal obesity, and relatively thin limbs. Pigmented, dark red, scattered 
ecchymosis could be observed on the left upper limb. Large purple stripes could be observed from the bilateral armpits, 
hips, and thighs to the knees (Figure 1).

Laboratory examinations
The patient’s cortisol level was examined (Table 1). An increased cortisol secretion was observed, alongside a disordered 
rhythm and increased adrenocorticotropic hormone levels. Both low- and large-dose dexamethasone suppression tests 
were negative. The fasting blood glucose was 5.28 mmol/L, and the blood glucose level was 13.29 mmol/L 120 min after 
an oral glucose tolerance test (OGTT). This indicated that the patient had diabetes. His blood potassium level was 2.50 
mmol/L and his blood calcium level was 2.05 mmol/L.

Imaging examinations
A computed tomography (CT) scan revealed an 11.65 cm × 10.91 cm nonuniform enhanced occupation in the middle and 
lower part of the left kidney. Magnetic resonance imaging (MRI) revealed that the left temporal lobe was occupied, and 
the pituitary gland was normal (Figure 2). Fluorine-18 fluorodeoxyglucose (FDG) PET/CT revealed a huge mixed space 
occupation in the left kidney (Figure 3), unevenly high uptake of the solid component FDG, and high uptake of FDG in 
the left temporal pole and thoracic 3 laminae of the vertebral arch. This indicated that the left kidney had a malignant 
tumor, and there were brain, vertebral body, and right femur metastases (Figure 4).

https://www.wjgnet.com/2307-8960/full/v12/i23/5431.htm
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Dong GF et al. ES causes CS

WJCC https://www.wjgnet.com 5433 August 16, 2024 Volume 12 Issue 23

Table 1 Corticosteroid-related examination

Blood cortisol level 
at 0:00 in the 
morning (nmol/L)

Blood cortisol level 
at 8:00 in the 
morning (nmol/L)

Blood cortisol level 
at 16:00 in the 
evening (nmol/L)

Adrenocorticotropic 
hormone level (pg/mL)

24-hour urinary 
free cortisol level 
(nmol/24 h)

Reference range 101.2–535.7 (before 8:00) 79.0–477.8 (after 15:00) 7.2–63.3 11.8–485.6

Patient baseline 1293.2↑ 1329.5↑ 1479.1↑ 96.5↑ 10524.0↑

Low-dose 
dexamethasone 
suppression test

1526.6↑

High-dose 
dexamethasone 
suppression test

1782.5↑

Figure 1 Physical examination. The 18-year-old patient with purple stripes on his outer thigh.

MULTIDISCIPLINARY EXPERT CONSULTATION
After a multidisciplinary discussion in the hospital, the preoperative diagnosis was a malignant tumor of the left kidney, 
bone metastasis, left temporal lobe secondary malignant tumor, secondary diabetes, secondary hypertension, CS, and 
hypokalemia. Comprehensive treatment based on surgery was determined.

The patient underwent a Palliative nephrectomy (Figure 5). The relevant tissues were sent for pathological examination 
(Figure 6A), and all biochemical indicators recovered postoperatively (Table 2). On the second postoperative day, the 
cortisol levels were reviewed. On the third postoperative day, cortisol and ACTH levels returned to normal, and the 
blood potassium level recovered to 3.41 mmol/L. Primary renal ES (extraosseous ES) was confirmed by histopathological 
examination of the mass. No tumor accumulation was found in the perirenal fat and ureteral stump. Immunohisto-
chemistry (Figure 6B) revealed CD99 (+), vimentin (VIM) (+), CD56 (+), synaptophysin (Syn) (less +), Ki-67 (hot spot 50% 
+), neuron-specific enolase (NSE) (focus +), CD34 (vascular +), AE1/AE3 (focus +), WT (-), D2-40 (-), Desmin (-), 
chromaffin A (CgA) (-), S-100 (-), epithelial membrane antigen (EMA) (-), and ACTH (-) (Figure 6C). Genetic test: Exactly 
808 tumor-related hot spot genes (605 whole exon coding regions and 203 hot spot mutation regions) were analyzed. The 
mutation with clear clinical significance (primary mutation) (NTRK1, NTRK1-ZPBP) and the locus with potential clinical 
significance (secondary mutation) (CHEK2 c.444 + 1G > A, EWSR1 EWSR1-FLI1) were observed.

FINAL DIAGNOSIS
The diagnosis was primary renal ES with CS.

TREATMENT
The patient was transferred to the oncology department for postoperative radiotherapy and chemotherapy 1 month 
postoperatively. The chemotherapy regimen consisted of vincristine 2 mg d1 plus doxorubicin 50 mg d1-d2 plus 
cyclophosphamide 2 g d1. The chemotherapy cycle was 21 days. Due to the continuous increase in intracranial pressure 
in the patient alongside brain metastases, mannitol dehydration was ensured. Intensity-modulated radiotherapy was 
administered to the metastatic tumors in the left temporal lobe of the brain (3 Gy per fraction of 17 fractions of a total dose 
of 51 Gy). The patient continued chemotherapy for two courses. Owing to economic problems, chemotherapy was discon-
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Table 2 Biochemical indices after surgery

The second day after surgery The third day after surgery The fourth day after surgery

Blood cortisol level at 8:00 in the morning (nmol/L) 1649.9↑ 157.2 183.2

Adrenocorticotropic hormone level (pg/mL) 20.9 27.3

K+ 2.83 3.41

Figure 2 Computed tomography and magnetic resonance imaging. A and B: Corticomedullary and excretory phase axial computed tomography shows 
that the large tumor (11.65 cm × 10.91 cm) showed scattered irregular enhancement with large areas of necrosis; C and D: Magnetic resonance imaging coronal and 
axial view of the head showed mixed signals in the left temporal lobe, suggesting tumor metastasis.

tinued. The patient was followed up at 4 and 9 months after surgery.

OUTCOME AND FOLLOW-UP
The patient was followed up at 4 and 9 months post-surgery. Up to 9 months post-surgery, the patient was well-
nourished, clear-minded, and free to move physically, with a weight loss of 2 kg. The patient reported no dizziness, 
nausea, vomiting, or facial acne. The purple stripes on the abdomen disappeared, and those from other body parts had 
reduced. The patient could perform day-to-day activities such as driving. The patient and his family were satisfied with 
the effectiveness of the treatment. However, the patient was eventually lost to follow-up two years after surgery

DISCUSSION
Primary renal ES/primary neuroectodermal tumors (PNETs) are extremely rare and highly malignant. Since Seemayer et 
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Figure 3 Nuclear medicine image of the primary tumor. A: Increased radioactivity in the left kidney; B: A large mass of mixed density was found in the left 
kidney. The large cross section of the lesion was about 11.8 cm × 9.7 cm; C: The solid component showed uneven radioactive concentration, Maximum Standardized 
Uptake Value 10.4, the left side of the kidney was compressed and displaced upward, and the renal calyx was dilated and hydronephrosis.

al[3], the first reported renal PNET was in 1975, and the number of cases reported worldwide was less than 200. The 
pathological type of CS caused by ectopic ACTH/CRH in Primary renal ES is rare and is usually a neuroendocrine tumor 
and individual nephroblastoma[4]. The most prominent feature of our case was that the primary renal ES had neuroen-
docrine function and secreted ectopic ACTH/CRH, which led to CS. In many reports, primary renal ES does not involve 
neuroendocrine function. Moreover, most of the symptoms are nonspecific, majorly involving lumbar pain. Some patients 
also have macroscopic or microscopic hematuria[5-7]. According to the PubMed database, only a few studies have 
reported the terms “Ewing's sarcoma and Cushing’s syndrome” (four reports)[8-11], and even fewer studies have 
reported the term “Renal Ewing's sarcoma and Cushing’s syndrome” (two studies)[8,12].

Renal ES is difficult to diagnose and usually does not have specific imaging manifestations. CT usually reveals large 
heterogeneous masses accompanied by large necrosis and uneven enhancement. As renal ES is highly malignant, approx-
imately 57% of patients already have metastasis at the time of diagnosis[13]. Therefore, it is necessary to perform 
enhanced CT and bone scans to detect metastasis in patients with suspected renal ES. PET-CT is more advantageous for 
identifying small metastases, through which we identified many small bone metastases in our case. All the above examin-
ations lack specificity, and the final diagnosis requires histopathological manifestations and immunophenotyping. When 
it is necessary to differentiate between the pathological types of tumors, such as nephroblastoma and neuroblastoma, a 
clear diagnosis can be made by adding the corresponding molecular pathological tests. Using immunophenotyping, the 
examiner can specifically judge whether the tumor produces ectopic ACTH or CRH. Histologically, the tumor cells are 
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Figure 4 Nuclear medicine image of metastatic tumors. A: The shape of the brain was as usual, with a slightly high-density mass in the left temporal pole 
and a few low-density shadows in the center. The larger section was about 3.3 cm × 2.2 cm. The periphery of the lesion showed large patches of low-density edema. 
PET showed annular high uptake of radioactivity in the lesion, Maximum Standardized Uptake Value (SUVmax) 9.1; B: High radioactive uptake shadow was found in 
the thoracic third vertebral arch plate, SUVmax 5.0, and no obvious bone destruction was found in the corresponding part; C and D: Left iliac wing, right humeral head 
and local bone of density is decreas, and a small amount of radioactive uptake was observed in the corresponding parts. The SUVmax was 2.7.

distributed in slices or lobules under a microscope and are uniformly round and oval. The nuclei are large and 
hyperchromatic, and different degrees of karyokinesis are observed. The cytoplasm is clear, and some cells can be 
vacuolated. Homer-Wright chrysanthemums have relatively characteristic structures with varying degrees of neural 
differentiation[14].

Regarding immunohistochemistry, most primary renal ESs are positive for the transmembrane glycoprotein CD99, 
encoded by MIC2. In addition, the endocrine and neuroendocrine system markers NSE, CgA, and Syn can be positive. 
VIM, CD56, and hemophilia transcription integration factor 1 are also observed in some primary renal ESs. Moreover, 
epithelial markers, such as cytokeratin and EMA, are usually negative[14,15].

The first challenge the patient must face is the difficulty in diagnosis, where the patient first exhibits severe CS and 
then seeks the primary focus according to the principle of quality action before positioning. Low-dose dexamethasone 
failed to inhibit the secretion of cortisol, indicating that the patient had ACTH-dependent CS. The high-dose 
dexamethasone suppression test revealed a failure to inhibit cortisol secretion, suggesting that Cushing’s disease could be 
excluded. Therefore, the patient may have had ectopic ACTH syndrome or ectopic CRH syndrome. Immunohisto-
chemistry revealed negative ACTH levels. Due to the limitations of technical conditions, immunohistochemical detection 
of CRH could not be performed; therefore, the tumor may have produced ectopic CRH or ACTH analogs.
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Figure 5 Gross specimen. A huge tumor has invaded the entire kidney (coronal cut), leaving only a small portion of normal kidney tissue (Orange arrow). The 
internal cystic changes of the tumor were accompanied by bleeding and necrosis.

Figure 6 Morphological features and immunostaining results of the tumor. A: Small, round tumor cells can be seen scattered throughout the visual 
field Staining method: HE staining (400 ×); B: Diffuse hyperstaining of tumor cell membrane for CD99 Staining method: Polymer method (400 ×); C: No positive 
reaction was observed for adrenocor ticotropic hormore staining method: Polymer method (400 ×).

Only 20 cases of ectopic CRH syndrome have been reported worldwide, mostly due to medullary thyroid carcinoma 
(33%) and pheochromocytoma (19%), as well as carcinoid (5%) and small cell lung cancer (9.5%), which are relatively 
rare. If a patient produces ectopic CRH, it is generally believed that a high-dose dexamethasone suppression test can 
reduce the cortisol levels[16]. However, the patient showed the opposite result when high-dose dexamethasone was 
administered, possibly because the auxo-action of ectopic CRH on ACTH exceeded the inhibition of high-dose 
dexamethasone on pituitary ACTH. Only three of the 20 reported cases presented the same situation as this patient[17-
19].

Pro-opiomelanocortin (POMC), the precursor of ACTH, produces ACTH, melanocyte-stimulating hormone, and other 
products via a series of processes[20]. Incorrect processing of POMC in tumor cells is likely to produce derivatives with 
ACTH functions. In addition, false-negative immunohistochemical reactions may be caused by the inability to store and 
release ACTH rapidly after production.

The relevant reports are mostly case reports owing to the low incidence of primary renal ES. Currently, there is a lack 
of standard treatment plans, and the treatment mainly involves exaires is combined with radiotherapy, chemotherapy, or 
targeted therapy. Owing to the malignant degree of primary renal ES and the large volume of the tumor, radical 
nephrectomy is the first choice of surgery. There is a significant correlation between chemotherapy and overall survival 
(OS). Neoadjuvant chemotherapy can contribute to tumor downstaging and resect ability, improving the prognosis of 
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patients[21-24]. In comparison, adjuvant chemotherapy can prevent tumor recurrence and metastasis[25]. However, 
owing to the lack of contrast tests, the existing evidence cannot determine which method is most beneficial to patients. 
The most commonly used treatments are VDC (vincristine + doxorubicin + decacyclophosphamide), IE (ifosfamide + 
etoposide), etc.[2,21,26]. In addition, in the EURO-E.W.I.N.G.99 experiment in Europe, the researchers used the VIDE 
protocol (vincristine + ifosfamide + doxorubicin + etoposide) during the induction period and the VAI protocol 
(vincristine + actinomycin + ifosfamide) or a large dose of busulfan/ melphalan followed by autologous stem cell 
transplantation according to risk stratification during the consolidation period for 24 patients with primary renal ES[18]. 
It is difficult to judge whether radiotherapy can benefit patients according to existing research; however, some 
researchers use radiotherapy to irradiate the surgical area after surgery, and reducing the residual focus significantly[21,
27].

Furthermore, there have been few reports on targeted drug treatments for primary renal ES. To date, there are only a 
few reports on the treatment of ES using pazopanib[28]. Zhao et al[29]reported a case of partial remission after the use of 
apatinib. The prognosis of primary renal ES was poor. In a retrospective analysis of 48 patients, the average survival time 
of patients with metastatic diseases was 26.14 months[30]. The Anderson Cancer Center in the United States analyzed the 
4-year median event-free survival (EFS) and OS rates of 30 patients with primary renal ES in a single center with no 
metastasis at the time of diagnosis. These were 54% and 85%, respectively. However, the incidence rates for patients with 
metastasis were 35% and 47%, respectively[21]. A previous study analyzed the 3-year median EFS and OS of 22 patients 
with primary renal ES in EURO-E.W.I.N.G.99, diagnosed as non-metastatic. These were 78% and 92%, respectively. For 
patients with metastasis, these were 45% and 58%, respectively[27]. Therefore, early detection and comprehensive 
treatment are key to improving the prognosis.

The second challenge is treatment. Our patient had primary renal ES with CS and extensive brain and bone metastases 
at the time of diagnosis. Considering that the patient had severe CS and metabolic disorder, an open total left 
nephrectomy was performed to relieve symptoms, identify pathological types, and eradicate the tumors. Cortisol and 
ACTH levels returned to normal on the third day after surgery. The patient was discharged six days after the surgery. 
Subsequently, two courses of VDC chemotherapy were administered; the patient’s symptoms improved, and the 
intracranial metastatic tumors were significantly reduced. However, the long-term effects require further follow-up.

At the gene level, gene mutation caused by chromosome heterotopia is the main cause of ES. The types include t (11; 
22) (q24; q12), t (21; 22) (q22; q12), t (7; 22) (p22; q12), t (17; 22) (q12; q12), and t (2; 22) (q33; q12), which produce 
EWS/FLI1, EWS/ERG, EWS/ETVl, EWS/E1AF, and EWS/FEV, respectively. Approximately 85% of patients with ES exhibit 
EWS/FLI1[31], which encodes a transcription factor that promotes tumor growth by influencing gene transcription or 
RNA splicing. However, ES, does not affect the transcription of the CD99 gene but directly affects the expression of CD99 
on the cell membrane. EWS-FLI1 interacts with CD99 to influence the expression of CD99 through a complex post-
transcriptional regulatory mechanism. CD99 is not only a marker but is also directly involved in the proliferation and 
metastasis of ES[32,33]. The patient harbored a typical EWS/FLI1 mutation, which further verified the diagnosis and 
provided guidance for future treatments.

CONCLUSION
In summary, primary renal ES is a rare adult malignant tumor with a poor prognosis. CS is its rare clinical manifestation. 
When assessing the patient, the principle of prioritization before quality must be followed in diagnosis. While gene tests 
are helpful for diagnosis and can guide treatment (although they are not a necessary examination method for this 
disease), the “gold standard” for diagnosing primary renal ES is still pathological examination. Comprehensive surgical 
treatment based on surgery can achieve certain effects in advanced metastatic primary renal ES.
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Abstract
BACKGROUND 
Ulcerative colitis (UC) is an idiopathic, chronic inflammatory bowel disease (IBD) 
most often located in the rectum, but may involve the entire colon. Extra intestinal 
manifestations (EIMs) occur with varying frequency depending on the affected 
organ. The most common ones are musculoskeletal EIMs, affecting up to 33%-40% 
of IBD patients. These include, among others, inflammatory back pain, tendinitis, 
plantar fasciitis and arthritis. Only a few case reports in literature discuss Achilles 
tendinitis.

CASE SUMMARY 
This report describes a patient with UC and Achilles tendinitis in whom after 
many unsuccessful attempts of treatment with sulfasalazine, mesalazine, glucoco-
rticosteroids, infliximab and tofacitinib, a complete UC remission and resolution 
of Achilles tendinitis were achieved with the use of dual biologic therapy (DBT)-
ustekinumab and adalimumab (ADA).

CONCLUSION 
This case mentions rare EIMs of UC and suggests that DBT may be an alternative 
for patient with ulcerative colitis and EIMs.
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Core Tip: Achilles tendinitis is one of the rarest extra intestinal manifestations of ulcerative colitis (UC). To our best 
knowledge only a few case reports in literature discuss this problem. This article is a case report of a patient immobilized by 
Achilles tendinitis and excluded from social life by a very long-lasting exacerbation of UC. His way to recovery was full of 
ups and downs. We tried many lines of biological treatment with no permanent success. Only dual biologic therapy with 
ustekinumab and adalimumab thanks to combining two mechanisms of action brought the desired effect–a steroid free 
remission of UC and Achilles tendinitis.
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INTRODUCTION
Ulcerative colitis (UC) is an autoimmune disease localized in the large intestine. According to the literature, extra 
intestinal manifestations (EIMs) of UC originating from the musculoskeletal system are in the range of 33% to 40%[1-3]. In 
recent years significant progress has been made in understanding the pathogenesis of arthritis associated with inflam-
matory bowel disease (IBD) although the exact pathomechanism linking gut inflammation with arthritis and tendinitis 
still remains unclear. The coexistence of EIMs including musculoskeletal symptoms worsens the quality of patients' lives 
and usually requires separate specialized pharmacological treatment and rehabilitation. In 2007, for the first time, a study 
demonstrating the safety of dual biologic therapy (DBT) was published[4]. Since then, there has been some progress, 
especially with the introduction of small molecules such as Janus kinase inhibitors and drugs modulating the 
sphingosine-1-phosphate signaling pathway into the therapy of IBD.

CASE PRESENTATION
Chief complaints
A 47-year-old Caucasian man, tax official with UC was admitted to our department in order to qualify for a biological 
therapy. On admission, the patient was passing 15 loose, non-bloody stools per day. At that time, the patient denied the 
presence of EIMs, but in the past had complained of ankle and knee pain. However, during the treatment described here, 
after glucocorticosteroids (GCs) dose reduction patient complained of severe Achilles tendons pain, leading to patient’s 
immobility.

History of present illness
The patient was diagnosed with UC 22 years ago and had a long history of treatment with 5-aminosalicylic acid and GCs, 
but also a short ineffective course of cyclosporine complicated by transient bone marrow aplasia. On admission, the 
patient was taking 28 mg of methylprednisolone (MP) orally daily.

History of past illness
The patient’s past medical history revealed osteopenia, hyperlipidemia, depression and hypertension.

Personal and family history
There was no history of ethanol or drug abuse, herbal use or depot injections. The patient was vaccinated according to the 
local vaccination schedule. His family history was insignificant.

Physical examination
Physical examination revealed stable vital signs, his body mass index was 29 (height 176 cm, weight 90 kg) and heart rate 
was 110/min. Also, tenderness in the lower abdomen was found. The negative Otto test 3 cm (n > 3 cm) and a positive 
Schober test 3 cm (n > 4.5 cm) in physical examination indicated a reduction in mobility of the spine in the lumbar region. 
The Patrick's test was negative bilaterally.

Laboratory examinations
Abnormalities in laboratory tests included increased calprotectin stool concentration-410.5 mg/kg (n < 50) and C-reactive 
protein (CRP) serum concentration - 1.1 mg/dL (n: 0-0.8 mg/dL). The liver enzymes and renal parameters were within 
the normal range. Possible infectious triggers of the exacerbation were excluded: Serological tests for Epstein–Barr virus, 
cytomegalovirus as well as stool cultures for Salmonella, Shigella, Yersinia, Campylobacter, enterotoxic E. coli, and also 
Clostridioides were negative. The serum CRP concentration persisted at 1.2 mg/dL (n: 0-0.8) and the peripheral white 
blood cells remained within normal range. A radiological examination of the chest as well as abdominal ultrasound 
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examination showed no abnormalities. The rheumatoid factor, anti–cyclic citrullinated peptide antibodies and human 
leukocyte antigen B27 were negative.

Imaging examinations
The first endoscopic examination during steroid therapy showed the Mayo endoscopic score of 1 with a full Mayo Score 
of 6. After a few lines of treatment, another endoscopic examination revealed the disease activity at Mayo 3 (Figure 1A) 
with a full Mayo Score of 9. Also, an ultrasound of the tendons was performed, confirming their bilateral inflammation 
(Figure 2). At the time, the patient was also examined for other EIMs of UC, revealing bilateral sacroiliitis and Achilles 
tendon enthesopathy (Figures 3 and 4). The spine X-ray showed squaring of the vertebral bodies in the area of the 
thoracic-lumbar junction, right-sided curvature of the spine in the Th/L section and degenerative changes of the interver-
tebral joints.

FINAL DIAGNOSIS
In concordance with the Assessment of SpondyloArthritis International Society (ASAS) 2010 criteria, seronegative 
peripheral SpA was diagnosed as an EIM of UC[5].

TREATMENT
Due to the moderate-severe relapse of the UC after many years of ineffective GCs therapy, the patient was qualified for 
biological therapy with infliximab (INF) administered intravenously at a dose of 5 mg/kg resulting in clinical 
improvement after induction therapy. Concurrently, MP dose reduction was initiated and when the MP dose was 20 mg 
per day, the patient complained of Achilles tendon pain for the first time in his life. The treatment with INF was 
continued, achieving complete steroid-free clinical remission of UC on the 6th week of the treatment. The tendon pain, 
however, persisted and the patient was additionally on oral non-steroidal anti-inflammatory drugs. On the 12th week of 
the treatment, the patient experienced an exacerbation of the UC. Physical examination revealed mild abdominal 
tenderness, as well as swelling and tenderness in the area of the heel attachment of the Achilles tendons bilaterally. 
Endoscopic examination revealed the disease activity at Mayo 3 with a full Mayo Score of 9 (significant deterioration 
compared to the beginning of the therapy). Consequently, it was decided to convert biological therapy to tofacitinib 
(TOFA) at a dose of 10 mg orally twice daily and reintroduce MP at a dose of 16 mg daily. The efficacy of TOFA was 
evaluated at week 8 of the treatment. The patient remained in clinical remission, and colonoscopy showed Mayo 
endoscopic score of 1 with a full Mayo score of 3. Unfortunately, it was not possible to completely discontinue MP, as 
with a dose below 6 mg, recurrence of the tendon pain was observed, yet of a much lower intensity than before. For this 
reason, it was decided to convert the treatment with mesalazine at a dose of 4 g to sulfasalazine at a dose of 4 g daily. At 
week 8 of the treatment, after clinical and endoscopic response, the dosage of TOFA was reduced to 5 mg twice a day. At 
week 15 of the therapy (with MP dose of 4 mg), the patient presented to the outpatient clinic with a significant increase in 
Achilles tendon pain (6/10 in the numerical rating scale) and also ankle, knee and shoulder joints pain. He remained in 
clinical remission for intestinal symptoms, sigmoidoscopy showed Mayo endoscopic score of 1 and the dose of TOFA was 
increased to 10 mg twice daily. At week 26 of therapy, joint symptoms and tendon pain persisted resulting in the patient 
requiring daily opioids. In addition, an exacerbation of intestinal symptoms has recurred. The sigmoidoscopy revealed an 
increase in disease activity-Mayo endoscopic score of 2, with the total Mayo score of 8, a decision was made to change 
treatment to ustekinumab (UST) (520 mg intravenously). Eight weeks after the induction dose, a reduction in the total 
Mayo score from 8 to 5 was observed, as well as a slight improvement in tendon and joint pain, with no endoscopic 
improvement. The patient was then placed on DBT, UST dosing was maintained 90 mg subcutaneously every 8 weeks 
and INF was added at a dose of 5 mg/kg intravenously, but unfortunately with the 2nd dose, the patient experienced 
anaphylactic shock. Consequently, we decided to combine UST with adalimumab (ADA) at an induction dose of 160 mg 
subcutaneously, next 80 mg after 2 weeks, and then 40 mg every 2 weeks. After steroid discontinuation the patient 
suffered from tendons pain again, but of lower intensity. Then, we added methotrexate (MTX) at a dose of 15 mg 
subcutaneously weekly to DBT.

OUTCOME AND FOLLOW-UP
After 12 weeks of DBT combined with MTX for 2 months, the effectiveness of the treatment was evaluated. The patient 
has remained in steroid-free clinical remission, joint pains have subsided and tendon pain has remained minimal, 
requiring only rehabilitation and periodic low doses of analgesics. The colonoscopy showed full endoscopic remission for 
the first time-Mayo endoscopic score of 0 with total Mayo score of 0 (Figure 1B). The patient continues the treatment with 
UST (90 mg every 8 weeks), ADA (40 mg every 2 weeks) and MTX (15 mg every week) maintaining a steroid-free 
remission and no EIMs for the first time in many years. No adverse events have been observed.

The patient achieved clinical remission during anti-TNF treatment (only transiently as it later turned out), but 
extraintestinal symptoms were still present. The temporary reintroduction of GCs allowed the control of tendon pain and 
the implementation of appropriate treatment, which proved to be effective in the long term and allowed a steroid-free UC 
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Figure 1 The endoscopic view of the colon. A: Before starting tofacitinib (Mayo 3); B: After 12 weeks of dual biologic therapy (Mayo 0).

Figure 2  Tendons ultrasound revealing tendinitis.

remission after many years. The way to remission was long and difficult, requiring multiple treatment modifications and 
ultimately the use of DBT.

DISCUSSION
When analyzing the patient’s disease course and treatment, attention should be paid to three key points. Firstly, the long-
term and unjustified use of GCs. Secondly, the long delay in qualifying the patient for biological therapy despite the 
evident ineffectiveness of standard treatment. Thirdly, the lack of diagnosis of SpA despite the patient's reported 
symptoms in the form of ankle and knee joints pain in the past. Physicians usually correctly diagnose arthropathies in the 
course of IBD (although this had not been done for many years in the patient's case), however, they often forget that 
tendinitis is also an EIM of this group of diseases. In a study to validate a questionnaire for the detection of SpA in IBD 
patients, it has been shown that 102 (24.4%) patients met ASAS criteria for this diagnosis. Among these patients, enthesitis 
was present in 26 patients (25.5%)[6]. Despite that, case reports of patients with Achilles tendinitis are extremely rarely 
reported in the literature. ter Borg et al[7] described a case of a patient with tendinitis accompanying “pouchitis”, ergo this 
manifestation should not be forgotten even in patients with UC after colectomy. In all described cases, tendinitis was 
accompanied by the exacerbation of the underlying disease and resolved with the remission of intestinal symptoms[7-
10]. However, it was not sufficient in the case discussed here, and required a novel approach.

The benefits of combining two biological drugs with different mechanisms of action are being increasingly discussed in 
literature[11-14]. For example, Glassner et al[13] described retrospectively 50 patients treated with DBT using different 
drug combinations (the most often vedolizumab combined with UST). In the described cohort, there were 10 patients who 
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Figure 3  X-ray revealing Achilles enthesopathy.

Figure 4 Images revealing bilateral sacrolitis. A: On the X-ray; B: In magnetic resonance imaging.

had concomitant rheumatological or dermatological disease, especially psoriasis and psoriatic arthritis. However, so far 
only one case of UC and concomitant peripheral arthropathy successfully treated with DBT (vedolizumab and UST) have 
been reported[15]. DBT is most widely referred to in systematic reviews, meta-analysis, retrospective studies and case 
series, but it is also a promising direction for clinical research. In 2023, randomized double-blind controlled phase 2 trial 
evaluating guselkumab plus golimumab combination therapy vs guselkumab or golimumab monotherapy in patients 
with UC was published. Both the efficacy and a good safety profile have been demonstrated for DBT. Despite the 
growing number of available therapies for some patients, inhibition of only one inflammatory response pathway may be 
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insufficient, especially in challenging IBD patients and those with accompanying EIMs resistant to treatment with a single 
mechanism of action drugs.

CONCLUSION
The case of the patient with bilateral Achilles tendinitis discussed in this article represents rarely reported EIMs of UC 
and suggests that DBT may be an alternative for patient with UC and EIMs who did not respond for standard either first- 
or second-line medical therapies.
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