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Abstract

Infected necrotizing pancreatitis (INP) represents a severe condition in patients
with acute pancreatitis. Invasive interventions are recommended in symptomatic
INP. Growing evidence has suggested interventional strategies of INP evolving
from traditional surgery to minimally invasive step-up endoscopic procedures.
However, there is still no standardized protocol for endoscopic interventions.
Recently, various studies have been published about the endoscopic management
of INP. This article reviews published articles and guidelines to present the
progress and challenges of endoscopic transluminal drainage and necrosectomy
in INP.

Key Words: Endoscopic; Drainage; Necrosectomy; Infected necrotizing pancreatitis;
Progress; Challenge
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Core Tip: Infected necrotizing pancreatitis (INP) is a severe condition in patients with
acute pancreatitis. Endoscopic transluminal drainage and necrosectomy, especially
endoscopic ultrasound-guided treatments, have become the mainstream minimally-
invasive treatment for symptomatic INP. Growing evidence has proven progress in
endoscopic transluminal interventions, while challenges and unsolved problems still
need further investigation. Endoscopic transluminal interventions are neither omnipotent
nor perfect. The predominant role of endoscopic treatment will be further developed
with the advancements, standardization, and popularization of endoscopic techniques
and devices in the near future.
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INTRODUCTION

Acute pancreatitis (AP) is one of the most common gastrointestinal (GI) discharge diagnoses and
accounts for high medical costs, and its hospitalization rate has recently increased[1,2]. AP can be
pathologically classified as interstitial edematous and necrotizing pancreatitis (NP)[3]. Infected NP
(INP) is usually a result of fungal or bacterial infection of necrosis that occurs in approximately a third
of patients with NP[3]. Infected necrosis leads to increased mortality in NP. In a systematic review and
meta-analysis of 6970 patients, the mortality rates of infected necrosis with organ failure and sterile
necrosis with organ failure have been reported to be 35.2% and 19.8%, respectively[4]. Therefore,
effective interventions are needed in INP patients. Current treatment strategies consist of conservative
therapy, endoscopic transluminal drainage and necrosectomy, percutaneous drainage and
necrosectomy, minimally invasive surgery, and open necrosectomy[3,5-7]. Endoscopic transluminal
drainage and necrosectomy are recommended as first-line therapy for patients with INP due to
significantly reduced proinflammatory response, complications, hospitalization time and costs, new-
onset multiple organ failure (MOF), and increased life quality of these patients[6,8,9]. Despite that
growing evidence suggests interventional strategies of INP evolving from minimally invasive surgery to
endoscopic therapy, a single treatment option may not suit all INP patients[10]. Meanwhile, other issues
are still to be further investigated, such as standardizing endoscopic therapy[11], predicting and
managing complications, and optimizing endoscopic drainage and debridement[12]. By compre-
hensively performing an electronic literature search of Medline/PubMed, Embase, Reference Citation
Analysis (RCA, https:/ /www .referencecitationanalysis.com/) databases, and Web of Science databases
from inception to November 30, 2022, we have reviewed published articles and guidelines to present the
progress and challenges of endoscopic transluminal drainage and necrosectomy for patients with INP.

CLASSIFICATION

Pancreatic parenchyma and peripancreatic tissue are most commonly involved in NP. Therefore, NP is
classified into three types: Pancreatic parenchymal alone, peripancreatic necrosis alone, and a
combination of the former two types[13]. NP may also be categorized as an acute necrotic collection
(ANC) or walled-off necrosis (WON) based on the duration of the collection (< 4 wk or > 4 wk) and a
well-defined encapsulation[14]. Four kinds of local complications caused by AP are classified by the
revised Atlanta Classification, and acute peripancreatic fluid collection, ANC, pancreatic pseudocyst
(PPC), and WON are included[15]. Sterile and infected types exist in PPC and WON[15]. Although a
well-defined wall could be identified in PPC and WON by endoscopic ultrasound (EUS) or imaging
examinations, their drainage effects are quite different[16].

ENDOSCOPIC TRANSLUMINAL DRAINAGE

Drainage and debridement of pancreatic necrosis are recommended for INP patients by multiple
guidelines and consensus|[5,17,18]. Endoscopic drainage, especially EUS-guided drainage, is a minimally
invasive treatment for the drainage of pancreatic fluid collection (PFC)[19-21]. Compared with surgical
cystogastrostomy, EUS-guided procedures demonstrates shorter hospital stay and lower mortality[19].
Although percutaneous drainage has proven efficient in INP[22,23], endoscopic drainage presents lower
reintervention rates, shorter length of hospital stay, and decreased number of follow-up abdominal
imaging than percutaneous drainage[24,25]. Thus, EUS-guided drainage has been recommended as the
optimal drainage method for lesions near the stomach or duodenum (Table 1)[18].

Progress

Since the initially reported successful application of EUS-guided drainage in a patient with PPC[26],
endoscopic transluminal drainage has proved effective and minimally invasive in treating INP.
Moreover, indications for drainage have already evolved from a specific cystic diameter (> 6 cm) to the
presence of INP-associated symptoms (abdominal pain, early satiety), lesion enlargement, and complic-
ations which include infection, hemorrhage, rupture, and obstruction[27,28]. Drainage options depend
on various factors, including the patient's general condition; the size, number, and location of PFC;
communication with the main pancreatic duct (PD); infection or other symptoms; and the expertise of
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Table 1 Characteristics of endoscopic transluminal drainage and stents

Recommendations and benefits Areas of concern Ref.
Recommending EUS  Effective and minimally invasive; lower morbidity; reduced reinter- - [18-21,24,
guidance ventions; decreased follow-up imaging; shorter hospital stay 25,66]
Indications for INP-associated symptoms and complications Patients' general conditions and symptoms; [27-28]
drainage PFC characteristics; endoscopic experience
Timing of
intervention
Early intervention (<2 Not recommended; no superiority in complications Increased mortality and invasive [5,45]
wk) interventions
Early intervention Safe and effective when identifying a partial collection Increased mortality, endoscopic [14,50,51]
(3-4 wk) necrosectomy, and rescue surgery
Delayed intervention ~ Generally recommended; after INP encapsulation; excellent clinical - [17,45-49]
(>4 wk) success; reduced reinterventions and mortality
Stents
DPPS Affordable, safe, and easily accessible; recommended for little debris (€  Stent occlusion; possible leakage; limited [18,28-30,
10 %) or pure PPC endoscopic access to the necrotic cavity 54,57]
SEMS Feasible; deployed when LAMS is unavailable - [32]
LAMS Simpler procedure; higher technical and long-term success rates; less Higher cost; increased risks of pseudoan- [12,29,33,
AD than DPPS; recommended for significant debris (= 30 %) eurysm bleeding, delayed bleeding, 34,52-55,
perforation, and buried stent syndrome 60-63]
Negative predictors ~ Male; MOF; extensive necrosis (2 150 mm); heterogeneity (necrosis > - [35-37]

for drainage effect 50%)

Improving drainage  Additional nasocystic drainage; multiple transluminal gateway - [28,31,38,
technique; hybrid techniques 39,42,43]

Technical aspects Not always requiring fluoroscopy and LAMS dilation; novel techniques  Lack of standardized protocol [11,12,17,
for complicated deployments; timely stent removal; endoscopic closure 61,62,68,
for patients with a poor situation or early needs for transoral feeding 69]

EUS: Endoscopic ultrasound; INP: Infected necrotizing pancreatitis; PPC: Pancreatic pseudocyst; PFC: Pancreatic fluid collection; DPPS: Double-pigtail
plastic stents; SEMS: Self-expanding metal stents; LAMS: Lumen-apposing metal stents; AD: Adverse events; MOF: Multiple organ failure.

the endoscopists[27].

Stents commonly used in endoscopic transluminal drainage include double-pigtail plastic stents
(DPPS), fully-covered self-expanding metal stents (SEMS), and fully-covered self-expanding lumen-
apposing metal stents (LAMS)[29]. The initial application of DPPS in treating PPC was reported in 1989
[30]. DPPS is an affordable, safe, and easily accessible choice for INP drainage with satisfactory technical
and clinical success rates (> 90%)[18]. Additional nasocystic drainage helps to reduce adverse events
and increase drainage efficiency, thus significantly shortening the length of hospital stay for patients
[31]. Therefore, nasocystic catheters are recommended by high evidence levels, especially in large or
infected PPCs[18]. In addition, esophageal or biliary SEMS with a large diameter is reportedly feasible
in treating large WON[32], and SEMS is usually used when LAMS is unavailable. With increasing
applications, LAMS has proven the advantages of simplifying EUS-guided management with high
technical and long-term success rates[33,34]. In addition to its safety and efficacy, the deployment of
LAMS would facilitate subsequent endoscopic necrosectomy procedures, if necessary[34].

Since ineffective drainage is a significant cause of poor prognosis in INP patients, how could
endoscopists predict the success of catheter drainage? Several studies have revealed that male, MOF,
extensive pancreatic necrosis (= 150 mm), and heterogeneity of the collections (necrosis 2 50%) are
negative predictors for the success of endoscopic drainage in INP[35-37]. Therefore, novel and effective
drainage methods need to be introduced. Firstly, multiple transluminal gateway technique has been
reported to improve drainage of sub-cavities and areas distant from the GI lumen in patients with
multilocular or huge infected pancreatic collections[38,39]. Moreover, in addition to endoscopic
transluminal drainage, percutaneous endoscopic step-up therapy also demonstrates an effective
strategy for IPN[40]. The above research has also found that early organ failure and extensive pancreatic
necrosis (> 50%) are independent predictors of mortality in this percutaneous procedure[40]. Moreover,
although percutaneous drainage may not be suitable for young, active INP patients, it is more
convenient for content analysis, flow monitoring, and catheter adjustment[41]. Therefore, for poor
drainage, especially in WON patients, several hybrid techniques, including endoscopic drainage
combined with percutaneous drainage or laparoscopic drainage, are also essential and practical
solutions to complicated INP drainage[28,42,43].
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Challenges

Timing of intervention: Although some experts believe that the conservative treatment of IPN with
antibiotics could avoid invasive procedures, studies have revealed that an antibiotics-only protocol is a
valid option only for hemodynamically stable and carefully selected patients[44]. Thus, invasive
interventions are recommended for clinically suspected or proven INP by worldwide guidelines,
including those from the American Gastroenterological Association, the European Society of
Gastrointestinal Endoscopy (ESGE), and the Asian EUS group[5,17,18]. However, the choice of early or
delayed intervention is still controversial for patients preparing for invasive intervention. The generally
accepted recommendation for the first invasive interventions is at least 4 wk after pancreatitis until
confirmation of INP encapsulation[17,45-47]. These delayed endoscopic interventions in INP
demonstrates excellent clinical success, lower reintervention rates, and lower mortality[48,49]. At the
same time, early drainage, whose efficacy, safety, and necessity of early drainage still need to be invest-
igated, has received much attention recently. In exploring early drainage, one radical attempt is to
perform drainage within 24 h after INP diagnosis. However, the results show no superiority of
immediate drainage concerning complications, and these patients received more invasive interventions
than those undergoing postponed drainage[45]. Therefore, due to increased morbidity and mortality, it
is currently recommended that endoscopic interventions should be avoided in the early, acute period (<
2 wk)[5]. Endoscopic intervention in the third or fourth weeks of INP patients seems safe and effective
when identifying a partial collection[14]. In contrast, other studies have revealed that early intervention
would lead to increased mortality, more need for endoscopic necrosectomy, and rescue open
necrosectomy[50,51]. Diverse studies have reached inconsistent conclusions about whether early
intervention increases complications[50,51], which may be related to the patients' heterogeneity and
sample sizes.

Endoscopists also have varied or even contrary opinions. Although early interventions do not apply
to all INP patients, there must also be patients who need this procedure. Whether early interventions are
performed depends on the patient's condition (such as infection and organ failure that need urgent
interventions), the location and morphology of INP, the patient's tolerance for possible complications,
and the operator's experience[50,51]. This process undoubtedly requires a comprehensive balance of
advantages and disadvantages.

LAMS or DPPS: LAMS has received much attention since its application in the drainage of patients
with INP[21,52], and research and debate on the merits of LAMS versus DPPs remains one of the hot
issues. EUS-guided drainage with LAMS provides superior overall treatment efficacy with reduced
numbers of interventional procedures[29]. Moreover, it demonstrates a lower adverse events rate than
DPPS drainage for managing PFCs in a recent systematic review and meta-analysis comprising 1584
patients[53]. Thus, LAMS has been recommended by a multi-institutional consensus made by 22 experts
as the standard procedure for WON drainage[12]. Most experts believe that metal stents with a large
caliber should be considered for WON with significant debris (= 30 %), while DPPS may already be
enough for WON with little debris (£ 10 %) or pure PPC[54]. Although a large diameter (d = 15 mm)
LAMS has been recommended for drainage in patients with WON[12,55], LAMS with a larger diameter
(d = 20 mm) demonstrate comparable clinical outcomes with fewer subsequent endoscopic
necrosectomy[56]. Meanwhile, previous studies have revealed that DPPS is cheap and easy to revise,
while disadvantages and concerns include stent occlusion, possible leakage, and limited endoscopic
access to the necrotic cavity[28,29,57]. Furthermore, there have been reports on novel devices and the
double guidewire technique in EUS-guided DPPS drainage[58,59]. However, if multiple DPPS are
introduced to maintain a large fistula for effective drainage, it would still lead to prolonged operation
time, stent migration, and other complications[28].

Although clinically significant bleeding requiring endoscopic intervention has been less observed in
large-caliber metal stents than in DPPS in some studies[55], contradictory conclusions from other
studies have indicated more bleeding and endoscopic re-interventions in LAMS than in DPPS[60]. With
the increasing applications of LAMS in endoscopic drainage, LAMS-related complications gradually
attract general concerns, which include a higher risk of pseudoaneurysm bleeding, delayed bleeding,
perforation, buried stent syndrome, and biliary stricture[52,60-63]. Endoscopists attempt to reduce
LAMS-related adverse events by additionally placing DPPS through LAMS. However, a recent
multicenter retrospective study revealed that deployment of DPS through LAMS had no significant
effect on clinical outcomes, adverse events, or the need for re-interventions[64]. Thus, given the
relatively higher cost[65], various possible complications, and the lack of significant differences with
DPPS in outcomes, the non-clinical-trial application of SEMS and LAMS is not recommended for
pancreatic PPC drainage by the Asian EUS group RAND/UCLA expert panel[18].

The results of studies on endoscopic drainage with LAMS are mixed. In some of the above studies,
the size of the PFCs for drainage using LAMS tends to be larger[61], which seems to have a relatively
higher risk of drainage-related complications. Moreover, the optimal stent for endoscopic drainage is
determined by many factors, including the size of the PFCs, the proportion of solid necrosis, the
patient's economic conditions, the therapeutic expectations of physicians and patients, and the
endoscopic devices and operating experiences of the local medical center. Therefore, there is no best
stent, only the most suitable stent for a specific patient. Furthermore, attention should be shifted to early
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detection and effective treatment of these complications.

Technical aspects of endoscopic transluminal drainage: Although growing evidence has proven
endoscopic transluminal drainage effective and minimally invasive in INP, endoscopic treatment has
not been standardized yet[11], which is one of the fundamental reasons for the difference in clinical
outcomes. As there are no multicenter randomized controlled trials (RCT) or guidelines for standard
procedures of endoscopic interventions, the following hot issues will be emphatically discussed.

Is EUS guidance necessary? Although transmural drainage only via conventional endoscopy is
technically available, previous studies have revealed its relatively low technical success rate with
possible fatal bleeding[66]. Meanwhile, selected INP patients with bulging lesions without prominent
portal hypertension may be more suitable for conventional endoscopic drainage without EUS guidance
[67]. Therefore, EUS-guided drainage should be considered the first-line endoscopic drainage procedure
when available.

Is fluoroscopy necessary? Fluoroscopy is recommended during EUS-guided PPC drainage by the
Asian EUS group RAND/UCLA expert panel with low evidence level[18]. However, EUS-guided
drainage can be completed without fluoroscopy[68]. Experienced endoscopists may choose to perform
endoscopic drainage under EUS guidance alone to shorten the operation and reduce unnecessary
radiation exposure for the physician and the patient.

How could endoscopists deal with complicated deployments of LAMS? Several novel techniques
have been reported, among which the two-step puncture technique is recommended for IPN patients
with massive solid necrosis and little fluid content, and the back-and-forth technique is intended for
insufficient expansion of the distal flange[69].

Whether should LAMS be dilated after deployment? Some experts support dilation to increase rapid
drainage, while others claim it is unnecessary and may cause increased dislodgment risks[12]. Although
no consensus has been reached, dilation mostly depends on the endoscopists' subjective judgment of the
intraoperative drainage effect and the content of PFCs[12].

When should the LAMS be removed? Literature on the removal timing of drainage stents is limited
[70]. From the perspective of therapeutic purposes, stent removal should be considered when PPCs and
WON:Ss are entirely or at least mainly resolved[[68]. However, due to various complications that may
occur during long-term placement[61,62], the recommended time of removal is 4 wk[17]. Recent
research proposes an early removal of LAMS 3 wk after necrosectomy if WON resolution has been
confirmed[71]. In some previous studies, the median indwelling time for LAMS is prolonged[33], but
surprisingly, no significant increases in complications have been reported when even prolonged to 7.8
mo[68]. Another concern is that premature stent removal may lead to an increased recurrence of
pancreatic collections[72]. Therefore, a long-term indwelling of transluminal DPPS is recommended in
INP patients with disconnected PD syndrome by ESGE guidelines[17]. In addition, transpapillary PD
stenting has proven improvements in treating IPN patients with PD disruption undergoing endoscopic
transluminal drainage[73].

Is endoscopic closure necessary? Several studies have recommended metal clips or the over-the-scope
clip for the endoscopic closing of gastroduodenal fistula after completing all endoscopic treatments and
removing all stents[74]. Other experts may claim it is not necessary. Our experience is that endoscopic
closure may not be essential for patients with satisfactory general conditions and relatively short disease
duration. However, endoscopic closure should be performed for patients with the opposite situations or
early needs for transoral feeding; otherwise, it may cause further infection, a long-lasting unhealed GI
wall, and the recurrence of INP. Several combined techniques for managing other digestive fistulas may
also be practical and feasible for a few complicated cases with poor efficiency by standard suture
methods|[75].

ENDOSCOPIC TRANSLUMINAL NECROSECTOMY

ANC occurs in most NP patients, and WON appears in more than half of them[76]. Previous studies
have demonstrated that conservative management without necrosectomy could be a successful
approach for 64% of patients with INP[77]. More than half of INP patients could be treated by catheter
drainage alone and did not require necrosectomy procedures[20]. Moreover, endoscopic drainage with
plastic double pigtail stents has been reported as sufficient in most PPC and WON, with or without
infection[19]. However, there are significant differences in the pancreatic collections and drainage effect
of varied INP patients. Although the natural resolution has been noted in more than one-half of WONs
within 6 mo of onset[78], interventions should be considered when patients develop INP-associated
fever, infection, abdominal pain, or GI obstruction[79]. Endoscopic transmural necrosectomy involves
endoscopic access to the necrotic area and gradual removal of the necrotic tissue (Table 2)[80].
Endoscopic transmural necrosectomy is a natural orifice transluminal endoscopic surgery (NOTES) that
combines endoscopic and surgical techniques[8,581,82].
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Table 2 Characteristics of endoscopic transluminal necrosectomy

Recommendations and benefits Areas of concern Ref.
Indications for Unsolved INP-associated symptoms Conservative management or endoscopic drainage  [77-80]
necrosectomy alone is sufficient in selected patients
Endoscopic First-line therapy; recommended endoscopic step-up approach; One single treatment may not suit all INP patients;  [6,8-10,
transluminal increased life quality; reduced proinflammatory response, complic- no superiority in reducing major complications or ~ 71,83-85]
necrosectomy ations, hospitalization time, costs, and new-onset multiple organ mortality when compared with the surgical step-up
failure procedure
Improve A solid component is better assessed by EUS than by CT scanning  Lack of unified assessment protocol for necrosis [54]
necrosectomy proportion
efficiency
Irrigation A three-step structured approach; saline, streptokinase, antibiotics, ~Lack of optimal procedure and concentration; [79,86-
techniques and hydrogen peroxide; reduced mortality and debridements prolonged stent retrieval; perforation caused by 97]
forced irrigation
Dedicated OTSG; PED; WAND; safe and effective; reduced interventions and  Efficacy and indispensable safety; further research ~ [98-100]
instruments hospital duration and popularization
Predictors for Small size (<7 cm) and delayed stent removal (= 4 w); PD Lack of prospective multicenter large-scale RCT [37,106-
complications disruption, abnormal vessels, and requirements of percutaneous 109]
drainage or hybrid techniques; elevated intracavitary amylase;
exocrine insufficiency
Managing complic- A novel algorithm for systematically managing hemorrhage events; [60,62,
ations LAMS with a larger diameter; mouthwash with chlorhexidine; 63,74,79,
suspension of PPI; timely follow-up and endoscopic management 101-104]
MDT strategy Individualized treatment; reduced mortality; improved clinical Lack of standardized endoscopic protocol; consid- ~ [11,79,
outcomes; optimal strategy for patients with high risks of potential ~erable variations among endoscopists 110-112]

complications

EUS: Endoscopic ultrasound; INP: Infected necrotizing pancreatitis; OTSG: Over-the-scope grasper; PED: Powered endoscopic debridement system;
WAND: Waterjet necrosectomy device; PD: Pancreatic duct; RCT: Randomized controlled trials; LAMS: Lumen-apposing metal stents; MDT: Multi-
disciplinary treatment.
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Progress

Endoscopic transluminal necrosectomy demonstrates increased life quality of INP patients and
significantly reduced proinflammatory response, complications, hospitalization time and costs, and
new-onset multiple organ failure[6,71]. Therefore, it has become a first-line option for INP patients who
require necrosectomy.

The endoscopic step-up approach refers to EUS-guided transluminal drainage followed by
endoscopic necrosectomy if necessary. Although the conclusions of comparative studies on major
complications and mortality of endoscopic transluminal and surgical step-up procedures are
inconsistent, the rate of pancreatic fistulas and hospitalization time is lower in the endoscopy group in
most studies[9,83]. Pancreatic fistula is one of the critical reasons for prolonged hospitalization,
increased treatment costs, and reduced treatment experience and life quality in patients with INP.
Therefore, endoscopic transluminal necrosectomy should be recommended as a first-line option for
patients with debridement needs.

Challenges

Superior to surgical approaches or not: Endoscopic necrosectomy has often been compared with
surgical approaches to answer whether it is superior to surgical techniques, but conclusions varied([6,9,
83]. The first-step comparison has been conducted in minimally invasive interventions and surgical
open necrosectomy, and the following results are generally accepted. That is, minimally invasive
approaches have replaced surgical open necrosectomy due to their advantages in the rate of the
composite end point of major complications[7]. Moreover, minimally-invasive surgical and endoscopic
necrosectomy demonstrated lower mortality than open necrosectomy in a pooled analysis of 1980
patients[84]. However, Comparing endoscopic step-up procedures to direct surgical necrosectomy may
also lead to a bias in favor of endoscopic treatment[85].

Next, the second step compares two minimally invasive interventions, including the endoscopic
transluminal and surgical step-up approaches. Reductions in the major complications, hospitalization
time, and medical costs have been observed in the endoscopic transluminal step-up group in the
TENSION trial, a randomized controlled, parallel-group superiority multicenter trial by the Dutch
Pancreatitis Study Group[83]. Moreover, besides reduced major complications and therapeutic costs,
increased life quality has also been revealed in the endoscopic transluminal approach when compared
with minimally invasive surgery in INP patients[6]. In contrast, other studies have found that although
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the rate of pancreatic fistulas and hospitalization time is lower in the endoscopic group, no superiority
in reducing major complications or mortality has been noted in the endoscopic step-up approach (EUS-
guided transluminal drainage followed by endoscopic necrosectomy if necessary) when comparing with
the surgical step-up procedure (percutaneous catheter drainage followed by video-assisted retroperi-
toneal debridement if required)[9]. The reasons for the differences or even the contradictions of various
studies may be related to the differences in the sample size, the INP lesions, the specific endoscopic
procedures, and the experience and perioperative management in different medical centers. In general,
minimally invasive necrosectomy is currently recommended, among which endoscopic necrosectomy
may be a better first-step option. When it comes to a specific patient, it is necessary to consider all INP-
related factors and the therapeutic experience of the local medical institution.

How to improve the efficiency: If endoscopic necrosectomy sessions can be effectively decreased, it will
reduce the operation-related complications and costs, shorten the treatment process, and improve the
overall experience. Therefore, it has always been a hot issue in INP treatment. Since the frequency of
endoscopic necrosectomy is affected by the necrotic proportion in INP patients, assessing the necrosis
proportion is the first problem. However, there is yet to be a unified assessment protocol[54]. Based on
the current literature, the following drugs, devices, and techniques may help reduce endoscopic
debridements.

Irrigation of the INP cavity is a commonly used procedure in INP patients undergoing invasive
intervention. A three-step structured approach (debridement, necrosis extraction, and irrigation) has
been developed and demonstrated fewer interventions[86]. Irrigation can be accomplished by a nasal
catheter, a percutaneous catheter, or a combination[79]. Although percutaneous drainage has been
considered one primary treatment for INP and helps most patients reduce open debridement in some
studies, about one in five patients gets worse and requires open surgical intervention[87]. Furthermore,
recent research has revealed that streptokinase irrigation through a percutaneous catheter helps reduce
necrosectomy sessions and mortality in a step-up approach. Constant saline instillation via nasocystic
catheter between each necrosectomy procedure has been reported effective for improving drainage and
reducing debridement operations[88,89]. However, it still needs to be determined whether continuous
or intermittent lavage is more suitable for the INP cavity[79]. In the meantime, complications have also
been noticed, including forced irrigation-caused perforation, subsequent organ failure, and death[88].
Another study has introduced a vigorous irrigation technique to reduce mechanical debridement, and
no mortalities or following surgical needs have been reported in these patients[90]. However, the
reported mean time of stent retrieval seems prolonged than the recommended[90]. Moreover,
aggressive lavage with large-volume warmed antibiotic solution has also been reported as an efficient
alternative to saline irrigation, and reduced rates of adverse events and mortality have been noted in
previous studies[91]. In addition, cessation of PPIs, local infusion of antibiotics, maximal fragmentation
of necrotic tissue, and disruption of internal septate structures during the first necrosectomy can also
improve drainage and reduce debridements[91-93].

In several previous studies, hydrogen peroxide has proven effective and safe in reducing
debridements, even making external irrigation unnecessary in selected IPN patients[82,94]. Hydrogen
peroxide has the advantage of healing INP by stimulating granulation and fibrosis, and foams produced
by hydrogen peroxide in contact with organic tissue help remove the attached necrotic debris[95].
However, its operation time and treatment course to achieve equal clinical efficacy with routine
debridement seem prolonged[96], and this technique's optimal procedure and concentration remain to
be further studied[94]. Another recent single-center randomized pilot study has revealed that
streptokinase irrigation in complicated INP cases demonstrates a lesser post-irrigation hospital stay and
a reduced trend for mortality and necrosectomy sessions, while H,0, irrigation may cause more
bleedings, in contrast[97].

Besides, the optimal interval between each endoscopic necrosectomy remains unsettled. One possible
reason may be the lack of data from large-scale multicenter RCTs. The current recommendation is 6.23 +
4.71 d (range, 3-21 d), which is also based on endoscopists' experience[12]. Suppose the interval can be
shortened, or even an endoscopic debridement is performed at the same time as the first drainage; in
that case, it seems beneficial in shortening the overall treatment duration. Although studies have
reported that simultaneous drainage and debridement in a small number of selected patients does not
significantly increase the incidence of serious complications[90], most experts do not recommend such
procedures[12].

Furthermore, endoscopic transluminal necrosectomy still lacks dedicated instruments. However,
some innovations have emerged in recent years. A new grasping tool, the over-the-scope grasper
(OTSG), has been reported to overcome the disadvantages of time-consuming endoscopic removals of
necrotic debris[98]. OTSG can be attached to any standard gastroscope. Additionally, a novel powered
endoscopic debridement system has been developed to achieve simultaneous resection and removal of
solid debris. In recent research of a prospective, multicenter, international device trial, this system has
revealed fewer interventions and shorter hospital duration in INP patients[99]. Thus, it seems to be a
safe and effective dedicated instrument for WON. Another novel prototype of the waterjet
necrosectomy device has also been designed and has already demonstrated effectiveness in fragmenting
necrotic debris and avoiding trauma to healthy tissue in animal experiments[100]. The above-mentioned
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two new devices are compatible with therapeutic endoscopes with at least a 3.2-mm and a 2.8-mm
working channel, respectively[99,100].

Additionally, it seems lacking attractive to compare the advantages and disadvantages of traditional
endoscopic necrosectomy devices, and related comparative trials of these devices barely exist. In all
cases, any device or technique used in endoscopic procedures must balance necrosectomy's efficacy
with safety.

Predicting and managing complications: Despite all the aforementioned advantages and the promising
future of endoscopic interventions, various complications should be addressed. Moreover, the
prediction and management of potential complications should also be emphasized.

Common complications of endoscopic interventions in INP include bleeding, infection, perforation,
pneumoperitoneum, and stent migration[33,62,63,101]. Bleeding is a dangerous complication with
serious, even deadly outcomes, and it can be classified into two types: Intraoperative and postoperative
bleeding[102]. Intraoperative bleeding may occur near the fistula or inside the pancreatic collection.
Common causes of bleeding include mechanical injuries and ruptures of pseudoaneurysm, collateral
vessels, or other intracavitary blood vessels[60,102,103]. Timely and effective endoscopic management
of these mild bleedings may not require interventional radiology-guided coil embolization or
emergency surgery. Still, sometimes severe bleeding leads to the unfortunate outcome of the patient's
death[60,62,63]. To date, the occurrence of bleeding has been presumed to be related to the type, size,
and location of pancreatic collections; the type, diameter, and length of stents; varied intracavitary
components; the time and protocol of endoscopic interventions; the experience of endoscopists; and the
general health condition of the patient[62,102]. A novel algorithm has already been proposed for
systematically managing hemorrhage events, which needs to be proven and refined in further RCT[102].

Moreover, infection often occurs in patients with poor drainage or a significant amount of solid
necrosis. Using LAMS with a larger diameter, improving drainage efficiency, cooperating with
antibiotics, and timely endoscopic debridement will help to improve or avoid severe infection in these
patients[17,18,31,56,79]. Another human research has also demonstrated reduced intraabdominal
infection by mouthwash with chlorhexidine and suspension of PPI before operation[74]. Stent migration
needs to be paid enough attention to in patients using LAMS or SEMS. Endoscopic or imaging follow-
up and timely removal of the stent will help reduce the occurrence of stent migration[71]. For long-term
stent retention events caused by loss of follow-up or other reasons, most can also be solved by
endoscopic interventions[104]. In addition, intraoperative perforation, pneumoperitoneum, and
postoperative obstructive jaundice caused by stent compression could be reduced or timely treated to
avoid fatal consequences in an experienced endoscopic center[16,105].

Furthermore, how to predict high-risk patients with these potential complications? Several predictors
have been studied. A relatively small size (<7 cm) and delayed removal of the stent (= 4 wk) have both
been reported as effective predictors for delayed bleeding and buried stent syndrome[106]. Identifying
intracavitary vessels during endoscopic interventions could also predict intraoperative bleeding, and
patients with more transfusion requirements before interventions may require earlier radiological
interventions[107]. Meanwhile, a predictive model for potential complications after LAMS deployment
in INP patients has been reported. Higher risks for adverse events have already been identified in
patients with preoperative evidence of PD disruption, abnormal vessels (perigastric varices and
pseudoaneurysm), and requirements of percutaneous drainage or hybrid techniques[108]. Another
research has also found that a significantly higher level of intracavitary amylase may indicate a higher
risk of recurrence in INP patients[37]. In addition, long-term sequelae in patients undergoing
endoscopic therapy include pancreatic endocrine insufficiency, exocrine insufficiency, and long-term
opiate use. These long-term complications should not be overlooked. Previous research has revealed
that patients with exocrine insufficiency may have a significantly poorer health-related quality of life
[109]. These above studies help evaluate the potential risks and predict the prognosis before endoscopic
interventions in INP patients. Further research will promote the continuous development of endoscopic
interventional technology based on patient safety.

A multi-disciplinary treatment strategy: Despite all the progress of endoscopic transluminal
interventions, INP remains a challenging and fatal condition. Due to lacking standardized endoscopic
treatment protocol and considerable variations in the treatment selections among various endoscopists
and medical centers[11], the short-term and long-term results of INP patients are affected by many
factors. The optimal strategy varies in patients, especially those with high risks of potential complic-
ations. Moreover, not all patients with INP can be completely cured through endoscopic transluminal
interventions alone. Thus it needs a multi-disciplinary treatment strategy in the whole clinical
management of INP[110]. A multi-disciplinary team (MDT) consists of therapeutic endoscopists,
gastroenterologists, anaesthesiologists, intensive care unit physicians, sonographers, interventional
radiologists, and surgeons[111]. MDT aims to determine individualized treatment options for every INP
patient, reduce mortality, improve clinical outcomes[79], and improve the risk-benefit ratio throughout
the clinical treatment process. A staged, multi-disciplinary, minimally invasive "step-up" approach has
already been proposed as an optimal treatment strategy for patients with INP, especially those with
severe and complicated conditions[110-112].
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LIMITATIONS

Increasing evidence has demonstrated promising benefits of endoscopic transluminal drainage and
necrosectomy in patients with INP. Numerous experts and guidelines have also recommended
endoscopic interventions as a first-line strategy. However, endoscopic transluminal interventions are
neither omnipotent nor perfect. Moreover, endoscopic transluminal interventions represent only one
invasive option for INP patients. It is also necessary to consider when and how to better connect with
surgical treatment and other methods so that patients can obtain better overall therapeutic effects. In
addition, there still lacks a standard protocol for endoscopic transluminal interventions, while surgical
treatment of INP has already been standardized, in contrast[11].

Endoscopic transluminal drainage and necrosectomy are definitely hot in the field of INP therapy
and advanced endoscopic techniques. However, differences and contradictions exist in the conclusions
of various studies, which may be related to the sample size, the patients' heterogeneity, especially the
varied ratios of patients with organ failure, and different proportions of patients with a significant
amount of necrosis (= 50%)[113]. Further prospective multicenter large-scale RCTs are still needed for
investigating the following contents: The standard protocol of endoscopic interventions, multi-discip-
linary support strategies, accurate preoperative assessments (including necrosis proportion), optimal
intervention time, predictors for perioperative complications, emergency treatment of severe complic-
ations, novel techniques and devices with improved efficiency, non-endoscopic supportive strategies
[79], and predictors for short-term and long-term outcomes.

CONCLUSION

Endoscopic transluminal drainage and necrosectomy, especially EUS-guided treatments, have become
the mainstream minimally-invasive treatment for symptomatic INP. A staged multi-disciplinary
strategy may ensure an individualized treatment in appropriate patients. The optimal risk-benefit ratio
of endoscopic transluminal interventions could be achieved by skilled endoscopists at the proper
timing. Growing evidence has proven progress in endoscopic transluminal interventions, while
challenges and unsolved problems still need further investigation. Furthermore, the predominant role of
endoscopic treatment in INP will be further developed with advancements, standardization, and
popularization in endoscopic techniques and devices in the near future.
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Abstract

Depression is a psychological disorder that affects the general public worldwide.
It is particularly important to make an objective and accurate diagnosis of
depression, and the measurement methods of brain activity have gradually
received increasing attention. Resting electroencephalogram (EEG) alpha
asymmetry in patients with depression shows changes in activation of the alpha
frequency band of the left and right frontal cortices. In this paper, we review the
findings of the relationship between frontal EEG alpha asymmetry in the resting
state and depression. Based on worldwide studies, we found the following: (1)
Compared with individuals without depression, those with depression showed
greater right frontal EEG alpha asymmetry in the resting state. However, the
pattern of frontal EEG alpha asymmetry in the resting state in depressive
individuals seemed to disappear with age; (2) Compared with individuals
without maternal depression, those with maternal depression showed greater
right frontal EEG alpha asymmetry in the resting state, which indicated that
genetic or experience-based influences have an impact on frontal EEG alpha
asymmetry at rest; and (3) Frontal EEG alpha asymmetry in the resting state was
stable, and little or no change occurred after antidepressant treatment. Finally, we
concluded that the contrasting results may be due to differences in methodology,
clinical characteristics, and participant characteristics.
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Core Tip: Researchers have paid more attention to the functional role of frontal electroencephalogram
alpha asymmetry (FAA) in the resting state in individuals with depression. In this paper, we review the
findings of the relationship between FAA in the resting state and depression. Individuals with clinical
depression showed greater right FAA in the resting state. The pattern of FAA in the resting state in
individuals with clinical depression seemed to disappear with age. Individuals with maternal depression
showed greater right FAA in the resting state. There was little or no change in FAA in the resting state
after antidepressant treatment.
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INTRODUCTION

Depression is a leading cause of disability worldwide and contributes greatly to the global burden of
disease. It is characterized by persistent sadness and a lack of interest or pleasure in previously
rewarding or enjoyable activities, affecting daily life and even suicide in extreme cases[1]. Currently,
depression affects more than 350 million people worldwide, and the growth rate of patients with
depression has been approximately 18% in the past decade[1]. There are currently 95 million people
suffering from depression in China, and approximately 280000 people commit suicide each year, 40% of
whom suffer from depression[2]. The diagnosis rate of depression among adolescents in 2020 was
24.6%; the proportion of major depression was 7.4%[3]. The diagnosis of depression is usually carried
out using clinical interviews conducted around the diagnostic classification system, such as the 11th
edition of the International Classification of Diseases (ICD-11) and the 5th edition of the Diagnostic and
Statistical Manual of Mental Disorders (DSM-V). These diagnostic criteria are usually based on oral
reports from patients or their families and direct observations by clinicians because each disease type
has its own symptoms, including behavioural, cognitive, emotional, or physical disorders. However,
these diagnostic methods incorporate a “yes or no” approach in the diagnosis of depression, and self-
reporting and clinical observation methods are highly subjective, which leads to errors in the diagnosis
of depression. Therefore, there is currently a lack of objective examination methods for depression.

Objective measurement of depression has always been a focus of researchers, and the measurement
methods of brain activity have gradually received increasing attention[4]. Among these methods, frontal
electroencephalogram (EEG) alpha asymmetry is a promising measurement method[5]. In the past 30
years, research on the relationship between frontal EEG alpha asymmetry and mood, personality, and
neuropsychological diseases has developed rapidly. There are two types of frontal EEG alpha
asymmetry: frontal EEG alpha asymmetry in the resting state and frontal EEG alpha asymmetry during
tasking conditions with emotional challenges[6]. The frontal EEG alpha asymmetry at rest is associated
with various trait-like individual differences. It is also called trait frontal EEG alpha asymmetry. Frontal
EEG alpha asymmetry in tasking conditions is related to the operation that is designed to affect the
individual's emotional state and is labelled state frontal EEG alpha asymmetry[7]. According to
previous studies, researchers have paid more attention to the functional role of frontal EEG alpha
asymmetry in the resting state in individuals with depression[8].

Frontal EEG alpha asymmetry at rest shows differences in activation of the alpha frequency band of
the left and right frontal cortices[9,10]. Related studies have shown that there is an inverse relationship
between the activity of the alpha wave and the activity of the cerebral cortex. For example, research has
shown that when the underlying cortex system is active, the alpha wave tends to decrease[11,12].
Frontal EEG alpha asymmetries are usually calculated by subtracting the EEG power in the right frontal
cortices from the EEG power in the left frontal cortices. However, different researchers may use
different methods of calculation. The first equation uses the channel "F4" and "F3" to refer to the levels of
alpha power on the right and left frontal areas of the scalp, respectively, around the F4 and F3 positions
on the 10-20 electrode placement system. These equations are used to compute frontal alpha asymmetry
(FAA) by determining the difference or ratio between alpha power values at F3 and F4. There are two
commonly used equations to calculate FAA in the literature. The majority of developmental studies
employ the difference between the natural logarithm (In) of absolute power at F4 and F3, which is
expressed as In(F4) - In(F3)[13]. The second equation commonly used for computing frontal alpha
asymmetry (FAA) involves taking the ratio of the difference between the alpha power levels in the left
and right frontal hemispheres to their sum, expressed as (F4 - F3)/(F3 + F4). This approach is believed to
normalize the difference value[14]. A less common third method is to log-transform the ratio, yielding
[In(F4)-In(F3)]/[In(F3) + In(F4)][15]. Another approach to FAA calculation involves using relative
frontal alpha power, which is determined by computing the percentage of alpha band power relative to
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the total power across all frequency bands[16]. Relative power may have advantages over absolute
power in evaluating paediatric populations due to its improved test-retest reliability[17] and ability to
detect changes in the frequency composition of EEGs during development[18]. Recently, Harrewijn ef al
[19] introduced a fourth method to calculate FAA, which involves computing the difference between the
natural logarithm of the relative power in both hemispheres, expressed as In[rel(F4)] - In[rel(F3)].

To explore whether frontal EEG alpha asymmetry in the resting state is a reliable and useful index for
understanding depression, this article reviews the research on the relationship between frontal EEG
alpha asymmetry in the resting state and depression. First, we reviewed the pattern of frontal EEG
alpha asymmetry in the resting state of clinically depressed individuals. Second, we reviewed the
pattern of frontal EEG alpha asymmetry in the resting state of children inherited from generation to
generation (parents suffering from depression). Third, we discussed whether frontal EEG alpha
asymmetry in the resting state can be used as an effective indicator of depression intervention. Finally,
we summarized the reasons for the inconsistent results.

CLINICAL RESEARCH

Table 1 provides the comparison of methods in studies on the pattern of frontal EEG alpha asymmetry
in the resting state of clinically depressed individuals. Many studies have investigated the pattern of
frontal EEG alpha asymmetry in the resting state in depressed individuals compared with nondepressed
individuals. For example, Henriques and Davidson revealed that participants who have depression at
early ages have greater right frontal lobe activation than nondepressed participants[20]. Furthermore,
many studies have found that there was less left frontal lobe activation in participants with depression
[21-34], in previously depressed subjects[28], and in a sample of individuals with a history of childhood-
onset depression compared to that in healthy controls[35]. However, there were also some contradictory
results over the years. For example, asymmetry differences were not found between depressed
individuals and nondepressed individuals[36-38]. In addition, Quinn et al[39] examined the pattern of
frontal EEG alpha asymmetry in the resting state of depressed patients with nonmelancholia, depressed
patients with melancholia and control participants. The results found that compared with depressed
patients with melancholia and healthy participants, depressed patients with nonmelancholia showed
larger left frontal lobe activation. Smith et al[32] examined the frontal EEG alpha asymmetry patterns in
patients with lifetime depression, current depression, and healthy controls in the resting state. The
results indicated that reduced relative activity in the left frontal brain region may be associated with an
increased risk of major depressive disorder (MDD). These findings extend previous research by
demonstrating that the sources of surface asymmetry associated with a history of depression are likely
linked to asymmetry in the dorsal-lateral frontal regions of the brain. Furthermore, decreased
motivation for activating motor scripts in the premotor regions and the precentral gyrus may be
pertinent to depression, and decreased left frontal brain activity can predict a lifetime history of
depression[33].

Furthermore, some studies have examined whether frontal EEG alpha asymmetry in the resting state
is a stable measurement index in depressed individuals. Allen et al[11] investigated the short-term
stability of frontal EEG alpha asymmetry in the resting state in female patients with depression. The
results showed that in an 8-wk and 16-wk interval, the score of frontal EEG alpha asymmetry at resting
state had high internal consistency and stability, and changes in asymmetry scores were not related to
changes in clinical depression. Moreover, Vuga et al[40] compared the long-term stability (1 to 3 years)
of frontal EEG alpha asymmetry at rest between depression patients and healthy individuals. The
results demonstrated that for depression patients and healthy individuals, frontal EEG alpha
asymmetry at rest was moderately stable, in which gender, the history of individual depression, the
severity of depression characteristics in the post-test, and the degree of change in the severity of
depression were not related to the stability of frontal EEG alpha asymmetry. In addition, Gold et al[41]
aimed to investigate the extent to which frontal EEG alpha asymmetry at rest was an effective and
reliable neurological indicator for diagnosing the severity of depression in adults. The results showed
that in a 3-month interval, the correlation between the scores of frontal EEG alpha asymmetry in the
resting state and psychiatric examination was mostly small and not statistically significant. Similarly,
McFarland et al[42] also found that frontal EEG alpha asymmetry in the resting state did not predict the
course of depression at six months. Therefore, these results concluded that frontal EEG alpha
asymmetry in the resting state was stable over time, and its potential as a predictive biomarker for
depressive symptoms remains unclear.

Most people with depression suffer from depression in childhood[43]. The study of frontal EEG alpha
asymmetry in the resting state in children with major depression may reveal the biological relevance of
the early development of the underlying chronic disease. Kentgen et al[44] investigated frontal EEG
alpha asymmetry at rest in adolescents with depression compared to developing controls. The results
showed that there was no significant difference in frontal EEG alpha asymmetry in the resting state
between adolescents with depression and developing controls. Feldmann et al[45] aimed to extend
previous findings and assess frontal EEG alpha asymmetry in the resting state in a major depressive
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Table 1 The comparison of methods in studies on asymmetry pattern at resting state of clinically depressed individuals

Sample Age (yr) EEG detail
% Diagnosis - o
Ref. Experimental Control  Experimental Control of Reference ecording  Alpha
female ; EO/EC length range
group group group group depression montage (min) (Hz)
Henriques etal  EG: 15 CG: 13 M =40.40 M= 60.7 SADS CZ; AE; AR EO+EC 1 8-13
[20], 1991 depressed healthy (depressed 40.61
subjects controls subjects) (HCs)
Baehr et al[21], EG:13 MDD CG:11 M =43.50 M= DSM-1V; BDI Cz EC 5] 8-13
1998 healthy (MDD) 44.20
controls (HCs)
Beeney et al EG: 13 MDD CG: 21 M =3212 M= 100 DSM-1V; AL EO+EC 8 8-13
[22], 2014 healthy (MDD) 27.78 SCID
controls (HCs)
Bruder et al EG:44 MDD (19 CG: 26 MDD with an M= 50 DSM-III-R NR EO+EC 6 7.8-12.5
[23], 1997 with and 25 healthy anxiety 32.90
without an controls disorder: M = (HCs)
anxiety 36.70; MDD
disorder) without an
anxiety
disorder: M =
41.30
Cantisanietal ~ EG: 20 CG: 19 M =43.30 M= 53.8 SCID; DSM- CA 6 8-12.5
[24], 2016 depressed healthy (depressed 41.05 IV-TR
subjects controls subjects) (HCs)
Dharmadhikari EG: 24 MDD CG:17 M =34.82 = 63.4 DSM-1V auricle EC 10 8--13
et al[25], 2019 healthy (MDD) 29.52
controls (HCs)
Gordon et al EG: 92 MDD CG: 1908 58.7 DSM-1V AR EO+EC 4 8-13
[26], 2010 healthy
controls
Gotlib[27],1998 EG: 16 currently CG: 30 SCID Cz EO+EC 8 8-13
depressed, 31 never
previously depressed
depressed
Jaworska etal ~ EG: 53 MDD CG: 43 DSM-IV-TR;  AM; CZ; EO+EC 6 8-13
[28], 2012 healthy SCID-IV-I/P; AR
controls HAMD;
MADRS
Kemp et al[29], EG:15 MDD CG:15 M =39.90 = 60 MINL DASS AM EC 2 8-13
2010 healthy (MDD) 42.40
controls (HCs)
Koo et al[30], EG: 20 MDD CG: 20 M =51.05 = ICD-10/DSM  AE EC 10 8-13
2019 healthy (MDD) 4715 v
controls (HCs)
Roh et al[31], EG: 44 MDD CG: 60 M =39.30 = 85 DSM-1V ECC EO 3 8-12
2020 without Suicidal healthy (MDD); M = 34.83
ideation, 23 controls 37.48 (MDD (HCs)
MDD with with SI)
suicidal ideation
Stewart et al EG: 143 MDD CG: 163 M=19.10 69 DSM-1V CSD; Cz; EO+EC 8 8-13
[32], 2010 healthy (MDD) LM
controls
Cai et al[34], EG: 24 MDD CG: 22 DSM-1V; Cz EC 5 8-14
2020 healthy MINI
controls
Nusslock etal ~ EG:37 CG: 69 SCID AM EO+EC 6 8-13
[35], 2018 depression, 18 healthy
anxiety + controls
depression
Brzezickaetal ~ EG:26 MDD CG: 26 M =28.00 = CsD EC B 8-13
[36], 2017 healthy (MDD) 24.90
controls (HCs)
WJCC | https://www.wjgnet.com 1906 March 26,2023 | Volumell | Issue9 |
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Jang et al[37], EG:20 MDD, 18 CG: 16 M =42.60 M= 481 DSM-1V; BM EO+EC 5 8-12
2020 patients with healthy (MDD); M = 37.75 MINI
schizophrenia controls 32.00 (MDD (HGCs)
with schizo-
phrenia)
Segrave et al EG: 16 MDD CG:18 M =40.75 M= 100 DSM-IV Cz; CA EO+EC 6 8-13
[38], 2011 healthy (MDD) 4211
controls (HCs)
Quinn et al[39], EG: 117 MDD CG: 120 MINL DSM-  AR; ER EC 2 8-13
2014 healthy 1Y%
controls
Smith et al[99], EG:143 lifetime  CG: 163 69 BDI; SCID Cz EO+EC 8 8-13
2018 MDD, 62 healthy
current MDD control
Vugaetal[40], EG:49 CG: 50 19-34 19-39 66.7 DSM-IV Cz EO+EC 6 7.5-12.5;
2006 childhood onset healthy alpha 1
MDD controls (7.5-10.5);
alpha 2
(10.5-12.5)
Gold et al[41],  EG:79 adults M= 35.60 78.5 DSM-III-R; ALM EC 5 8-12
2013 with depression SCID;
MADRS
McFarland et al  EG: 67 MDD M =34.64 65.7 SCID LE EO+EC 6 8-13
[42], 2006
Kentgen et al EG: 25 right- CG:10 100 DSM-IV NR E0+EC 6 7.8--12.5
[44], 2000 handed female  healthy
outpatients controls
Feldmannetal EG:16 CG: 34 M =16.08 = 72.6 ICD-10; BDI ~ Cz; E0+EC 8 7.5-13
[45], 2018 adolescents with healthy 15.67 Mastoids;
depression controls AE
Griinewald et al  EG: 20 CG: 31 M=1485 = 60.8 DSM-1V; AR 5 7.5-13.5
[46], 2018 adolescents healthy (unipolar 14.16 ICD-10
(12-17 yr) with  controls depression) (HCs)
unipolar
depression (12
with fifirst
episode, 8 with
recurrent
depression)
Deslandes etal ~ EG: 22 CG: 14 M =71.60 M= 94 DSM-IV ER EO+EC 8 8-13
[89], 2008 depressed healthy (depressed 72.40
subjects controls subjects) (HGCs)
Kaiser et al[50], EG: 14 CG: 14 M =78.60 M= 100 GDS; HADS RLMB EO+EC 4 6.9-12.9
2018 depression, 11 healthy (anxiety + 80.90
anxiety + controls depression); m  (HCs)
depression =80.50
(depression)
Carvalhoetal ~ EG:12 CG: 7 non-depresse elderly 66.7 DSM-IV Earlobes EC 8 8-12.9
[51], 2011 depressed subjects
subjects, 8
remitted
subjects

EC: Eyes closed; EO: Eyes open; EEG: Electroencephalogram; HCs: Healthy controls; MDD: Major depressive disorder.
Diagnosis of depression: BDI: Beck Depression Inventory; DASS: Depression, Anxiety and Stress Scales; DSM-IIIR: Diagnostic and Statistical Manual of
Mental Disorders, Third edition, Revised; DSM-IV: Diagnostic and Statistical Manual of Mental Disorders, Fourth edition; GDS: Geriatric depression scale;

1™ edition of the International

HAMD: Hamilton Rating Scale for Depression; HADS: Hospital anxiety and depression scale-depression; ICD-11: 1
Classification of Diseases; MADRS: Montgomery and Asberg Depression Rating Scale; MINI: Mini International Neuropsychiatric Interview; SADS: The
Schedule for Affective Disorders and Schizophrenia; SCID: Structured Clinical Interview for DSM IIIR; SCID-IV-I/P: Structured Clinical Interview for
DSM-1V, Axis I, Patient Version.

Reference montage: AE: The average across all 31 electrodes; AL: The average of all EEG leads; ALM: Averaged linked mastoids; AM: Averaged mastoids;
AR: Average reference; BM: Both mastoids; CA: Common average montage; CA: Common average; CSD: Current source densities; ECC: The reference

electrode was predefined; ER: Ear reference; LE: Linked ear; LM: Linked mastoids; NR: Nose reference; RLMB: The right and left mastoid bone.

adolescent sample while considering possible extraneous variables, such as comorbid anxiety and
disease state. They repeated the results of Kentgen et al[44] and found that there was no significant
difference between major depressive adolescents without comorbid anxiety disorder and healthy
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controls. However, major depressive adolescents with comorbid anxiety disorder demonstrated greater
right frontal lobe activation than healthy controls. The results show that frontal EEG alpha asymmetry
in the resting state itself has nothing to do with adolescent depression and emphasize the importance of
considering comorbid anxiety disorder when examining adolescents’ asymmetry patterns[45]. In
addition, Griinewald et al[46] analysed frontal EEG alpha asymmetry at rest in adolescents with
depression and healthy controls. They found that adolescents with depression had less left-sided frontal
alpha power, while healthy controls exhibited no asymmetry. For healthy controls, more left frontal
alpha was associated with a higher depression score, which was not observed in adolescents with
depression.

The diagnosis of depression in the elderly is often more difficult because the symptoms of depression
may be confused by factors such as the individual's own physical condition[47]. In addition, depression
in the elderly is connected with cognitive deficits and physical disability, which increases the difficulty
of distinguishing depression from dementia[48]. At present, many studies have explored the
relationship between frontal EEG alpha asymmetry in the resting state and depression in young people,
but few studies have focused on frontal EEG alpha asymmetry in the resting state in elderly individuals
with depression. Recently, Deslandes et al[49] found that depressed elderly patients showed relatively
greater right frontal activity than healthy elderly patients; however, the difference was not significant.
This was consistent with the results of Kaiser et al[50], who found that there was no significant
difference in frontal EEG alpha asymmetry in the resting state between depressed elderly individuals
and healthy elderly individuals. Carvalho and Hopko analysed frontal EEG alpha asymmetry in the
resting state in depressed, remitted and nondepressed elderly subjects. There was no difference in
frontal EEG alpha asymmetry at rest among the groups. Moreover, the results showed no evidence of a
relationship between frontal EEG alpha asymmetry in the resting state, quality of life and depression in
the elderly[51]. Therefore, frontal EEG alpha asymmetry at rest seemed to disappear with age. Future
research on frontal EEG alpha asymmetry in the resting state should consider the influences of age.

INTERGENERATIONAL INHERITANCE RESEARCH

Table 2 provides the comparison of methods in studies on the inherited pattern of frontal EEG alpha
asymmetry at rest in children over generations. Research has shown that the offspring of parents with
depression are at increased risk of depression[52,53]. Considering that there was a close relationship
between frontal EEG alpha asymmetry in the resting state and depression, frontal EEG alpha
asymmetry may be affected by the early social environment, such as maternal depression. To date,
extensive literature has exploited the relationship between maternal depression and frontal EEG alpha
asymmetry in the resting state in infants and young children. A number of studies have found that
compared with nondepressed mothers, infants of depressed mothers have greater right frontal EEG
alpha asymmetry[54-59], and similar results were also found in the youth group[60,61]. In a meta-
analysis study, Peltola et al[62] found that frontal EEG alpha asymmetry at rest is affected by
psychosocial risk factors, such as child abuse or parental depression, which is manifested by greater
activation of the right frontal cortex, with a significant effect size. Moreover, their results showed that
the relationship between parental depressive symptoms and greater right frontal lobe activity was
moderated by gender, in which girls were more affected by psychosocial risk factors than boys.
Additionally, the effects of this long-term exposure to parental depression diminish with age.
Furthermore, in an effort to understand the earliest origin of frontal EEG alpha asymmetry in the
resting state, which was considered to reflect a vulnerability to depression, some studies examined their
consistency and their association with the mother’s prenatal and postnatal depression symptoms.
Goodman ef al[63] demonstrated that the mother's prenatal depression symptom (nonpostpartum or
concurrent) levels are related to the baby's right frontal EEG alpha asymmetry. This was consistent with
the results of Wen et al[64]. They found that in a subsample in which the infant spent at least 50% of his
or her daytime hours with his or her mother, a higher mother’s postpartum depression level and lower
maternal sensitivity predicted the baby’s greater relative right frontal EEG asymmetry[63]. In addition,
Lusby et al[65] found that mothers' prenatal and postpartum depression symptoms can predict the
frontal EEG asymmetry scores of 3-month-old and 6-month-old infants. However, Goldstein et al[66]
assessed frontal EEG alpha asymmetry twice, at ages 3 and 6, in never-depressed children. The study
revealed that offspring of depressed mothers displayed a decline in relative activity in the left frontal
alpha region during early childhood, while offspring of non-depressed mothers showed relatively
consistent and symmetrical levels of frontal alpha activity during both assessments[66]. Although most
studies have found that maternal depression has an important influence on determining the direction
and degree of frontal EEG alpha asymmetry in the resting state in children[56,59,67], others have found
no significant differences between offspring of nondepressed mothers and depressed mothers[68,69].
Future research needs to investigate the genetic mechanism that connects psychosocial risk and frontal
EEG alpha asymmetry at rest. That is, whether genetic or experience-based influence has an impact on
frontal EEG alpha asymmetry at resting state. In addition, as discussed above, a large number of studies
have observed abnormal patterns of frontal EEG alpha asymmetry in the resting state in newborns of
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Table 2 The comparison of methods in studies on asymmetry pattern at resting state of children inherited from generation to

generation

Sample Age (yr) . . EEG detail
o Diagnosis
" g Recording Alpha
Ref. Experimental ~ Control . Control ¢ of Reference 9 AP
rou rou Experimentalgroup rou emale depression montage EO/EC length range
group group group g (min) (Hz)
Dawson et EG: 117 mothers 13.74 444 DSM-IIIR; ME 1 6-9
al[54],1997 and their 13-15- SCID; CES-D
mo-old infants
Diegoetal EG:38 depressed CG:28 non- 3-6 mo CES-D Cz 3-13
[56], 2006 depressed
Fieldetal  EG:17 depressed  CG:15non- 3-6 mo 50 DISC; BDI Cz 3 3-12
[57],1995  adolescent depressed
mothers mothers
Jonesetal EG:20 depressed CG:24non- M =18.00 = CES-D;SCID Cz 3 2-6
[58],1997  group depressed 18.70
group
Jones etal  EG: 35 mothers CG: 28 non- M =38.80 = 48 CES-D Cz & 8.5-125
[59],1998  with depressive depressive 39.50
symptom symptom
Tomarken EG: 23 high risk CG:13low M=13.10 = 52.6 SCID Cz EO+EC 8 8.5-12.5
et al[60], risk 13.00
2004
Lopez- EG: 90 high risk CG:45low M =736 M=793 46.6 DSM-1V; CA EO+EC 3 7.5-11.5
Duran et al risk SCID
[61], 2012
Goodman  EG: 136 total M=12mo DSM-IV ARC 3 6-9
et al[63], infants.
2020
Wenetal  EG: 111 infants 6 mo of age (+ 2 wk) EPDS Cz 2 6-9
[64], 2017
Lusby etal EG: 83 3 mo and 6 mo only DSM-IV ARC 3 6-9
[65],2014  mother-infant
dyads
participated
Dawsonet EG: 31 infants M =14.21 (mo) 59.1 CES-D Cz 1 6-9
al[69], 1992
Bruderet  EG: 19 both parent CG: 16 M=1540,M=10.60 M= 53 LI EO+EC 2 7-12.5

al[68],2007 and grandparent  neither 13.60
having MDD; 14 having
either parent or MDD
grandparent
having MDD

EC: Eyes closed; EO: Eyes open; EEG: Electroencephalogram; HCs: Healthy controls; MDD: Major depressive disorder.

Diagnosis of depression: BDI: Beck Depression Inventory; CES-D: Center for Epidemiological Studies-Depression Scale; DSM-IIIR: Diagnostic and
Statistical Manual of Mental Disorders, Third edition, Revised; DSM-IV: 4™ edition of the Diagnostic and Statistical Manual of Mental Disorder; EPDS:
Edinburgh Postnatal Depression Scale; SCID: Structured Clinical Interview for DSM IIIR.

Reference montage: ARC: Average reference configuration; AS: Average signal; CA: Common average; Cz: The midline central position; LE: Linked ears
reference; ME: Mastoid electrodes; NR: Nose reference.

depressed mothers, indicating a genetic disposition to greater right-sided asymmetry across cross-
sectional assessment. Future research can focus on longitudinal investigations to examine whether there
are long-term and lasting changes in the psychosocial risks faced by children.

FRONTAL EEG ALPHA ASYMMETRY IN THE RESTING STATE AND ANTIDEPRESSANT
TREATMENT

Table 3 provides the comparison of methods in studies on frontal EEG alpha asymmetry in response to
antidepressant treatment. There are some studies suggesting that frontal EEG alpha asymmetry in the
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Table 3 The comparison of methods in studies on frontal electroencephalogram alpha asymmetry of response to antidepressant

treatment
Sample Age (yr) . . EEG detail
Intervention % Diagnosis
. . ¢ Recording Alpha
Ref. Experimental Control  Experimental Control ti oo of Reference g AP
roup group  group group e *ME " depression montage EOJEC  length fangs
g (min)  (Hz)
Arnsetal EG: 236 CG: 336 M =38.85 M=3699 8wk 57.03  DSM-IV; AM EO+EC 2 8-13
[70],2016 Escitalopram, controls (Escitalopram), (Controls) MINI;
251 Sertraline, M =38.34 HRSD
235 (Sertraline), M
Venlafaxine- =38.46
XR (Venlafaxine-
XR), M = 37.84
(MDD)
Vinneet  EG: 136 8wk 54.47  MINL AM EO+EC 4 8-13
al[71], treatment with HRSD;
2019 escitalo pram, VQIDS-SR
169 treatment
with
sertraline, 188
treatment with
venlafaxine-
extended
release
Bares et al EG: 57 SSRIs, M = 46.04 1wk 7476  DSM1V; Cz EC 10 8-13
[72],2019 46 SNRIs (SSRIs), M = MADRS;
44.83 (SNRIs) CGI
Szumska EG:12 CG: 8 M =3240 M=3500 8wk 55 CES-D; Cz EO+EC 3 8-13
etal[73], Mindfulness  control (Mindfulness  (Control MINI
2021 group group group) group)
Keuneet EG:78MDD; CG:37a M=48.93 M=4524 8wk 7403  DSM-IV AM EO+EC 8 8--13
al[74], 40 MBCT wait-list (MBCT group) (wait-list
2011 group condition group)
Barnhofer EG:10 MBCT CG:12 M =48.00 M=3860 8wk 50 MINI AE EO+EC 8 8-13
et al[75], treatment- (MBCT) (treatment-
2007 as-usual as-usual)
Gollanet EG:37MDD; CG: 35 16 wk 6250  DSM-1V; AM EO+EC 8 8-13
al[77], Behavioral non-MDD IDS-C
2014 activation
Allen etal EG: 30 nonpharmacological 8 wk 100 DSM-1V; Cz; AM, EO+EC 8 8-13
[14],2004 intervention HRSD AR
Spronk et EG: 8 MDD; M =42.60 37.50 BDI; SCI AM EO+EC 2 alpha
al[78], rTMS (rTMS 1
2008 Treatment Treatment) (8-11);
alpha
2
(11-13)
Wanget EG:7 M =47.43 6 wk 78.57  DSM-IV Cz EC 5 8-12
al[80], neurofeedback
2016 group
Vlceket  EG:9LFrTMS CG:16 LF 4wk 80 MINE Cz EC 10 8-12;
al[79], responder rTMS non- MADRS; 8-10;
2020 responders CGIL 10-12

EC: Eyes closed; EO: Eyes open; EEG: Electroencephalogram; HCs: Healthy controls; LF rTMS: Low-frequency Rtms; MBCT: Mindfulness-Based Cognitive
Therapy; MDD: Major depressive disorder; r-TMS: Repeated transcranial magnetic stimulation; SNRIs: Serotonin norepinephrine reuptake inhibitors; SSRIs:

Selective serotonin reuptake inhibitors.
Diagnosis of depression: BDI: Beck Depression Inventory; CES-D: Centre for Epidemiological Studies Depression scale; CGI: Clinical Global Impression;
HRSD: Hamilton rating scale for depression; MADRS: Montgomery and Asberg Depression Rating Scale; IDS-C: Inventory of Depressive
Symptomatology-Clinician-Rated; MINI: Mini International Neuropsychiatric Interview; SCI: Structural clinical interview; VQIDS-SR: Very Quick

Inventory of Depressive Symptomatology-Self Report.

Reference montage: AM: Averaged mastoids; AR: Average reference; Cz: The midline central position.
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resting state may be more promising as an indicator of prognosis rather than diagnosis. This means that
frontal EEG alpha asymmetry at resting state may be used as a biomarker for the stability and robust
response of depression treatment. To date, some studies have tested the correlation between frontal EEG
alpha asymmetry in the resting state and antidepressant treatment, including medical treatment,
mindfulness treatment, behavioural activation treatment, acupuncture treatment, neurofeedback
treatment, and transcranial magnetic stimulation (TMS) treatment.

Medical treatment

Arns et al[70] investigated whether frontal EEG alpha asymmetry in the resting state predicted antide-
pressant treatment outcome for depressive disorder; 1008 depressed participants were randomized to
eight weeks treatment with escitalopram, sertraline or venlafaxine-extended release. The results showed
that there were no significant differences in frontal EEG alpha asymmetry in the resting state between
depressed participants and healthy controls. This was consistent with the results of van der Vinne et al
[71]. Their results found that frontal EEG alpha asymmetry in the resting state did not change
significantly after eight weeks of escitalopram, sertraline, or venlafaxine treatment. Moreover, Bares et al
[72] investigated the effectiveness of frontal EEG alpha asymmetry at baseline and its changes at week 1
in predicting the response to antidepressants. Both groups who were treated with selective serotonin
reuptake inhibitors or the serotonin norepinephrine reuptake inhibitor showed no differences at
baseline or change in frontal EEG alpha asymmetry at week 1. These findings suggested that antide-
pressant medication has no effects on frontal EEG alpha asymmetry in the resting state.

Mindfulness treatment

Mindfulness training has been proven to be effective in reducing the recurrence rate of depression
patients. Szumska et al[73] evaluated the impact of mindfulness training on depression and anxiety
symptoms in individuals with depression and further evaluated whether the effect of mindfulness
training in improving depression would be reflected by changes in frontal EEG alpha asymmetry in the
resting state. Consistent with the results of previous studies, the depression and anxiety symptoms of
the mindfulness training group were reduced, but there was no significant change in the average scores
of frontal EEG alpha asymmetry in the resting state. Similarly, Keune et al[74] examined the effect of
mindfulness training on residual depressive symptoms in patients with recurrent depression. The
results showed that residual depressive symptoms and trait contemplation decreased, while trait
mindfulness increased after mindfulness training, but this change did not occur in the waiting list
control group. On the other hand, the average scores of frontal EEG alpha asymmetry in the resting
state are not affected by training. These results provide strong support for the beneficial effects of
mindfulness training in the treatment of depression. However, they do not support the hypothesis that
asymmetric changes in the alpha band are used as the neural relevance of improvement in major
depression. In addition, Barnhofer et al[75] investigated the effect of 8 wk of mindfulness training on
preventing the recurrence of depression in individuals who were previously suicidal. The results
showed that the relative activation of the left frontal lobe in the normal treatment group decreased, but
there was no significant change in the mindfulness training group. The results suggested that
mindfulness training can help suicidal depression patients maintain a balanced brain activation pattern.

Behavioural activation treatment

Behavioural activation treatment is an evidence-based treatment for depression[76]. Gollan et al[77]
examined frontal EEG alpha asymmetry in the resting state in depressed and healthy subjects
undergoing behavioural activation therapy and assessed the predictive effect of frontal EEG alpha
asymmetry at rest in remission of depression. The results showed that there were no significant changes
in frontal EEG alpha asymmetry before and after treatment for participants with depression and healthy
participants.

Acupuncture treatment

Allen et al[11] examined the temporal stability of frontal EEG alpha asymmetry in the resting state in a
sample of depressed women undergoing acupuncture treatment. The results showed that the
asymmetrical frontal score generally showed good internal consistency and moderate stability over the
8- and 16-wk assessment intervals. In addition, changes in resting frontal asymmetry scores were not
significantly associated with changes in depressive status between 8 and 16 wk.

TMS treatment

Repeated transcranial magnetic stimulation (rTMS) is an effective treatment method for depression that
has been found to respond in nearly 45%-55% of patients and in remission in 30%-40% of patients.
Spronk et al[78] examined the clinical effectiveness of rTMS in treating depression. The results showed
that all subjects showed complete remission within 20 sessions, significantly reduced depressive
symptoms (BDI score) and neuroticism scores, and increased scores on the extraversion scale of the
(NEO)-Five Factor Inventory (NEO-FFI) personality questionnaire. However, there was no significant
change in the frontal EEG alpha asymmetry. More recently, Vlcek et al[79] investigated whether there
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were different frontal asymmetry patterns between low-frequency rTMS (LF rTMS) responders and
nonresponders. The results showed that there was no significant difference in frontal EEG alpha
asymmetry in the resting state between LF rTMS responders and nonresponders.

Neurofeedback treatment

Neurofeedback is a clinical intervention program designed to regulate brain activity and modulate
frontal EEG alpha asymmetry. Wang et al[80] investigated the therapeutic effect of neurofeedback on
patients with major depression. The results showed that the frontal EEG alpha asymmetry scores in the
resting state decreased in the control group and increased in the neurofeedback group after the
intervention. Depression and anxiety scores were significantly lower in MDD patients who received
neurofeedback training than in those who did not. Furthermore, the results suggested that
neurofeedback techniques can reduce right frontal lobe activation or increase left frontal lobe activation
in patients with major depression.

In summary, most studies found that frontal EEG alpha asymmetry in the resting state in depressed
patients consists mainly of trait-like features, and frontal EEG alpha asymmetry at rest was stable with
little or no change between baseline and later assessment in depressed patients, although few studies
suggest otherwise.

LIMITATIONS

Based on a review of the previous literature, it is clear that the relationship between frontal EEG lateral-
ization and depression is not well defined, and there are a large number of inconsistent results. The
results of a recent meta-analysis of the relationship between emotion regulation and frontal EEG
asymmetry in depressed patients did not find frontal EEG asymmetry but rather a slight tendency
towards left lateralization in the depressed group[81]. The study highlighted individual aspects of a
study such as sample size and age group of participants as variables that influence effect size and
disagreement between studies[38]. Consequently, inconsistent results about the studies on the
relationship between frontal EEG alpha asymmetry in the resting state and depression may be due to
differences in methodology (e.g., reference electrode, alpha band), clinical characteristics (e.g., diagnostic
subtype, recruitment strategy), and participant characteristics (e.g., gender, sample size). These issues
have been discussed previously[19,34,50,82]. Therefore, this section provides a brief discussion.

Methodological differences

One reason for the inconsistent results is that different types of reference points were used in the EEG
space. Most studies use linked ears, average reference, and mastoid as references, and a few studies use
earlobes, Cz, and nose as references. Moreover, Stewart et al[83] suggested the use of current source
density as a reference, which could lead to more consistent results in resting-state EEG studies, and
Jesulola et al[84] concluded that the use of a common average reference was beneficial in reducing noise
and improving signal quality.

In previous studies, there was a wide variability in the specific frequency range of the alpha band.
Most studies consider the alpha band between 8 Hz and 13 Hz, while some studies consider other alpha
band frequency ranges, such as 7.5 Hz-12.5 Hz, 8 Hz-12 Hz, and so on. These differences in the
frequency range of the alpha band may lead to inconsistent results.

Clinical characteristics

Scales used for diagnosis vary across researchers, with the most common ones being the Diagnostic and
Statistical Manual of Mental Disorders, followed by the Beck Depression Inventory[85]. Different scales
may focus on different aspects of depression; therefore, the use of different scales may lead to
difficulties in comparing the results of clinical depression diagnosis between studies.

In addition, although the clinical heterogeneity of depression is well known, few studies have
examined its impact on frontal EEG alpha asymmetry in the resting state. Moreover, the results may be
different when considering drug use and diagnosis. On the one hand, medication and drugs can affect
the functionality of the brain; on the other hand, medication may have unknown interactions among
themselves, changing the EEG signal even more.

Participant characteristics

In many studies, there have been large differences in the proportion of male to female subjects in the
sample. For example, some studies used only female subjects[19,38,44,50,86,87] or samples with
significantly more females than males[32,88-90]. Related studies have found gender-related brain
mechanisms and brain asymmetry that contribute to emotional processing[91-93]. This suggests that
gender variables may play an important role in cognitive function and the possible organization of the
cerebral hemispheres; therefore, samples should be more evenly proportioned between males and
females.
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Effect size

Regarding effect size, the sample size of previous studies varied. For example, the sample size of most
studies was generally less than 20 individuals[31,73,78,80,94-96], and some studies enrolled more than
100 individuals[35,97-99], but few had more than 200 individuals[27,82]. van der Vinne et al[82]
suggested that a minimum of 300 participants is required to reveal patterns of frontal EEG alpha
asymmetry in depressed individuals. Therefore, in these other studies that explored the patterns of
alpha asymmetry in depressed individuals, the sample size may have been too small to be statistically
significant.

CONCLUSION

From the studies reviewed, frontal EEG alpha asymmetry in the resting state was related to depression.
First, studies from clinical research showed that compared with individuals without depression, those
with depression showed greater right frontal EEG alpha asymmetry in the resting state. However, the
pattern of frontal EEG alpha asymmetry at rest in depressive individuals seemed to disappear with age.
Future research on frontal EEG alpha asymmetry in the resting state should consider the influences of
age and research on frontal EEG alpha asymmetry in the resting state to determine whether it can be
used to quantify the degree of depression. Second, studies of intergenerational inheritance showed that
compared with individuals without maternal depression, those with maternal depression showed
greater right frontal EEG alpha asymmetry in the resting state, which indicated a genetic disposition
towards greater right-sided asymmetry across cross-sectional assessments. Future research can focus on
longitudinal investigations to examine whether there are long-term and lasting changes in the
psychosocial risks faced by children. Third, studies of antidepressant treatment revealed that frontal
EEG alpha asymmetry in the resting state was stable and there was little or no change after antide-
pressant treatment. Future studies could use frontal EEG alpha asymmetry in the resting state as an
indicator of treatment effectiveness to examine the efficacy of other antidepressant therapies, such as the
use of frontal EEG alpha asymmetry in the resting state as an indicator to investigate the relationship
between ECT and depression. Finally, there were contrasting results regarding the relationship between
frontal EEG alpha asymmetry in the resting state and depression, and these results may be due to
differences in methodology, clinical characteristics, and participant characteristics.

FOOTNOTES

Author contributions: Xie YH and Liu L wrote the paper; Zhang YM, Fan FF, and Song XY revised the paper.

Conflict-of-interest statement: All the author declare no conflict of interests for this article.

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

commercial. See: https:/ /creativecommons.org/ Licenses/by-nc/4.0/
Country/Territory of origin: China

ORCID number: Yu-Hong Xie 0000-0003-1807-9602; Ye-Min Zhang 0000-0003-0961-8395; Fan-Fan Fan 0000-0001-7513-
9080; Xi-Yan Song 0000-0001-6313-2156; Lei Liu 0000-0002-1666-8991.

S-Editor: Liu JH
L-Editor: A
P-Editor: Liu JH

REFERENCES
1 Organization World Health, Depression and other common mental disorders: global health estimates 2020; World Health
Organization

Blue Book on National Depression 2022. Available from: https://mp.weixin.qq.com/s/DH51igAKDTuOwxusXfTWW _w
3 Chinese National Mental Health Development Report (2019~2020). Available from: http://ir.psych.ac.cn/handle/311026

40614

Kalat J, Shiota M. Emotion: Classification of Emotions. Thomson Wadsworth, Canada 2007

5 Allen JJ, Reznik SJ. Frontal EEG Asymmetry as a Promising Marker of Depression Vulnerability: Summary and

WJCC | https://www.wjgnet.com 1913 March 26,2023 | Volumell | Issue9 |


https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0000-0003-1807-9602
http://orcid.org/0000-0003-1807-9602
http://orcid.org/0000-0003-0961-8395
http://orcid.org/0000-0003-0961-8395
http://orcid.org/0000-0001-7513-9080
http://orcid.org/0000-0001-7513-9080
http://orcid.org/0000-0001-6313-2156
http://orcid.org/0000-0001-6313-2156
http://orcid.org/0000-0002-1666-8991
http://orcid.org/0000-0002-1666-8991
https://mp.weixin.qq.com/s/DH5igAKDTuOwxusXfTWW_w
http://ir.psych.ac.cn/handle/311026/40614
http://ir.psych.ac.cn/handle/311026/40614

Xie YH et al. Role of EEG in depression

Jaishideng®

Methodological Considerations. Curr Opin Psychol 2015; 4: 93-97 [PMID: 26462291 DOI: 10.1016/j.copsyc.2014.12.017]

6 Smith EE, Reznik SJ, Stewart JL, Allen JJ. Assessing and conceptualizing frontal EEG asymmetry: An updated primer on
recording, processing, analyzing, and interpreting frontal alpha asymmetry. Int J Psychophysiol 2017; 111: 98-114 [PMID:
27865882 DOI: 10.1016/j.ijpsych0.2016.11.005]

7 Coan JA, Allen JJ. Frontal EEG asymmetry as a moderator and mediator of emotion. Biol Psychol 2004; 67: 7-49 [PMID:
15130524 DOLI: 10.1016/j.biopsycho.2004.03.002]

8 Bruder GE, Tenke CE, Kayser J. Electrophysiological predictors of clinical response to antidepressants. The Clinical
Handbook for the Management of Mood Disorders 2013; 380-393 [DOI: 10.1017/CB0O9781139175869.030]

9 Davidson RJ. Cerebral Asymmetry, Emotion, and Affective Style. Brain asymmetry 1996; 361

10  Laufs H, Kleinschmidt A, Beyerle A, Eger E, Salek-Haddadi A, Preibisch C, Krakow K. EEG-correlated fMRI of human
alpha activity. Neuroimage 2003; 19: 1463-1476 [PMID: 12948703 DOI: 10.1016/s1053-8119(03)00286-6]

11 Allen JJ, Urry HL, Hitt SK, Coan JA. The stability of resting frontal electroencephalographic asymmetry in depression.
Psychophysiology 2004; 41: 269-280 [PMID: 15032992 DOI: 10.1111/j.1469-8986.2003.00149.x]

12 Davidson RJ. Anterior electrophysiological asymmetries, emotion, and depression: conceptual and methodological
conundrums. Psychophysiology 1998; 35: 607-614 [PMID: 9715104 DOI: 10.1017/50048577298000134]

13 Fox NA, Rubin KH, Calkins SD, Marshall TR, Coplan RJ, Porges SW, Long JM, Stewart S. Frontal activation asymmetry
and social competence at four years of age. Child Dev 1995; 66: 1770-1784 [PMID: 8556898 DOI:
10.1111/5.1467-8624.1995.tb00964.x]

14 Allen JJ, Coan JA, Nazarian M. Issues and assumptions on the road from raw signals to metrics of frontal EEG asymmetry
in emotion. Biol Psychol 2004; 67: 183-218 [PMID: 15130531 DOI: 10.1016/j.biopsycho.2004.03.007]

15 O'Reilly MA, Bathelt J, Sakkalou E, Sakki H, Salt A, Dale NJ, de Haan M. Frontal EEG asymmetry and later behavior
vulnerability in infants with congenital visual impairment. Clin Neurophysiol 2017; 128: 2191-2199 [PMID: 28950152
DOLI: 10.1016/j.clinph.2017.08.016]

16  Marshall PJ, Bar-Haim Y, Fox NA. Development of the EEG from 5 months to 4 years of age. Clin Neurophysiol 2002;
113: 1199-1208 [PMID: 12139998 DOI: 10.1016/s1388-2457(02)00163-3

17 John ER, Ahn H, Prichep L, Trepetin M, Brown D, Kaye H. Developmental equations for the electroencephalogram.
Science 1980; 210: 1255-1258 [PMID: 7434026 DOI: 10.1126/science.7434026]

18 Clarke AR, Barry RJ, McCarthy R, Selikowitz M. Age and sex effects in the EEG: development of the normal child. Clin
Neurophysiol 2001; 112: 806-814 [PMID: 11336896 DOIL: 10.1016/s1388-2457(01)00488-6]

19 Harrewijn A, Buzzell GA, Debnath R, Leibenluft E, Pine DS, Fox NA. Frontal alpha asymmetry moderates the relations
between behavioral inhibition and social-effect ERN. Bio/ Psychol 2019; 141: 10-16 [PMID: 30599209 DOI:
10.1016/j.biopsycho.2018.12.014]

20 Henriques JB, Davidson RJ. Left frontal hypoactivation in depression. J Abnorm Psychol 1991; 100: 535-545 [PMID:
1757667 DOL: 10.1037/0021-843x.100.4.535]

21 Baehr E, Rosenfeld JP, Baehr R, Earnest C. Comparison of two EEG asymmetry indices in depressed patients vs. normal
controls. Int J Psychophysiol 1998; 31: 89-92 [PMID: 9934624 DOI: 10.1016/s0167-8760(98)00041-5]

22 Beeney JE, Levy KN, Gatzke-Kopp LM, Hallquist MN. EEG asymmetry in borderline personality disorder and depression
following rejection. Personal Disord 2014; 5: 178-185 [PMID: 24364503 DOI: 10.1037/per0000032]

23 Bruder GE, Fong R, Tenke CE, Leite P, Towey JP, Stewart JE, McGrath PJ, Quitkin FM. Regional brain asymmetries in
major depression with or without an anxiety disorder: a quantitative electroencephalographic study. Biol Psychiatry 1997,
41: 939-948 [PMID: 9110099 DOI: 10.1016/s0006-3223(96)00260-0]

24 Cantisani A, Koenig T, Stegmayer K, Federspiel A, Horn H, Miiller TJ, Wiest R, Strik W, Walther S. EEG marker of
inhibitory brain activity correlates with resting-state cerebral blood flow in the reward system in major depression. Eur
Arch Psychiatry Clin Neurosci 2016; 266: 755-764 [PMID: 26590845 DOI: 10.1007/s00406-015-0652-7]

25 Dharmadhikari AS, Jaiswal SV, Tandle AL, Sinha D, Jog N. Study of Frontal Alpha Asymmetry in Mild Depression: A
Potential Biomarker or Not? J Neurosci Rural Pract 2019; 10: 250-255 [PMID: 31001013 DOI: 10.4103/jnrp.jnrp 293 18]

26  Gordon E, Palmer DM, Cooper N. EEG alpha asymmetry in schizophrenia, depression, PTSD, panic disorder, ADHD and
conduct disorder. Clin EEG Neurosci 2010; 41: 178-183 [PMID: 21077569 DOI: 10.1177/155005941004100404]

27  Gotlib IH. EEG alpha asymmetry, depression, and cognitive functioning. Cognition & Emotion 1998; 12 449-478 DOI:
10.1080/026999398379673

28 Jaworska N, Blier P, Fusee W, Knott V. a Power, a asymmetry and anterior cingulate cortex activity in depressed males
and females. J Psychiatr Res 2012; 46: 1483-1491 [PMID: 22939462 DOI: 10.1016/j.jpsychires.2012.08.003]

29 Kemp AH, Griffiths K, Felmingham KL, Shankman SA, Drinkenburg W, Arns M, Clark CR, Bryant RA. Disorder
specificity despite comorbidity: resting EEG alpha asymmetry in major depressive disorder and post-traumatic stress
disorder. Biol Psychol 2010; 85: 350-354 [PMID: 20708650 DOI: 10.1016/j.biopsycho.2010.08.001]

30 Koo PC, Berger C, Kronenberg G, Bartz J, Wybitul P, Reis O, Hoeppner J. Combined cognitive, psychomotor and
electrophysiological biomarkers in major depressive disorder. Eur Arch Psychiatry Clin Neurosci 2019; 269: 823-832
[PMID: 30392042 DOI: 10.1007/s00406-018-0952-9]

31 Roh SC, Kim JS, Kim S, Kim Y, Lee SH. Frontal Alpha Asymmetry Moderated by Suicidal Ideation in Patients with
Major Depressive Disorder: A Comparison with Healthy Individuals. Clin Psychopharmacol Neurosci 2020; 18: 58-66
[PMID: 31958906 DOI: 10.9758/cpn.2020.18.1.58]

32 Smith EE, Cavanagh JF, Allen JJB. Intracranial source activity ((LORETA) related to scalp-level asymmetry scores and
depression status. Psychophysiology 2018; 55 [PMID: 29023805 DOI: 10.1111/psyp.13019]

33 Stewart JL, Bismark AW, Towers DN, Coan JA, Allen JJ. Resting frontal EEG asymmetry as an endophenotype for
depression risk: sex-specific patterns of frontal brain asymmetry. J Abnorm Psychol 2010; 119: 502-512 [PMID: 20677839
DOI: 10.1037/a0019196]

34 CaiH, YuanZ,Gao Y, Sun S, Li N, Tian F, Xiao H, LiJ, Yang Z, Li X, Zhao Q, Liu Z, Yao Z, Yang M, Peng H, Zhu J,
Zhang X, Gao G, Zheng F, Li R, Guo Z, Ma R, Yang J, Zhang L, Hu X, Li Y, Hu B. A multi-modal open dataset for

WJCC | https://www.wjgnet.com 1914 March 26,2023 | Volumell | Issue9


http://www.ncbi.nlm.nih.gov/pubmed/26462291
https://dx.doi.org/10.1016/j.copsyc.2014.12.017
http://www.ncbi.nlm.nih.gov/pubmed/27865882
https://dx.doi.org/10.1016/j.ijpsycho.2016.11.005
http://www.ncbi.nlm.nih.gov/pubmed/15130524
https://dx.doi.org/10.1016/j.biopsycho.2004.03.002
https://dx.doi.org/10.1017/CBO9781139175869.030
http://www.ncbi.nlm.nih.gov/pubmed/12948703
https://dx.doi.org/10.1016/s1053-8119(03)00286-6
http://www.ncbi.nlm.nih.gov/pubmed/15032992
https://dx.doi.org/10.1111/j.1469-8986.2003.00149.x
http://www.ncbi.nlm.nih.gov/pubmed/9715104
https://dx.doi.org/10.1017/S0048577298000134
http://www.ncbi.nlm.nih.gov/pubmed/8556898
https://dx.doi.org/10.1111/j.1467-8624.1995.tb00964.x
http://www.ncbi.nlm.nih.gov/pubmed/15130531
https://dx.doi.org/10.1016/j.biopsycho.2004.03.007
http://www.ncbi.nlm.nih.gov/pubmed/28950152
https://dx.doi.org/10.1016/j.clinph.2017.08.016
http://www.ncbi.nlm.nih.gov/pubmed/12139998
https://dx.doi.org/10.1016/s1388-2457(02)00163-3
http://www.ncbi.nlm.nih.gov/pubmed/7434026
https://dx.doi.org/10.1126/science.7434026
http://www.ncbi.nlm.nih.gov/pubmed/11336896
https://dx.doi.org/10.1016/s1388-2457(01)00488-6
http://www.ncbi.nlm.nih.gov/pubmed/30599209
https://dx.doi.org/10.1016/j.biopsycho.2018.12.014
http://www.ncbi.nlm.nih.gov/pubmed/1757667
https://dx.doi.org/10.1037/0021-843x.100.4.535
http://www.ncbi.nlm.nih.gov/pubmed/9934624
https://dx.doi.org/10.1016/s0167-8760(98)00041-5
http://www.ncbi.nlm.nih.gov/pubmed/24364503
https://dx.doi.org/10.1037/per0000032
http://www.ncbi.nlm.nih.gov/pubmed/9110099
https://dx.doi.org/10.1016/s0006-3223(96)00260-0
http://www.ncbi.nlm.nih.gov/pubmed/26590845
https://dx.doi.org/10.1007/s00406-015-0652-7
http://www.ncbi.nlm.nih.gov/pubmed/31001013
https://dx.doi.org/10.4103/jnrp.jnrp_293_18
http://www.ncbi.nlm.nih.gov/pubmed/21077569
https://dx.doi.org/10.1177/155005941004100404
http://www.ncbi.nlm.nih.gov/pubmed/22939462
https://dx.doi.org/10.1016/j.jpsychires.2012.08.003
http://www.ncbi.nlm.nih.gov/pubmed/20708650
https://dx.doi.org/10.1016/j.biopsycho.2010.08.001
http://www.ncbi.nlm.nih.gov/pubmed/30392042
https://dx.doi.org/10.1007/s00406-018-0952-9
http://www.ncbi.nlm.nih.gov/pubmed/31958906
https://dx.doi.org/10.9758/cpn.2020.18.1.58
http://www.ncbi.nlm.nih.gov/pubmed/29023805
https://dx.doi.org/10.1111/psyp.13019
http://www.ncbi.nlm.nih.gov/pubmed/20677839
https://dx.doi.org/10.1037/a0019196

Jaishideng®

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

Xie YH et al. Role of EEG in depression

mental-disorder analysis. Sci Data 2022; 9: 178 [PMID: 35440583 DOI: 10.1038/s41597-022-01211-x]

Nusslock R, Shackman AJ, McMenamin BW, Greischar LL, Davidson RJ, Kovacs M. Comorbid anxiety moderates the
relationship between depression history and prefrontal EEG asymmetry. Psychophysiology 2018; 55 [PMID: 28755454
DOL: 10.1111/psyp.12953]

Brzezicka A, Kaminski J, Kaminska OK, Wotynczyk-Gmaj D, Sedek G. Frontal EEG alpha band asymmetry as a predictor
of reasoning deficiency in depressed people. Cogn Emot 2017; 31: 868-878 [PMID: 27089304 DOI:
10.1080/02699931.2016.1170669]

Jang KI, Lee C, Lee S, Huh S, Chae JH. Comparison of frontal alpha asymmetry among schizophrenia patients, major
depressive disorder patients, and healthy controls. BMC Psychiatry 2020; 20: 586 [PMID: 33302919 DOI:
10.1186/512888-020-02972-8]

Segrave RA, Cooper NR, Thomson RH, Croft RJ, Sheppard DM, Fitzgerald PB. Individualized alpha activity and frontal
asymmetry in major depression. Clin EEG Neurosci 2011; 42: 45-52 [PMID: 21309442 DOI:
10.1177/155005941104200110]

Quinn CR, Rennie CJ, Harris AW, Kemp AH. The impact of melancholia versus non-melancholia on resting-state, EEG
alpha asymmetry: electrophysiological evidence for depression heterogeneity. Psychiatry Res 2014; 215: 614-617 [PMID:
24467874 DOT: 10.1016/j.psychres.2013.12.049]

Vuga M, Fox NA, Cohn JF, George CJ, Levenstein RM, Kovacs M. Long-term stability of frontal electroencephalographic
asymmetry in adults with a history of depression and controls. Int J Psychophysiol 2006; 59: 107-115 [PMID: 16002168
DOI: 10.1016/.ijpsycho.2005.02.008]

Gold C, Fachner J, Erkkild J. Validity and reliability of electroencephalographic frontal alpha asymmetry and frontal
midline theta as biomarkers for depression. Scand J Psychol 2013; 54: 118-126 [PMID: 23278257 DOI:
10.1111/sjop.12022]

McFarland BR, Shankman SA, Tenke CE, Bruder GE, Klein DN. Behavioral activation system deficits predict the six-
month course of depression. J Affect Disord 2006; 91: 229-234 [PMID: 16487598 DOI: 10.1016/j.jad.2006.01.012]

Pine DS, Cohen P, Gurley D, Brook J, Ma Y. The risk for early-adulthood anxiety and depressive disorders in adolescents
with anxiety and depressive disorders. Arch Gen Psychiatry 1998; 55: 56-64 [PMID: 9435761 DOI:
10.1001/archpsyc.55.1.56]

Kentgen LM, Tenke CE, Pine DS, Fong R, Klein RG, Bruder GE. Electroencephalographic asymmetries in adolescents
with major depression: influence of comorbidity with anxiety disorders. J Abnorm Psychol 2000; 109: 797-802 [PMID:
11196007 DOI: 10.1037//0021-843%.109.4.797]

Feldmann L, Piechaczek CE, Griinewald BD, Pehl V, Bartling J, Frey M, Schulte-K6rne G, Greimel E. Resting frontal
EEG asymmetry in adolescents with major depression: Impact of disease state and comorbid anxiety disorder. Clin
Neurophysiol 2018; 129: 2577-2585 [PMID: 30415151 DOI: 10.1016/j.clinph.2018.09.028]

Griinewald BD, Greimel E, Trinkl M, Bartling J, GroBheinrich N, Schulte-Kérne G. Resting frontal EEG asymmetry
patterns in adolescents with and without major depression. Biol Psychol 2018; 132: 212-216 [PMID: 29305876 DOI:
10.1016/j.biopsycho.2018.01.003]

Chapman DP, Perry GS. Depression as a major component of public health for older adults. Prev Chronic Dis 2008; 5:
A22 [PMID: 18082011]

Bierman EJ, Comijs HC, Jonker C, Beeckman AT. Symptoms of anxiety and depression in the course of cognitive decline.
Dement Geriatr Cogn Disord 2007; 24: 213-219 [PMID: 17690554 DOI: 10.1159/000107083]

Oliveira BRR, Santos TM, Kilpatrick M, Pires FO, Deslandes AC. Affective and enjoyment responses in high intensity
interval training and continuous training: A systematic review and meta-analysis. PLoS One 2018; 13: ¢0197124 [PMID:
29874256 DOI: 10.1371/journal.pone.0197124]

Kaiser AK, Gnjezda MT, Knasmiiller S, Aichhorn W. Electroencephalogram alpha asymmetry in patients with depressive
disorders: current perspectives. Neuropsychiatr Dis Treat 2018; 14: 1493-1504 [PMID: 29928121 DOI:
10.2147/NDT.S137776]

Carvalho JP, Hopko DR. Behavioral theory of depression: reinforcement as a mediating variable between avoidance and
depression. J Behav Ther Exp Psychiatry 2011; 42: 154-162 [PMID: 21315876 DOI: 10.1016/j.jbtep.2010.10.001]
Warner V, Mufson L, Weissman MM. Offspring at high and low risk for depression and anxiety: mechanisms of
psychiatric disorder. J Am Acad Child Adolesc Psychiatry 1995; 34: 786-797 [PMID: 7608053 DOI:
10.1097/00004583-199506000-00020]

Weissman MM, Warner V, Wickramaratne P, Moreau D, Olfson M. Offspring of depressed parents. 10 Years later. Arch
Gen Psychiatry 1997; 54: 932-940 [PMID: 9337774 DOI: 10.1001/archpsyc.1997.01830220054009]

Dawson G, Frey K, Panagiotides H, Osterling J, Hessl D. Infants of depressed mothers exhibit atypical frontal brain
activity: a replication and extension of previous findings. J Child Psychol Psychiatry 1997; 38: 179-186 [PMID: 9232464
DOI: 10.1111/.1469-7610.1997.tb01852.x]

Dawson G, Panagiotides H, Klinger LG, Spieker S. Infants of depressed and nondepressed mothers exhibit differences in
frontal brain electrical activity during the expression of negative emotions. Dev Psychol 1997; 33: 650-656 [PMID:
9232380 DOI: 10.1037/0012-1649.33.4.650]

Diego MA, Field T, Jones NA, Hernandez-Reif M. Withdrawn and intrusive maternal interaction style and infant frontal
EEG asymmetry shifts in infants of depressed and non-depressed mothers. Infant Behav Dev 2006; 29: 220-229 [PMID:
17138277 DOL: 10.1016/j.infbeh.2005.12.002]

Field T, Fox NA, Pickens J, Nawrocki T. Relative right frontal EEG activation in 3-to 6-month-old infants of "depressed"
mothers. Developmental psychology 1995; 31: 358 [DOI: 10.1037/0012-1649.31.3.358]

Jones NA, Field T, Fox NA, Lundy B, Davalos M. EEG activation in 1-month-old infants of depressed mothers. Dev
Psychopathol 1997; 9: 491-505 [PMID: 9327235 DOI: 10.1017/50954579497001260]

Jones NA, Field T, Davalos M. Massage therapy attenuates right frontal EEG asymmetry in one-month-old infants of
depressed mothers. Infant behavior and Development 1998; 21: 527-530 [DOI: 10.1016/S0163-6383(98)90025-X]
Tomarken AJ, Dichter GS, Garber J, Simien C. Resting frontal brain activity: linkages to maternal depression and socio-

WJCC | https://www.wjgnet.com 1915 March 26,2023 | Volumell | Issue9 |


http://www.ncbi.nlm.nih.gov/pubmed/35440583
https://dx.doi.org/10.1038/s41597-022-01211-x
http://www.ncbi.nlm.nih.gov/pubmed/28755454
https://dx.doi.org/10.1111/psyp.12953
http://www.ncbi.nlm.nih.gov/pubmed/27089304
https://dx.doi.org/10.1080/02699931.2016.1170669
http://www.ncbi.nlm.nih.gov/pubmed/33302919
https://dx.doi.org/10.1186/s12888-020-02972-8
http://www.ncbi.nlm.nih.gov/pubmed/21309442
https://dx.doi.org/10.1177/155005941104200110
http://www.ncbi.nlm.nih.gov/pubmed/24467874
https://dx.doi.org/10.1016/j.psychres.2013.12.049
http://www.ncbi.nlm.nih.gov/pubmed/16002168
https://dx.doi.org/10.1016/j.ijpsycho.2005.02.008
http://www.ncbi.nlm.nih.gov/pubmed/23278257
https://dx.doi.org/10.1111/sjop.12022
http://www.ncbi.nlm.nih.gov/pubmed/16487598
https://dx.doi.org/10.1016/j.jad.2006.01.012
http://www.ncbi.nlm.nih.gov/pubmed/9435761
https://dx.doi.org/10.1001/archpsyc.55.1.56
http://www.ncbi.nlm.nih.gov/pubmed/11196007
https://dx.doi.org/10.1037//0021-843x.109.4.797
http://www.ncbi.nlm.nih.gov/pubmed/30415151
https://dx.doi.org/10.1016/j.clinph.2018.09.028
http://www.ncbi.nlm.nih.gov/pubmed/29305876
https://dx.doi.org/10.1016/j.biopsycho.2018.01.003
http://www.ncbi.nlm.nih.gov/pubmed/18082011
http://www.ncbi.nlm.nih.gov/pubmed/17690554
https://dx.doi.org/10.1159/000107083
http://www.ncbi.nlm.nih.gov/pubmed/29874256
https://dx.doi.org/10.1371/journal.pone.0197124
http://www.ncbi.nlm.nih.gov/pubmed/29928121
https://dx.doi.org/10.2147/NDT.S137776
http://www.ncbi.nlm.nih.gov/pubmed/21315876
https://dx.doi.org/10.1016/j.jbtep.2010.10.001
http://www.ncbi.nlm.nih.gov/pubmed/7608053
https://dx.doi.org/10.1097/00004583-199506000-00020
http://www.ncbi.nlm.nih.gov/pubmed/9337774
https://dx.doi.org/10.1001/archpsyc.1997.01830220054009
http://www.ncbi.nlm.nih.gov/pubmed/9232464
https://dx.doi.org/10.1111/j.1469-7610.1997.tb01852.x
http://www.ncbi.nlm.nih.gov/pubmed/9232380
https://dx.doi.org/10.1037/0012-1649.33.4.650
http://www.ncbi.nlm.nih.gov/pubmed/17138277
https://dx.doi.org/10.1016/j.infbeh.2005.12.002
https://dx.doi.org/10.1037/0012-1649.31.3.358
http://www.ncbi.nlm.nih.gov/pubmed/9327235
https://dx.doi.org/10.1017/s0954579497001260
https://dx.doi.org/10.1016/S0163-6383(98)90025-X

Xie YH et al. Role of EEG in depression

Jaishideng®

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

economic status among adolescents. Biol Psychol 2004; 67: 77-102 [PMID: 15130526 DOI:
10.1016/j.biopsycho.2004.03.011]

Lopez-Duran NL, Nusslock R, George C, Kovacs M. Frontal EEG asymmetry moderates the effects of stressful life events
on internalizing symptoms in children at familial risk for depression. Psychophysiology 2012; 49: 510-521 [PMID:
22220930 DOI: 10.1111/j.1469-8986.2011.01332.x]

Peltola MJ, Bakermans-Kranenburg MJ, Alink LR, Huffmeijer R, Biro S, van IJzendoorn MH. Resting frontal EEG
asymmetry in children: meta-analyses of the effects of psychosocial risk factors and associations with internalizing and
externalizing behavior. Dev Psychobiol 2014; 56: 1377-1389 [PMID: 24863548 DOI: 10.1002/dev.21223]

Goodman SH, Simon HFM, Shamblaw AL, Kim CY. Parenting as a Mediator of Associations between Depression in
Mothers and Children's Functioning: A Systematic Review and Meta-Analysis. Clin Child Fam Psychol Rev 2020; 23: 427-
460 [PMID: 32734498 DOI: 10.1007/s10567-020-00322-4]

Wen DJ, Soe NN, Sim LW, Sanmugam S, Kwek K, Chong Y'S, Gluckman PD, Meaney MJ, Rifkin-Graboi A, Qiu A.
Infant frontal EEG asymmetry in relation with postnatal maternal depression and parenting behavior. Trans! Psychiatry
2017;7: 1057 [PMID: 28291259 DOI: 10.1038/tp.2017.28]

Lusby CM, Goodman SH, Bell MA, Newport DJ. Electroencephalogram patterns in infants of depressed mothers. Dev
Psychobiol 2014; 56: 459-473 [PMID: 23852456 DOI: 10.1002/dev.21112]

Goldstein BL, Shankman SA, Kujawa A, Torpey-Newman DC, Olino TM, Klein DN. Developmental changes in
electroencephalographic frontal asymmetry in young children at risk for depression. J Child Psychol Psychiatry 2016; 57:
1075-1082 [PMID: 27138464 DOL: 10.1111/jcpp.12567]

Miskovic V, Schmidt LA, Georgiades K, Boyle M, MacMillan HL. Stability of resting frontal electroencephalogram (EEG)
asymmetry and cardiac vagal tone in adolescent females exposed to child maltreatment. Dev Psychobiol 2009; 51: 474-487
[PMID: 19629997 DOI: 10.1002/dev.20387]

Bruder GE, Tenke CE, Warner V, Weissman MM. Grandchildren at high and low risk for depression differ in EEG
measures of regional brain asymmetry. Biol Psychiatry 2007; 62: 1317-1323 [PMID: 17481594 DOI:
10.1016/j.biopsych.2006.12.006]

Dawson G, Klinger LG, Panagiotides H, Hill D, Spieker S. Frontal lobe activity and affective behavior of infants of
mothers with depressive symptoms. Child Dev 1992; 63: 725-737 [PMID: 1600832 DOI:
10.1111/5.1467-8624.1992.tb01657 .x]

Arns M, Bruder G, Hegerl U, Spooner C, Palmer DM, Etkin A, Fallahpour K, Gatt JM, Hirshberg L, Gordon E. EEG alpha
asymmetry as a gender-specific predictor of outcome to acute treatment with different antidepressant medications in the
randomized iSPOT-D study. Clin Neurophysiol 2016; 127: 509-519 [PMID: 26189209 DOI: 10.1016/j.clinph.2015.05.032]
van der Vinne N, Vollebregt MA, van Putten MJAM, Arns M. Stability of frontal alpha asymmetry in depressed patients
during antidepressant treatment. Neuroimage Clin 2019; 24: 102056 [PMID: 31795035 DOI: 10.1016/j.nicl.2019.102056]
Bares M, Novak T, Vlcek P, Hejzlar M, Brunovsky M. Early change of prefrontal theta cordance and occipital alpha
asymmetry in the prediction of responses to antidepressants. Int J Psychophysiol 2019; 143: 1-8 [PMID: 31195067 DOI:
10.1016/j.ijpsycho.2019.06.006]

Szumska I, Gola M, Rusanowska M, Krajewska M, Zygierewicz J, Krejtz I, Nezlek JB, Holas P. Mindfulness-based
cognitive therapy reduces clinical symptoms, but do not change frontal alpha asymmetry in people with major depression
disorder. Int J Neurosci 2021; 131: 453-461 [PMID: 32223344 DOI: 10.1080/00207454.2020.1748621]

Keune PM, Bostanov V, Hautzinger M, Kotchoubey B. Mindfulness-based cognitive therapy (MBCT), cognitive style, and
the temporal dynamics of frontal EEG alpha asymmetry in recurrently depressed patients. Biol Psychol 2011; 88: 243-252
[PMID: 21884751 DOI: 10.1016/j.biopsycho.2011.08.008]

Barnhofer T, Duggan D, Crane C, Hepburn S, Fennell MJ, Williams JM. Effects of meditation on frontal alpha-asymmetry
in previously suicidal individuals. Neuroreport 2007; 18: 709-712 [PMID: 17426604 DOI:
10.1097/WNR.0b013¢3280d943cd]

Dimidjian S, Barrera M Jr, Martell C, Muioz RF, Lewinsohn PM. The origins and current status of behavioral activation
treatments for depression. Annu Rev Clin Psychol 2011; 7: 1-38 [PMID: 21275642 DOI:
10.1146/annurev-clinpsy-032210-104535]

Gollan JK, Hoxha D, Chihade D, Pflieger ME, Rosebrock L, Cacioppo J. Frontal alpha EEG asymmetry before and after
behavioral activation treatment for depression. Biol Psychol 2014; 99: 198-208 [PMID: 24674708 DOI:
10.1016/j.biopsycho.2014.03.003]

Spronk D, Arns M, Bootsma A, van Ruth R, Fitzgerald PB. Long-term effects of left frontal rTMS on EEG and ERPs in
patients with depression. Clin EEG Neurosci 2008; 39: 118-124 [PMID: 18751560 DOI: 10.1177/155005940803900305]
Vlcek P, Bares M, Novak T, Brunovsky M. Baseline Difference in Quantitative Electroencephalography Variables
Between Responders and Non-Responders to Low-Frequency Repetitive Transcranial Magnetic Stimulation in Depression.
Front Psychiatry 2020; 11: 83 [PMID: 32174854 DOI: 10.3389/fpsyt.2020.00083]

Wang S-Y, Lin I-M, Peper E, Chen Y-T, Tang T-C, Yeh Y-C, Tsai Y-C, Chu C-C. The efficacy of neurofeedback among
patients with major depressive disorder: Preliminary study. Neuro Regulation 2016; 3: 127-127 [DOI: 10.15540/nr.3.3.127]
Horato N, Quagliato LA, Nardi AE. The relationship between emotional regulation and hemispheric lateralization in
depression: a systematic review and a meta-analysis. Trans! Psychiatry 2022; 12: 162 [PMID: 35429989 DOI:
10.1038/541398-022-01927-9]

van der Vinne N, Vollebregt MA, van Putten MJAM, Arns M. Frontal alpha asymmetry as a diagnostic marker in
depression: Fact or fiction? Neuroimage Clin 2017; 16: 79-87 [PMID: 28761811 DOI: 10.1016/j.nicl.2017.07.006]
Stewart JL, Coan JA, Towers DN, Allen JJ. Resting and task-elicited prefrontal EEG alpha asymmetry in depression:
support for the capability model. Psychophysiology 2014; 51: 446-455 [PMID: 24611480 DOIL: 10.1111/psyp.12191]
Jesulola E, Sharpley CF, Agnew LL. The effects of gender and depression severity on the association between alpha
asymmetry and depression across four brain regions. Behav Brain Res 2017; 321: 232-239 [PMID: 28042006 DOI:
10.1016/j.bbr.2016.12.035]

Beck AT, Steer RA, Brown G. Beck depression inventory—II. Psychological assessment 1996 [DOIL: 10.1037/t00742-000]

WJCC | https://www.wjgnet.com 1916 March 26,2023 | Volumell | Issue9 |


http://www.ncbi.nlm.nih.gov/pubmed/15130526
https://dx.doi.org/10.1016/j.biopsycho.2004.03.011
http://www.ncbi.nlm.nih.gov/pubmed/22220930
https://dx.doi.org/10.1111/j.1469-8986.2011.01332.x
http://www.ncbi.nlm.nih.gov/pubmed/24863548
https://dx.doi.org/10.1002/dev.21223
http://www.ncbi.nlm.nih.gov/pubmed/32734498
https://dx.doi.org/10.1007/s10567-020-00322-4
http://www.ncbi.nlm.nih.gov/pubmed/28291259
https://dx.doi.org/10.1038/tp.2017.28
http://www.ncbi.nlm.nih.gov/pubmed/23852456
https://dx.doi.org/10.1002/dev.21112
http://www.ncbi.nlm.nih.gov/pubmed/27138464
https://dx.doi.org/10.1111/jcpp.12567
http://www.ncbi.nlm.nih.gov/pubmed/19629997
https://dx.doi.org/10.1002/dev.20387
http://www.ncbi.nlm.nih.gov/pubmed/17481594
https://dx.doi.org/10.1016/j.biopsych.2006.12.006
http://www.ncbi.nlm.nih.gov/pubmed/1600832
https://dx.doi.org/10.1111/j.1467-8624.1992.tb01657.x
http://www.ncbi.nlm.nih.gov/pubmed/26189209
https://dx.doi.org/10.1016/j.clinph.2015.05.032
http://www.ncbi.nlm.nih.gov/pubmed/31795035
https://dx.doi.org/10.1016/j.nicl.2019.102056
http://www.ncbi.nlm.nih.gov/pubmed/31195067
https://dx.doi.org/10.1016/j.ijpsycho.2019.06.006
http://www.ncbi.nlm.nih.gov/pubmed/32223344
https://dx.doi.org/10.1080/00207454.2020.1748621
http://www.ncbi.nlm.nih.gov/pubmed/21884751
https://dx.doi.org/10.1016/j.biopsycho.2011.08.008
http://www.ncbi.nlm.nih.gov/pubmed/17426604
https://dx.doi.org/10.1097/WNR.0b013e3280d943cd
http://www.ncbi.nlm.nih.gov/pubmed/21275642
https://dx.doi.org/10.1146/annurev-clinpsy-032210-104535
http://www.ncbi.nlm.nih.gov/pubmed/24674708
https://dx.doi.org/10.1016/j.biopsycho.2014.03.003
http://www.ncbi.nlm.nih.gov/pubmed/18751560
https://dx.doi.org/10.1177/155005940803900305
http://www.ncbi.nlm.nih.gov/pubmed/32174854
https://dx.doi.org/10.3389/fpsyt.2020.00083
https://dx.doi.org/10.15540/nr.3.3.127
http://www.ncbi.nlm.nih.gov/pubmed/35429989
https://dx.doi.org/10.1038/s41398-022-01927-9
http://www.ncbi.nlm.nih.gov/pubmed/28761811
https://dx.doi.org/10.1016/j.nicl.2017.07.006
http://www.ncbi.nlm.nih.gov/pubmed/24611480
https://dx.doi.org/10.1111/psyp.12191
http://www.ncbi.nlm.nih.gov/pubmed/28042006
https://dx.doi.org/10.1016/j.bbr.2016.12.035
https://dx.doi.org/10.1037/t00742-000

Jaishideng®

86

87

88

89

90

91

92

93

94

95

96

97

98

99

Xie YH et al. Role of EEG in depression

Tomarken AJ, Davidson RJ, Henriques JB. Resting frontal brain asymmetry predicts affective responses to films. J Pers
Soc Psychol 1990; 59: 791-801 [PMID: 2254854 DOI: 10.1037//0022-3514.59.4.791]

Wheeler RE, Davidson RJ, Tomarken AJ. Frontal brain asymmetry and emotional reactivity: a biological substrate of
affective style. Psychophysiology 1993; 30: 82-89 [PMID: 8416065 DOI: 10.1111/1.1469-8986.1993.tb03207.x]
Solomon B, Hong M, Klimova A, Powers A, Dennis TA. Child exuberance moderates the impact of EEG asymmetry on
attention performance. PSYCHOPHYSIOLOGY 2010 [DOI: 10.1016/j.paid.2009.10.001]

Deslandes AC, de Moraes H, Pompeu FA, Ribeiro P, Cagy M, Capitdo C, Alves H, Piedade RA, Laks J.
Electroencephalographic frontal asymmetry and depressive symptoms in the elderly. Biol Psychol 2008; 79: 317-322
[PMID: 18761052 DOI: 10.1016/j.biopsycho.2008.07.008]

Mikolajczak M, Bodarwé K, Laloyaux O, Hansenne M, Nelis D. Association between frontal EEG asymmetries and
emotional intelligence among adults. Personality and Individual Differences 2010; 48: 177-181

Arnone B, Pompili A, Tavares MC, Gasbarri A. Sex-related memory recall and talkativeness for emotional stimuli. Front
Behav Neurosci 2011; 5: 52 [PMID: 21909326 DOI: 10.3389/fnbeh.2011.00052]

Gasbarri A, Arnone B, Pompili A, Marchetti A, Pacitti F, Calil SS, Pacitti C, Tavares MC, Tomaz C. Sex-related
lateralized effect of emotional content on declarative memory: an event related potential study. Behav Brain Res 2006; 168:
177-184 [PMID: 16443292 DOI: 10.1016/j.bbr.2005.07.034]

Gasbarri A, Arnone B, Pompili A, Pacitti F, Pacitti C, Cahill L. Sex-related hemispheric lateralization of electrical
potentials evoked by arousing negative stimuli. Brain Res 2007; 1138: 178-186 [PMID: 17274960 DOI:
10.1016/j.brainres.2006.12.073]

Acharya UR, Oh SL, Hagiwara Y, Tan JH, Adeli H, Subha DP. Automated EEG-based screening of depression using deep
convolutional neural network. Comput Methods Programs Biomed 2018; 161: 103-113 [PMID: 29852953 DOI:
10.1016/j.cmpb.2018.04.012]

Putnam KM, McSweeney LB. Depressive symptoms and baseline prefrontal EEG alpha activity: a study utilizing
Ecological Momentary Assessment. Biol Psychol 2008; 77: 237-240 [PMID: 18079035 DOI:
10.1016/j.biopsycho.2007.10.010]

Santangeli O, Porkka-Heiskanen T, Virkkala J, Castaneda AE, Marttunen M, Paunio T, Urrila AS. Sleep and slow-wave
activity in depressed adolescent boys: a preliminary study. Sleep Med 2017; 38: 24-30 [PMID: 29031752 DOI:
10.1016/j.sleep.2017.06.029]

Bedwell JS, Spencer CC, Chan CC, Butler PD, Sehatpour P, Schmidt J. The P1 visual-evoked potential, red light, and
transdiagnostic psychiatric symptoms. Brain Res 2018; 1687: 144-154 [PMID: 29510142 DOI:
10.1016/j.brainres.2018.03.002]

Goodman SH, Liu R, Lusby CM, Park JS, Bell MA, Newport DJ, Stowe ZN. Consistency of EEG asymmetry patterns in
infants of depressed mothers. Dev Psychobiol 2021; 63: 768-781 [PMID: 33067826 DOI: 10.1002/dev.22046]

Smith J, Browning M, Conen S, Smallman R, Buchbjerg J, Larsen KG, Olsen CK, Christensen SR, Dawson GR, Deakin
JF, Hawkins P, Morris R, Goodwin G, Harmer CJ. Vortioxetine reduces BOLD signal during performance of the N-back
working memory task: a randomised neuroimaging trial in remitted depressed patients and healthy controls. Mol Psychiatry
2018; 23: 1127-1133 [PMID: 28533517 DOI: 10.1038/mp.2017.104]

WJCC | https://www.wjgnet.com 1917 March 26,2023 | Volumell | Issue9


http://www.ncbi.nlm.nih.gov/pubmed/2254854
https://dx.doi.org/10.1037//0022-3514.59.4.791
http://www.ncbi.nlm.nih.gov/pubmed/8416065
https://dx.doi.org/10.1111/j.1469-8986.1993.tb03207.x
https://dx.doi.org/10.1016/j.paid.2009.10.001
http://www.ncbi.nlm.nih.gov/pubmed/18761052
https://dx.doi.org/10.1016/j.biopsycho.2008.07.008
http://www.ncbi.nlm.nih.gov/pubmed/21909326
https://dx.doi.org/10.3389/fnbeh.2011.00052
http://www.ncbi.nlm.nih.gov/pubmed/16443292
https://dx.doi.org/10.1016/j.bbr.2005.07.034
http://www.ncbi.nlm.nih.gov/pubmed/17274960
https://dx.doi.org/10.1016/j.brainres.2006.12.073
http://www.ncbi.nlm.nih.gov/pubmed/29852953
https://dx.doi.org/10.1016/j.cmpb.2018.04.012
http://www.ncbi.nlm.nih.gov/pubmed/18079035
https://dx.doi.org/10.1016/j.biopsycho.2007.10.010
http://www.ncbi.nlm.nih.gov/pubmed/29031752
https://dx.doi.org/10.1016/j.sleep.2017.06.029
http://www.ncbi.nlm.nih.gov/pubmed/29510142
https://dx.doi.org/10.1016/j.brainres.2018.03.002
http://www.ncbi.nlm.nih.gov/pubmed/33067826
https://dx.doi.org/10.1002/dev.22046
http://www.ncbi.nlm.nih.gov/pubmed/28533517
https://dx.doi.org/10.1038/mp.2017.104

7|0\

Submit a Manuscript: https:/ /www.f6publishing.com

DOI: 10.12998 / wijcc.v11.i9.1918

World Journal of
Clinical Cases

World | Clin Cases 2023 March 26; 11(9): 1918-1929

ISSN 2307-8960 (online)

MINIREVIEWS

COVID-19 related liver injuries in pregnancy

Metodija Sekulovski, Simona Bogdanova-Petrova, Monika Peshevska-Sekulovska, Tsvetelina Velikova,

Tsvetoslav Georgiev

Specialty type: Gastroenterology
and hepatology

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

Peer-review model: Single blind

Peer-review report’s scientific
quality classification

Grade A (Excellent): 0

Grade B (Very good): 0
Grade C (Good): C, C

Grade D (Fair): 0

Grade E (Poor): 0

P-Reviewer: Papalexis PG, Greece;
Rotondo JC, Italy

Received: November 22, 2022
Peer-review started: November 22,
2022

First decision: January 3, 2023
Revised: January 17, 2023
Accepted: February 21, 2023
Article in press: February 21, 2023
Published online: March 26, 2023

Jaishideng®

WJCC | https://www.wjgnet.com

Metodija Sekulovski, Department of Anesthesiology and Intensive Care, University Hospital
Lozenetz, Sofia 1407, Bulgaria

Metodija Sekulovski, Monika Peshevska-Sekulovska, Tsvetelina Velikova, Medical Faculty, Sofia
University St. Kliment Ohridski, Sofia 1407, Bulgaria

Simona Bogdanova-Petrova, Tsvetoslav Georgiev, First Department of Internal Medicine,
Medical University-Varna, Varna 9010, Bulgaria

Simona Bogdanova-Petrova, Tsvetoslav Georgiev, Clinic of Rheumatology, University Hospital
“St. Marina”, Varna 9010, Bulgaria

Monika Peshevska-Sekulovska, Department of Gastroenterology, University Hospital Lozenetz,
Sofia 1407, Bulgaria

Tsvetelina Velikova, Department of Clinical Immunology, University Hospital Lozenetz, Sofia
1407, Bulgaria

Corresponding author: Tsvetoslav Georgiev, MD, PhD, Associate Professor, First Department
of Internal Medicine, Medical University-Varna, 1 Hristo Smirnenski str., Varna 9010,
Bulgaria. tsetso@medfaculty.org

Abstract

While severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) quickly
spread across the globe, our understanding of its pathogenic mechanisms
evolved. Importantly, coronavirus disease 2019 (COVID-19) is now considered a
syndromic multisystem inflammatory disease involving not only the respiratory
system but also the cardiovascular, excretory, nervous, musculoskeletal, and
gastrointestinal systems. Moreover, a membrane-bound form of angiotensin-
converting enzyme 2, the entry receptor for SARS-CoV-2, is expressed on the
surface of cholangiocytes and hepatocytes, suggesting the potential of COVID-19
to involve the liver. With the widespread distribution of SARS-CoV-2 throughout
the population, infection during pregnancy is no longer a rare occurrence;
however, little is known about the course of hepatic injuries and related outcomes
in pregnant SARS-CoV-2-positive women. Thus, the understudied topic of
COVID-related liver disease during pregnancy poses a great challenge for the
consulting gynecologist and hepatologist. In this review, we aim to describe and
summarize potential liver injuries in pregnant women with COVID-19.
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Core Tip: Angiotensin-converting enzyme 2 receptors are expressed in hepatocytes and cholangiocytes,
suggesting the potential for liver involvement by coronavirus disease 2019 (COVID-19). Liver dysfunc-
tion is mainly observed in patients with severe or critical disease. However, little is known about the cour-
se of liver involvement and its sequelae in pregnant women positive for severe acute respiratory syndrome
coronavirus 2. Several cases of hepatic injury in pregnant women with severe COVID-19 have been
reported, making the liver the second most commonly affected organ following the lung.
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INTRODUCTION

The end of 2019 was marked by the emergence of a novel disease caused by the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2). Unprecedentedly, modern societies have faced the threat of
coronavirus disease (COVID-19), resulting in over 649 million confirmed cases and 6.5 million deaths
worldwide as of 18 Dec 2022[1]. While COVID-19 quickly spread across the globe, our understanding of
its pathogenic mechanisms began to evolve. Considered a flu-like illness initially, the pathogenesis of
this disease underwent a radical change[2]. As of now, COVID-19 is perceived as a syndromic multi-
system inflammatory disease involving primarily the respiratory and cardiovascular systems, but also
the endocrine, nervous, gastrointestinal, and hepatobiliary systems.

SARS-CoV-2 utilizes the angiotensin-2 converting enzyme (ACE2) receptor protein to attack the host
system[3]. The cell entry receptor, ACE2, is widely expressed in the human body, including in the lungs
(type II alveolar cells), the gastrointestinal tract (esophageal epithelial cells and absorptive enterocytes of
the ileum and colon)[4], the hepatobiliary system (hepatocytes and cholangiocytes), the cardiovascular
system (myocardial cells), the renal system (proximal tubule cells and bladder urothelial cells), and the
pancreas|[3].

SARS-CoV-2 can directly bind to ACE2 on the surface of cholangiocytes and hepatocytes to exert a
cytopathic effect[5]. In fact, several studies have reported injury to the hepatobiliary system[6], making
it one of the most commonly affected systems aside from the respiratory system[7].

With the widespread distribution of SARS-CoV-2 throughout the population, infection during
pregnancy is no longer a rare event. However, liver disease during pregnancy is relatively poorly
studied, and poses a challenge for consulting gynecologists and hepatologists[8].

There are many physiological, mechanical, and immunologic changes that occur during pregnancy
that may influence susceptibility to and severity of COVID-19. Ever-accumulating evidence suggests
that SARS-CoV-2 infection during pregnancy, especially in women with severe COVID-19, is linked to
various adverse outcomes, including preeclampsia (PE), preterm delivery, and stillbirth[9]. Pregnant
women are also prone to involvement of several organs and organ systems with severe COVID-19
infection, including the gastrointestinal tract and the liver. Therefore, we aimed to describe and
summarize potential liver injuries in pregnant women with COVID-19.

SEARCH STRATEGY

Our search methodology follows predefined rules for writing a narrative biomedical review[10]. A
comprehensive search was performed on 15 August 2022 in the LitCovid (PubMed) and Scopus
databases. These databases were queried using the keywords “COVID-19” or “coronavirus” or “SARS-
CoV” AND “liver” OR “hepat*” OR “cholang*” and articles were extracted from inception to 15 August
2022. Bibliographies of retrieved publications were also hand-searched for important information.
Relevant data were also included from preprints, papers, and guidelines of relevant professional associ-
ations to provide contextual background. Only case reports, original articles, reviews, and consider-
ations of official societies written in English were included. Relevant papers were selected according to
the professional expertise, experience, and opinions of the authors in preparation of this narrative
review[10].
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LIVER INJURIES IN COVID-19 PATIENTS

ACE2 receptors are expressed in hepatocytes and cholangiocytes, suggesting the potential for liver
involvement by COVID-19. Liver dysfunction is mainly observed in patients with severe or critical
disease[11] or in those with altered liver biochemistry tests [e.g., elevated total bilirubin, gamma-
glutamyl transferase (GGT), aspartate aminotransferase/alanine aminotransferase (AST/ALT)][12].
Aberrations in other commonly-performed laboratory tests such as alkaline phosphatase and ferritin
may also suggest liver injury[13]. Pathoanatomically, microvesicular steatosis has been observed, with
mild lobular and portal inflammation[14]. Liver injury in COVID-19 is likely related to the immune
response, including cytokine storm development[15]. Hepatic damage during SARS-CoV-2 infection is
very diverse, ranging from mild and harmless elevation of transaminases to acute liver failure. To
encompass the whole spectrum of liver disease, the clinical entity “COVID-19-associated liver injury”
was recently introduced[16,17].

ACE?2 expression in cholangiocyte clusters has been reported to be significantly higher than that in
the hepatocytes (59.7% vs 2.6%)[5]. Cholangiocytes are involved in many aspects of liver physiology,
including regeneration mechanisms, adaptive immune response; disruption of cholangiocyte function
can cause hepatobiliary injury. This injury is detected by monitoring for any increase in cholestatic
markers (e.g., including gamma-glutamyl transferase), and is observed in about 54% of COVID-19 cases
[12,18]. In addition, SARS-CoV-2 can lead to disruption of the barrier and bile acid (BA) transport
functions of cholangiocytes via dysregulation of genes involved in BA formation and transport[19].

Four potential causes of liver damage have been proposed. The first is the direct invasion of
hepatocytes by SARS-CoV-2, leading to abnormal levels of liver enzymes. Although this hypothesis is
the most accepted, hepatocytes have not been shown to express a high level of ACE2, making the liver
itself an unlikely target for infection by SARS-CoV-2[20]. However, other studies have shown a high
level of ACE2 expression in cholangiocytes, suggesting an indirect cause of elevated liver enzymes via
cholangiocyte dysfunction[5]. Furthermore, elevated alkaline phosphatase levels have not been
consistently demonstrated in patients with COVID-19, supporting the hypothesis of indirect liver injury.
As of now, pathoanatomic data provide no evidence of direct SARS-CoV-2 infection of hepatocytes,
suggesting this is an unlikely cause of liver damage[21]. The second possible mechanism of liver
damage in COVID-19 is the hepatotoxicity of drugs used to treat the disease. Abnormal liver tests may
occur in women treated with multiple medications including systemic glucocorticoids, antiviral, anti-
inflammatory and anticoagulant drugs during pregnancy[22]. Nonsteroidal anti-inflammatory drugs,
antipyretics, and analgesics are often used in COVID-19 patients for symptomatic control in the acute
phase of the disease. Antibiotics are also frequently used. Additionally, the systemic inflammatory
response and multiorgan dysfunction seen with severe COVID-19 may contribute to the development of
a cytokine storm, which is associated with liver damage. Finally, the occurrence of severe acute
respiratory syndrome can lead to severe hypoxia, which can also contribute to liver dysfunction[18]. An
essential role is also played by the body’s overwhelming and often life-threatening response to infection

23].

[ Cases of severe hepatitis with pronounced hepatocytolysis leading to acute liver failure have also
been described[24]. The prognosis in these cases is poor; the more severe the disease, the greater the
probability of liver involvement and impairment.

There are few reports and little research on COVID-19 infection in children who already have chronic
liver disease. It is unclear whether infections in the pediatric population are linked to decompensation of
cirrhosis and the onset of acute or chronic liver failure, which alone is a risk factor for a severe COVID-
19 course. Furthermore, comorbidities in adults such as diabetes, hypertension, and obesity frequently
result in non-alcoholic hepatosteatosis (fatty liver disease), but this has not been reported in children.
Recently, liver involvement has been added to the many factors scrutinized in determining the severity
of COVID-19 or multisystem inflammatory syndrome in children. Indeed, the use of liver enzymes as a
predictive indicator for the prognosis of these diseases has been proposed[25].

PREGNANCY AS A RISK FACTOR FOR SEVERE COVID-19

The prevalence of SARS-CoV-2 infection among pregnant women presenting for management of labor
and delivery is estimated at 3%-20%, depending on patient age and reproductive and socioeconomic
settings[26,27]. Even after controlling for age, race, and sex, the risk of asymptomatic infection in
obstetric patients was 15 times greater than in surgical patients[28].

In one study, pregnant women with COVID-19 were 3 times more likely than nonpregnant women
with COVID-19 to be admitted to an intensive care unit (10.5 per 1000 cases vs 3.9 per 1000 cases), 2.9
times more likely to require invasive ventilation (2.9 per 1000 cases vs 1.1 per 1000 cases), 2.4 times more
likely to require extracorporeal membrane oxygenation (0.7 per 1000 cases vs 0.3 per 1000 cases), and 1.7
times more likely to die (1.5 per 1000 cases vs 1.2 per 1000 cases)[29].

Underlying medical conditions, such as obesity, chronic lung disease (e.g., asthma), and chronic
hypertension were related to more severe COVID-19 in pregnancy. Contributing factors that are
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exacerbated by comorbidities include inflammation, altered immune system function, and decreased
ability to combat infection[30,31]. Susceptibility to respiratory viral infections has been demonstrated in
pregnant women|[32], attributed in part to the phenomenon of immune modulation occurring during
pregnancy[33]. The most important factors related to severe COVID-19 in pregnant women and
pregnancy outcomes are presented in Figure 1.

In general, the clinical management of COVID-19 in pregnancy is comparable to that in nonpregnant
women, and effective medications should not be delayed based on pregnancy status[34]. However, in
addition to the direct effective of COVID-19 on pregnancy outcomes, the pandemic and its impact on
healthcare systems have had negative pregnancy-related consequences, including higher rates of
stillbirth and maternal death[9,35]. Furthermore, SARS-CoV-2 infection during the first trimester of
pregnancy is related to a higher risk of miscarriage[36].

LIVER INJURIES IN PREGNANT COVID-19 PATIENTS

Immunological reactions and cardiovascular changes brought on by pregnancy may accelerate the
progression of COVID-19. However, little is known about the course of liver disease and its associated
outcomes in pregnant SARS-CoV-2-positive women. Cases of severe COVID-19 disease and associated
hepatic injury have been reported[6,37-39], making the liver the second most commonly affected organ
following the lung. Transient elevations in serum aminotransferases are common. Several factors,
including severe hypoxemia due to acute respiratory failure, drug interactions, septic shock, and
multiorgan dysfunction have been linked to acute liver damage in severe COVID-19[6].

Much of the research on COVID-19 and its effects on pregnant patients with hepatic injury is
currently under investigation. One study by Deng et al[40] compared pregnant patients without liver
injury following SARS-CoV-2 infection to those with liver injury. This study demonstrated higher levels
of procalcitonin, interleukin-6, liver enzymes, and lactate dehydrogenase in pregnant patients with
hepatic involvement by the disease. There were no statistical differences between the two groups with
respect to the severity of COVID-19, time from disease onset to hospitalization, length of hospital stay,
radiological findings, or obstetric management. Four patients with liver injury in the third trimester
voluntarily chose cesarean section, two had a vaginal delivery, and the rest did not deliver. The 6 live
births resulted in no fetal death, neonatal death, or asphyxia. The authors found a 29.7% prevalence of
liver injury in pregnant COVID-19 patients, with worse inflammation than those who did not have liver
injury[40]. Another interesting case was reported by Anness et al[41] in which a pregnant woman at 28
wk gestation had COVID-19 complicated by hepatic dysfunction. However, in this case, the authors did
find a correlation between the severity of COVID-19 disease and liver injury. After excluding PE and
intrahepatic cholestasis (IHC) during pregnancy, because of the anamnesis of gestational diabetes and
past history of IHC in the first pregnancy, they concluded that the abnormal liver tests were attributable
to severe COVID-19. The normalization of liver function tests in the patient accompanied her clinical
improvement in terms of viral symptoms, confirming the viral etiology of the liver disease. Another
enduring hypothesis with respect to COVID-19 and hepatic injury with abnormal liver function tests is
presented in a retrospective cohort study by Can et al[42]. This study considered that the aminotrans-
ferase elevation in COVID-19 pregnant women might be drug-induced, as the use of lopinavir/ritonavir
and hydroxychloroquine were significantly higher at the beginning of pandemic and duration of
treatment was longer in pregnant women with abnormal aminotransferases. Hence, liver function in
SARS-CoV-2 infected pregnant women who received antiviral treatment should be closely monitored.

A similar case of drug-induced liver cytolysis in a pregnant woman with COVID-19 was reported by
Lamazou et al[43]. This study presented a case of severe SARS-CoV-2 infection in the first trimester in a
patient treated with hydroxychloroquine. Due to history of multiple implantation failure, an immuno-
logical treatment, aspirin, enoxaparin and filgrastim were used daily for 10 mo before an embryo
transfer. The patient had no pregestational comorbidities such as hypertension, diabetes, or
cardiovascular disease. In the 7" gestational wk (GW), the patient was noted to have abnormal liver
function tests (AST, ALT and GGT 3, 5, and 2 times the upper limit of normal, respectively). Despite
ruling out viral etiology (e.g., viral hepatitis, cytomegalovirus, or Epstein-Barr virus), the patient’s liver
function deteriorated and improved only after stopping hydroxychloroquine. This case raises concerns
regarding the possible association between COVID-19, prolonged usage of hydroxychloroquine, and
drug-induced hepatitis[43].

Managing liver injury during pregnancy is a significant challenge and requires a multispecialty
approach. Established classifications help obstetric specialists diagnose and treat pregnancy-related liver
diseases efficiently. Among the most common of these are hyperemesis gravidarum, IHC during
pregnancy, PE, HELLP (hemolysis, elevated liver enzymes, low platelets) syndrome and last but not
least, acute fatty liver of pregnancy (AFLP)[44].

However, as mentioned above, although COVID-19 infection is gaining momentum as a possible
factor contributing to hepatic dysfunction, little is known about its influence on women with pregnancy-
related liver diseases.
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Figure 1 Severe coronavirus disease 2019 in pregnancy and associated complications for mother and fetus. COVID-19: Coronavirus disease
2019; HELLP: Hemolysis, elevated liver enzymes, low platelets; HIV: Human immunodeficiency virus.
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PE

According to current data, it is clear that pregnant women with COVID-19 have an increased risk of
hypertensive disorders, and the characteristics of these disorders are similar to those of non-pregnant
hypertensive patients[45]. There is a growing body of evidence that raises concerns regarding the
significant percentage of PE in pregnant COVID-19 patients. One of the most common complications in
pregnant COVID-19 patients is PE[46]. Like the lungs and gastrointestinal tract, the placenta also has
high expression of ACE2 receptors; therefore, SARS-CoV-2 infection could lead to placental dysregu-
lation. This is in line with the fact that both PE and COVID-19 can affect the microcirculation, resulting
in thrombotic incidents. High rates of PE have been reported in cases of severe and critical COVID-19 in
pregnant women[47]. Among the most promising diagnostic markers for PE are soluble endoglin,
pregnancy-associated plasma protein-A, soluble fms-like tyrosine kinase 1 (sFlt-1), and placental growth
factor (PIGF). Because of placental hypoxia, a common finding in PE, there is often sFlt-1 overpro-
duction with inhibition of PIGF. This can be observed in the circulation 5 wk or more before the onset of
PE symptoms. Furthermore, the sFlt-1/PIGF ratio might also be affected by various infectious agents,
including SARS-CoV-2. Unregulated levels of these mediators are related to placental insufficiency[48].

Another study by Mendoza et al[49] found that 11.9% of pregnant COVID-19 patients develop signs
of PE and that these signs were only observed in severe COVID-19 pneumonia cases. However, the
authors suspected that the signs and symptoms consistent with PE, which were present in 4 of 5 PE
cases, may have resulted from the use of complex pharmacotherapy or the renal and cardiovascular
dysfunction associated with SARS-CoV-2 infection. Abnormal angiogenic status (sFlt-1/PIGF ratio),
increased lactate dehydrogenase (LDH), and poor placental perfusion typical of PE were confirmed in
only 1 of the patients, indicating that this case was probably an actual case of PE, while the others were
classified as PE-like syndrome. Cesarean section was performed on only this single patient with
definitive PE. In contrast, the PE-like syndrome was not considered an absolute indication for earlier
delivery due to the potential for spontaneous resolution of the syndrome after recovery from severe
pneumonia. In summary, pregnant women with COVID-19 may develop a PE-like syndrome that,
despite the similarities, can be appropriately differentiated from true PE by angiogenic markers to avoid
unnecessary interventions such as preterm induction of labor.

AFLP

AFLP is a rare, potentially fatal complication that occurs in the peripartum period. The Swansea criteria
are widely used for the diagnosis of AFLP and include results from both clinical and instrumental
findings as well as pathological examination[50]. Choudhary et al[51] reported an interesting case of a
PE patient with COVID-19 whose condition deteriorated after diagnosis of AFLP by Swansea criteria.
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The patient also exhibited renal failure and severe COVID-19 pneumonia. The authors pointed out that
the symptoms of COVID-19 might mimic those of HELLP syndrome, viral hepatitis, or IHC. Therefore,
the best diagnostic approach includes first ruling out these other causes. Compared to HELLP
syndrome, AFLP is associated with higher degrees of liver enzyme derangement and coagulation
abnormalities. In addition, it is known that COVID-19 is frequently associated with hepatic dysfunction
[52]. These findings are supported by a case report by Morton et al[53] in which a pregnant woman with
influenza hepatitis developed AFLP. In this study, the authors elucidated a possible mechanism linking
the 2 diseases: impaired hepatic fatty acid oxidation mediated by Kupffer cell cytokine release, hepatic
oxidative stress, and hepatocyte injury as a result of viral infection. Following this mechanism, it is
conceivable that COVID-19 could trigger a similar response and contribute to the development of PE. So
far, available data have shown that pregnant women with severe COVID-19 disease could develop PE-
like syndrome[49]. Therefore, it is of great significance for healthcare providers to be aware of the
existence of this syndrome and carefully monitor pregnant patients with suspected AFLP.

IHC in pregnancy

Due to its effect on the liver, COVID-19 is associated with higher aminotransferase levels, especially in
pregnant patients with IHC[54]. Increased levels of serum BA are the most sensitive diagnostic marker
of IHC, likely due in part to its impaired resorption as a result of increased estrogen. However, in the
case of SARS-CoV-2 infection, there is doubt as to whether hepatic dysfunction is due to IHC, SARS-
CoV-2, or both[55]. Liver injury may result from direct infection of hepatocytes or from a byproduct of
hypoxic cellular injury. Rabiei et al[56] reported a case of a 38-year-old COVID-19 patient pregnant with
triplets. The patient also exhibited IHC of pregnancy and was treated with ursodeoxycholic acid. Due to
worsening of her condition, she had preterm delivery in the 29" GW with a good outcome for her and 1
of 3 infants. However, 2 of the infants died due to severe pulmonary insufficiency and sepsis[56]. It is
reasonable to speculate that in pregnant women with concurrent IHC and COVID-19, the obstetric
cholestasis and viral infection act synergistically to worsen hepatic function. Based on available data, it
appears that the simultaneous presence of IHC and COVID-19 does not affect maternal and fetal
outcomes more than in women with cholestasis alone. However, there is still a lack of evidence
regarding whether increasing degrees of hepatic dysfunction are related to an increased risk of adverse
pregnancy outcomes such as spontaneous and iatrogenic preterm delivery, meconium-stained amniotic
fluid, neonatal respiratory distress syndrome, and stillbirth. Furthermore, it is unclear if established
COVID-19 prognostic markers can be used in this cohort of patients.

HELLP, HELLP-like syndrome, and hepatic rupture

Because of the serious nature of the pandemic, the research community has focused on the complex
pathogenesis of COVID-19 disease. Many studies have described the multifactorial nature of COVID-19,
and have demonstrated thrombocytopenia, endothelial damage, impaired aggregation, impaired bone
marrow function, and decreased megakaryocyte activity[57,58].

It is also known that many of the factors mentioned above, such as endothelial damage, platelet
activation, and thrombosis, are also the hidden villains behind the physiopathology of HELLP
syndrome and PE[59]. HELLP syndrome is a multisystemic disorder seen in 0.5%-0.9% of all
pregnancies, mostly in the last trimester (70%), in multiparous women, and in advanced cases that are
not diagnosed or treated early. HELLP syndrome has been associated with impaired renal function,
intracranial hemorrhage, intrahepatic hemorrhage, coagulopathy, and disseminated intravascular
coagulation[59]. Unfortunately, similar symptoms are often also present in pregnant COVID-19 patients,
which makes the diagnosis challenging. Nevertheless, early recognition of the diagnosis could be life-
saving, as mentioned in a study by Arslan et al[60]. The authors reported a case of a 30-year-old
primigravida woman with COVID-19 and severe HELLP syndrome with a fatal outcome for mother and
baby. Despite definitive evidence, given the sequence of events in this case, it is reasonable to speculate
that COVID-19 may be a contributing factor in the development HELLP syndrome. Civrna et al[61]
reported another interesting case series describing the differences between HELLP and HELLP-like
syndromes associated with COVID-19. In this study, 1 patient was noted to have elevated liver
enzymes, elevated LDH, and a low ratio of angiogenic biomarkers, but did not have pregnancy complic-
ations. Laboratory findings in this patient normalized after recovering from SARS-CoV-2 infection.
Hence, the authors diagnosed this patient with HELLP-like syndrome. In contrast, another patient in
this case series did meet the criteria for HELLP syndrome, and her condition deteriorated resulting in
respiratory failure and hepatic rupture. Proper early diagnosis of HELLP syndrome in severe COVID-19
in pregnancy could pose a diagnostic dilemma due to the similarity in presentations of these conditions
[61].

Ronnje et al[62] reported a case of a 26-year-old woman with atypical HELLP syndrome and severe
COVID-19, highlighting the similarities between the two conditions and the fact that prompt diagnosis
may be delayed. This study also proposed that COVID-19 infection during pregnancy is linked to an
increased risk of maternal thrombotic incidents, given that pregnancy itself induces a hypercoagulable
state. In this case report, the conclusion that the severe COVID-19 infection caused the patient’s liver
injury and coagulation dysfunction was supported by detection of high D-dimer levels and elevated
liver enzymes[62]. Misdiagnosis might lead to unnecessary intervention and iatrogenic prematurity or
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underestimation of the severity of HELLP syndrome, causing delayed therapeutic intervention. As such,
further investigation into this topic is of paramount importance to clarify the exact mechanisms, design
an adequate therapeutic strategy, and avoid adverse outcomes.

As a late pregnancy-related liver disease, HELLP syndrome is a well-known culprit implicated in
various complications. Among the most life-threatening of these is liver rupture with or without
infarction[63]. Hepatic rupture has a low incidence rate (approximately 1 per 200000 pregnancies). It is
primarily associated with AFLP or HELLP syndrome, and rarely occurs without associated liver
disease. After excluding all non-pregnancy-related liver diseases, clinicians should consider 3 other
possible causes of liver rupture in pregnancy: HELLP syndrome, severe PE, and rupture of
hemangioma. Current reports assessing the pathogenetic mechanism of hepatic rupture in pregnant
patients focus largely on HELLP syndrome. However, with the growing impact of COVID-19 and the
millions of affected patients globally, among which are a significant percentage of pregnant women, the
question arises whether SARS-CoV-2 could contribute to such a serious complication. One of the first to
associate COVID-19 and hepatic rupture was a case of a 32-year-old pregnant patient reported by
Ambroz et al[64]. This patient was found with SARS-CoV-2 infection in the third trimester; her condition
deteriorated resulting in bilateral pneumonia and hemoperitoneum as a result of hepatic rupture.
Vascular effects (e.g., endotheliitis, procoagulation, or thrombosis) seem to be essential contributors to
the worsening of hepatopathy during pregnancy, possibly through changes affecting the endothelium
occurring during severe inflammatory response. These changes are thought to underlie liver rupture in
the setting of pregnancy. In another study by Ahmed et al[65], a case of hemorrhage with intraab-
dominal hematoma was reported in a patient with severe COVID-19, PE, and HELLP syndrome.

Finally, high rates of infant and maternal mortality have been reported, 42% and 39%, respectively.
These data underscore the need for close collaboration between the obstetrician and the surgeon[66,67].
As such, COVID-19 complications in pregnant patients including severe hepatopathy require further
research.

PREGNANCY OUTCOMES AFTER LIVER INJURY

We reviewed available literature regarding COVID-19 in women with pregnancy-related hepatic injury.
In total, 34 pregnant COVID-19 patients and 37 infants were included in our review[49,50,54,56,60-62,
65,68]. We determined that the most common reported liver disease in pregnancy was IHC, followed by
HELLP syndrome, and AFLP (61.7%, 32.3% and 2.9%, respectively). Most patients reported flu-like
symptoms (n = 27), and 6 patients (17.65%) were diagnosed with pneumonia or acute respiratory
distress syndrome (ARDS). Two pregnant women reported abdominal pain, and only one was
diagnosed with intraabdominal hemorrhage. Only 1 patient presented with sepsis and multiorgan
failure. A significant percentage (88.2%) of the women underwent C-section (Table 1).

With respect to maternal mortality rates, 2 (5.88%) pregnant women in the reviewed cases died; both
cases were significant for HELLP syndrome (1 in week 22 and 1 in week 32 of gestation). Neonatal or
fetal death were found in 4 cases (10.81%). Two babies were delivered at week 29 by mothers with IHC,
while the other two were delivered at week by mothers with HELLP syndrome (Table 1). With respect
to maternal medical history and treatment strategies employed, we cannot accurately report the data as
they were not reported in the reviewed studies. Another limitation of our research was inability to
assess the maternal age and gestational ages of fetuses with preterm delivery due to lack available data.

To our knowledge, this literature review is among the few that have addressed COVID-19 in
pregnant patients with associated liver injury. However, despite review of the available data on the
topic, there are still some missing points in etiopathogenetic mechanisms and the outcomes of COVID-
19-related liver injury in pregnancy. The relevant available studies are summarized in Table 1.

Taken together, the results of available literature have shown that liver injury should be considered in
pregnant patients with COVID-19. To this end, active follow-up and treatment of COVID-19 is
mandatory. However, not a single laboratory or a clinical marker could be established as definitive for
COVID-19-related liver injury. Usually, liver enzymes are elevated in these cases; however, this finding
may be a consequence of pharmacotherapy (e.g., systemic glucocorticoids or antiviral, anti-inflam-
matory, or anticoagulant drugs). Comorbidities such as established liver disease, diabetes, hypertension,
and obesity frequently result in non-alcoholic hepatosteatosis and may also impact the onset and
severity of liver injury caused by SARS-CoV-2 during pregnancy. Pregnancy itself is a risk factor for
severe COVID-19; therefore, managing liver injury during pregnancy is a significant challenge and
requires a multispecialty approach.

VACCINATION FOR PREGNANT WOMEN TO AVOID COMPLICATIONS

Similar to those with autoimmune diseases, pregnant women have generally been excluded from
clinical trials of novel drugs and vaccinations due to worries regarding fetal consequences. This has also
been true of COVID-19 vaccines thus far[69].
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Table 1 Coronavirus disease 2019-related liver injuries in pregnant women

Number Type of Concomitant . Gestational
Ref. of : . Past disease ~ Age Symptoms Treatment Outcome
q disease disease week
patients
Ronnjeetal 1 HELLP  HT; OO Appendectomy; 26 32 Flu-like (myalgia, CS paracetamol; M + B: alive
[62] cholecystectomy arthralgia, cough); Morphine;
abdominal pain; dalteparin 7500
fever ul/d;
betamethasone;
cefotaxime
Mendozaet 5 PE; NR NR 394  28.6(22.3- Severe pneumonia 1 CS, hypertensive M + B: alive
al[49] HELLP (34.2- 324) therapy; 4 no
44.5) delivery
Rabieietal 1 IHCP HT; GDM Primary 38 29+2 Flu-like (myalgia, UDCA; CS M and 2"
[56] infertility arthralgia, cough) baby: alive;
1% and 3
baby: death
Ahmedetal 1 HELLP NR NR 26 NR Confusion; Surgery; CS M + B: Alive
[65] intraabdominal
hematoma
Civrnédetal 2 HELLP; NR NR NR NR 1% flu-like (@S] 1M + B:
[61] HR (myalgia, alive; 2"
arthralgia, cough); NR
2" ARDS, HR
Choudhary 1 PE; AFLP NR NR 27 35 Icteric fever; flu- Labetalol 200 M + Both
et al[51] like (myalgia, mg/d; Mg sulfate; babies: alive
arthralgia, cough); CS
renal failure
Arslanetal 1 HELLP NR NR 30 32 Flu-like (myalgia, CS M+ B:
[60] arthralgia, cough); death
fever; pneumonia;
renal failure;
sepsis
D’Ambrosi 20 IHCP NR NR 305+ Flu-like (myalgia, NR M + B: alive
et al[54] 5.7 arthralgia, cough);
fever
Futterman 2 HELLP  NR NR NR 22;29 NR NR 1M + B:
et al[68] death; 2" M
+ B: alive

AFLP: Acute fatty liver of pregnancy; ARDS: Acute hypoxemic respiratory failure; B: Baby; CS: Corticosteroids; GDM: Gestational diabetes mellitus; GW:

Gestational week; HELLP: Hemolysis, elevated liver enzymes and low platelets; HR: Hepatic rupture; HT: Hypothyroidism; IHCP: Intrahepatic cholestasis
of pregnancy; M: Mother; M + B: Mother and baby; Mg: Magnesium; NR: Not reported, OO: Overweight and obese; PE: Preeclampsia; UDCA:
Ursodeoxycholic acid.
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Although there are limited data on the efficacy and safety in pregnant women, the Centers for
Disease Control and Prevention, the American College of Obstetricians and Gynecologists, and the
Society for Maternal-Fetal Medicine have each issued guidelines for the use of COVID-19 vaccines in
pregnant women[70]. These guidelines are supported by data suggesting that vaccines reduce mortality
and complications in SARS-CoV-2 infected people, especially those at high risk for severe disease.

LIMITATIONS

Our narrative review has been conducted by using a search strategy that is adequate to retrieve relevant
studies. Although we presented a thorough review of available literature, we acknowledge some
limitations. First, liver disease associated with SARS-CoV-2 infection during pregnancy is still
understudied. This has resulted in a relatively small number of available case reports, original articles,
reviews, and considerations of official societies. Second, despite all the collected data on the topic, there
are still some missing points in etiopathogenetic mechanisms and the outcomes associated with COVID-
19-related hepatic injury in pregnancy. Most authors did not report data on maternal medical history
and treatment strategies utilized; therefore, we cannot present accurate information these topics.
Another disadvantage we faced during review of the available literature was that maternal and
gestational ages at the time of preterm delivery were also often not reported. Finally, the narrative
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nature of our review did not allow us to make conclusions based on statistical analyses. However, we
believe that these limitations are minor and represent opportunities to inform future research. Our aim
to describe and summarize potential liver injuries in pregnant women with COVID-19 will hopefully be
of tremendous help to consulting gynecologists and hepatologists who may encounter this scenario.

FUTURE DIRECTIONS

Many questions regarding how to promptly diagnose COVID-19-related liver injury in pregnant women
remain. An algorithm that includes a diagnostic approach for these patients, including laboratory
testing, clinical and imaging investigations, and most importantly, management (treatment and follow-
up), is needed. Since pregnancy, underlying liver conditions, and others are risk factors for severe
COVID-19 and adverse outcomes, liver injury is a highly unfavorable prognostic marker. More studies
that include pregnant women with COVID-19 could help close the gap in knowledge and will improve
the recommendations for clinical practice.

CONCLUSION

It is accepted that immunological reactions and cardiovascular changes brought on by pregnancy may
accelerate the progression of COVID-19. However, little is known about the course of liver disease and
associated outcomes in pregnant COVID-19 patients. Several factors, including severe hypoxemia due to
acute respiratory failure, drug interactions, septic shock, and multiorgan dysfunction have been linked
to acute liver damage in severe COVID-19 disease. Transient elevations in serum aminotransferases are
common. Much of the research on COVID-19 and its effects on pregnant patients with hepatic injury is
still ongoing. The management of liver injury during pregnancy is a significant challenge and requires a
multispecialty approach that should utilize established classifications set forth by various professional
obstetric organizations. Among the most common pregnancy- and liver-related complications are
hyperemesis gravidarum, IHC, PE, HELLP syndrome, and AFLP. Finally, vaccination in pregnant
women may reduce the risk of severe COVID-19 during pregnancy and help to avoid adverse delivery
outcomes.
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Abstract

Lymph node (LN) metastasis is the most common form of metastasis in gastric
cancer (GC). The status and stage of LN metastasis are important indicators that
reflect the progress of GC. The number of LN metastases is still the most effective
index to evaluate the prognosis of patients in all stages of LN metastasis.
Examined LN (ELN) count refers to the number of LNs harvested from specimens
by curative gastrectomy for pathological examination. This review summarizes
the factors that influence ELN count, including individual and tumor factors,
intraoperative dissection factors, postoperative sorting factors, and pathological
examination factors. Different ELN counts will lead to prognosis-related stage
migration. Fine LN sorting and regional LN sorting are the two most important
LN sorting technologies. The most direct and effective way to harvest a large
number of LN is for surgeons to perform in vitro fine LN sorting.

Key Words: Stomach; Neoplasm; Lymph node; Metastasis; Prognosis

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Examined lymph node (ELN) count refers to the number of lymph nodes
harvested from specimens by curative gastrectomy for pathological examination. We
herein discussed the factors influencing ELN count and their roles in stage migration
and sorting methods.
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INTRODUCTION

Metastasis is one of the lethal biological characteristics of malignant tumor cells. Lymph node (LN)
metastasis is the most common form of metastasis in gastric cancer (GC). The proportion of LN
metastasis can reach more than 50% in GC with deep submucosal invasion[1]. The status and stage of
LN metastasis are important indicators that reflect the progress of GC. LN metastasis can remarkably
affect therapeutic effect and clinical prognosis[2]. LN metastasis staging methods that are used to
evaluate the prognosis of patients with GC after radical resection include the range of LN metastasis, the
number of LN metastases, LN ratio, the maximum diameter of LN metastasis, and the log odds of
positive LNs[3-6]. A number of clinical analysis and research results for prognosis evaluation have
shown that the number of LN metastases is still the most effective index for the evaluation of the
prognosis of patients in all stages of LN metastasis[7-9]. The criteria of LN metastasis (pN) staging of
GC in the Union for International Cancer Control and American Joint Commission for Cancer (AJCC)
are constantly changing and updating. Therefore, how to accurately evaluate the number of LN
metastases is still the focus of clinical attention. The examined LNs (ELNs) used to determine the
number of LN metastases are from dissected LNs (DLNs). ELN count refers to the number of LNs
harvested from specimens by curative gastrectomy for pathological examination.
This article summarizes the implication of ELN count for patients with GC after curative surgery.

INFLUENCING FACTORS OF ELN COUNT AFTER CURATIVE GASTRECTOMY

The accuracy of the evaluation of LN metastasis depends on standardized LN harvesting and

subsequent detailed pathological examination. Therefore, ELN count is affected by the following factors
(Table 1).

Individual and tumor factors

Individual differences in immune status, disease stage, and the biological behavior of tumor cells in
different patients can lead to a certain difference in the number of perigastric LNs. LNs are derived from
the differentiation and development of endothelial cells in lymphatic vessels or lymphatic sac and their
surrounding mesenchymal cells in the embryonic period; that is, in theory, LNs can be formed in areas
where lymphatic vessels are located. This localization can also be considered a potential reason for the
recurrence of local LN metastasis after standardized LN dissection for GC. A variety of tumor-derived
driving factors, including multiple antigens, cytokine growth factors and exosomes, can be drained to
tumor regional LNs through the lymphatic duct system and then regulate the immune response,
remodel lymphatic vessels, and induce microenvironment adaptation and the metastasis and
colonization of cancer cells[10]. Dikken et al[11] showed that ELN count in female patients with GC after
surgery is higher than that in male patients. The difference between the two sexes may be related to the
difference in their immune system status. They also showed that ELN count in young patients is higher
than that in elderly patients because elderly patients have a weak immune response to tumor; thus, the
elderly may be subjected to a more conservative strategy of intraoperative dissection. Kodera et al[12]
showed that obesity can affect ELN count in patients with GC. ELN count was considerably reduced in
surgical patients with body mass index (BMI) = 27 kg/m?*compared with male patients with BMI < 25
kg/m?and female patients with BMI < 22 kg/m? Obesity may have a negative impact on ELN count by
increasing the difficulty of surgical dissection and LN identification. Tumor stage is also one of the
factors that affect the detection of LNs. The T stage of a tumor affects ELN count after surgery[13]. A
higher T stage is related to more harvested LNs. Although preoperative chemotherapy can inhibit
tumor cells in perigastric LNs to a certain extent and even achieve N-stage downregulation, no evidence
shows that it can remarkably affect ELN count[12].

Intraoperative dissection factors

DLN refers to the number of LNs included in the surgical specimens removed from the abdominal
cavity of a patient according to the radical range determined by the GC staging of the patient. DLN
count is determined by the extent of LN dissection and the number of LNs around the stomach during
surgery. D1+ LN dissection is currently the main choice for early GC, and D2 LN dissection should be
necessary for advanced resectable GC. The number of LNs around the stomach in total gastrectomy is
more than that in subtotal gastrectomy. Therefore, more LNs can be dissected for postoperative
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Table 1 Influencing factors of examined lymph node count after curative gastrectomy

Classifications

Lymph node
harvesting

Examination detail

Factors Specific

Individual and tumor ~ Immune status (active/inhibited)[10], sex (female/male)[11], age (young/elderly)[11], body mass index
factors (emaciation/obesity)[12], disease stage (early/advanced)[13], etc

Intraoperative Extent of lymph node dissection (D1/D2)[14], scope of gastrectomy (total/subtotal/partial)[14], operation
dissection factors mode (laparoscopic/open)[15-16], qualification of the surgeons[17-19], etc

Postoperative sorting ~ Omission of small lymph nodes[21-22], persons (surgeons/ pathologists)[23-24], lymph node sorting
factors methods (fine/regional)[55-56], etc

Pathological Special metastasis (extranodal soft tissue/skip metastasis)[25-28], fat clearance technology
examination factors (alcohol/ coniferous oil/formaldehyde)[30-35], dye marker (methylene blue, nanocarbon)[36-38], etc

Jaishideng®

pathological examination. Lu et al[14] reported that the average number of LNs removed by subtotal
gastrectomy and total gastrectomy are 26 + 9.6 and 29 + 10.7 (P < 0.01), respectively. In the same way,
the total number of LNs dissected in patients with early GC who underwent partial gastrectomy and
with preserved function may be decreased because parts of the perigastric LNs do not need to be
dissected. With the development of minimally invasive technology, laparoscopic gastrectomy can
reduce intraoperative blood loss, accelerate postoperative recovery, and shorten hospital stay. Bouras et
al[15] showed that the number of LNs detected in laparoscopic surgery is less than that in open surgery
(26.7 vs 31.4; P < 0.05) at the same tumor-node-metastasis (TNM) stage possibly because the extent of LN
dissection in laparoscopic surgery is often less than that in open surgery. However, a meta-analysis of 12
studies comparing minimally invasive surgery with open surgery showed that laparoscopic surgery
does not reduce the number of LNs detected compared with open surgery[16]. Therefore, the effect of
laparoscopic surgery on DLN count needs to be further studied. In addition, qualification of the surgeon
has a direct impact on DLN count[17-19].

Postoperative sorting factors

Theoretically, ELN count should not exceed DLN count. A trained person needs to sort the LNs from
each group in the perigastric region one by one from the surgical specimens of GC and make corres-
ponding records before sending the harvested LNs for examination. Different sorting methods may lead
to different LN counts. Almost all oncologists agree that postoperative factors can directly affect the
follow-up diagnosis and treatment of cancer[20]. In the postoperative sample processing, the omission
of small LNs will likely cause an error in metastatic LN count, which will directly lead to the
downgrading of TNM staging based on the number of metastatic LNs and cannot objectively reflect the
actual situation. Noda et al[21] showed that 37.9% of LNs with metastasis have a maximum diameter of
less than 5 mm; hence, 37.9% of metastatic LNs in GC specimens may be missed if 5 mm LNs are not
found. Downstaging will occur in 14.9% and 4.2% of the cases if all nodes less than 6 and 4 mm,
respectively, are ignored. Hanna et al[22] pointed out that the proportion of smaller LNs in ELNs
showed an upward trend with the increase in ELN count. Different countries have differences regarding
whether surgeons or pathologists carry out the sorting work after surgery. This work is done by
pathologists in most European and American countries, whereas the procedure is done by surgeons in
Japan. Bunt et al[23] compared the differences in LN detection in Europe, America, and Japan and
suggested that the sorting of LNs should be done by surgeons immediately after surgery. The average
number of LNs harvested by surgeons after D2 gastrectomy is 60 * 24.1, which is significantly higher
than that (31 + 16.4) harvested by pathologists (P < 0.001). In Japan, the LNs of different groups in the
perigastric region are sorted by experienced surgeons immediately after curative resection; therefore,
the number of LNs harvested for GC surgery in Japan has always been in the leading position in the
world with an average of 39.4[24]. By contrast, some Western pathologists object to post-operative LN
sorting because it will destroy the edge of the tumor[22].

Pathological examination factors

LNs are fixed in neutral formaldehyde solution, embedded in paraffin, and sectioned in the pathology
department prior to the assessment of LN metastasis. This routine postoperative procedure can directly
affect ELN count. The discovery of extranodal soft tissue and skip metastases has led to some
controversy on the pathological diagnosis of LN metastasis. Some studies suggest that extranodal soft
tissue nodule is a risk factor for the prognosis of patients with GC, and the postoperative survival rate of
patients decreases considerably with the increase in the number of extranodal-positive soft tissue
nodule[25,26]. Several extranodal soft tissue nodules can be found microscopically. In fact, the structure
of LNs is partially or completely destroyed by the proliferation of metastatic GC cells, which makes it
impossible to identify them correctly. Therefore, pathologists can only judge them as soft tissue nodules.
A similar situation can also be seen in the destruction of LN structure after multiple preoperative
radiotherapy. Although the impact of skip metastasis on the prognosis of GC remains controversial, it is
still a negative factor affecting the survival of patients. The occurrence of skip metastasis is related to
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low DLN count; hence, the number of LNs in a pathological section is difficult to determine[27]. In
theory, LNs have occult tumor cells (including micrometastases and isolated tumor cells), but serial
sections of LN are difficult to carried out[28]. Many clinical reports still support that LN micrometa-
stasis should be considered an unfavorable factor affecting the prognosis of patients[29].

In addition, fat clearance technology can also improve the detection rate of pathological LNs[30-33].
Candela et al[34] reported a fat clearance technique applied to the treatment of GC specimens after
operation. The average ELN count was increased from 20 to 36 by using different concentrations of
alcohol and coniferous oil as pretreatment before staining, which improved the accuracy of staging. The
ELN count by this method is higher than that reported by Japanese scholars in the same period, and this
method has obvious advantages in detecting smaller LNs. Aoyama et al[35] treated samples with 10%
formaldehyde aqueous solution containing methylene blue for 48 h. The LNs and lymphatic network
were clearly displayed; therefore, the ELN count was increased (43.4 vs 33.6; P = 0.005), and the
efficiency of LN detection was improved (1.49/min vs 1.12/min; P = 0.010). A meta-analysis included 27
studies on the application of fat clearance and methylene blue staining in the detection of LNs in
gastrointestinal tumor samples[36]. The results showed that compared with the traditional manual
method, the two techniques could increase ELN count, harvest more metastatic-positive LNs and
improve the identification of small LNs. Carbon nanoparticles can be selectively absorbed by lymphatic
vessels. Li et al[37] applied nanocarbon to the surgery of advanced GC, which could increase ELN count
(38.33 in the nanocarbon group and 28.27 in the control group, P = 0.041) and identify smaller LNs (the
maximum diameters of LNs in the nanocarbon and control groups were 3.32 and 4.30 mm, respectively [
P = 0.023]). In addition, indocyanine green can be used as a tracer for LNs in GC[38]. However,
indocyanine green depends on special laparoscopic equipment during the surgery and cannot develop
color in pathological sorting.

ELN COUNT AND LN STAGE MIGRATION

The depth of primary invasion (pT) and distant metastasis (M) can be directly determined by
pathologists under a high-power microscope in the current AJCC postoperative pathological staging
(pTNM) system. The final pathological report of LN metastasis stage may have errors, such as the
Will-Roger phenomenon, due to the existence of LN dissection range, ELN count, disease stage, patient
individuality, and other factors[39]. Will-Roger phenomenon refers to the positive correlation between
the number of LN metastases and the range of LN dissection. LN stage migration can be gradually
reduced or avoided through an increase in LN dissection range. Therefore, ELN count for curative
gastrectomy is closely related to LN stage migration. The clinical data of a large sample of patients
undergoing radical gastrectomy in a single center in China showed that the number of metastatic LNs is
positively correlated with an increase in ELN count[40]. The survival data of 7620 patients with GC
from three centers in China suggest a substantial migration of postoperative LN stage (pN stage),
especially in early-stage patients with less than 15 LNs (pT1NanyMO stage) and advanced-stage patients
with less than 35 LNs (pT2-4NanyMO stage); hence, the 5-year survival rate of patients with different
stages in China is obviously lower than that in Japan, South Korea, and other medical centers[7]. Sano et
al[24] found that the proportion of patients with pN3b (8.7%) from East Asian countries except Japan
and South Korea (including 979 patients in China) with a low number of LNs (24.8 per case) is almost
twice as high as those in Japan and South Korea. Some studies have shown that the survival rate of
patients with positive LN metastasis whose ELN count is more than 30 is the highest in the same
subgroup of patients with pN stage; this prognosis-related stage migration is also caused by difference
in ELN count[41].

In 2005, Smith used the Surveillance, Epidemiology and End Results database to analyze 3814
patients with GC with equal staging of T1-2NO, T1-2N1, T3NO, and T3N1[42]. The survival time of
patients with more than 15 LNs detected was better than that of patients with less than 15 LNs detected
at the same stage. The 5-year survival rate increased by 5.7%-10.9% for every 10 additional LNs. Volpe
et al[43] analyzed 114 patients who underwent proximal gastrectomy (including D1, D1+, D2, and D2+)
and found no remarkable relationship between ELN count and overall survival. However, for patients
who underwent extended radical gastrectomy (D2 or D2+), the median survival time of patients with
more than 15 LNs detected increased from 25 to 42 mo. In 2009, the authors also found that according to
the 6™edition of TNM staging of GC, patients with no less than 15 LNs have remarkably longer
postoperative overall survival time, disease-free survival time, or survival time than patients with less
than 15 LNs after recurrence[44]. We also found that increased ELN count is an independent factor
affecting the survival time of patients with GC who only have perigastric LN metastasis (only LN
metastasis on the greater curvature and lesser curvature side)[45]. Therefore, in the 7*edition of the
TNM staging of GC, the recommended number of LNs was changed to no less than 16. The reason is
that patients with pN3b stage need at least 16 LN metastases confirmed by pathology.

However, 16 LNs are not the ultimate limit. Kim et al[46] pointed out that for patients with advanced
differentiated GC, the prognosis when 25 and 40 LNs were used as the cut-off values of ELN count was
also different. The study group with more ELN count had a longer average survival time compared
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with patients with less than 25 and 40 LNs detected. Chen et al[47] analyzed 1363 patients with curative
gastrectomy and found that ELN count and N stage are independent prognostic factors. The 5-year
survival rates of N2 and N3 patients with more than 25 LNs detected are 58.59% and 32.77%,
respectively, which are remarkably better than 52.48% and 21.67% of patients, respectively, with 15-24
LNs detected in the same period. The clinical data of 7620 patients with GC undergoing curative
gastrectomy in three medical centers in China showed that for the same pN stage (except pNO stage),
the 5-year survival rate of patients with GC who have more than 30 LNs is 8%-15% higher than that of
patients with less than 30 LNs[7].

For patients with negative LNs, we demonstrated that insufficient ELN count may be a potential risk
factor for the postoperative recurrence of GC[48]. An ELN count less than 16 means higher local
recurrence rate and peritoneal metastasis rate[49]. Several studies have confirmed that ELN count can
affect the prognosis of patients with pNO[49-51]. ELN count is an independent prognostic factor partic-
ularly for patients with stage III pNO GC[52,53]. In 2017, authors compared the clinicopathological data
of pNO patients in Tianjin Medical University Cancer Institute and Hospital (TJ]MUCH) and Tokyo
Medical University Hospital (TMUH) in the past 10 years and found that ELN count in patients with
pNO GC in TMUH reached 34.84, which was much higher than that in TTIMUCH, and the postoperative
survival rate of patients was also significantly higher than that in TTMUCH (P < 0.001)[8]. Further
analysis showed that the postoperative survival rate of patients with pNO GC in TMUH, also increased
by 57% with the increase of ELN count. In addition, we also confirmed that increased ELN count can
reduce or prevent stage migration in pNO patients[41].

LN SORTING TECHNOLOGY

LNs need to be sorted out from the whole specimen obtained by radical gastrectomy according to the
location of LN regions in each group for postoperative pathological examination, which can provide
fine information for the number and location of LN metastases. The most important factor that can
reflect ELN count is the operation of LN sorting. Sorting LNs from fresh specimens during or
immediately after surgery requires a detailed understanding and affirmation of the whole scope of
surgical dissection. Detailed records of LNs after sorting can provide clear information for postoperative
pathology to detect the location of LN metastasis. In addition, perigastric LNs are easier to harvest from
fresh samples, especially in fat and soft tissue specimens, than LNs isolated after neutral formaldehyde
immersion.

The two main sorting methods are fine LN sorting and regional LN sorting. ELN count in the fine LN
sorting group is much higher than that in the regional LN sorting group with the same pT, pN, or
pTNM stage (P < 0.001). The number of metastatic LNs in the fine LN sorting group was significantly
higher than that in the regional LN sorting group (P < 0.001)[54].

Fine LN sorting

Japanese scholars have been following "fine sorting," that is, LNs are separated from GC samples and
then separated from the soft tissue one by one according to the location of each group of LNs around the
stomach and the surrounding soft tissue. This method can harvest a larger number of LNs, which helps
in judging the extent of the local invasion of the disease and also provides objective evidence for
postoperative pathology report to evaluate the quality of surgery. Schmidt et al[55] pointed out that on
the basis of D2 LN dissection, the fine sorting of LNs from postoperative ex vivo specimens can make the
average ELN count in each GC patient reach 40; thus, accurate LN staging can be obtained for the
prognosis evaluation of patients. According to the latest research results of the Sloan Caitlin Memorial
Cancer Centre, ELN count by the fine LN sorting of ex vivo specimens by surgeons can be significantly
increased (30 vs 21; P < 0.0001) compared with regional sorting or sorting by pathologists[56]. Many
scholars have explored a series of methods, including fat clearance and intraoperative marker staining,
to achieve more precise LN sorting[34,57-61]. These methods provide more comprehensive information
for the postoperative evaluation of patients with LN metastasis; however, they take a long time, may
require toxic reagents, and need to be completed in the fume hood and could be difficult for beginners.
In general, the most direct and effective way to harvest a large number of LNs is for surgeons to
perform in vitro fine LN sorting.

Regional LN sorting

Some scholars in other countries directly separate and label each group of LNs around the stomach from
the GC samples together with the surrounding soft tissues instead of separating each group of LNs from
the soft tissues one by one. This method saves time. However, the pathologist needs to separate the LNs
one by one. Theoretically, a certain stage migration occurs in postoperative LNs metastasis. Hanna et al
[22] reported a systematic fat blocking and microscopic search method for regional LN sorting to
improve the number of regional LNs. In this method, the pathologist obtains all the perigastric, perieso-
phageal, and periduodenal fat from the specimen (the fat in the greater omentum is not treated);
removes the larger LNs; divides the remaining fat into blocks and obtains single stained hematoxylin
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and eosin slices from each block to examine the LNs under a light microscope. This method can detect
more LNs compared with the ordinary manual LN sorting method (66 + 21 vs 50 * 20; P < 0.05), but it
also has obvious disadvantages. It increases the cost of pathological examination and cannot determine
the number of LN in each group; therefore, its popularization and application are limited.

CONCLUSION

At present, the number of LN metastases is still the most effective index to evaluate the prognosis of
patients. Accuracy of the evaluation of LN metastasis depends on the standardized harvesting of LNs
and subsequent detailed pathological analysis. Different ELN counts will lead to prognosis-related stage
migration. Fine LN sorting and regional LN sorting are the two most important LN sorting technologies.
Although ELN count is affected by many factors, the most direct and effective way to harvest a large
number of LNs is for surgeons to perform in vitro fine LN sorting.
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Abstract

Situs inversus (SI) is a rare congenital condition characterized by a mirror-image
transposition of the major visceral organs. Since the 1990s, more than one hundred
SI patients have been reported to have successfully undergone laparoscopic
cholecystectomy. In these cases, the major problem is to overcome is the left-right
condition for right-handed surgeons. Laparoscopic common bile duct exploration
(LCBDE), an alternative to treat patients with bile duct stones, has shown
equivalent efficacy and is less likely to cause pancreatitis than endoscopic
retrograde cholangiopancreatography. Recent updated meta-analyses revealed
that a shorter postoperative hospital stay, fewer procedural interventions, cost-
effectiveness, a higher stone clearance rate, and fewer perioperative complications
are additional advantages of LCBDE. However, the technique is technically
demanding, even for skilled laparoscopic surgeons. Conducting LCBDE in
patients with difficult situations, such as SI, is more complex than usual. We
herein review published SI patients with choledocholithiasis treated by LCBDE,
including our own experience, and this paper focuses on the technical aspects.

Key Words: Choledocholithiasis; Choledochotomy; Laparoscopic common bile duct
exploration; Single incision; Situs inversus; Transcystic
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Core Tip: Laparoscopic common bile duct exploration (LCBDE) is an alternative option to treat
choledocholithiasis. Compared to endoscopic retrograde cholangiopancreatography, it has been
demonstrated that LCBDE has resulted in shorter hospital stays, fewer procedures, and greater cost-effect-
iveness in recent studies. Nevertheless, LCBDE is a technically demanding procedure. It is even more
challenging in difficult circumstances such as situs inversus (SI). Herein, we present an analysis of
published SI patients with choledocholithiasis treated by LCBDE and our own case, and this paper focuses
on the technical aspects.
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INTRODUCTION

For more than two decades, laparoscopic common bile duct exploration (LCBDE) and endoscopic
retrograde cholangiopancreatography (ERCP) with stone removal have been widely accepted
techniques for managing common bile duct (CBD) stones[1-3]. As LCBDE is a technically demanding
procedure, ERCP has gradually become mainstream in clinical practice. In 2018, an updated network
meta-analysis including 13 trials and 1757 patients revealed that laparoscopic cholecystectomy (LC) plus
LCBDE had better outcomes than LC plus ERCP in terms of not only length of hospital stay but also
stone clearance rate and perioperative complications[4]. Other studies exhibited inconsistent results[3,5,
6]. The trend in favor of ERCP resulted in decreased familiarity with LCBDE by surgeons. The complex
steps and delicate tools used in LCBDE also make it challenging to perform.

Situs inversus (SI) is a rare condition causing left-right positioning of thoracic and abdominal organs
[7]. Clinically, SI by itself is asymptomatic; however, when it is associated with CBD stones, the
diagnosis can be challenging due to the reversed anatomical location[8]. This is also true for LC and
LCBDE. As LC in SI has been studied in two meta-analyses[9,10], LCBDE in SI is limited to a small
number of case reports. This review is aimed at assessing published SI patients treated by LCBDE and
shares our own experience in the technical aspects.

LITERATURE REVIEW AND OUR OWN EXPERIENCE

Data collection

A search for all articles regarding CBD exploration in patients with SI was conducted in The Cochrane
Library, PubMed, Embase, and Web of Science without language restriction until October 5, 2022. The
keywords used were “Situs inversus” plus “laparoscopic bile duct exploration”, “choledocholitho-
tripsy”, “choledocholithotomy”, “choledocholithiasis”, and “bile duct stone”. All relevant studies
reporting one or more cases of CBD stone exploration in SI that were found as full texts, structured
abstracts or conference reports were included. Studies that described procedures conducted in open
surgery or other than CBD exploration were excluded. Duplications of the same patient reported in
different studies were also excluded. A total of 12 records were identified by the literature search. In
accordance with the study exclusion criteria, two articles were excluded for reporting the same patient
[11,12], and the other two articles were excluded for open surgery[13,14]. Finally, eight case reports
were included in this review[8,15-21]. The detailed information is presented in Tables 1-3.

Our own experience

A 79-year-old female with SI had underlying hypertension, type II diabetes mellitus, dyslipidemia, and
an operation history of ectopic pregnancy 50 years prior. This time, she suffered from postprandial
epigastric pain accompanied by a jaundice episode 5 d before her medical seeking. At the emergency
room, physical examination was unremarkable. Laboratory values showed white blood cell 7,200/ mm
(normal range: 4000-10000), C-reactive protein 33.31 mg/dL (0-8), total bilirubin 1.17 mg/dL (1.0-2.0),
direct bilirubin 0.5 mg/dL (0.2-1), alanine transaminase 39 IU/L (10-40), aspartate aminotransferase 89
IU/L (10-42), and alkaline phosphatase 147 IU/L (28-94). Abdominal computed tomography (CT)
showed cholelithiasis and choledocholithiasis in the distal CBD (Figure 1A and B). Other anomalies
included distal CBD draining into the duodenal 3" portion, duplication of the right ureter, and right
hydroureteronephrosis (Figure 1A and C). Under the impression of acute calculous cholecystitis and
choledocholithiasis with obstructive jaundice and liver function impairment, she was admitted for
single-incision LC and LCBDE. The detailed surgical procedure is discussed below, and the patient’s
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Table 1 Preoperative characteristics of situs inversus patients treated by laparoscopic bile duct exploration in the literature review

Diagnostic tools  Preoperative

Ref. Year  Age Sex Medical histo Presentation . .
g i for CBD stone intervention
Kang et al[21] 2004 64 F Atrial fibrillation Jaundice, abnormal liver  Echo, CT, MRCP Nil
function
Tai et al[20] 2004 NA B Arrhythmia with NA NA ERCP
pacemaker implantation
Weber-Sanchez et al 2011 60 M NA Jaundice, cholecystitis NA NA
[15]
Han et al[16] 2012 71 F NA NA CT ERCP
Liu et al[8] 2017 51 F Nil Cholecystitis, abnormal ~ CT, MRCP Nil
liver function
Senthilnathan etal 2017 76 F Gallbladder stone s/p open NA NA ERCP
[17] cholecystectomy
Takalkar et al[19] 2018 50 F NA Jaundice, abnormal liver ~Echo, MRCP ERCP + ERBD
function, cholecystitis
Simkhada et al[18] 2021 63 F HTN, hypothyroidism, NA MRCP ERCP
CKD
Our case 2022 79 F HTN, hyperlipidemia, DM, Jaundice, abnormal liver ~CT Nil
CKD, ectopic pregnancy function, cholecystitis

F: Female; M: Male; s/ p: Status post; HTN: Hypertension; DM: Diabetes mellitus; CKD: Chronic kidney disease; CT: Computed tomography; MRCP:
Magnetic resonance cholangiopancreatography; ERCP: Endoscopic retrograde cholangiopancreatography; ERBD: Endoscopic retrograde biliary drainage;
NA: Not available; CBD: Common bile duct.

Jaishideng®

postoperative recovery was uneventful. She was discharged on the 3™ postoperative day. No complic-
ations occurred after a 24.5-mo follow-up.

The single-incision LCBDE (SILCBDE) technique has been described in detail previously[22,23]. The
patient was given general anesthesia and placed in the reverse Trendelenburg position. The surgeon
and the assistant stood on the right side of the patient owing to the mirror positioning of the intraab-
dominal organs. The surgery began with the insertion of a commercial multichannel port through a 2
cm left paraumbilical incision. A 5-mm atraumatic grasper was inserted through the left 5-mm port to
retract the gallbladder to the 2 o’clock direction. A 5-mm 50-cm-long 30-degree laparoscope was passed
through the lower 12-mm port to provide visualization. The working ports were served by the upper 12-
mm and right 5-mm ports. After dissecting Calot’s triangle (Figure 2A) and securing the proximal cystic
duct, a small incision was made into the cystic duct, and a 5 French feeding tube was passed into the
nondilated cystic duct (Figure 2B and C). We conducted a diagnostic intraoperative cholangiogram
(IOC), and distal CBD stones were confirmed (Figure 3A). Then, we used a modified technique named
"basket-in-catheter"(BIC)[24]: The Dormia basket was inserted into a six French feeding tube and then
went forward to the predestined distance. After entering the distal CBD, the basket was opened to trap
the stone (Figures 2B and 3B). After stone clearance, completion IOC was performed to confirm that
there were no retained stones (Figure 3C). Finally, the cystic duct was closed, and the gallbladder was
detached from the liver bed (Figure 2D) with a closed suction drain left in the subhepatic space. The
surgery took 152 min with an estimated blood loss of 5 ml. The details of the operation are shown in the
Video.

ACUTE BILIARY TRACT DISEASE IN SITUS INVERSUS PATIENTS

Overview of Situs inversus

Sl is a rare defect of situs orientation. As SI fails to generate normal left-right asymmetry, it results in a
spectrum of laterality disturbances[25]. The most common of these is immotile cilia syndrome, known
as Kartagener syndrome[26-28]. Ivemark’s syndrome, cardiac malformation and biliary atresia are also
found in patients with SI[29-31]. In our case, duplication of the right ureter and abnormal insertion of
the distal CBD into the 3" portion of the duodenum were found on CT (Figures 1 and 3C). Although
their association with SI remains unclear[32,33], we should always pay attention to SI patients to
identify possible anomalies in preoperative surveys.
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Table 2 Intraoperative characteristics of situs inversus patients treated by laparoscopic bile duct exploration in the literature review

Incision - Surgeon Workin Approach
Ref. Year 10C Style  Position . g g Choledochoscopy CBDE route i .
number site hand technique
Kangetal[21] 2004 N 4 MirA  NA Right Left Yes Choledochotomy  Choledochoscopy
side with T-tube
closure
Tai et al[20] 2004 4° NA NA NA NA NA NA NA
Weber-54 2011 4 NA NA NA NA NA NA NA
nchez et al[15]
Hanetal[16] 2012 4 MirCon NA NA NA Yes Choledochotomy  Choledochoscopy
Liu et al[8] 2017 4 NA NA NA NA NA NA NA
Senthilnathan 2017 4 MirCon Supine, split Between NA No Choledochotomy  Balloon and saline
et al[17] legs legs with CDD" sweep
Takalkaretal 2018 N 4 MirA  NA NA NA No Choledochotomy ~ NA
[19] with CDD*
Simkhadaetal 2021 N 4 MirA  Lithotomy Right Left Yes Choledochotomy  Endo-forceps
[18] side with primary
closure
Our case 2022 Y 1 SP Reverse Right Right No Transcystic Basket in catheter
Trendelenburg side approach

“Defined as conventional in study.

PUnderwent laparoscopic cholecystectomy six months prior. Found common bile duct stone and small residual gallbladder containing stone this time.
“Due to significant dilation of the common bile duct (> 2 cm).

IOC: Intraoperative cholangiogram; MirA: Mirrored American; MirCon: Mirrored conventional; SP: Single-port. CDD: Choledochoduodenostomy; CBDE:
Common bile duct exploration; NA: Not available; N: No; Y: Yes.

Table 3 Operative results of situs inversus patients treated by laparoscopic bile duct exploration in the literature review

Ref. Year  OP time (min) Conversion PLOS (d) Complication Mortality  Follow-up (mo)
Kang et al[21] 2004 240 No NA NA Nil Nil

Tai et al[20] 2004  NA No NA Nil Nil Nil
Weber-Sanchez et al[15] 2011 NA No NA NA Nil Nil

Han et al[16] 2012 129 No NA Nil Nil Nil

Liu et al[8] 2017  NA No 5 Nil Nil Nil
Senthilnathan et al[17] 2017 NA No 7 Nil Nil Nil

Takalkar et al[19] 2018  NA No NA NA Nil Nil

Simkhada et al[18] 2021 NA No NA NA Nil Nil

Our case 2022 152 No 3 Nil Nil 245

OP: Operative; PLOS: Postoperative length of hospital stay; NA: Not available.

Diagnosis
A total of 9 case reports including our case, was comprised of eight women and one man with ages
ranging from 50 to 79 years of age, as detailed in Table 1. Systemic disease was reported in four patients
[18,20,21], and one of them was equipped with a pacemaker[20]. One patient had an ectopic pregnancy
history. Also, one patient had undergone LC before, but residual gallbladder and CBD stones were
found six months later[17]. The presentation in four of these patients was jaundice[15,19,21], while four
patients developed cholecystitis[8,15,19]. Additional high-resolution imaging was used to assess the
abdominal anatomy in six patients: Two patients underwent abdominal CT only[16], magnetic
resonance cholangiopancreatography (MRCP) was used in two cases[18,19], and two patients
underwent both CT and MRCP[8,21].

Due to the left-right presentation of SI, a timely diagnosis of acute abdominal diseases in SI patients is
difficult for emergency physicians[34,35]. Liu et al[8] reported a 15-d delay diagnosis of acute cholangitis
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Figure 1 Preoperative computed tomography showed situs inversus, stones in the gallbladder and the common bile duct, and associated
anomalies. A: A gallbladder stone (blue arrows), a common bile duct stone (orange arrows) and a diverticulum at the 3" portion of the duodenum (yellow arrows);

B: Right upper ureter of the duplication (orange arrows) and lower pelvis of the duplication (yellow arrows); C: Right upper ureter (orange arrows) and right lower
ureter (yellow arrows).

DOI: 10.12998/wjcc.v11.i9.1939 Copyright ©The Author(s) 2023.

Figure 2 Intraoperative photos during single-incision laparoscopic transcystic common bile duct exploration in a patient with situs
inversus. A: Dissection of the hepatocystic triangle; B: An opened retrieval basket in a 6 French feeding tube; C: Cystic duct cannulation for intraoperative
cholangiography; D: Completion of choledocholithotripsy and cholecystectomy.

[8]. For patients with postprandial left upper abdominal pain, physical examination is needed to reveal
a heartbeat in the right hemithorax and hepatic dullness in the left upper abdomen so that cholelithiasis
associated with SI can be considered in addition to acute myocardial infarction or a peptic ulcer. In
patients with uncertain features, a careful physical examination with radiological investigations plays a
significant role in SI diagnosis[36,37]. Here, we propose a practical algorithm for the diagnosis and
management of cholelithiasis and choledocholithiasis in SI patients (Figure 4).
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Figure 3 Intraoperative cholangiograms during transcystic choledocholithotripsy using a modified “basket in catheter” technique. A: The
diagnostic cholangiogram showed an obstructive biliary tree; B: Transcystic basket trawling; C: The completion cholangiogram revealed stone clearance and a patent
distal common bile duct.

Patients with postprandial LUQ pain

PE: right-side heartbeat and LUQ dullness

Yes No
| I
Image and laboratory data survey for SI and cholelithiasis confirmation Looks for other DDx
|
[ |
Confirmed Not confirmed
| |
Suitable for surgery Looks for other DDx
|
[ |
Yes No
I |
LC' plus optional IOC for suspected choledocholithiasis Antibiotic plus elective PTGBD/PTCD
| 1
10C revealed CBD stones MRCP revealed CBD stones
| 1
1 [ 1
No Yes No
| | | |
LC+LCBDE LC ERCP+EST Supportive care

DOI: 10.12998/wjcc.v11.i9.1939 Copyright ©The Author(s) 2023.

Figure 4 A practical algorithm for diagnosis and management to treat cholelithiasis and choledocholithiasis in situs inversus patients.

TLaparoscopic cholecystectomy can be performed with four ports or a single port based on the surgeon’s discretion. LUQ: Left upper quadrant; PE: Physical
examination; Sl: Situs inversus; DDx: Differential diagnosis; LC: Laparoscopic cholecystectomy; I0C: Intraoperative cholangiography; MRCP: Magnetic resonance
cholangiopancreatography; PTGBD: Percutaneous transhepatic gallbladder drainage; PTCD: Percutaneous transhepatic cholangiography and drainage; CBD:
Common bile duct; LCBDE: Laparoscopic common bile duct exploration; ERCP: Endoscopic retrograde cholangiopancreatography; EST: Endoscopic sphincterotomy.
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Endoscopic retrograde cholangiopancreatography vs laparoscopic common bile duct exploration
Patients with SI also pose significant challenges to endoscopists and surgeons[38-42]. ERCP is one of the
most challenging procedures in SI patients. Given the reversed anatomy, a 180-degree clockwise
rotation in the duodenum is often required[43-47]. Furthermore, cannulation to the bile duct is difficult
because of the lack of visualization and the ectopic location of the ampulla of Vater in SI patients[7]. In
2022, Ding et al[48] published a case series containing 14 patients with SI undergoing ERCP. The rate of
successful cannulation was 85.7% (12/14), while difficult cannulation occurred in 71.4% (10/14) of those
patients[48]. Although the literature review until 2021 revealed a 100% cannulation success of 41
patients[48], one of five cases reported in 2022 failed[49-52]. Plus there were 5 failed cases in our
literature review, and the overall success rate was 87.7%. Compared to ERCP, LCBDE provides full
intraperitoneal visualization. In the five case reports of our literature review, all the patients had
successful LCBDE after failed ERCP, and the former might be a better option to treat choledocholithiasis
in SI patients.
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LAPAROSCOPIC COMMON BILE DUCT EXPLORATION IN SITUS INVERSUS PATIENTS

Outcome

In addition to our case, the operative time was only shown in two more patients: 240 min[21] and 129
min[16]. Postoperative hospital stay was also recorded in two other patients as five days[8] and seven
days[17]. While we spent 152 min to complete the SILCBDE, the postoperative hospital stay was only
three days. Of these patients, no conversion, complication, or mortality was recorded. The detailed
operative results are presented in Table 3.

Trocar positioning
Conducting laparoscopic surgery in SI patients is also difficult owing to the transposed organs[53-55].
The first consideration is trocar positioning. There are essentially two types of laparoscopic port
placements in SI patients: The “ American mirror technique” and the “French mirror technique”[9,10].
Surgeons can choose either of them depending on their discretion. In most of the case reports in our
review, the “ American mirror technique” was used, while some authors ambiguously described it as a
“conventional technique” that could be the “ American mirror technique” or “French mirror technique”.
The handedness of the surgeons is the second problem[56,57]. Surgeons use their left hand for dissection
via the epigastric port and use the right hand for the midclavicular port. As most surgeons are right-
handed, using the left hand will not be precise and may pose danger. In using the right hand, however,
the surgeon will have to cross the patient’s body to perform the dissection[10]. To address this dilemma,
a systemic review showed that left-handed surgeons yielded shorter intervention times than right-
handed surgeons during LC of SI patients[9]. However, there were only seven left-handed surgeons in
121 cases in this study. While most surgical procedures are designed for right-handed surgeons, it is not
uncommon for left-handed surgeons to use their right hand as the working hand in daily practice[58,
59]. Using a nondominant hand might not have much impact on the surgical outcome.

In our literature review of LCBDE in SI patients (Table 2), although some of the patients ambiguously
described their operative technique as "conventional"[8,15,20], most of them reported a four-port
technique with the American mirror style[18,19,21]. Our patient is the only case treated by SILCBDE.

Single-incision laparoscopic common bile duct exploration

Compared with the difficulty in LCBDE for SI patients, SILCBDE seems to have some advantages. We
developed this novel technique in July 2012, and it soon became our standard of care for choledocho-
lithiasis, including difficult situations such as Mirizzi syndrome Csendes type II-IV[22,23,60]. In
addition to a 5-mm 50-cm-long 30-degree laparoscope and a 5-mm flexible fiber choledochosope set,
only conventional straight laparoscopic instruments were needed. Either the single-incision multiple-
port longitudinal-array technique[61] or a commercial multichannel port could be used at the surgeon’s
discretion (Figure 5). This procedure is indicated for every patient with choledocholithiasis who can
tolerate regular laparoscopic surgery. While SILCBDE is selected for SI patients, the mirror position of
trocars is unnecessary because only one single port was used. The handedness problem is invalid, as
dissection can be performed by the right hand, and the left hand can be used for gallbladder traction[62-
65]. It has little adverse effect in our technique as well, while gallbladder traction is usually carried out
by the assistant[22,23,66]. Additionally, SILCBDE decreases incisional trauma and postoperative pain,
speeds recovery and provides favorable cosmesis. The only modification needed is the positions of
operators and assistants, which should be moved from the patient’s left side to the right side. Since our
surgeon is an experienced surgeon who has performed more than 100 SILCBDEs[22], the risk of major
complications is minimal. Our patient also attained the shortest postoperative stay in this review.

Choledochotomy and transcystic approach

Another issue in SI undergoing LCBDE is the approach route. The laparoscopic approach for CBD
stones can be categorized into transcystic exploration and choledochotomy[67]. The location, number,
and size of the CBD stones along with the anatomy of the cystic duct and the CBD influence the choice
between these two techniques[68]. For example, small distal stones (< 6 mm diameter) are more suitable
for the transcystic approach; choledochotomy can be considered if the CBD is larger than 7 mm or
intrahepatic duct stones exist[67]. In our literature review, choledochoscopy was used in three patients
to conduct bile duct exploration[16,18,21]. Five patients underwent choledochotomy that closed by one
T-tube drainage[21], one patient had primary closure[18], two patients had choledochoduodenostomies
[17,19], and the remaining one patient had an unmentioned repair[16]. The only transcystic approach
was applied in our case. Balloon and saline sweeping was used in one case[17], and we used a basket in
a catheter to remove the bile duct stone (Table 2).

Although many studies have reported that transcystic approaches have shorter postoperative hospital
stays and fewer bile leaks than choledochotomies[69-72], in most of the cases in our review, the latter
was used. Senthilnathan et al[17] mentioned that a residual gallbladder containing small calculi was
found six months after LC in an SI patient[17]. CBD stones were also exhibited at the same time, which
might have migrated from the cystic duct. In this situation, a transcystic approach might be a better
option to detect and remove retained cystic duct stones that could be missed by choledochotomy. Our
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Figure 5 Port design in single-incision laparoscopic common bile duct exploration. A: The single-incision multiple-port longitudinal-array technique;
B: A commercial multichannel port.
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patient is the only case in which a transcystic approach was applied in this review. We showed that
SILCBDE with a transcytic approach can be performed successfully in an SI patient. In addition, we
used a modified technique named BIC[24]. As choledochoscopy is a delicate device and could be under
repair at times, BIC can be performed easily by using a small feeding tube and a stone basket. In our
experience, it could achieve stone clearance in nearly half of simple CBD stone cases (data unpublished).
With these novel techniques, an SI patient with choledocholithiasis can experience the least invasive
LCBDE approach. In our case, SILCBDE via a transcystic approach using a modified BIC technique took
152 min to complete, similar to other cases in this review. After a 24.5-mo follow-up, no late complic-
ations or stone recurrence were identified.

Limitation

There are several limitations to our study that must be acknowledged. First, due to the rarity of such
cases, the number of included cases is very limited. The conclusion might be considered expert
opinions, relatively low-quality evidence. Second, cases included in our review were published between
2004 and 2022. Bias could occur because of the advances in techniques and instruments used, which
results in consistent cohort heterogeneity. Finally, missing data were encountered in most of the
patients, and therefore, some important issues were difficult to address. For example, information on
the postoperative length of hospital stay and complications was only available for three (33.3%) and five
(55.6%) patients, respectively.

CONCLUSION
Both ERCP and LCBDE are valid options to treat choledocholithiasis by experienced endoscopists and
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surgeons. Although there are no related comparative studies, LCBDE seems to be superior to ERCP for
SI patients in terms of better intraperitoneal visualization and a lower failure rate. In SI patients, some
difficulties of conventional multiport laparoscopic surgical techniques could be overcome by SILCBDE.
The transcystic approach and a modified BIC technique are also feasible and safe with many benefits, as
we described in our report.
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Abstract

Airway ultrasound allows for precise airway evaluation, particularly for assessing
the difficult airway and the potential for front of neck access. Many studies have
shown that identification of the cricothyroid membrane by airway ultrasound is
more accurate than digital palpation. However, no reports to date have provided
clinical evidence that ultrasound identification of the cricothyroid membrane
increases the success rate of cricothyroidotomy. This is a narrative review which
describes patients with difficult airways for whom airway ultrasound may have
been useful for clinical decision making. The role of airway ultrasound for the
evaluation of difficult airways is summarized and an approach to the use of
ultrasound for airway management is proposed. The goal of this review is to
present practical applications of airway ultrasound for patients predicted to have
a difficult airway and who undergo cricothyroidotomy.

Key Words: Airway ultrasound; Difficult airway; Point-of-care ultrasound; Cricothy-
roidotomy; Intubation; Mask ventilation

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Airway ultrasound may provide a simpler and more accurate prediction of the
difficult airway, especially to distinguish difficult mask ventilation from difficult
tracheal intubation. Accurate cricothyroid membrane identification may provide a
landmark for securing a surgical airway in clinical practice.
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INTRODUCTION

Point-of-care ultrasound (POCUS) is a quickly used and repeatable tool for bedside clinical evaluation.
Today, POCUS supports perioperative decision making in all phases and settings of clinical care[1].
POCUES is achieving results for diagnosis and treatment in emergency medicine and intensive care[2-4].

Airway ultrasound is one form of POCUS. Although it is thought to hold great potential, there is no
evidence to date whether airway ultrasound has a significant impact on clinical decision making. This
narrative review and perspective discuss what is known about the efficacy of airway ultrasound from
existing studies and then reflect on this information with clinical insight from individual patients.
Airway ultrasound is considered useful because it provides insights that can facilitate decision-making
for securing the airway in patients with an anticipated difficult airway.

The literature search in the present study was conducted using PubMed, Medline, and Scopus with
the key words "airway ultrasound" "difficult airway" and "point-of-care ultrasound." Meta-analyses
were cited whenever possible to answer clinical questions, and other citations were used when deemed
necessary to answer clinical questions.

WHAT CAN AIRWAY ULTRASOUND TELL US?

Airway ultrasound is useful for pre-anesthetic airway evaluation, particularly to assess the potential for
requiring front of neck access, confirmation of tracheal intubation, prediction of optimal tracheal tube
size, and evaluation of vocal cord motion and function[1,5-7]. Among these possible applications of
airway ultrasound, prediction and treatment of the difficult airway is expected to be the most important
clinically.

CAN AIRWAY ULTRASOUND PREDICT A DIFFICULT AIRWAY?

A report on the management of patients with a difficult airway from the United Kingdom described the
importance of airway assessment to avoid airway accidents[8]. It has also been noted that current
airway evaluations are not adequate[9]. The modified Mallampati classification, mandibular protrusion,
neck circumstance and other factors to predict the presence of a difficult airway are traditionally based
on observations and measurements on the surface of the patient’s body. Studies to predict the presence
of a difficult airway using airway ultrasound have begun. This is not a conventional prediction based on
information from the body surface, but from information obtained about the internal anatomy, and
belongs to the same family of predictions using information from internal structures such those made
with images from computed tomography (CT) scans[10]. The ability to predict the difficult airway by
airway ultrasound will likely never exceed that of predicting the difficult airway using information
from a CT scan, because CT scans present more information and can reconstruct three-dimensional
structures, while airway ultrasound is always limited to two-dimensional information. CT scans have
associated problems, such as radiation exposure and high cost as well as the need to usually transport
the patient to a dedicated CT scanner location. Even if those problems are ignored, the clinical utility of
airway ultrasound may exceed that available with a CT scan. Airway ultrasound is characterized by
mobility and repeatability to get the information needed instantly, at the point of care.

Measurements to predict the presence of a difficult airway fall into two categories. The first is the
distance from the skin to the airway. There is a hypothesis that an increase in anterior neck thickness
restricts the mobility of pharyngeal structures and thereby affects direct laryngoscopy[11]. However,
Komatsu et al[11] found no association between the presence of a difficult airway and anterior neck
thickness at the level of the vocal cords. In a recent meta-analysis, anterior neck thickness at the vocal
cord level or at the cricothyroid membrane is not a predictor for the presence of a difficult airway[12].
However, the distance from the skin to the epiglottis, or hyoid bone, may be a predictor of difficult
intubation[12,13]. For direct laryngoscopy, the tongue, epiglottis, and mandible are considered obstacles
anterior to the oral airway space[14]. Based on this concept, the thickness of the oropharynx and
hypopharynx can be assumed to have more effect on the performance of direct laryngoscopy than the
thickness of the anterior larynx.
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The second category of measurements to predict the presence of a difficult airway is based on the
significance of measuring the hyomental distance. When performing direct laryngoscopy, important
obstacles are not only located anteriorly. The posterior obstacles refer to the upper teeth, maxilla, head,
and others[14]. The key to overcoming posterior obstacles is the mobility of the upper cervical spine
[14]. Mobility of the upper cervical spine, especially at the occipital-atlantoaxial joint, is important, and
the ratio of the neutral position to the head extended position of the hyomental distance is reported to
be a good indicator as a substitute for radiographic measurement of occipital-atlantoaxial joint extension
[15]. In a meta-analysis, hyomental distance did not differ significantly between patients with and
without intubation difficulties[12]. However, there was a significant difference in the ratio of hyomental
distance between the neutral position and extension, referred to as the hyomental distance ratio. The
difference in results for hyomental distance and the hyomental distance ratio may be due to large
individual differences in hyomental distance. Ultrasound measurement of hyomental distance does not
require x-rays. Therefore, use of the hyomental distance ratio is facilitated in clinical practice.

Studies to predict the presence of a difficult airway in terms of whether direct laryngoscopy is
possible may have to be reconsidered in the future due to improvements in, and the widespread use of
videolaryngoscopy, which is partially overcoming problems associated with the difficult airway[16,17].
Difficult airways include difficult intubation and difficult mask ventilation. Difficult mask ventilation is
even more dangerous than difficult tracheal intubation. Li ef al[18] reported that measurement of the
submental portion by ultrasound is predictive of difficult mask ventilation. Bianchini et al[19] reported
that tongue base thickness is predictive of difficult mask ventilation. Enlargement of the tongue base or
submental portion can cause airway narrowing. The Mallampati score reflects the size of the tongue in
the oropharyngeal space[20]. There is a belief that ultrasonic measurement of tongue base thickness is a
more accurate measure of the property embodied in the Mallampati classification[21]. This idea is
anatomically quite reasonable and deserves further study.

Table 1 shows cutoff values for difficult airway predictors that are considered important[12]. Each
predictor can be classified based on its anatomical significance. Skin to epiglottis distance is a highly
evaluated index with excellent sensitivity and specificity for predicting the difficult airway[22]. Skin to
epiglottis distance is anatomically considered to reflect the distance from the skin to the airway[22]. A
longer distance is associated with increasing difficultly when performing direct laryngoscopy[22].
Anatomical reasons are explained by the three column model of the upper airway described by
Greenland[23]. Briefly, the increase in skin to epiglottis distance makes the orientation of the tracheal
axis (secondary curve of the three column model) to be downward. The skin to epiglottis distance may
be an indicator of the difficulty for both mask ventilation and direct laryngoscopy. The hyomental
distance ratio is as a predictor of difficult direct laryngoscopy[24], and tongue base thickness is a
predictor of difficult mask ventilation[25].

The measurement of anterior neck thickness may make sense based on the anterior obstacles of the
oral airway space theory[14]. These measurement points are the distance from the skin to the hyoid
bone, the distance from the skin to the anterior commissure, and the thickness of the anterior neck soft
tissues at the level of the hyoid bone. The authors speculate that anterior cervical thickness would be
associated with obesity, which is clearly a predictor of an airway difficulty. In this paper, three
predictors were chosen based on anatomical considerations. However, there is still the potential for
more accurate prediction by combining anterior neck thickness with other independent predictors.

Figure 1 illustrates the evaluation of each difficult airway predictor and its measurement in a man
with sleep apnea syndrome who is anticipated to have a difficult airway based on a traditional
predictor, the modified Mallampati score, Class IV. The distance from the skin to the epiglottis is 3.42
cm, which is more than the cutoff value of 2.54 (Table 1). The hyomental distance ratio is 6.42/5.77 =
1.11, which is larger than the cutoff value of 1.085. Tongue base thickness is 8.31, which is more than the
cutoff value of 5.87. Taken together, the evaluation of these parameters suggest that this man is at high
risk for difficult in mask ventilation but not direct laryngoscopy. Administration of anesthesia required
an oral airway and two-person bag-valve mask ventilation to secure the airway after inducing general
anesthesia, but intubation was performed by a resident with a Macintosh laryngoscope with modified
Cormack-Lehane classification grade 2a.

Thus, each difficult airway predictor can be used to predict when difficult airways might be present
in a patient and allow the clinician to devise a strategy to safely secure the patient’s airway.

DOES OBSERVATION OF THE VOCAL CORDS FAIL TO PREDICT AN AIRWAY
DIFFICULTY?

As previously mentioned, anterior neck thickness at the vocal cord level is not a satisfactory predictor
for the presence of a difficult airway[12]. Since the vocal cords are located inside the thyroid cartilage,
the ultrasound probe must be manipulated to provide an image through the cricothyroid membrane
toward the head to observe the vocal cords. The ultrasound beam for viewing the vocal cords crosses
the anterior cervical surface at an angle, not vertically. Therefore, evaluating the thickness of the anterior
neck with the thickness of the anterior neck soft tissue at the level of the vocal cords is of questionable

WJCC | https://www.wjgnet.com 1953 March 26,2023 | Volumel1l | Issue9 |



Nakazawa H et al. Airway ultrasound for difficult airway

Table 1 Cutoff values for predictors of a difficult airway

Predictor[12] DDL or DMV Cutoff value (sensitivity, specificity)
Distance from skin to epiglottis[22] DDL, DMV >2.54 cm (82.0, 91.0)

Hyomental distance ratio[23] (extension/neutral position) DDL <1.085 (75.0, 85.3)

Tongue base thickness DMV >5.87 cm (85.0, 91.0)

DDL: Difficult direct laryngoscopy; DMV: Difficult mask ventilation.
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value. However, observation of the vocal cords is important when performing airway ultrasound. This
is because undiagnosed lesions in the glottis can lead to an otherwise unrecognized difficult airway. In
2016, we reported a patient with a difficult airway due to an undiagnosed subglottic tumor, which could
have been identified with airway ultrasound[26]. Recently, Adi et al[27] reported the use of airway
ultrasound to diagnose a mass lesion in the glottis which resulted in airway narrowing. If one suspects
airway stenosis, we recommend airway ultrasound to observe the vocal cords as the first step.

Case 1: A 93-year-old woman was planned to undergo repair of a femoral neck fracture. She
developed a “cannot intubate cannot oxygenate” emergency after induction of general anesthesia, and

the anesthesiologist let her awaken. Airway compromise was caused by undiagnosed subglottic tumors
(Figure 2).

IS AIRWAY ULTRASONOGRAPHY AN EFFECTIVE ADJUNCT FOR
CRICOTHYROIDOTOMY?

The Fourth National Airways Project in the United Kingdom showed that emergency cricothyroi-
dotomy has a failure rate of 64%[8]. The cause of this high failure rate has not been determined|[8].
Identification of the cricothyroid membrane may hold the key to successful emergency cricothyroido-
tomy. Numerous studies have addressed whether airway ultrasound facilitates accurate cricothyroid
membrane identification[28-36]. Other studies have evaluated the accuracy of identifying this mem-
brane by airway ultrasound in pregnant women[37,38], obese patients[39-41], and children[42-45]. Most
studies concluded that identification of the cricothyroid membrane by airway ultrasound is more
accurate than by digital palpation. However, the results of these studies should be interpreted with
caution, because there are no clinical reports showing that ultrasound identification of the cricothyroid
membrane increases the success rate of cricothyroidotomy. Furthermore, airway ultrasound is not
recommended once securing the airway has failed, as it is more time-consuming than digital palpation
[46]. Nevertheless, airway ultrasound is expected to be useful for strategy planning in patients with an
anticipated difficult airway.

IS CRICOTHYROIDOTOMY AN ANATOMICALLY VALID FRONT-OF-NECK ACCESS
TARGET?

There are various descriptions of the size and shape of the cricothyroid membrane[47]. Reported length
and width ranges (minimum-maximum) of the cricothyroid membrane are 3-12 and 6-18 mm,
respectively. The shape of the cricothyroid membrane has been reported to be rhombic, triangular, and
trapezoidal. First, it is important to understand that not all of the space between the thyroid and cricoid
cartilages is covered solely by the cricothyroid ligament. The cricothyroid membrane is formed mainly
by the central median cricothyroid ligament and by the lateral part of a ligament named the conus
elasticus on both sides (Figure 3). Most of the conus elasticus is covered by the cricothyroid muscles,
and the caudal part of the central median cricothyroid ligament is also covered by the cricothyroid
muscles. The cricothyroid muscle attaches to the cricoid cartilage anterolaterally and to the lower lamina
of the thyroid cartilage. In cricothyroidotomy, the cricothyroid muscle would give high resistance to
needle puncture or surgical incision and is also an obstacle to digital palpation of the cricothyroid
membrane for identification due to decreased dimpling of the cricothyroid membrane.

It is necessary to understand the distribution of blood vessels around the cricothyroid membrane
since it relates to hemorrhagic complications. The vascular distribution around the cricothyroid
membrane exists both inside and outside the membrane (Figure 3). Incision or puncture along the lateral
side of the cricothyroid membrane may damage the superior thyroid artery, resulting in rather
significant bleeding[48]. The cricothyroid artery runs anterior and cephalad to the cricothyroid
membrane and is easily damaged during cricothyroidotomy. Incision or puncture of the cricothyroid
membrane is more safely performed in the central to caudal area[49].
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Figure 1 Predicting a difficult airway using airway ultrasound. A: Ultrasound measurement of the distance from skin to epiglottis; B: Ultrasound
measurement of the hyomental distance in the neutral and maximal extended neck positions; C: Ultrasound measurement of the distance from skin to tongue base.

Posterior tracheal wall injury, tracheal laceration, and esophageal perforation are among the complic-
ations of cricothyroidotomy[50]. Complications can be caused by applying too much force or the use of
unnecessarily long needles during needle cricothyroidotomy and by inserting the blade too deeply
during surgical cricothyroidotomy[50-52].
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Subglottic tumor

Figure 2 Subglottic tumor (reproduced from Figure 1 of Falcetta et al[22], with the permission of the copyright holder). A: Transverse image
from the computed tomography scan shows a subglottic mass; B: Ultrasound view at the level of the cricothyroid membrane shows a mass (subglottic tumor).
Citation: Falcetta S, Cavallo S, Gabbanelli V, Pelaia P, Sorbello M, Zdravkovic |, Donati A. Evaluation of two neck ultrasound measurements as predictors of difficult
direct laryngoscopy: A prospective observational study. Eur J Anaesthesiol 2018; 35: 605-612. Copyright© The Authors 2018. Published by Wolters Kluwer. The
authors have obtained the permission for figure using (Supplementary material).
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In summary, it should be recognized that the safe target for a cricothyroidotomy is very small, about
5.5 mm long and 6.9 mm wide[47]. The instrumentation used for puncture and the technique of incision
are important to avoid complications.

IDENTIFYING THE CRICOTHYROID MEMBRANE BY AIRWAY ULTRASOUND

The longitudinal technique and the transverse technique have been reported to aid in identification of
the cricothyroid membrane[28,38]. The transverse technique can identify the cricothyroid membrane
more quickly than the longitudinal technique, but the transverse technique is not superior to the longit-
udinal technique in terms of accuracy of identification[39,53]. Kristensen et al[39] recommend that the
technique used for identification of the cricothyroid membrane should be chosen by the patient.

LONGITUDINAL TECHNIQUE

The longitudinal technique is called the "string of pearls" technique. It is so called because when the
ultrasound probe is placed in a sagittal line from the thyroid cartilage to the caudal side, the cricoid and
tracheal cartilages appear to be arranged in a bead-like pattern. The cricothyroid membrane is easily
identified between the cricoid cartilage and the thyroid cartilage is widely open, compared to the space
between the cricoid cartilage and the tracheal cartilage (Figure 3A and B).

TRANSVERSE TECHNIQUE

The transverse technique is also known as TACA technique. The name is derived from the method of
performing the procedure. T and C stand for the initials of thyroid cartilage and cricoid cartilage,
respectively, and A for the air interface line. The transverse ultrasound view of the thyroid cartilage is
easily identified because it looks like a triangular roof. When the probe is moved caudally and the
triangular thyroid cartilage disappears, a bright white line appears in the midline. This is the
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Figure 3 Anatomy and sonographic appearance of the cricothyroid membrane. A: Longitudinal view for identifying the cricothyroid membrane; B: The
thyroid, cricoid, and tracheal cartilages are strung together and appear like a string of pearls. Anatomy of the cricothyroid membrane; C: Transverse view for
identifying the cricothyroid membrane. Air interface line indicates the cricothyroid membrane. CTM: Cricothyroid membrane; STA: Superior thyroid artery; CTA:
Cricothyroid artery; CA: Common artery; PL: Pyramidal lobe of the thyroid gland.

cricothyroid membrane, and the white line is due to the reflection of ultrasound waves from the air on
the inner surface of the trachea just below the cricothyroid membrane (the air interface line). The cricoid
cartilage is recognized because it is shaped like a black horseshoe. The TACA technique scans the
thyroid cartilage - air interface line - cricoid cartilage from cephalad to caudal sides, and then scans the
cephalad side again to identify the air interface line (cricothyroid membrane) (Figure 3B and C).

Case 2: We cared for a patient with an anticipated difficult airway[54]. A neck abscess pointing to the
left side gave the illusion that the center of the neck was at the location marked by the asterisk in
Figure 4. The surgeon believed that this region contained the cricothyroid membrane based on digital
palpation. However, the trachea was displaced and rotated to the opposite side. The actual cricothyroid
membrane was located to the right of the expected location.

IS AIRWAY ULTRASOUND USEFUL TO DEVISE A STRATEGY FOR PATIENTS
ANTICIPATED TO HAVE A DIFFICULT AIRWAY?

There are several approaches to secure an airway in a patient anticipated to have a difficult airway.
These include awake tracheal intubation, anesthetized tracheal intubation, and supraglottic ventilation.
However, planning the optimal strategy varies and depends on the degree and reason for difficulty in
securing the airway, the preference of the medical practitioner, and the constraints of the equipment
available. If the prediction of the presence of a difficult airway using airway ultrasound is correct,
anesthetized tracheal intubation can be performed in patients with predicted to have difficult tracheal
intubation but easy mask ventilation, because video-laryngoscopy and fiberoptic intubation will be
attempted between episodes of intermitted ventilation with a mask. Even if tracheal intubation is not
possible, the patient can be awakened by stopping the administration of general anesthesia. However,
patients with difficult mask ventilation but easy tracheal intubation should be intubated immediately
after rapid sequence induction. In many cases, overlap of different degrees of difficult tracheal
intubation and difficult mask ventilation are present.

The American Society of Anesthesiologists’ Task Force on Management of the Difficult Airway states
that awake intubation should be selected when there is a high risk of difficult mask ventilation and
difficult tracheal intubation, a high risk of aspiration, and a high risk of oxyhemoglobin desaturation[55,
56]. In patients anticipated to have a difficult airway, making a plan to safely secure the airway is the
most important issue. Usually, awake intubation or surgical front-of-neck access should be considered
as possible alternatives. In particular, awake intubation will require a back-up plan, referred to as
“double setup airway intervention,” which implies preparing simultaneously for both awake intubation
and surgical cricothyroidotomy[57].
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Figure 4 Identification of the cricothyroid membrane by airway ultrasound (reproduced from Figures 1 and 3 of Katayama et al[52], with
the permission of the copyright holder). A: The patient's neck: The asterisk indicates the area palpated by the surgeon to find the cricothyroid membrane.
The red circle shows the cricothyroid membrane identified by ultrasound; B: Cervical computed tomography scan image: The white arrow points to the apparent
center of the neck. The true center (sagittal line) of the neck is shifted to the right. The ultrasound probe (white trapezoid) is placed perpendicularly to the skin and the
ultrasound beam (red dashed arrow) is directed toward the cricothyroid membrane. Citation: Katayama A, Watanabe K, Tokumine J, Lefor AK, Nakazawa H, Jimbo I,
Yorozu T. Cricothyroidotomy needle length is associated with posterior tracheal wall injury: A randomized crossover simulation study (CONSORT). Medicine
(Baltimore) 2020; 99: €19331. Copyright© The Authors 2020. Published by MDPI. The authors have obtained the permission for figure using (Supplementary mate-

rial).
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CAN AIRWAY ULTRASOUND BE USED TO PREDICT TRACHEAL TUBE SIZE?

Tracheal intubation in a pediatric patient may also present difficulty securing the airway for the
physician because determination of the optimal diameter of the tracheal tube is difficult. In pediatric
patients, the cross-sectional shape of the trachea is circular at the cricothyroid level and oval at the
subglottic level[58]. The narrowest part of the trachea is the transverse diameter at the subglottic level
[58]. Using airway ultrasound, the subglottic diameter can be directly measured[59]. A recent meta-
analysis showed that airway ultrasound can accurately predict tracheal tube size estimates, unlike the
usual age or height-based formulas used in pediatric patients[60]. The minimal transverse diameter of
the cricoid cartilage level was reported to be important to select the tracheal size for ventilation setting
[61]. The ultrasound measurement points for determining tube size vary slightly among investigators,
which include the narrowest part of the subglottic airway, the middle or most caudal part of the cricoid
cartilage, and so on[62]. Although the usefulness of ultrasound in selecting tube size in pediatric
tracheal intubation is unquestioned, further research is needed to standardize this approach.

LIMITATIONS OF AIRWAY ULTRASOUND

POCUS is influenced by factors such as skill of the operator and the measurement environment.
Therefore, airway ultrasonography is also influenced by several factors. To overcome this weak point of
airway ultrasound, development and standardization of an educational program is needed[63].
Bowness et al showed that the location of the cricothyroid membrane identified by a skilled operator did
not change when returned to the extended neck position after moving the neck transiently for tracheal
intubation[64]. The study showed that airway ultrasound may provide reproducible and reliable results
with sufficient operator proficiency. In the future, as education becomes standardized and acquisition of
appropriate airway ultrasound skills becomes more widespread, airway ultrasound will be the best
means of assessing the ever-changing airways of patients.

CONCLUSION

Airway ultrasound may provide a simpler and more accurate prediction of the difficult airway
compared with traditionally used indicators, especially to distinguish between difficult mask ventilation
and difficult tracheal intubation. In addition, accurate cricothyroid membrane identification may
provide a benchmark for securing a surgical airway in clinical practice. In conclusion, airway
ultrasound has great potential to facilitate airway assessment and make it accurate, however further
studies are needed to demonstrate clinical benefits in a variety of situations.
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Abstract

BACKGROUND

Colorectal cancer (CRC) is the third most common cancer worldwide, with the
fourth highest mortality among all cancers. Reportedly, in addition to adenomas,
serrated polyps, which account for 15%-30% of CRCs, can also develop into CRCs
through the serrated pathway. Sessile serrated adenomas/polyps (SSAs/Ps), a
type of serrated polyps, are easily misdiagnosed during endoscopy.

AIM

To observe the difference in the Wnt signaling pathway expression in SSAs/Ps
patients with different syndrome types.

METHODS

From January 2021 to December 2021, patients with SSAs/Ps were recruited from
the Endoscopy Room of Shanghai Traditional Chinese Medicine-Integrated
Hospital, affiliated with Shanghai University of Traditional Chinese Medicine.
Thirty cases each of large intestine damp-heat (Da-Chang-Shi-Re, DCSR)
syndrome and spleen-stomach weakness (Pi-Wei-Xu-Ruo) syndrome were
reported. Baseline comparison of the general data, typical tongue coating,
colonoscopy findings, and hematoxylin and eosin findings was performed in each
group. The expression of the Wnt pathway-related proteins, namely B-catenin,
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adenomatous polyposis coli, and mutated in colorectal cancer, were analyzed using immunohisto-
chemistry.

RESULTS

Significant differences were observed with respect to the SSAs/Ps size between the two groups of
patients with different syndrome types (P = 0.001). The other aspects did not differ between the
two groups. The Wnt signaling pathway was activated in patients with SSAs/Ps belonging to both
groups, which was manifested as B-catenin protein translocation into the nucleus. However,
SSAs/Ps patients with DCSR syndrome had more nucleation, higher p-catenin expression, and
negative regulatory factor (adenomatous polyposis coli and mutated in colorectal cancer)
expression (P < 0.0001) than SSA/P patients with Pi-Wei-Xu-Ruo syndrome. In addition, the
SSA /P size was linearly correlated with the related protein expression.

CONCLUSION

Patients with DCSR syndrome had a more obvious Wnt signaling pathway activation and a higher
risk of carcinogenesis. A high-quality colonoscopic diagnosis was essential. The thorough
assessment of clinical diseases can be improved by combining the diseases of Western medicine
with the syndromes of traditional Chinese medicine.

Key Words: Sessile serrated adenomas/polyps; Wnt signaling pathway; Large intestine damp-heat syndrome;
Spleen-stomach weakness syndrome

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: We aimed to observe the difference in the Wnt signaling pathway expression in sessile serrated
adenoma/polyp patients with large intestine damp-heat (Da-Chang-Shi-Re) syndrome and spleen-stomach
weakness (Pi-Wei-Xu-Ruo) syndrome. We observed that patients with Da-Chang-Shi-Re syndrome had a
more obvious Wnt signaling pathway activation and a higher risk of carcinogenesis. A high-quality
colonoscopic diagnosis was essential. The thorough assessment of clinical diseases can be improved by
combining the diseases of Western medicine with the syndromes of traditional Chinese medicine.
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and expression of regulatory mechanism of the Wnt signaling pathway in colorectal sessile serrated
adenomas/polyps with different syndrome types. World J Clin Cases 2023; 11(9): 1963-1973
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INTRODUCTION

Colorectal cancer (CRC) is the third most common cancer worldwide, with the fourth highest mortality
among all cancers. Every year, CRC causes approximately 900000 cancer-related deaths and accounts for
10% of all cancer diagnoses[1]. Precancerous colorectal lesions include colorectal polys, with the classic
adenoma CRC pathway being the commonest carcinogenic pathway. Reportedly, in addition to
adenomas, serrated polyps, which account for 15%-30% of CRC, can also develop into CRCs through the
serrated pathway[2,3]. Serrated polyps are characterized by serrated crypt structures. According to the
World Health Organization classification in 2010, serrated polyps can be divided into three subtypes,
which are as follows: Hyperplastic polyps (HPs), sessile serrated adenomas/polyps (SSAs/Ps), and
traditional serrated adenomas[4]. Similar endoscopic manifestations are observed for SSAs/Ps and HPs;
hence, they are easily misdiagnosed under endoscopy. Endoscopists must therefore deepen their
expertise in SSAs/Ps to improve the rate of diagnosis[5]. As per traditional Chinese medicine (TCM),
SSAs/Ps are “enteromas,” referring to single or multiple vegetations in the colorectal mucosa, charac-
terized by abdominal pain or abdominal fullness and discomfort, loose or mucinous stools, or
hematochezia and constipation[6]. The large intestine damp-heat (Da-Chang-Shi-Re, DCSR) syndrome
and spleen-stomach weakness (Pi-Wei-Xu-Ruo, PWXR) syndrome are commonly observed in patients
with “enteromas”[7]. The Wnt signaling pathway plays a crucial role in homeostatic renewal, cell prolif-
eration, and colorectal epithelium differentiation. The sporadic occurrence of an enteroma is brought
about by the abnormal activation of the Wnt signaling pathway[8]. Abnormal activation of the classical
Wnt signaling pathway with B-catenin as the core in serrated polyps might be an early event of carcino-
genesis[9]. TCM is based on syndrome differentiation and treatment. Whether the Wnt signaling
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pathway through p-catenin, adenomatous polyposis coli (APC), and mutated in CRC (MCC) protein
expression vary in SSA /Ps patients with different syndrome types warrants research. This study aimed
to provide new ideas and a theoretical basis for differentiating “enteromas” using TCM, guide clinical
treatment and evaluate prognosis, and enrich the scientific connotation of “treating the same disease
with different methods” in TCM by observing the difference in the Wnt pathway expression in SSA/Ps
patients with different syndrome types.

MATERIALS AND METHODS

Design

This was a single-center, parallel, controlled trial conducted at Shanghai TCM-Integrated Hospital,
affiliated with Shanghai University of TCM and registered in the Chinese Clinical Trial Registry
(ChiCTR2000038536). Informed consent was obtained from all participants before the trial. The Ethics
Committee of Shanghai TCM-Integrated Hospital (2020-091-1) approved the experimental protocol, and
the research method was not significantly modified during the study.

Selection criteria

Inclusion criteria: The inclusion criteria were as follows: (1) A diagnosis consistent with that of SSA /Ps;
(2) The TCM syndrome differentiation conforms to “enteroma” DCSR or PWXR; (3) Age ranging from
18 to 70 years; and (4) Voluntary participation in the study, along with signed informed consent. DCSR
syndrome was defined as follows: (1) Main symptoms included increased stool frequency, yellow-
brown stools with a foul odor, a feeling of incomplete evacuation with a burning sensation around the
anus, and red tongue with a yellow coating; and (2) Secondary symptoms included abdominal pain,
urgent defecation, thirst and scanty urine, constipation or a feeling of incomplete evacuation, feverish
sensations, yellow urine, a clouded heavy head and body, and a soft, rapid, or slippery pulse. PWXR
syndrome was defined as follows: (1) Main symptoms included abdominal distension, particularly after
consuming greasy food, recurrent loose stools, lassitude, shortness of breath and lazy words, and a pale
tongue with a thin, white coating; and (2) Secondary symptoms included gastric or abdominal
distension, cold limbs and cold intolerance, lusterless face, poor appetite, loose stools, and a weak and
thready pulse. The syndrome was determined if two main symptoms and more than three secondary
symptoms were present.

Exclusion criteria: The exclusion criteria were as follows: (1) Patients aged < 18 years or > 70 years and
pregnant and lactating women; (2) Patients without a pathological diagnosis of SSA/Ps; (3) Patients in
whom colonoscopy was contraindicated or those who could not undergo colonoscopy for other reasons;
(4) A colonoscopic diagnosis of enteritis, intestinal ulcer, or non-colorectal polyps; (5) Digestive tract
tumors; (6) Patients with serious primary diseases, such as cardiovascular and cerebrovascular diseases,
liver and kidney diseases, hematological diseases, and psychosis; and (7) Syndrome type established
without the presence of superficial symptoms. An attending physician with 5 years of experience
diagnosed the TCM syndrome type based on the patient’s symptoms, signs, tongue coating, and pulse.
Another attending physician with 5 years of experience then reviewed the diagnosis. If the two TCM
doctors had varying opinions on the syndrome differentiation, a deputy director with > 10 years of
experience differentiated and classified the syndromes, and the final diagnosis was based on a majority
in terms of opinion.

Observed indicators

General information: The general information comprised data on sex, age, the SSA /P site (right colon,
left colon, or rectum), clinical symptoms (constipation, diarrhea, abdominal pain, abdominal distension,
or mild or no symptoms), tongue coating, and pulse condition.

Colonoscopy and histological staining: An attending physician or an associate chief physician with >3
years of experience performed the colonoscopy using an Olympus GIF HQ290 colonoscope with a
preoperative Boston bowel preparation scale score of > 7 and a withdrawal time of > 6 min[10]. The
specimen was obtained by colonoscopy, following which it was fixed with 10% neutral buffered
formalin and stained using hematoxylin and eosin. Two pathologists who were blinded to the
endoscopic results of the patient established the pathological diagnosis. Multiple adenomas/polyps
with the largest diameter were recorded, and the pathological records revealed the highest degree of
malignancy.

Immunohistochemical analysis: The B-catenin, APC, and MCC protein expression in the colonic
mucosa were detected using immunohistochemistry (the streptavidin-peroxidase-biotin method). We
used B-catenin (ab223075; Abcam, Cambridge, MA, United States), APC (ab40778; Abcam, Cambridge,
MA, United States), and MCC (PA5-57934; Thermo Fisher Scientific, Waltham, MA, United States).
Three pictures were randomly taken from each slice under x 200 magnification, and Image Pro Plus 6.0
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Figure 1 Classification of the tongue coating. A: Patients with large intestine damp-heat (Da-Chang-Shi-Re) syndrome showed a thick yellow coating; B:
Patients with spleen-stomach weakness (Pi-Wei-Xu-Ruo) syndrome showed a thin white coating.
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was used to semi-quantitatively analyze the protein expression area, after which its average optical
density was measured (average optical density = integrated optical density/area of the target distri-
bution area).

Statistical analysis

Statistical Package for the Social Sciences 24.0 was used to perform statistical analysis (IBM Corp.,
Armonk, NY, United States). The y? test was used for count data, and the mean # standard deviation
was used for measurement data. One-way analysis of variance was used for measurement data between
groups, and the least significant difference test was used for comparison between groups. Wilcoxon’s
rank-sum test was used for non-normally distributed data. Pearson’s method was used for the
correlation analysis. Statistical significance was set at P < 0.05.

RESULTS

Case source and baseline data comparison

From January 2021 to December 2021, patients with SSAs/Ps were recruited from the Endoscopy Room
of Shanghai TCM-Integrated Hospital, affiliated with the Shanghai University of TCM. Thirty cases each
of DCSR syndrome and PWXR syndrome were recruited. Baseline comparison of general data (Table 1),
typical tongue coatings (Figure 1), colonoscopic findings (Figure 2), and the hematoxylin and eosin
findings (Figure 3) of each group are presented in the respective tables/figures. Significant differences
in the SSA /Ps size were observed between the two groups, while no differences were observed in terms
of the other aspects.

Protein expression of B-catenin, APC, and MCC in each group

The protein expression of B-catenin, APC, and MCC in each group and the results of the statistical
analysis are presented in Figure 4 and Table 2. The cell membrane generally demonstrated positive p-
catenin expression, while B-catenin overexpression was observed in the cytoplasm or nucleus, which is
referred to as ectopic expression. The positive expression area of B-catenin in patients with DCSR
syndrome significantly increased compared with that of the patients with PWXR syndrome, with more
nucleation observed in patients with DCSR syndrome. APC and MCC positive cells were observed in
the cytoplasm as brown-yellow particles. The positive expression areas of APC and MCC in patients
with DCSR syndrome significantly decreased compared with those of the patients with PWXR
syndrome. The SSA/Ps size in patients with DCSR and PWXR was positively correlated with the p-
catenin expression, with the results being statistically different (P = 0.0002 vs P < 0.0001), while the SSA/
Ps size in patients with DCSR and PWXR was negatively correlated with APC and MCC expression (P =
0.0259 vs P = 0.0034 and P < 0.0001 vs P = 0.0029) (Figure 5).
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Table 1 Comparison of the general data of sessile serrated adenomalpolyp patients with large intestine damp-heat (Da-Chang-Shi-Re)

syndrome and spleen-stomach weakness (Pi-Wei-Xu-Ruo) syndrome

DCSR syndrome, n = 30 PWXR syndrome, n = 30 P value
Sex 0.791
Male 19 18
Female 11 12
Agein yr 58.800 +9.290 58.900 +7.097 0.578
Size in cm 0.800 + 0.435 0.520 £ 0.219 0.001
Location 0.158
Right half of the colon 9 4
Left half of the colon 13 20
Rectum 8 6
Clinical symptoms 0.435
Constipation 4 6
Diarrhea 2 6
Abdominal pain 2 4
Abdominal distension 4 5
Mild symptoms or asymptomatic 18 11

DCSR: Large intestine damp-heat (Da-Chang-Shi-Re); PWXR: Spleen-stomach weakness (Pi-Wei-Xu-Ruo).

Table 2 Protein expression of B-catenin, adenomatous polyposis coli, and mutated in colorectal cancer in patients with large intestine

damp-heat (Da-Chang-Shi-Re) syndrome and spleen-stomach weakness (Pi-Wei-Xu-Ruo) syndrome

DCSR syndrome, n = 30 PWXR syndrome, n = 30 P value
p-catenin 0.32+0.03 0.20 +0.02 P <0.0001
APC 0.17 +0.01 0.23 +0.02 P <0.0001
MCC 0.18 +0.01 0.24 +0.01 P <0.0001

APC: Adenomatous polyposis coli; DCSR: Large intestine damp-heat (Da-Chang-Shi-Re); MCC: Mutated in colorectal cancer; PWXR: Spleen-stomach
weakness (Pi-Wei-Xu-Ruo).

DISCUSSION

Colonoscopy is a valuable tool for identifying SSAs/Ps; however, the detection rate using endoscopy
remains low (0%-23%). Therefore, it is crucial to increase the understanding of endoscopists in terms of
the endoscopic characteristics of SSAs/Ps. SSAs/Ps are flat protuberances without pedicles, with a
hidden shape and pale surface, similar to the mucosal color, making it challenging to detect under
conventional endoscopy, resulting in a missed diagnosis. The endoscopic features mainly include a
mucus cap or a “red cap sign,” ambiguous boundaries, irregular shape, cumulus-like surface structure,
glandular duct expansion, black spots in crypts, and glandular duct openings in type II-0 or II-d[11,12].
The main characteristics of SSAs/Ps are an abnormal crypt structure, including crypt expansion,
irregular branch recess, the horizontal extension of the recess, and an L-shaped or inverted T-shaped
basal recess|3].

Wnt signaling activation is a significant early event in most cases of CRC. Abnormal Wnt signaling
pathway activation results in B-catenin translocation from the cytoplasm into the nucleus and activates
the transcription of several genes with pro-proliferation effects. Simultaneously, chromosome instability
occurs owing to abnormal chromosomal separation during mitosis. Studies have reported abnormal
Wnt signaling activation in serrated adenomas[13]. The APC gene is located on chromosome 5q21-22
and is a negative regulator of the Wnt signaling pathway. APC could be associated with pB-catenin for
promoting B-catenin degradation. B-catenin, as a tumor suppressor gene, is involved in two relatively
independent processes. It plays a crucial structural role in intercellular adhesion junctions and is the key
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Figure 2 Endoscopic features. A: Adenoma in a patient with large intestine damp-heat (Da-Chang-Shi-Re) syndrome. Close observation revealed a dilated
branched vessel and an open Il pit; B: Polyp in a patient with spleen-stomach weakness (Pi-Wei-Xu-Ruo) syndrome. The surface was smooth, with a small amount of
attached hyaline mucus. The color was similar to that of the background mucosa.
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DOI: 10.12998/wjcc.v11.i9.1963 Copyright ©The Author(s) 2023.

Figure 3 Hematoxylin and eosin staining in each group. A and B: Patient with large intestine damp-heat (Da-Chang-Shi-Re) syndrome. A: The crypt
epithelium was serrated, and interstitial oedema was observed (x 100); B: Goblet cells were absent in the crypts of the adenoma, and the nuclei were pencil-rod-
shaped (x 200). C and D: Patient with spleen-stomach weakness (Pi-Wei-Xu-Ruo) syndrome. C: The epithelium was serrated, and the crypts are evenly distributed
and undifferentiated, comprising several goblet cells (x 100); D: The upper part of the crypt was serrated, and the base was not expanded (x 200).

component of the APC-B-catenin-T cell transcription factor signaling pathway. B-catenin primarily binds
to cadherin on the cell membrane surface and participates in homogenous adhesion in normal mature
cells. However, the free B-catenin in the cytoplasm is ubiquitinated by phosphate and can be degraded
by the proteasome at a low level. However, the B-catenin level in the cytoplasm increases with impaired
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Figure 4 Protein expression of B-catenin, adenomatous polyposis coli, and mutated in colorectal cancer in each group (x 200). A, B, and C:
Patient with large intestine damp-heat (Da-Chang-Shi-Re) syndrome; D, E, and F: Patient with spleen-stomach weakness (Pi-Wei-Xu-Ruo) syndrome.
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Figure 5 Correlation analysis between the related protein expression and the sessile serrated adenomas/polyps size. A, B, and C: Patient
with large intestine damp-heat (Da-Chang-Shi-Re) syndrome; D, E, and F: Patient with spleen-stomach weakness (Pi-Wei-Xu-Ruo) syndrome. APC: Adenomatous
polyposis coli; DCSR: Large intestine damp-heat (Da-Chang-Shi-Re); MCC: Mutated in colorectal cancer; PWXR: Spleen-stomach weakness (Pi-Wei-Xu-Ruo).

degradation, resulting in B-catenin translocation into the nucleus and T cell transcription factor binding
to initiate the transcription of downstream target genes, thereby initiating tumor growth[14]. MCC is a
susceptibility gene for familial colonic polyps. Studies have reported that MCC might be a significant
tumor suppressor gene in the serrate carcinogenesis pathway. MCC can directly interact with p-catenin
and inhibit the Wnt signaling pathway through different mechanisms in a manner similar to APC[15].
Unlike HPs, SSAs/Ps are associated with CRC risk and are considered precancerous colorectal
lesions. Studies have reported that SSAs/Ps with cell dysplasia or carcinogenesis often carry the v-raf
murine sarcoma viral oncogene homolog Bl mutant gene, and Wnt/p-catenin activation of the catenin
pathway promotes SSA /P development compared with atypical hyperplasia or invasive cancer[16,17].

(49
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Herein, the endoscopic manifestations and pathological features of SSAs/Ps were combined with TCM
macro syndrome differentiation, broadening the depth and scope of TCM observation and thereby
helping to understand the disease more comprehensively.

A comparison of the baseline data revealed that the SSA/P size in patients with DCSR syndrome was
significantly larger than that in patients with PWXR syndrome. Dampness and heat were diverted into
the intestinal tract, forming polyps with turbid qi. Therefore, large adenomas were more common.
However, long-term eating disorders affect transportation in the spleen and stomach. The essence of
grain was not refined, and the blood and qi were passive. Qi deficiency and blood stasis were observed,
and the phlegm was internally bound, resulting in polyps. Therefore, small polyps were more common.
In terms of the clinical manifestations, some patients had constipation, diarrhea, abdominal pain,
abdominal distension, and other symptoms, while some patients had no discomfort, which further
highlights the importance of early gastrointestinal cancer screening.

Traditional white light endoscopy is the simplest method for diagnosing SSAs/Ps. Herein, we prelim-
inarily confirmed the lesion location and size by white light endoscopy, following with other diagnostic
methods based on the specific conditions of the lesion. Certain narrow-band imaging techniques were
also used[18,19]. Moy et al[20] analyzed the endoscopic features of 147 cases of colonic polyposis and
concluded that the surfaces covered with mucus caps and vascular thickening were important
predictive features of SSAs/Ps. If endoscopy revealed polyps covered with mucus caps and thickened
vessels, SSAs/Ps could be suspected, and further measures were taken to confirm the diagnosis.

The Wnt pathway-related protein expression (B-catenin, APC, and MCC) was analyzed by immuno-
histochemistry considering the malignant potential of SSAs/Ps[21]. The results revealed that Wnt
signaling activation in the patients with SSAs/Ps belonging to both groups was manifested as B-catenin
protein translocation into the nucleus. However, SSA/Ps patients with DCSR syndrome had more
nucleation, higher B-catenin expression, and less expression of negative regulatory factors (APC and
MCC). In addition, the SSA/P size was linearly correlated with the related protein expression in
patients with DCSR and PWXR. The results suggested that SSA /P patients with DCSR syndrome might
be at high risk for carcinogenesis and accelerated malignant transformation (Figure 6).

We chose conventional endoscopic treatment, including cold forceps polypectomy, cold snare
polypectomy, endoscopic mucosal resection, and endoscopic submucosal dissection techniques,
targeted drugs (probiotics, different Chinese herbal medicines according to the clinical symptoms based
on syndrome differentiation), and diet and lifestyle modifications for such patients with SSAs/Ps. We
also referred to the Japanese Digestive Association guidelines for managing colorectal polyps and the
British Digestive Association guidelines for post-polypectomy surveillance[22,23]. Colonoscopy was
planned 1 year after surgery in SSAs/Ps patients with DCSR syndrome with adenomas/polyps
measuring > 10 mm in diameter[24].
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CONCLUSION

The Wnt/B-catenin signaling pathway and its related factors serve as diagnostic and prognostic CRC
indicators. Therefore, targeting the Wnt/ B-catenin pathway now serves as a treatment strategy for CRC
and is constantly being studied[25]. SSA /P patients with DCSR syndrome had a more obvious Wnt
signaling pathway activation and a higher risk of carcinogenesis compared with SSA /P patients with
PWXR syndrome. A high-quality colonoscopic diagnosis was essential. The thorough assessment of
clinical diseases can be improved by combining the diseases of Western medicine with the syndromes of
TCM.

ARTICLE HIGHLIGHTS

Research background

Colorectal cancer (CRC) is the third most common cancer worldwide, with the fourth highest mortality
among all cancers. Reportedly, in addition to adenomas, serrated polyps, which account for 15%-30% of
CRCs, can also develop into CRCs through the serrated pathway. Sessile serrated adenomas/polyps
(SSAs/Ps) are a type of serrated polyps that are easily misdiagnosed under endoscopy.

Research motivation

Traditional Chinese medicine is based on syndrome differentiation and treatment. Whether the Wnt
signaling pathway through B-catenin, adenomatous polyposis coli (APC), and mutated CRC (MCC)
protein expression are different in SSAs/Ps patients with different syndrome types warrants research.

Research objectives
We aimed to observe the difference in the Wnt signaling pathway expression in SSA /P patients with
different syndrome types.

Research methods

Thirty cases each of large intestine damp-heat (Da-Chang-Shi-Re, DCSR) syndrome and spleen-stomach
weakness (Pi-Wei-Xu-Ruo) syndrome were reported. Baseline comparison of general data, typical
tongue coatings, colonoscopic findings, the hematoxylin and eosin findings, and the p-catenin, APC, and
MCC protein expression in the colonic mucosa of each group were analyzed.

Research results

Significant differences were observed between the two groups of patients with different syndrome types
(P =0.001) with respect to the SSA /P size. The other aspects did not differ between the groups. The Wnt
signaling pathway was activated in patients with SSAs/Ps belonging to both groups, which was
manifested as B-catenin protein translocation into the nucleus. However, SSA/P patients with DCSR
syndrome had more nucleation, higher p-catenin expression, and decreased negative regulatory factor
(APC and MCC) expression (P < 0.0001) than SSA/P patients with Pi-Wei-Xu-Ruo syndrome. In
addition, the SSA /P size was linearly correlated with the related protein expression.

Research conclusions
Patients with DCSR syndrome had a more obvious Wnt signaling pathway activation and a higher risk
of carcinogenesis.

Research perspectives

A high-quality colonoscopic diagnosis was essential. The thorough assessment of clinical diseases can be
improved by combining the diseases of Western medicine with the syndromes of traditional Chinese
medicine.
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Abstract

BACKGROUND

Celecoxib has been used to treat hip discomfort and functional difficulties
associated with osteonecrosis of the femoral head (ONFH), although significant
adverse reactions often follow long-term use. Extracorporeal shock wave therapy
(ESWT) can delay the progression of ONFH, alleviate the pain and functional
limitations it causes, and avoid the adverse effects of celecoxib.

AIM
To investigate the effects of individual ESWT, a treatment alternative to the use of
celecoxib, in alleviating pain and dysfunction caused by ONFH.

METHODS

This was a randomized, controlled, double-blinded, non-inferiority trial. We
examined 80 patients for eligibility in this study; 8 patients were excluded based
on inclusion and exclusion criteria. A total of 72 subjects with ONFH were
randomly assigned to group A (n = 36; celecoxib + alendronate + sham-placebo
shock wave) or group B (n = 36; individual focused shock wave [ESWT based on
magnetic resonance imaging three-dimensional (MRI-3D) reconstruction] +
alendronate). The outcomes were assessed at baseline, at the end of treatment, and
at an 8-wk follow-up. The primary outcome measure was treatment efficiency
after 2 wk of intervention using the Harris hip score (HHS) (improvement of 10
points or more from the baseline was deemed sufficient). Secondary outcome
measures were post-treatment HHS, visual analog scale (VAS), and Western
Ontario and McMaster Universities Osteoarthritis Index (WOMAC) scores.
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RESULTS

After treatment, the pain treatment efficiency of group B was greater than that of group A (69% vs
51%; 95%ClI: 4.56% to 40.56%), with non-inferiority thresholds of -4.56% and -10%, respectively.
Furthermore, the HHS, WOMAC, and VAS scores in group B dramatically improved during the
follow-up period as compared to those in group A (P < 0.001). After therapy, the VAS and
WOMAC in group A were significantly improved from the 2™ to 8*wk (P < 0.001), although HHS
was only significantly altered at the 2 wk point (P < 0.001). On the 1* d and 2wk after treatment,
HHS and VAS scores were different between groups, with the difference in HHS lasting until
week 4. Neither group had severe complications such as skin ulcer infection or lower limb motor-
sensory disturbance.

CONCLUSION
Individual shock wave therapy (ESWT) based on MRI-3D reconstruction was not inferior to
celecoxib in managing hip pain and restrictions associated with ONFH.

Key Words: Extracorporeal shockwave therapy; Osteonecrosis of femoral head; Pain; Magnetic resonance
imaging three-dimensional reconstruction; Celecoxib

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This is a randomized, controlled, and non-inferiority trial. To the best of our knowledge, the
present study is the first to investigate the short-term effectiveness of extracorporeal shock wave therapy
(ESWT) in the management of osteonecrosis of the femoral head (ONFH). Traditional ESWT was
innovated by magnetic resonance imaging three-dimensional (MRI-3D) reconstruction technology. The
final results demonstrate that ESWT based on MRI-3D reconstruction is not inferior to celecoxib in
treating hip discomfort and restrictions associated with ONFH.

Citation: Zhu JY, Yan J, Xiao J, Jia HG, Liang HJ, Xing GY. Effects of individual shock wave therapy vs celecoxib
on hip pain caused by femoral head necrosis. World J Clin Cases 2023; 11(9): 1974-1984
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DOI: https://dx.doi.org/10.12998/wjcc.v11.i9.1974

INTRODUCTION

Osteonecrosis of the femoral head (ONFH) is a prevalent condition in orthopedic clinics, characterized
by the gradual loss of bone cellularity and structure. Ischemia, necrosis, and collapse are characteristic
pathological processes associated with ONFH][1,2]. The hip is one of the most important weight-bearing
joints in the human body([3], and structural and pathological changes of this joint often lead to pain,
dysfunction, and even disability[4]. Those suffering from ONFH are mostly young or middle-aged[5]. In
the United States, more than 20000 individuals are afflicted by ONFH annually, and the prevalence
continues to rise[6,7]. In China, it is estimated that more than 8 million individuals have suffered from
ONFH]2].

Currently, the treatment of ONFH mainly includes the following: (1) Surgical treatment (artificial hip
arthroplasty and drilling decompression); (2) Drug therapy [nonsteroidal anti-inflammatory drugs
(NSAIDs) and alendronate]; (3) Physical therapies [extracorporeal shock wave therapy (ESWT) or high-
pressure oxygen therapy]; and (4) Lifestyle changes (weight control and reduction of weight-bearing
activities)[2,8,9]. Because of the limited life of the artificial joint in hip arthroplasty, the difficulties of
secondary revision, the inadequate impact of hip preservation surgery, and considerable trauma, most
patients prefer oral pharmacotherapy to alleviate symptoms[10]. The main goal of pharmacotherapy is
to relieve hip pain and improve joint function. It has achieved some success in the management of
ONFH, but long-term use of certain drugs is often accompanied by severe side effects[11-13]. Therefore,
exploring a noninvasive treatment that can reduce side effects and replace traditional drug therapy is
urgently needed. In treating ONFH, the biological effects of ESWT include analgesia, improvement of
microcirculation, and promotion of osteocyte proliferation and differentiation[14-16]. A clinical study by
Wang et al[17] in 2008 demonstrated that ESWT delays the progression of necrosis, alleviates hip joint
pain, and promotes recovery of hip joint function.

In terms of analgesia and improving activity, ESWT avoids the side effects of drugs and dramatically
decreases the trauma and economic burden associated with surgery[18,19]. However, the effects of
ESWT often cannot be maximized due to acetabular obstruction during the transmission of shock wave
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Figure 1 Personalized extracorporeal shock wave therapy based on magnetic resonance imaging three-dimensional reconstruction. A:
Magnetic resonance imaging (MRI) image; B: Three-dimensional (3D) reconstructed MRI images; C-F: Personalized posture + MRI-3D image + extracorporeal shock
wave = personalized extracorporeal shock wave therapy.

energy and its attenuation in bone conduction[20-22]. Magnetic resonance imaging three-dimensional
(MRI-3D) reconstruction to strengthen extracorporeal shock wave (ESW) targeting may be a reasonable
solution for this issue[23]. Thus, the primary aim of this prospective, randomized study was to
determine whether ESWT based on MRI-3D reconstruction was as effective as NSAIDs in improving
pain and dysfunction associated with ONFH.

MATERIALS AND METHODS

Design and patients

This study was a prospective, double-blinded, non-inferiority randomized controlled trial designed per
the principles of the Declaration of Helsinki. It was approved by the Ethics Committee of The Third
Medical Center of Chinese People’s Liberation Army General Hospital (ID: 001-R1) and registered on
the Chinese Clinical Trial Registry (ChiCTR2100047844).

The study was conducted at the outpatient rehabilitation medicine department of The Third Medical
Center of Chinese People’s Liberation Army General Hospital. All consecutive subjects affected by
ONFH associated with hip pain and dysfunction referred to the hospital from June 2021 to October 2021
were screened for inclusion in an outpatient rehabilitative setting. The recruitment procedure was
performed by 2 specialists and included clinical examination of the affected hip, an MRI of the pelvis, an
X-ray of the pelvis, and assessment of patient disease history and general condition.

Eligibility criteria were as follows: (1) Adult age (18-75 years); (2) Diagnosed as ONFH and
Association Research Circulation Osseous staging I-1V, confirmed with plain radiograph and MRI; (3)
Patient unwillingness to accept surgical treatment and agreement not to use any other non-study
treatment for hip pain during the study period; and (4) Voluntary participation in the clinical trial,
compliance with the requirements of the trial, and signing of an informed consent form.

General contraindications to shock wave therapy were considered, including use of a pacemaker,
pregnancy, bleeding disorder, anticoagulant drug use, or cancer in the focal area, and use of
immunosuppressive agents. Patients with any of these contraindications were excluded.

Seventy-two patients were recruited and randomly divided into two groups. All participants
provided written informed consent after a detailed understanding of the objectives and procedures of
the study. The randomization was performed using the IWRS central random system (https://iwrs.
ymedical.net/#/projects/157/dashboard), generating group A and group B. A flow diagram of the trial
profile is shown in Figure 1.

Interventions

In group A, 200 mg celecoxib was used once daily for 9 consecutive days. Using sham focused ESWT,
the protocol was the same as that used in group B, except that the energy level was a single grade (0.07
m]J/mm?) and no coupling gel was used on the treatment site. Instead, thick gauze was placed between
the skin and the transmitter, with no energy applied. In group B, using personalized focused extracor-
poreal shockwave therapy (fESWT), the shock wave was generated by a focused shock wave generator
(HK.SWT-007; Huikan AG, China) with a penetration depth between 0 and 70 mm and a focus diameter
of 7.5 mm. All ESWT procedures were performed without general or regional anesthesia. First, raw MRI
data from imaging of both hip joints (Digital Imaging and Communication in Medicine coronal T1-
weighted MRI) were imported to the interactive medical imaging control system software (Mimics;
Materialise Company, Laueven, Belgium). A three-dimensional (3D) view of the femoral head and its
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Assessed for eligibility (7 = 80)

Not meeting inclusion criteria (7 = 8)
Randomized (7 = 72) —>| Glutitis (7 = 1)

Severe heart disease (7 = 2)
Follow-up diffculty (7 = 2)
Acetabular dysplasia (7 = 3)

Y
Allocated to group A (7 = 36) Allocated to group B (7 = 36)
Received allocated intervention (7 = 36) Received allocated intervention (7 = 36)
Did not receive allocatedintervention (7 = 0) Did not receive allocatedintervention (7 = 0)
Follow-up 1 1d
Lost to follow-up (7 = 1) Lost to follow-up (7 = 0)
Follow-up 2 1 wk y
Did not take No response to scheduling
medication as Lost to follow-up (7 = 0) Lost to follow-up (7 = 1) request for follow-up
prescribed assessment
Follow-up 3 2 wk
Lost to follow-up (7 = 0) Lost to follow-up (7 = 0)
Follow-up 4 3 wk
Lost to follow-up (7 = 0) Lost to follow-up (7 = 0)
Lost to follow-up (7 = 0) Lost to follow-up (7 = 0)
Follow-up 6 6 wk
Lost to follow-up (7 = 0) Lost to follow-up (7 = 0)
Follow-up 7 8 wk
Lost to follow-up (7 = 0) Lost to follow-up (7 = 0)
Completed the study (7 = 35) Completed the study (7 = 35)
Analysed Analysed
(HHS, VAS, WOMAC) (HHS, VAS, WOMAC)
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Figure 2 Study flow diagram. HHS: Harris hip score; VAS: Visual analog scale; WOMAC: Western Ontario and McMaster Universities Osteoarthritis Index.
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necrotic area was obtained by image segmentation, visualization, registration, and other functions. The
size and spatial location of the necrotic area were determined using the 3D perspective of the
reconstructed necrotic area. The junctional zone between normal and necrotic bone within the femoral
head was delineated under MRI-3D image guidance. Within the junctional zone, 2 or 3 points approx-
imately 1.0 cm apart were chosen under MRI-3D imaging guidance and the corresponding locations
were marked on the skin in the groin area. Next, physicians adjusted the treatment points according to
personalized posture with the subjects in different lying positions. Furthermore, they placed the
treatment head at the surface of the hip corresponding to the necrotic area (with avoidance of keep
essential blood vessels and nerves) (Figure 2). Next, the water sac was adjusted to the appropriate
position, and the proper amount of medical coupling agent was applied to the surface of the water in
contact with the human body. Finally, when using 5-10 grade energy therapy (energy flow density: 0.20-
0.6 mJ/mm?), the energy was increased from low to high according to the subject’s sensitivity to pain.
Simultaneously, to ensure exact targeting, the position was monitored throughout treatment, and the
drift of the treatment point was adjusted in real-time.

The clinicians administering ESWT had extensive experience using this treatment to treat various
musculoskeletal disorders. Each treatment cycle included 5 sessions with 1000 impulses per point, each
administered at a frequency of 60 times per minute, at 48-72 h intervals.
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During the trial, all the subjects were treated with basic treatment (70 mg oral alendronate sodium
once per wk).

Outcome measurements

The primary outcome measure was treatment efficacy after the 2wk of treatment. Harris hip score
(HHS) improved by 10 points after therapy, which was deemed sufficient. The secondary outcome
measures [HHS, visual analog scale (VAS), and Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC) scores] were improved on the 1 d and the 2™, 4* and 8" wk after
treatment as compared to baseline. After completing therapy, pain recurrence was evaluated if the
subject's VAS pain score was equal to or higher than baseline during the follow-up period. Each subject
was instructed to record his or her VAS score at the following timepoints following therapy: day 1, week
1, week 2, week 3, week 4, week 6, and week 8.

Sample size

A sample size of 64 patients was computed given an alpha error of 5% (two-sided) and a power of 80%,
assuming that the pain improvement rate of group A and group B was 65% and 85%, respectively, with
a non-inferiority limit of -10%. Thus, non-inferiority would be demonstrated if the lower boundary of
the 95%CI for the difference was higher than -10%. After considering the potential for patient dropout
(estimated at 10%), the final sample was 72 patients (36 per group).

Randomization and blinding

Patients were randomized to group A or group B after providing written informed consent. Random-
ization was performed by a person not involved in the study, and a computer-generated list of random
numbers was used. Patients and investigators were blinded to allocation. After intervention, results
were recorded by a specialized physician. To maintain blinding, statistical analyses were conducted by
independent statisticians, and results were not shared with the patients or other participants before the
end of the study.

Statistical analysis

This experiment was a non-inferiority test. Statistical analysis was performed using Graphpad5.0
software (La Jolla, CA, United States). All statistical tests were bilateral, and P < 0.05 was considered
statistically significant. Quantitative data were normally distributed by mean * SD, and the skewed
distribution was described by median or interquartile range. A paired sample {-test was used to
compare the mean change of each evaluation indicator between the pre-treatment and scheduled
follow-up time points. Two-sample independent -test or Wilcoxon rank-sum test was used to compare
the groups. The classified data distribution was described by rate or composition ratio. The main
curative effect used the normal approximation method, and the 95%CI of the rate difference between the
two groups was compared with the non-inferiority boundary value of -10%.

Data availability

The datasets are available from the corresponding author upon reasonable request.

RESULTS

We examined 80 patients for study eligibility and 8 patients were excluded per inclusion and exclusion
criteria. Seventy-two patients were randomized into two groups, which received treatment predefined
for each group. All patients completed the designated interventions, which was monitored and reported
at the end of the treatment period by physiotherapists. Two participants were lost to follow-up. All
others were analyzed at each of the assessment points (Figure 1). There were no differences in age, sex,
height, weight, BMI, or symptom duration between the groups (P > 0.05) (Table 1).

The findings of the Harris, VAS, and WOMAC score analyses were documented over the follow-up
period (Table 2). The analysis found no statistical significance in the baseline data of the two groups of
patients. With respect to the continuous changes in VAS, the downward trend in group B was faster
than in group A (Figure 3).

The treatment efficacy observed in group A (18/35) and group B (24/35) were 51% and 69%,
respectively (95%CI: -4.56% to 40.56%. The non-inferiority thresholds according to the primary outcome
measure for group A and group B were -4.56% and -10%, respectively. In addition, the Harris,
WOMAUC, and VAS scores in group B were significantly improved at day 1, week 2, week 4, and week 8
following treatment (Table 2). In group A, the VAS and WOMAC scores were significantly improved at
day 1, week 2, week 4, and week 8 following treatment (P < 0.001), while changes in HHS significant
only at week 2 following treatment (P < 0.001). On day 1 and week 2 following treatment, HHS and VAS

scores were significantly different between groups, with the difference in HHS lasting until week 4
(Table 2).
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Characteristic Group A Group B P value
Patients, n 35 35

Sex, male/female 26/10 18/17

Ageinyr 40.06 +13.48 43.72+13.69 0.256'
Weight in kg 71.82 +11.02 67.79 +10.93 0.124
Height in cm 171.6 £ 7.71 168.4 +8.22 0.099"
BMI in kg/m? 24.4 %359 23.8+285 0.424!
Pain duration in mo 14.8£7.99 13.7+£7.89 0.564"

TPaired-samples t-test data are expressed as mean + SD or 1 (%).

Data were analyzed using unpaired #-test. BMI: Body mass index.

Table 2 Outcome assessment before and after treatment

Parameter Baseline 1d 2 wk 4 wk 8 wk

Group A

Patients, n 35 35 35 35 35

HHS range 0-100, mean + SD 51.8+11.8 51.8 +11.6 57.9 +12.5 529+11.5 527 +11.2
Difference vs baseline 0.962' <0.001" 0.218' 0.315'
Difference vs group B <0.001° 0.004> 0.047” 0.147°

VAS (0-10), mean + SD 53+1.1 5.0£1.0 3.9+1.0 41+1.0 44+1.0
Difference vs baseline 0.003" <0.001" <0.001" <0.001"
Difference vs group B <0.001” <0.001* 0.257° 0.166”

WOMAC range 0-240, mean + SD 93.7 £32.4 923 +31.8 87.6 £31.5 89.3 +31.4 90.2 +31.2
Difference vs baseline 0.022! <0.001" <0.001! <0.001!
Difference vs group B 0.196” 0.447* 0.596” 0.651°

Group B

Patients, n 35 35 35 85 85)

HHS range 0-100, mean + SD 53.9+13.3 624+11.6 62.9+12.1 58.5+12.0 56.9 +12.9
Difference vs baseline <0.001" <0.001" <0.001" <0.001"

VAS range 0-10, mean + SD 50+1.2 31£11 3.0£1.0 39+1.1 41+11
Difference vs baseline <0.001" <0.001" <0.001" <0.001"

WOMAC range 0-240, mean + SD 91.0+25.1 83.5+23.9 82.5 +24.0 86.0 £24.3 87.1+24.7
Difference vs baseline <0.001" <0.001" <0.001" <0.001"

Paired-sample t-test.

*Two-sample independent t-test statistical significance at P < 0.05.
HHS: Harris hip score; VAS: Visual analog scale; WOMAC: Western Ontario and McMaster Universities Osteoarthritis Index.
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Short-term side effects such as discomfort, edema, and bruising were similar in both groups. Heart
rate, blood pressure, body temperature, and routine blood tests were unaffected by treatment. Patients
from either group experienced no serious complication such as skin ulceration infection or lower
extremity motor-sensory impairment.
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Figure 3 Changing trend of the visual analog scale in groups A and B. VAS: Visual analog scale.
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DISCUSSION

This study demonstrated that fESWT can effectively and safely treat hip pain and functional restrictions
associated with ONFH. The treatment efficacy observed in group B was significantly higher than that of
group A. Moreover, most secondary outcomes, including composite scores and response criteria,
showed improvements favoring the use of fESWT.

ONFH causes the collapse of the femoral head with severe pain and limited mobility[24]. Hip pain
and functional limitations are the typical clinical manifestations of this condition[25]. Therefore,
symptom alleviation and recovery of hip joint function are essential in determining the effectiveness of
short-term treatment’. In this study, we proposed that individualized fESWT could be used for short-
term symptomatic treatment of ONFH and it is as effective as NSAIDs (e.g., celecoxib) with respect to
analgesia and improvement of joint function[26]. After an 8-wk follow-up, we found that individualized
fESWT was effective in alleviating hip joint pain and promoting recovery of hip joint function during
short-term applications. The therapeutic effect peaked 1 wk after the intervention and was superior to
celecoxib in both therapeutic and analgesic efficacy.

ONFH is more likely to occur in young and active patients as compared to osteoarthritis[4,27].
Therefore, most patients choose non-surgical treatments. In the short term, many non-operative
treatments for ONFH are designed to relieve hip pain and improve joint function, while long-term
treatments largely aim to prevent the progression of necrosis[28]. Recent studies recommend the use of
osteoclast inhibitors and NSAIDs for symptomatic treatment[2,29]. In 2009, a nationwide cohort study
conducted in Denmark showed that NSAIDs were associated with increased relative risks of
cardiovascular events and death, even in the low-risk population[30]. At the same time, Singh et al[31]
showed that NSAIDs had severe gastrointestinal toxicity, highlighting the significant adverse reactions
associated with pharmacotherapy.

ESWT represents mechanical stimulation of the joint and has great potential in treating ONFH as it
avoids the adverse effects of drug therapy. In 2 clinical studies, Wang et al[32] and Vulpiani et al[33]
separately explored the long-term dose effects of ESWT in the treatment of ONFH. These studies
demonstrated that ESWT could stimulate the growth of new bone at the site of necrosis and delay the
progression of ONFH with long-term application[33]. Other studies have also indicated that ESWT
might relieve pain by suppressing the release of inflammatory factors and downregulating the
expression of pain-related, calcitonin gene-related peptides in dorsal root ganglion[34,35]. Additionally,
it can directly act on peripheral sensory nerve endings, improving the pain threshold and preventing
the production and propagation of pain signals[36]. These data suggest that ESWT may be useful as
short-term, symptomatic supportive treatment in the management of ONFH.

To the best of our knowledge, this is the first investigation of the efficacy of ESWT in the short-term
management of ONFH. Our results showed that the Harris, WOMAC, and VAS scores of group B
improved significantly at day 1, week 2, week 4, and week 8 following treatment (P < 0.001). In group A,
the VAS and WOMAC scores were significantly improved at week 2, week 4, and week 8 following
treatment (P < 0.001), while Harris scores differed significantly only at week 2 (P < 0.001). These data
suggest that both fESWT and celecoxib are effective in improving hip pain and promoting joint function
in patients with ONFH. However, fESWT was superior to celecoxib in speed of onset and analgesic
effect (a comparison of the two groups found significant differences in HHS and VAS at day 1 and week
2 following treatment, with the difference in HHS lasting until week 4). This finding suggests that, as
compared to pharmacotherapy, ESWT avoids the lack of targeted treatment and limits bone marrow
edema induced by early ONFH. During treatment, fESWT promotes blood circulation and reduces
inflammation, thereby limiting pain associated with ONFH[14,37,38]. Treatment with traditional
NSAIDs does not exhibit these features.
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Additionally, based on our prior experience with ESWT, we noted that the acetabulum frequently
blocks the incoming shock wave and reduces the therapeutic impact as a result of the uniqueness of hip
joint anatomy. In a study of the energy decay of shock waves utilizing the femoral heads of pigs, ESW
attenuated by 50% for every 10 mm of penetration into the femoral head[20]. Coupled with acetabular
blocking, traditional ESWT often fails to maximize function[21]. Therefore, to reduce unnecessary
energy attenuation in ESW transmission, our team designed an individual fESWT treatment for each
patient according to MRI-3D reconstruction combined with posture adjustment (Figure 1). The 3D
picture of the MRI, as opposed to the conventional X-ray localization, better reflected the spatial location
and size of the necrotic area, increasing the accuracy of ESWT targeting and improving the curative
impact. This supports the idea that MRI is the gold standard for diagnosing early stage ONFH, whereas
X-ray and computed tomography less effective in diagnosing this condition[1,2,39].

Study limitations

Our study does have some limitations. Because the trial used a new treatment method (ESWT) based on
MRI-3D reconstruction, we performed only a conservative non-inferiority test. Furthermore, due to
ethical concerns and a lack of relevant pathology and other objective markers, the study could not
investigate the exact causes of pain induced by ONFH. As a result, the lack of this objective evaluation
may have led to bias in interpretation of the experimental results. Therefore, our goals in the next phase
of study are optimization of the treatment regimen and exploration of the mechanism of ESWT to
improve treatment of pain associated with ONFH. Finally, this study only included patients from a
single medical center, and recruitment of subjects was somewhat limited.

CONCLUSION

Short-term ESWT based on MRI-3D reconstruction can relieve hip pain caused by ONFH, and is not
inferior to celecoxib in terms of treatment efficacy and continuous analgesic effect. It also shows
significant efficacy in improving the function of the hip joint, indicating that ESWT is a promising
alternative for the short-term management of ONFH.

ARTICLE HIGHLIGHTS

Research background

Hip pain and functional joint limitations are the major symptoms associated with osteonecrosis of the
femoral head (ONFH). The long-term use of nonsteroidal anti-inflammatory drugs (NSAIDs) such as
celecoxib are often associated with severe adverse effects.

Research motivation
The motivation of this study was to explore a new treatment, extracorporeal shock wave therapy
(ESWT) to replace pharmacotherapy in the treatment of ONFH.

Research objectives

This study investigated the efficacy of ESWT in improving pain and joint dysfunction associated with
ONFH as compared to that of NSAID therapy.

Research methods

The eligible 72 ONFH patients were randomly assigned to two groups: the experiment group and the
control group. All patients underwent clinical assessment and analysis during pre- and post-treatment
periods.

Research results

The Harris hip score, Western Ontario and McMaster Universities Arthritis Index, and visual analog
scale scores in both the experiment and control groups were significantly improved, but those of the
experimental group improved to a greater degree.

Research conclusions
ESWT based on magnetic resonance imaging three-dimensional reconstruction was not inferior to
celecoxib in controlling hip pain and function associated with ONFH.

Research perspectives
The findings of this study indicate that individual shock wave therapy represents an alternative to
pharmacotherapy in effectively alleviating pain associated with ONFH.
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Abstract

BACKGROUND

The scientific literature provides evidence that nutritional ketosis can be an
important support in the treatment of pathologies in which inflammation is
present, as recent studies have shown that ketone bodies have anti-inflammatory
activity in numerous diseases, including rheumatic diseases. We report the case of
a 22-year-old woman with class I obesity and juvenile idiopathic arthritis who
started treatment with a very low calorie ketogenic diet (VLCKD).

CASE SUMMARY

The patient was a 22-year-old woman diagnosed with juvenile idiopathic arthritis
at age 4 years and with a body mass index (BMI) of 30.8 kg/m? waist circum-
ference (WC) 80 cm, fat mass (FM) 28.1 kg, free FM 45.7 kg, and visceral adipose
tissue (VAT) 3.5 kg, assessed on bioimpedance analysis. She was treated using a
commercial VLCKD weight-loss program (PNK®method); this program provides
high-biological-value protein preparations and natural foods. Each protein
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preparation contains 15 g protein, 4 g carbohydrate, 3 g fat, and 50 mg omega-3 docosahexaenoic
acid, with an energy content of 90-120 kcal. After four months on the program, the BMI was 28.6
kg/m?, WC 73 cm, FM 23.2 kg, free FM 41.9 kg, and VAT 2.9 kg.

CONCLUSION
VLCKD enabled the patient to reach her target weight and to reduce her joint pain and headaches.
Laboratory inflammatory indices also normalized.

Key Words: Very low calorie ketogenic diet; Inflammation; PNK® method; Weight loss; Obesity; Rheumatic
disorders; Case report

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: A commercial weight-loss program (PNK®method) was used, based on a very low calorie
ketogenic diet (VLCKD). VLCKD allowed the patient to achieve weight goal, better management of joint
pain, headache episodes and normalization of inflammatory indices.
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INTRODUCTION

Nutritional ketosis has been used since the 1920s as a treatment for refractory epilepsy[1] and the very
low calorie ketogenic diet (KD) is currently gaining popularity as a potential therapy for obesity and
metabolic disorders[2].

The Italian Association of Dietetics and Clinical Nutrition gives the following indications for very low
calorie ketogenic diet (VLCKD): Morbid obesity or obesity with comorbidities (including type 2
diabetes, dyslipidemia, hypertension, metabolic syndrome, obstructive sleep apnea syndrome, bone
disease or severe arthropathy); the preoperative period of severe obesity with an indication for bariatric
surgery; patients with severe comorbidities and overweight, necessitating rapid weight loss; non-
alcoholic fatty liver disease; and drug-resistant epilepsy|[3,4].

In addition to these established indications, the scientific literature advocates the use of nutritional
ketosis in the treatment of chronic inflammatory diseases, as recent studies have shown that ketone
bodies have anti-inflammatory activity in numerous diseases[5,6].

The ketone body B-hydroxybutyrate (BOHB) is elevated during VLCKD treatment, and there is
increasing evidence that BOHB acts not only as an energy substrate but also as a signaling molecule[6].
BOHB is a ligand for G protein-coupled receptors that bind short-chain fatty acids, including hydroxy-
carboxylic acid receptor 2 and free fatty acid receptor 3. It can attenuate oxidative stress in the spinal
cord and kidney by suppressing class I histone deacetylases[6] and has been shown to suppress NOD-
like receptor family pyrin domain containing 3 inflammasome-mediated inflammatory disease[6-10].

Inflammatory rheumatic disorders induce chronic inflammation in joints and other tissues[11] and
are characterized by an increased expression of several proinflammatory cytokines, including
interleukin (IL)-1, IL-6, tumour necrosis factor-a, IL-23, and IL-17[12].

A more recent review by Ciaffi et al[13] suggests that the KD could play a role in the treatment of
patients with rheumatic musculoskeletal diseases as the KD can facilitate weight loss and modulate
systemic inflammation, resulting in a rapid response to systemic therapy[13].

In obese patients, the VLCKD was significantly more effective than a standard low-calorie diet in
terms of weight loss[14,15]. It has also been demonstrated that a VLCKD supplemented with omega-3
docosahexaenoic acid (DHA) has a significantly superior anti-inflammatory effect, despite non-
significant differences in weight loss and metabolic improvement[16].

Given the potential benefits, a 22-year-old woman with a body mass index (BMI) of 30.8 kg/m? and
who had been diagnosed with juvenile idiopathic arthritis at the age of 4 years, was started on a
VLCKD.

WJCC | https://www.wjgnet.com 1986 March 26,2023 | Volumell | Issue9 |


https://www.wjgnet.com/2307-8960/full/v11/i9/1985.htm
https://dx.doi.org/10.12998/wjcc.v11.i9.1985

Jaishideng®

Rondanelli M et al. VLCKD and rheumatic disorders

CASE PRESENTATION

Chief complaints

A 22-year-old woman attended outpatients at the Santa Margherita Nutritional Rehabilitation Institute,
Pavia, Italy, for an endocrinology and dietary consultation. The patient reported gradual and persistent
weight gain from the age of 10 years.

History of present illness
She had been diagnosed with juvenile idiopathic arthritis at age of 4 years, and occasionally presented
headache and alternating episodes of constipation and diarrhea.

At the time of her first consultation at this outpatients, she was on estrogen-progestogen therapy and
had been prescribed naproxen 550 mg or 7.5 mg meloxicam as required.

Physical examination
Weight (kg) was measured to an accuracy of + 0.05 kg, and BMI was calculated as weight in kilograms
divided by height in meters squared (kg/m?). Bioimpedance analysis (Zeus, Cosmed, Italy) provided
whole-body and compartmentalized values for fat mass (FM) and fat-free mass, visceral adipose tissue
(VAT), and intra- and extracellular water analysis for estimating hydration status.

Additionally, waist circumference (WC) was measured by a trained dietician at the level of the
umbilicus at the end of normal expiration using a non-elastic measuring tape.

The patient’s baseline basal metabolic rate (BMR) was assessed by indirect calorimetry (Cosmed Q-
NRG) at the first anthropometric and nutritional evaluation.

The patient never had significant limitations in physical activity.

FINAL DIAGNOSIS
The patient had juvenile idiopathic arthritis and I grade obesity.

TREATMENT

The initial dietary approach was a balanced, low-calorie diet based on World Health Organization
(WHO) criteria (WHO, Washington, DC, United States)[17] adapted to the BMR calculated by indirect
calorimetry.

Then, the patient was started on a commercial weight-loss program based on a VLCKD (PNK®
method, Barcelona, Spain). This program consists of high-biological-value protein products and whole
natural foods. Each protein food provides 90-120 kcal and it’s composed by 15 g protein, 4 g
carbohydrate, 3 g fat, and 50 mg omega-3 DHA. The program consists of three phases: Intervention,
dietary re-education, and maintenance (Table 1).

The intervention phase consists of a very low calorie diet (600-800 kcal/day), with a low content of
carbohydrate (20-50 g/day), and fat (10 g/day of olive oil). The intake of high-biological-value protein
is fixed around 0.8 and 1.2 g per kg ideal body weight per day, in order to ensure the coverage of protein
requirements. The intervention phase is composed by 3 steps. In step 1, patients consume 5 protein
servings at high-biological-value and 2 portions of vegetables. The permitted vegetables are divided
into two groups. Vegetables in group A have a very low glycemic index and include chard, celery,
watercress, borage, broccoli, soybean sprouts, zucchini, lamb’s lettuce, cauliflower, chicory, spinach,
turnip greens, fennel, lettuce, cucumber, pickled gherkins, green peppers, mushrooms, radishes, and
rocket; consumption of these vegetables is not limited. Vegetables in group B have a low glycemic index
and include artichoke, eggplant, cabbage, asparagus, green beans, turnip, yellow and red peppers, leeks,
and tomatoes; consumption is limited to 100 g per day.

During step 2, a natural protein serving (100-150 g of meat, poultry, fish, or seafood, canned tuna in
brine or two eggs) is consumed in place of one of the protein preparation, at lunch or dinner. Patients
will therefore be consuming four high-biological-value protein preparations per day.

In step 3, a fresh source of protein is introduced at both lunch and dinner, choosing between 100-150
g of meat, poultry, fish, seafood, canned tuna in brine, or two eggs. In step 3, patients are therefore
eating three high-biological-value protein preparations per day.

During the intervention phase, vitamin and mineral supplementation is provided in accordance with
international requirements[18]. The composition is shown in Table 2.

During the dietary treatment, the patient followed a specially recommended physical activity
program. During step 1, 2, and 3 the recommended physical activity is anaerobic, with toning exercises
to be performed preferably in the morning, at least 2 or 3 times a week; each exercise should be
performed for 3 sets, with one minute of rest between sets, for a total of 30 min of physical activity. In
steps 4 and 5, in addition to toning exercises to be performed at least 2-3 times a week, cardiovascular
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Table 1 Structure of the PronoKal PnK method

Dietary re-education (20% of the target

Intervention (80% of the target weight loss) Maintenance

weight loss)
Weight loss New lifestyle
Step 1: 40% of the Step 2: 20% of the Step 3: 20% of the Step 4: 10% of the Step 5: 10% of the
target weight loss target weight loss target weight loss target weight loss target weight loss
Very low calorie ketogenic diet (630-700 kcal/day) Low-calorie diet (800-1500 kcal/day) Balanced diet (1500-2000

kcal/day)

Table 2 Composition of the vitamin and mineral supplementation during the very low calorie ketogenic diet

In 2 sachets
Vitamin A (pg) 800
Vitamin D (pg) 5
Vitamin E (mg) 12
Vitamin K (pg) 75
Vitamin C (mg) 80
Thiamine (mg) 1.1
Riboflavin (mg) 14
Niacin (mg) 16
Vitamin B6 (mg) 14
Folic acid (pg) 200
Vitamin B12 (pg) 25
Biotin (pg) 50
Pantothenic acid (mg) 6
Potassium (mg) 2000
Calcium (mg) 800
Magnesium (mg) 875,
Iron (g) 14
Zinc (mg) 10
Copper (mg) 1
Manganese (mg) 1
Selenium (pg) 55
Chrome (pg) 40
Molybdenum (pg) 50
Iodine (pg) 150

activity, such as walking or exercise bike of gentle or moderate intensity, is planned for about 50-60 min,
twice a week.
During the VLCKD the patient didn’t need to take the recommended medications.

OUTCOME AND FOLLOW-UP

After the VLCKD period, the patient has been administered with a low-calorie diet; she reduced her
BMI from I class obesity to overweight. Telephone contacts with the patient continue and new check-
ups will be scheduled in order to monitor body weight.
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DISCUSSION

After two months, at the first follow-up visit, body weight remained unchanged (Table 3) and the
patient reported increasing joint pain, for which the rheumatological team introduced hydroxy-
chloroquine 200 mg/day. The patient was not satisfied with either the treatment or the dietary plan.

Given the failure of the low-calorie balanced diet, the nutrition team decided to switch to a VLCKD
(the PNK®method). The patient received multidisciplinary support from doctors, physical activity
instructors, and nutritionist-coaches throughout follow-up.

The VLCKD intervention was started in early 2022, with a body weight of 79.9 kg. In step 1, the
patient lost 8 kg, from 79.9 kg to 72 kg, the WC decreased from 82 cm to 75 cm, and the body
composition improved, with a reduction in FM, from 29.4 kg (36.9%) to 25.3 kg (35.1%), and VAT, from
3.8 kg to 3.0 kg. At the follow-up visit at the end of step 1, the patient reported a subjective feeling of
well-being and the headaches had ceased.

Step 2 started in February 2022 and led to a further loss of about 4 kg (Table 3). At the follow-up visit
at the end of step 2, the patient reported tolerance of the dietary plan and that she performed the
physical activity as defined in the PNK program. Her sleep pattern and quality had improved, as had
her joint pain, and there had been no recurrence of the headaches. Body weight was 69 kg and the WC
72 cm; FM and the VAT decreased to 23.2 kg and 2.7 kg, respectively (Table 3).

The patient next moved to step 3 in April 2022. Body weight remained unchanged (69 kg) (Table 3).
Contact with the patient took place by telephone, hence body composition measurements were not
possible.

The patient did not lose weight during two weeks of step 3, and the nutrition team therefore decided
to progress to step 4 (dietary re-education phase), moving the patient to a low-calorie diet to favor
dietary compliance. During this stage the patient regained some of the weight she had lost, reaching a
weight of 72.8 kg (Table 3).

Step 5 was initiated in June 2022 after the patient had completed step 4 and during this final step of
the weight-loss phase, the weight remained practically unchanged (Table 3). Contact was by telephone,
so again it was not possible to perform body composition analysis. The patient reported a feeling of
well-being and good sleep quality, and there was no sensation of hunger.

Despite slight weight regain, the patient reported feeling better than before undertaking the VLCKD.
We consider that this effect may be due as much to the beneficial effects of the nutritional ketosis or
even the anti-inflammatory effect of the omega-3 DHA supplementation as to the weight loss. The
serum inflammatory markers before and during the VLCKD are shown in Table 4.

A blood test was taken during the VLCKD and showed the following: Lupus anticoagulant, negative;
silica clotting time ratio, 0.96; Russel’s viper venom time ratio, 1.05; ferritin, 10 ng/mL; erythrocyte
sedimentation rate (ESR), 31 mm/h; complement component C3, 1.15 g/L; complement component C4,
0.19 g/L; rheumatoid factor, < 20 IU/mL, and C-reactive protein (CRP), < 5 mg/L. Protein electro-
phoresis trace did not reveal the presence of abnormal monoclonal components and the interferon-
gamma release assay was negative.

The administration of a VLCKD would appear to improve all the parameters evaluated in order to
assess inflammatory profile. In particular it's noteworthy the reduction of CRP values from 17 mg/L up
to the normal range. Similar results were obtained by previous studies conducted in obese[14] and
overweight subjects[18].

Anthropometric parameters at baseline and their changes during the dietary treatment are shown in
Table 3.

Considering the entire weight loss diet therapy program, from the beginning to the end of the
ketogenic phase, the patient lost 5.3 kg (from 78.3 to 73), with a greater weight loss at the end of steps 2
and 3 (-9.3 kg), always going to improve her wellbeing. In steps 4 and 5 the patient gained 4 kg but it is
very interesting to note how the improvement in body composition obtained during weight loss phase
(with reduction of FM and preservation of fat free mass) has been maintained over time (step 4 and 5).

Finally, also the VAT, which is a well-known cardiovascular risk factor producing chronic low-grade
inflammation[19], has significantly reduced (-600 g) from the beginning to the end of dietary program.

The goal of healthy weight loss was therefore achieved, since weight reduction has mainly affected
FM, while lean mass was mostly preserved.

CONCLUSION

The VLCKD allowed the patient to achieve her target body weight (reducing from class I obesity to
overweight), with an improvement in her joint pain and the episodes of headache, and an improvement
in serum inflammatory markers (reduction in CRP from 17 mg/L to 5 mg/L and ESR from 95 mm/h to
31 mm/h).
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Table 3 Changes in the anthropometric parameters during dietary treatment

Base First follow- Second VLCKD, VLCKD, Endofstep3of Endofstep4of End ofstep5 of
line up visit follow-up visit end Step end Step intervention intervention intervention
during LCD  duringLCD 1 2 phase phase phase

Body weight 78.3 78 79.9 72 69 69 72.8 73

(kg)

BMI (kg/m?) 30.8 30.7 313 283 27.1 27.1 28.6 287

Waist circum- 80 80 82 75 72 / 73 73

ference (cm)

Fat mass (%) 359 356 36.9 35.1 33.6 / 33.7 /

Fat mass (kg) 28.1 27.8 29.4 253 232 / 245 /

Fat free mass 45.7 45.8 45.7 42.6 419 / 44.2 /

(kg)

VAT (kg) 35 3.4 3.8 3.0 2.7 / 29 /

LCD: Low-calorie diet; VLCKD: Very low calorie ketogenic diet; VAT: Visceral adipose tissue.

Table 4 Serum inflammatory markers during dietary treatment

During the LCD During the VLCKD Laboratory reference range
Erythrocyte sedimentation rate (mm/h) 95 31 <15
C-reactive protein (mg/L) 17 <5 <5
Complement component C3 (g/L) 1.34 1.15 0.90-1.80
Complement component C4 (g/L) 0.26 0.19 0.10-0.40
Silica clotting time (ratio) 1.08 0.96 <1.16
Russell’s viper venom time (ratio) 1.24 1.05 <1.20

LCD: Low-calorie diet; VLCKD: Very low calorie ketogenic diet.
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Abstract

BACKGROUND

Brain arteriovenous malformations (bAVMs) remains one of the most prevalent
causes of intracranial hemorrhage and stroke-like syndromes in the young adult
population. Although it has been agreed upon that definitive treatment using
either single or multi-modal approach is warranted for successful bAVM mana-
gement, much debate still revolves regarding the optimal timing of definitive
treatment.

CASE SUMMARY
In this report, we present a case of delayed, definitive endovascular treatment for
ruptured bAVM in a 21-year-old female, 3 mo post-ictus. The bAVM, with a left
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pericallosal feeding artery and cortical draining veins, was successfully obliterated through
embolization using the Onyx 18. On follow-up the patient has recommenced her daily activities
and experiences only mild occasional headaches with mild motor deficits. The report leads to our
review on an important issue regarding the optimal timing of ruptured bAVM definitive mana-
gement and bring forward the current evidence available on delayed vs immediate definitive
bAVM intervention. We also highlight current issues that need to be addressed for clearer
guidelines on definitive therapy initiation.

CONCLUSION

Current treatment paradigms of ruptured bAVM remains elusive, with substantial heterogeneity
in the current literature. A consensus on the definition of “acute” vs “delayed”, management goal,
follow-up length and outcome parameters are required to support formation of a clear paradigm.

Key Words: Brain arteriovenous malformation; Ruptured brain arteriovenous malformation; Definitive
intervention; Endovascular treatment; Case report

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: In this case report, we present an example of successful delayed management of a ruptured brain
arteriovenous malformation (bAVM) in a young female. The case is followed by an updated review
regarding current “delayed” and “immediate” definitive interventions for bAVMs and problems associated
with the current data on the effectivity of these paradigms.
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INTRODUCTION

Brain arteriovenous malformations (bAVMs) continue to be one of the most prevalent causes of
intracranial hemorrhage and stroke-like syndromes in the young adult population. It is defined as an
anomalous network or nidus occurring within the brain parenchyma, in which a high-flow shunt or
bypass occurs between the feeding artery to the veins. A large majority of bAVMs manifest as
intracranial hemorrhage as the presenting symptom, due to rupture of the malformation. Hemorrhagic
bAVMs have been shown to result in a morbidity rate of 30%-50% and mortality rate of 10%-30%[1].
Additionally, hemorrhagic bAVMs have a re-rupture risk of more than 4.8% per year[2,3].

Definitive treatment of bAVMs consist of three main modalities, namely endovascular embolization,
stereotactic radiotherapy, and microsurgical resection or extirpation of the malformation, with the goal
of complete nidus obliteration and minimized hemorrhage recurrence. Although it has been agreed
upon that definitive treatment using either single or multi-modal approach is warranted for successful
bAVM management, much debate still revolves regarding the optimal timing of definitive treatment.

Some indications warrant immediate definitive treatment, such as massive hemorrhage that implies a
life-threatening mass effect, rapid neurological deterioration, or the presence of high-risk aneurysms, in
which surgical evacuation can be performed in conjunction with definitive resection of small, superficial
bAVMs. However, other cases may fall into the category of gray areas for immediate treatment. In fact,
many interventionists and surgeons prefer delayed definitive treatment, when possible, due to easier
visualization and high success rates. The current guideline on the management of bAVMs has acknow-
ledged the lack of evidence to direct decisions in this setting[2], although some reports have suggested
an ideal interval of 2-6 wk from rupture for removal of the bAVM[2,4,5], and that immediate removal
may be associated with larger mortality and morbidity risk[5]. Unfortunately, more data is needed to
prove either the benefits or disadvantages of both approaches.

Here we present a case report of a successful, delayed, exclusively endovascular management in a
young, 21-year-old female with a ruptured bAVM of 3 mo onset. We then emphasize on this highly
debatable topic with an updated literature review on the current evidence regarding outcomes of
definitive treatment using either of the three modalities.
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CASE PRESENTATION

Chief complaints

A 21-year-old female presented to Dr. Wahidin Sudirohusodo General Hospital, Makassar, Indonesia, in
September 2021 with a chief complaint of weakness on the right side of her body, in addition to right-
sided hypoesthesia and occasional headaches.

History of present illness

The complaints were first experienced 3 mo prior, with sudden onset, while the patient was performing
her daily activities as a college student. She also recalled other symptoms upon onset, such as headache,
transient vision loss, slurred speech, and vomiting. At the time, she experienced a brief period of loss of
consciousness and was treated conservatively at her local health care center due to lack of imaging
modalities.

History of past illness
The patient had no prior history of trauma, infection, hypertension, diabetes, or stroke.

Personal and family history
The patient had no significant personal or family history to disclose.

Physical examination

On presentation at our center, her vital signs were normal. The neurological bedside examination
revealed a GCS score of 15, no meningeal signs, and good cognitive function. Her cranial nerve
assessment was within normal limits. The motor strength assessment showed weakness on the right
side with a strength score of 4 on the right upper and lower extremities. The right extremities also
showed increased tone and physiologic reflexes. No pathologic reflexes were observed. The exam also
showed right sided hypoesthesia. Autonomic function was within normal limits.

Laboratory examinations
Laboratory tests, chest X-rays, and electrocardiography exams showed no abnormal findings.

Imaging examinations

The first imaging examination was a non-contrast head computed tomography (CT) scan performed a
few days after the onset, at the patient’s regional hospital. The exam revealed an intracerebral
hematoma of the left cerebral hemisphere (Figure 1). Due to the rise in COVID-19 cases at the time, her
referral to Dr. Wahidin Sudirohusodo General Hospital for further investigation and definitive therapy
was delayed based on her family’s decision, and she was given conservative treatment.

A head CT angiography (Figure 2) was performed approximately 2 mo after onset, revealing the
presence of an arteriovenous malformation (AVM) on the left frontal lobe with a feeding artery from the
left anterior cerebral artery, draining into the superior sagittal sinus.

We performed a digital subtraction angiography (DSA) on the patient a few days after her admission
in our center (Figure 3). The DSA confirmed that the bAVM fed off the left pericallosal artery, with two
draining veins, one towards the cortical vein while the other has undergone stenosis. We graded the
AVM as a Spetzler-Martin Grade II AVM.

FINAL DIAGNOSIS

Based on the clinical findings, the patient was diagnosed with bAVM.

TREATMENT

The patient was subjected to a definitive therapy of embolization on the left pericallosal artery using the
Onyx 18 until the nidus and draining vein can no longer be visualized (Figure 4). The patient was
tolerant of the whole procedure, and no additional deficits were experienced throughout her care, and
was discharged from the hospital a few days following embolization.

OUTCOME AND FOLLOW-UP

The patient returned 3 mo after the procedure for a follow-up visit to the Neurology Outpatient Clinic
of Dr. Wahidin Sudirohusodo General Hospital. Her follow-up CT-scan revealed encephalomalacia of
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Figure 1 Head non-contrast computed tomography scan on onset (3 mo prior to presentation at our center), revealing extensive
intracerebral hematoma of the left cerebral hemisphere.
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Figure 2 Subsequent head computed tomography angiography was performed 2 mo after onset, revealing the brain arteriovenous
malformation, with a feeding artery from the left anterior cerebral artery, draining into the superior sagittal sinus.

the parasagittal region at the left frontal and parietal lobes with mild dilatation of the left lateral
ventricle (Figure 5). And to date, approximately 1 year after the procedure, the patient has experienced
no rebleeding. She currently lives with minor motor deficit resulting in abnormal gait, and experiences
occasional headaches which are manageable with over-the-counter therapy (Glasgow Outcome Scale
Score = 2).
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Figure 3 Digital subtraction angiography results of the patient. The digital subtraction angiography image revealed the presence of an arteriovenous
malformation (red arrow) feeding off the left pericallosal artery (blue arrow) and draining towards the cortical vein and a stenotic vein (yellow arrow). A: Late arterial
phase anterior-posterior view; B: Late arterial phase, lateral view; C: Late venous phase, antero-posterior view; D: Late venous phase, lateral view.
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DISCUSSION

The case we presented is one of the many ruptured bAVM cases encountered in our center that was
successfully managed using delayed definitive treatment. The 21-year-old female experienced an
intracerebral hematoma due to the bAVM rupture, leading to neurological deficits in the form of right-
sided weakness and hypoesthesia. The bAVM was visualized on CT-angiography, then gold-standard
DSA and definitive endovascular treatment was performed 3 mo after the rupture. The bAVM was
treated successfully and the patient was able to recommence her daily activities.

In this instance, the delay to definitive investigations and therapy was coincidental, due to the high
wave of the COVID-19 pandemic. But on many occasions, the delay is more deliberate, with interven-
tionists arguing against immediate definitive intervention due to difficulties associated with vascular
visualization during acute stages of hematoma. Despite the ongoing approach of either delayed or
immediate treatment, there still is insufficient evidence to provide definite recommendations.

In this section, we present the current evidence regarding immediate and delayed treatment of
bAVMs. Whilst there is currently a lack of studies comparing the two paradigm approaches, we have
summarized individual studies looking at either of the two approaches when feasible, with results
summarized in Table 1[6-15]. Traditionally, indications for emergency or immediate intervention of
ruptured bAVMs include patients with life-threatening hematoma and its associated mass effects,
deteriorating neurological status, and the presence of aneurysms[5,8]. In a state of emergency described
above, there is no ambiguity, and the decision for immediate evacuation or decompressive craniectomy
is clear. In conjunction with the emergency evacuation, extirpation of small superficial bAVMs is
typically performed. The question that remains is whether immediate resection or obliteration of the
bAVM is more beneficial in patients that do not have any life-threatening indications. Some experts
have stated that acute definitive management is required for a good outcome, arguing that treatment
delay require patients to recover twice, both from the hemorrhage and from the subsequent definitive
intervention[16]. Some centers have argued that early surgery can achieve better rebleeding protection,
reduce length-of-stay, and allow earlier initiation of rehabilitation.

On the other hand, arguments supporting delayed definitive treatment state that surgical
management of bAVMs should be performed following recovery of the brain from injury and to wait
for stabilization of the patient’s general condition. A highly variable rest period of 1-6 wk between
hemorrhage and definitive treatment is generally advocated in several literatures[4,15,17]. There are
several other issues associated with acute interventions such as secondary edema and challenging
visualization of compressed vessels, and therefore, delaying the intervention allows edema reduction
that is most pronounced in the early days post hemorrhage[5]. There are also concerning observations
regarding the hazardous consequences of early intervention, that have led to preventable neurological
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Table 1 Summary of the current evidence on delayed versus immediate treatment of ruptured brain arteriovenous malformations

bAVM . a—
. . Modality of definitive Number of Follow-up
Ref. Time from ictus (rupture) type and . Age Outcome . Result
treatments subjects period
SMG
Bartolomeo et 48 h;>48h -1V Surgery; multimodal 25 Mean age 38 mRS score 3moand1 Surgery after rest period is better, but early surgery seems
al[6], 2021 evacuation of hematoma and 45.55 yr reasonable for young patients
Mansur et al 48 h;>48 h -1V Targeted embolization; 32 acute; 284 Mean age of Change in mRS score and Mean 3.2+ Delayed curative treatment preferred. Acute targeted
[7], 2021 surgery; combination of non-acute acute: 32;non  clinical outcome/re-rupture 14yr embolization warranted for weak points
delayed therapy; observation acute: 284
Beecher et al Delayed only: Minimal 4 wk ~ N/A Radiation; surgery; 102 N/A Time to treatment failure (re-  Median 248 6 (5.8%) new hemorrhage. Authors in support of delaying
[8], 2017 post-hemorrhage embolization hemorrhage or neurological d treatment for at least weeks to allow for neurologic
decline) improvement prior to intervention
Bir et al[9], <24 h;24-48 h; > 48 h -1V Embolization; GK SRS; 78 Median age 45 Mean mRS grading Mean mo Significant difference in mean mRS: Group < 24h vs > 48h (
2016 microsurgical resection 4517 (1- P =0.01); Group 24-48 h vs > 48 h (P = 0.03)
223)
Todnem et al Immediate embolization -1V Embolization and SRS 16 Mean age 46.63 mRS score 454 2143  Improvement of mRS score and no recurrent hemorrhage
[10], 2019 (time not defined) followed combination yr mo
by delayed GK-SRS
van Rooijetal  Acute phase: Within10 d of ~ N/A Embolization with either coils 23 Mean age 42 yr  Obliteration status; 21 mo mean 1 death (following surgical evacuation of frontal
[11], 2012 ictus or Onyx hemorrhage recurrence; hematoma); 13 patients had complete obliteration; No new
mortality hemorrhage
Andreou etal ~ Median 2 wk after ictus Micro- Embolization 25 N/A Procedure-related complic- 6 mo 3 complications; 22 complete obliterations; 2 recurrences
[12], 2008 (range 1-28 wk) AVM; ations; obliteration status; re-
SMG N/A hemorrhage
Stemer et al Acute phaseMedian 4 d after I-VI Embolization (Onyx only) 21 Mean age 38 yr  Procedure-related complic- 7.5 mo 2 asymptomatic complications; 0 new hemorrhage; 7
[13], 2013 ictus(Range 8-75) ations; obliteration status; re-  mean complete obliterations after the first procedure; mean GOS
hemorrhage; GOS improvement from 4.0 on presentation to 4.4 after first
procedure
Pavesi et al Acute phase (within 6 d of I-I Radical AVM surgical removal 27 Mean age 41.3  GOS; rehemorrhage; mortality 22 mo mean 85% favorable functional outcome (GOS: good recovery -
[14], 2009 ictus) + hematoma evacuation yr moderate disability); 2 re-hemorrhages; 7.4% mortality
Kuhmonenet  Acute phase (within 4 d of 1-v Craniotomy and extirpation; 49 Mean age 32.8  GOS; mortality 2-3 mo More than half of the patients had a good functional

all[15], 2005

ictus)

ventricular drainage;
embolization

outcome; Mortality 12.2 %

bAVM: Brain arteriovenous malformation; GOS: Glasgow outcome scale; GK-SRS: Gamma-knife stereotactic radiation surgery; SMG: Spletzer-Martin Grade.
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deficits[5]. And finally, several unique conditions may place the patient as a candidate for delayed
definitive treatment, such as bAVMs in pregnancy that typically require delay of intervention until post-

gestation[18].
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Figure 4 Digital subtraction angiography images before and after the embolization procedure on the brain arteriovenous malformation at
approximately 3 mo post-ictus. The embolization procedure was performed on the left pericallosal artery using the Onyx 18 until the nidus and draining vein
can no longer be visualized. A: The nidus, before embolization (red arrow) on antero-posterior (top) and lateral (bottom) view of arterial phase; B: Complete
obliteration of the nidus after embolization on the arterial phase, antero-posterior (top) and lateral (bottom) view; C: The onyx cast visible through fluoroscopy, on
antero-posterior (top) and lateral (bottom) view, indicated with blue arrow.

DOI: 10.12998/wjcc.v11.i9.1992 Copyright ©The Author(s) 2023.

Figure 5 Follow-up computed tomography-scan revealed encephalomalacia of the parasagittal region at the left frontal and parietal lobes
with mild dilatation of the left lateral ventricle. A hyperdense blooming artefact is visualized due to the Onyx cast.

Despite the ongoing debate of early vs delayed definitive bAVM management, there remains a lack of
studies comparing the two approaches and its outcome, especially those performed in a single cohort.
The spontaneous supratentorial lobar intracerebral hematomas trial has demonstrated that relative to
early surgery, delayed hematoma surgery leads to deterioration. However, its sample population did
not include those with hematoma due to AVM associated bleeding[19].

In order to pave the way for more definitive recommendations on the management of AVM ruptures,
we propose that several urgent matters need to be addressed. Firstly, a clear consensus on the definition
of immediate and delayed definitive treatment in bAVM management is urgently needed. In other
words, when is a procedure considered immediate and when is it considered delayed? Most of the
included studies in this report had varying time frames of patient inclusion. Additionally, a systematic
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approach to this topic is still hindered by the complexity of the management of bAVMs. Until today,
intervention of ruptured bAVM is highly multidisciplinary, varies on a case-by-case basis, and is highly
dependent on the clinical status, the size and location of the bAVM and the feeding-drainage pattern.
This leads to the large heterogeneity in the literature of bAVM investigations. Current clinical trials on
bAVM is highly limited, with the largest known trial only focusing on unruptured bAVM (A
Randomized Trial of Unruptured Brain AVMs or the ARUBA trial)[20]. Even so, the trial continues to be
criticized due to methodological deficiences[21], only further emphasizing the complexity of bAVM
management and investigations into the management.

Outcomes of treatment success also needs to be more strictly defined. Commonly measured outcomes
include nidus obliteration (which requires additional radiographic evidence in the follow-up period),
hemorrhage recurrence, functional status or neurological sequelae, and mortality. A consensus on
defined parameters, in addition to a pre-defined length of follow-up will greatly assist in the
acquirement of homogenous data that is urgently needed to answer the current questions in regard to
which time approach is more superior, with an end goal of a clear treatment paradigm for ruptured
bAVM.

Recurrent hemorrhage itself is an important issue in bAVM management, and was shown to occur at
an annual rate of 33% for males and 10% for females[22]. Beecher et al[8] identified obesity as the main
predictor of AVM re-bleeding (P = 0.048). Meanwhile studies focusing on early intervention has
identified age as a factor that significantly affects outcome[15]. While it remains unclear whether late or
immediate approaches differ in re-hemorrhage rates, early intervention studies have claimed that the
approach minimizes complications from delayed venous occlusion and is more efficient as it does not
require multiple anesthetics or hospital admissions.

The decision to delay treatment may be supported by the difficulties associated with performing
gold-standard angiography in the hyperacute phase. To illustrate, in a cohort described by Andreou et al
[12], of all 25 patients with acute presentation of micro-bAVM ruputure, only 17 was diagnostic of the
AVM. In the acute phase, cerebral lumens undergo compression or destruction due to the surrounding
hematoma. Additionally, patients may also experience vascular thrombosis or spasm, further
complicating clear visualization of the lesion. Some other reasons include delayed cross-institutional
referral, need for additional diagnostic imaging, patient preference, or pregnancy][8].

A recent retrospective study has shown that delayed conclusive treatment yields more favorable
functional outcome[6], and that both approaches are influenced by different factors, wherein early
intervention is influenced by the ICH score, while the delayed intervention is influenced by the bAVM
microarchitecture as defined by the Spetzler-Martin grades. In said study, the mortality rate between the
early and delayed group was also significantly different, although this should be interpreted with
caution, due to the higher likelihood of high-risk emergency comorbidities accompanying cases of early
treatment. Another recent study comparing delayed vs acute approaches showed that delayed treatment
had significantly higher nidus obliteration rates and were less likely to require multiple treatments[7].
No significant difference was observed in the re-rupture rate or mortality. Interestingly, the study stated
that in patients with the acute targeted approach, it’s not the acute timing itself rather than the targeted
approach that provided a protective effect on the acutely managed patients.

Although this review has focused mainly on the timing of treatment, there has been some interesting
development of molecular investigations into bAVM pathomechanism using high-throughput next-
generation sequencing and pathway analysis, which may have future implications in the future person-
alized management of bAVM[23,24]. An example is the recent discovery on the importance of TGF- p
signaling in bAVM pathogenesis[24,25]. In the future, as more exploration into bAVM mechanism will
be needed to improve personalized management of bAVM.

To our knowledge, this is the first review to summarize the current literature on the topic of delayed
vs immediate definitive intervention for ruptured bAVMs. Clearly, unless a consensus is reached on the
questions raised above, heterogeneity will continue to exist, and a clear paradigm on the timing of
definitive treatment of bAVM will continue to be delayed.

CONCLUSION

In this case report and review, we illustrate a common scenario of a delayed approach to bAVM
definitive treatment using an endovascular approach. The current treatment paradigm of ruptured
bAVM remains elusive, with many interventionists favoring either a delayed or acute treatment
approach. There is substantial heterogeneity in the current literature, rendering it highly difficult to
determine which of the following time-based approach is more superior. We believe that a consensus on
the definition of acute vs delayed, the goal of management in ruptured bAVM, the follow-up length and
outcome parameters need to be determined in order to acquire homogenous data that can support the
formation of a clear treatment paradigm.
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Abstract

BACKGROUND

Ralstonia is a Gram-negative non-fermentative bacterium widespread in nature,
and includes four species, Ralstonia pickettii, Ralstonia solanacearum, Ralstonia
mannitolilytica, and Ralstonia insidiosa, which were proposed in 2003. Ralstonia is
mainly found in the external water environment, including municipal and
medical water purification systems. This bacterium has low toxicity and is a
conditional pathogen. It has been reported in recent years that infections due to
Ralstonia are increasing. Previous studies have shown that most cases of infection
are caused by Ralstonia pickettii, a few by Ralstonia mannitolilytica, and infections
caused by Ralstonia insidiosa are rare.

CASE SUMMARY

A 2-year-old Chinese child suffered from intermittent fever and cough for 20 d
and was admitted to hospital with bronchial pneumonia. Bronchoscopy and
alveolar lavage fluid culture confirmed Ralstonia insidiosa pneumonia. The
infection was well controlled after treatment with meropenem and azithromycin.

CONCLUSION
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Ralstonia infections are increasing, and we report a rare case of Ralstonia insidiosa infection in a
child. Clinicians should be vigilant about Ralstonia infections.

Key Words: Children; Infections; Ralstonia insidiosa; Pneumonia; Treatment; Case report

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Ralstonia is a rare type of conditionally pathogenic bacterium found in nature, and its infection
incidents have been increasing in recent years. We describe a 2-year-old male baby, who was diagnosed
with Ralstonia insidiosa infection after culture of alveolar lavage fluid. The infection was controlled with
a combination of two antibiotics. Our report adds to the case reports of rare Ralstonia insidiosa infections
and warns doctors to be aware of this rare infection.

Citation: Lin SZ, Qian MJ, Wang YW, Chen QD, Wang WQ, Li JY, Yang RT, Wang XY, Mu CY, Jiang K.
Children with infectious pneumonia caused by Ralstonia insidiosa: A case report. World J Clin Cases 2023; 11(9):
2002-2008
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INTRODUCTION

Ralstonia is a non-fermentative species widespread in nature, it is a Gram-negative bacterium, which
was first isolated in 1973 and incorporated into Burkholderia (Burkholderia pickettii and Burkholderia
solanacearum). The genus Ralstonia was named separately in 1995 by Yabuuchi et al[1], and it includes
Ralstonia pickettii, Ralstonia solanacearum, Ralstonia mannitolilytica, and Ralstonia insidiosa, which were
newly introduced in 2003[2]. Ralstonia reproduces in wet conditions and can survive long-term in harsh
environments, mainly in external water environments, including municipal water and medical water
purification systems[3,4]. Previous reports indicated that the bacterium was less virulent and was an
opportunistic pathogen. However, human infections with Ralstonia without exposure to a contaminated
solution are rare, thus the bacterium was not considered a major pathogen[5].

However, the incidence of Ralstonia infection is increasing in recent years. Previous studies have
shown that most cases of infection are caused by Ralstonia pickettii, and a few by Ralstonia mannitolilytica;
these pathogens can cause bloodstream infections, pneumonia, prostatitis, and many other diseases[6].
Ralstonia pickettii, has been isolated from various clinical specimens, such as sputum, blood, infected
wounds, urine, ears, nasal swabs, and cerebrospinal fluid[5].

Ralstonia insidiosa is a new species proposed in 2003[7], which is closest to Ralstonia pickettii, and it has
been reported to be isolated from the respiratory tract of patients with cystic fibrosis. In addition,
Ralstonia insidiosa has been detected in water distribution and laboratory-purified water systems[8].
However, due to the low incidence of this bacterium infection and insufficient clinical awareness,
reports of Ralstonia insidiosa infection are infrequent.

CASE PRESENTATION

Chief complaints
A boy aged 2 years and 6 mo presented with intermittent fever and cough for 20 d and attended
hospital on January 27, 2019.

History of present illness

The child had a fever without apparent cause which started 20 d previously. His fever was persistent,
with yellow-colored sputum but no blood-stained sputum. The clinical diagnosis was bronchial
pneumonia, and azithromycin, erythromycin and other drugs were administered for 19 d, and the effect
was not satisfactory. On admission, the child still had a fever, and cough with sputum.

History of past illness
The child had previously been physically fit. Family members denied contact with contaminated water
in the endemic area or history of surgery and invasive procedures.
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Personal and family history
The child was gravida 1, para 1, delivered by cesarean section at term, and had no history of related
infections, infectious diseases, or history of genetic diseases in the family.

Physical examination

The child’s weight was 16 kg, height 91 cm, admission temperature 39.6 °C, pulse rate 120 bpm, and
respiratory rate 28 breaths/min. He had good nutritional status, normal development, no rash on the
skin or mucous membranes throughout the body, no pharyngeal hyperemia, and no enlargement and
purulent discharge of tonsils, and superficial lymph nodes in the entire body were not palpable. Breath
was regular and orderly, breath sounds in both lungs were rough, and crackles could be heard. The
heart rhythm was aligned. Pericardial rub, additional heart sounds, and pathological murmur were not
heard on auscultation. The abdominal examination was normal. The liver, gallbladder and spleen were
not palpable, percussion pain in both kidney areas was negative, and neurological examination was
normal.

Laboratory examinations

On January 27, 2019, routine blood tests showed white blood cell count (WBC) 7.15 x 10°/L, neutrophil
(NEU) 59.90%, lymphocyte (LYM) 31.20%, monocyte (MON) ratio 8.50%, red blood cell count (RBC) 4.37
x 10%2/L, platelet (PLT) count 159 x 10°/L, abnormal LYM (YX) < 10%, and high-sensitivity C-reactive
protein (hs-CRP) < 0.50 mg/L.

On January 28, 2019, procalcitonin was < 0.1 ng/mL, immunoglobulin A 0.693 g/L, and complement
C3 0.720 g/L. No abnormalities were found in myocardial enzymes, liver and kidney function, and
various viral antibody tests. Tuberculosis antibodies, antinuclear antibodies, rheumatoid factor
detection and the anti-O test were normal.

On January 30, 2019, thyroid function tests showed T3 0.877 nmol/L, T4 52.92 nmol/L, free triiodo-
thyronine 2.39 pmol/L, free thyroxine 9.43 pmol/L, A-thrombopoietin 96.34 IU/mL, and A-
thyroglobulin 328.80 IU/mL.

On February 1, 2019, routine blood tests showed WBC 7.60 x 10°/L, NEU 45.80%, LYM 36.70%, MON
8.30%, RBC 4.45 x 10%/L, PLT 253 x 10°/L, and hs-CRP 11 mg/L, and D-dimer 932 ng/L. Fungal-D
glucan was higher than 162 pg/mL (normal values were < 100.5 pg/mL). No abnormalities in
tuberculosis-infected T cells and respiratory virus antibodies were detected.

On February 2, 2019, a blood culture was tested on the next day after admission, and the result was
negative on the 7* d.

On February 4, 2019, routine blood tests showed WBC 6.42 x 10°/L, NEU 38.64%, LYM 51.44%, MON
6.24%, RBC 4.20 x 10?/L, PLT 277 x 10°/L, and hs-CRP < 0.50 mg/L.

On February 7, 2019, routine blood tests showed WBC 6.61 x 10°/L, NEU 47.44%, LYM 39.34%, MON
8.04%, RBC 4.39 x 10?/L, PLT 272 x 10°/L, and hs-CRP < 0.50 mg/L.

According to the “National Clinical Laboratory Operating Procedures” compiled by the Department
of Medical Administration, Ministry of Health, China, The usual WBC count range is (4.0-10.0) x 10° the
normal value for the percentage of NEUs is 50%-70%, the normal value for the LYM percentage is 20%-
40%, the normal value of the percentage of monocytes is 3%-8%, the normal value of RBCs is (3.5-5.5) x
10"/L, the normal value of PLTs is (100-300) x 10°/L, the normal value for the hypersensitive CRP is 0-3
mg/L.

Imaging examinations
Computed tomography (CT) scanning of the lungs was performed, with the following findings.

On January 27, 2019, the texture of both lungs was enhanced, the bronchial vascular bundle was
thickened and disordered, multiple fuzzy cord shadows were seen, and the lower lobe of the right lung
showed patchy dense opacity, with smooth edges and an uneven internal density (Figure 1A).

On January 31, 2019, compared with the previous CT images on January 27, 2019, the density of the
lower lobe of the right lung had increased significantly, the edges were blurred, and an irregular cavity
was seen inside. A small amount of fluid was noted in the right thorax (Figure 1B).

FINAL DIAGNOSIS

The patient was eventually diagnosed with Ralstonia insidiosa pneumonia.

TREATMENT

The patient was started on conventional empirical medication with amoxicillin sodium-clavulanate
potassium 30 mg/kg 3 times daily and adenosine monophosphate 5 mg/kg once a day. On the third
day of admission, the child had increased fever and was given meropenem 20 mg/kg 3 times daily and
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Figure 1 Computed tomography images. A: Computed tomography (CT) images of the lungs in the child on the 19" d of infection onset and the day of
admission; B: CT scan of the lungs on day 4 after admission; C: CT scan of the lungs more than 1 mo after discharge.

immunoglobulin 1 g/kg once a day intravenously. Subsequently, meropenem 20 mg/kg was
administered 3 times daily combined with azithromycin 10 mg/kg once a day. Based on the timeline of
the onset of the infection, a chart of the child’s fever trend (Figure 2) and WBC count (Figure 3) was
prepared for comparison.

OUTCOME AND FOLLOW-UP

The child has been followed up, and no disease recurrence has been observed. A pulmonary CT
performed 42 d after discharge on March 21, 2019, showed texture enhancement in both lungs. The

lower lobe of the right lung showed patchy and cord-like high-density opacities with blurred edges
(Figure 1C).

DISCUSSION

With regard to Ralstonia infections, a review of previous literature showed that the majority of cases
were nosocomial infections, with evidence that Ralstonia enters the hospital environment primarily
through a contaminated water supply system[9]. Infections are primarily caused by contaminated
solutions, including blood products, sterile water, saline, respiratory therapeutic fluids[10-13], and that
the most common infected items are blood collection tubes, dialysis machines, and nebulizers, which
may eventually lead to different diseases such as bacteremia, sepsis, respiratory infections, and
pneumonia[14], with human infections unrelated to contaminated solutions being rare. Infections occur
predominantly in weak or immunosuppressed individuals, mainly in the elderly or neonates who are
immunocompromised.

The child in the present report was admitted to hospital with intermittent fever and cough for 20 d,
with no history of surgery or invasive procedures which excluded contact with medical devices such as
ventilators and dialysis machines. The child had a long course of the disease and received antibiotics for
19 d before admission to the hospital (exact dose was unknown). After admission, we ruled out febrile
illnesses such as tuberculosis, infectious mononucleosis, Kawasaki disease, rheumatic fever, and
epidemic hemorrhagic fever. Physical and chemical examinations showed lower values of immuno-
globulin A, complement C3, and serum T3 and T4, suggesting that the child was immunocompromised.
On admission, CT showed a patchy dense shadow in the lower lobe of the right lung. A blood culture
was tested on the next day after admission, and the result was negative on the 7* d. This also made the
diagnosis difficult. The child was initially considered to have lobar pneumonia and was given
amoxicillin sodium-clavulanate potassium, immunoglobulin, and meropenem as empirical treatment
against infection. The child’s condition did not improve, and a second CT scan showed a significant
increase in the hyperdense shadow in the lower lobe of the right lung and a small amount of pleural
effusion. The child was also tested for fungal-D glucan, which was higher than 162 mg/L. This also led
us to consider the possibility of specific flora infectious pneumonia and fungal pneumonia at the time of
diagnosis. As fungal pneumonia does not have characteristic imaging, bronchoalveolar lavage is used
for diagnosis[15]. During follow-up, the child underwent bronchoscopy, and an alveolar lavage fluid
culture was performed, which eventually confirmed the diagnosis of Ralstonia insidiosa infection based
on the lavage fluid culture results.

Reliable therapeutic data on Ralstonia insidiosa infection are lacking. Studies related to drug resistance
in Ralstonia insidiosa have shown that this bacterium is highly resistant to the aminoglycoside
gentamicin and the p-lactam antibiotic aztreonam, with different drug resistance to ticarcillin-clavulanic
acid mixtures[16]. Studies by Ryan and Adley[16] have shown that most Ralstonia strains are sensitive to
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Figure 2 The body temperature in the figure is the highest daily body temperature of the child.
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Figure 3 A chart of the child’s fever trend and white blood cell count. The usual white blood cell count range is (4.0-10.0) x 10%according to the
“National Clinical Laboratory Operating Procedures” compiled by the Department of Medical Administration, Ministry of Health, China.
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carbapenem antibiotics. All isolates were sensitive to quinolones (ciprofloxacin and ofloxacin),
tetracyclines (tetracycline and minocycline), cephalosporins (cefotaxime and ceftazidime), folate
pathway inhibitors (meperidine/sulfamethoxazole) and uropipexicillin broad-spectrum-lactam
antibiotics (piperacillin)[17]. Our patient, after 3 d of anti-infective treatment with azithromycin 10 mg/
kg once daily combined with meropenem 20 mg/kg three times daily prior to the diagnosis of Ralstonia
insidiosa infection, showed a significant reduction in fever and a significant improvement in clinical
signs. Therefore, this regimen was continued for 4 d after diagnosis and the infection eventually
improved and was controlled.

CONCLUSION

Ralstonia infections are becoming increasingly common in clinical practice. The reasons for this may be
associated with the massive clinical use and partial misuse of antibiotics, the insidious nature of the
bacterium, which is easily overlooked in the early stages of infection, and its multi-drug resistance,
which makes the infection difficult to control. Our report presents a rare case of childhood Ralstonia
insidiosa pneumonia. Clinicians should be vigilant about Ralstonia infections, especially in immunocom-
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promised patients and those with a history of invasive procedures such as ventilators and dialysis
machines.
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Abstract

BACKGROUND

Cerebral ischemic stroke is attributed to paradoxical cerebral embolism.
Pulmonary arteriovenous fistula (PAVF) is a rare potential cause of cerebral
ischemic stroke, and cerebral ischemic stroke induced by PAVF in children is rare.

CASE SUMMARY

We report a case of right PAVF that presented as a transient ischemic attack (T1A)
in a 13-year-old boy. The patient underwent embolization therapy and remained
clinically stable for 2 years after treatment.

CONCLUSION

TIA induced by PAVF in children is rare, lacks typical clinical manifestations, and
should not be ignored.

Key Words: Pulmonary arteriovenous fistula; Transient ischemic attack; Paradoxical
cerebral embolism; Children; Case report

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Pulmonary arteriovenous fistula (PAVF) is a rare potential cause of cerebral
ischemic stroke. Children with PAVF have atypical clinical presentations, and even
present with cerebral ischemic stroke or transient ischemic attack as the only clinical
finding. If a PAVF is suspected, we recommend that appropriate examinations should be
performed for early detection, and then active treatment and follow-up should be
offered.
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INTRODUCTION

Cases of cerebral ischemic stroke induced by pulmonary arteriovenous fistula (PAVF) are mostly
reported in adults, and are largely attributed to paradoxical cerebral embolism (PCE)[1-5]. Due to
congenital or acquired arteriovenous communications, PCE can be caused by emboli transferring from a
vein to an artery, or transferring from the right heart system to the left heart system. PCE is most
commonly induced via a patent foramen ovale (PFO)[6], and PAVF is a rare potential cause. Cerebral
ischemic stroke induced by PAVF in children is rare. We report the case of a 13-year-old boy with a
transient ischemic attack (TIA) induced via PAVF. We aim to bring attention to this rare cause of PCE
with the goal of decreasing the rate of missed diagnosis.

CASE PRESENTATION

Chief complaints
A 13-year-old boy was admitted to our hospital on September 2, 2020 due to intermittent dizziness for 2
d.

History of present illness

The patient presented with intermittent dizziness and bilateral limb weakness for 2 d. During the attack,
he fainted and then recovered spontaneously approximately 5 min later. He had no dyspnea, nausea,
vomiting, tinnitus, hearing loss, or convulsions.

History of past illness
The patient had a no previous medical history.

Personal and family history
The patient had no relevant personal or family history.

Physical examination
Physical examination showed no neurological or cardiorespiratory abnormalities. His vital signs were
stable.

Laboratory examinations
The results of laboratory examinations were normal.

Imaging examinations

Subsequent chest x-ray showed a mass shadow in the right upper lung (Figure 1). Cardiac color
ultrasound showed no obvious abnormalities and no PFO was seen. Cardiovascular computed
tomography (CT) angiography (CTA) showed that the right upper pulmonary artery (diameter 7.4 mm)
had expanded. Its branching vessels were thickened and twisted into an abnormal vascular nest with
direct reflux into the right upper pulmonary posterior vein, and the artery finally merged into the right
upper pulmonary vein (Figure 2). Brain magnetic resonance imaging and cerebral artery magnetic
resonance angiography showed no obvious abnormalities (Figure 3). Contrast-enhanced transcranial
Doppler (c-TCD) ultrasound was remarkable for a large right-to-left shunt (RLS) (Figure 4).

FINAL DIAGNOSIS
The patient was diagnosed with TIA and PAVF. TIA induced via PAVF was considered.
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Figure 1 Chest x-ray. A mass shadow in the right upper lung (red arrow).

DOI: 10.12998/wjcc.v11.i9.2009 Copyright ©The Author(s) 2023.

Figure 2 Cardiovascular computed tomography angiography. A and B: Representative images showing the abnormal vascular nest in the right upper
lung; C: Expansion of the right upper pulmonary artery with thickened and twisted branching vessels to form an abnormal vascular nest with direct reflux into the right
upper pulmonary posterior vein. The artery finally merged into the right upper pulmonary vein.

TREATMENT

The patient underwent embolization therapy of the PAVF under general anesthesia on the day 3 of
hospitalization. Intraoperative angiography showed that the PAVF originated from the right upper
pulmonary branch artery (Figure 5A and B), which was no longer detected after embolization with a
vascular plug (Figure 5C and D).

OUTCOME AND FOLLOW-UP

At the 10 mo postoperative follow-up, a chest x-ray showed that the position of the vascular plug was
stable (Figure 6A), and a CT scan showed that the PAVF had markedly shrunk (Figure 6B). At the 1 year
and 2 years postoperative follow-up points, the patient remained clinically stable without symptoms of
dizziness, limb weakness, or fainting.
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Figure 3 Brain magnetic resonance imaging and cerebral magnetic resonance angiography. A: Magnetic resonance imaging showed no obvious
abnormalities; B: Magnetic resonance angiography showed no obvious abnormalities.

DOI: 10.12998/wjcc.v11.i9.2009 Copyright ©The Author(s) 2023.

Figure 4 Contrast-enhanced transcranial Doppler ultrasound. Significant embolus signals appeared in the middle cerebral artery within 10 s after
Valsalva maneuver.

DOI: 10.12998/wjcc.v11.i9.2009 Copyright ©The Author(s) 2023.

Figure 5 Angiography and embolization treatment. A and B: Representative angiography images showing a pulmonary arteriovenous fistula (PAVF)
originating from the right upper pulmonary branch artery; C and D: Representative images showing the PAVF was no longer detected after embolization with a
vascular plug.

DISCUSSION

The presence of a RLS, which can result in paradoxical brain embolism, is an important etiology of
ischemic stroke especially in young adults. PFO and PAVF are the most important causes of RLS. TCD
ultrasound is currently reported to be a noninvasive and useful method for detecting RLS. The gold
standard for detecting RLS is contrast-enhanced transesophageal echocardiography. It is recommended
that these examinations be carried out immediately after onset of stroke[7]. A previous report showed
that the prevalence of PAVF is 0.026%[8], and TIA is a clinical manifestation of PAVF in up to 20% of
cases[1]. At present, it is believed that the risk factors for cerebral ischemic stroke in patients with PAVF
are as follows: (1) Feeding artery diameter > 3 mm; and (2) existence of multiple PAV malformations[9].
Whether patients with PAVF present with clinical manifestations depends on the level of the RLS. There
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Figure 6 Postoperative follow-up imaging. A: Chest x-ray showed that the position of the vascular plug was stable; B: Computed tomography showed that the
pulmonary arteriovenous fistula markedly shrank after embolization therapy.

are intrapulmonary and extrapulmonary manifestations in patients with PAVF. The intrapulmonary
manifestations include dyspnea after activity, dizziness, easy fatigability, and others[10-12]. Physical
examination may reveal cyanosis, clubbing of fingers or toes, or continuous chest murmur. Some
patients may only present with abnormal arterial blood gas analysis. The extrapulmonary manifest-
ations include migraine, TIA, ischemic stroke, brain abscess, epilepsy, and others[10-12].

Espejo-Herrero et al[1] reported a patient with TIA presenting with a short-term (30 min) right limb
paralysis, with subsequent pulmonary arteriography showing a PAVF. Pulmonary digital subtraction
angiography (DSA) is the gold standard for the diagnosis of PAVF, which can determine fistula size,
feeding artery, draining vein, and other conditions[10]. However, DSA is an invasive examination. As a
noninvasive procedure, CTA can not only show the lesions (even mild lesions) and the blood vessels
involved in PAVF, but can also accurately judge peripheral and complex PAVF anatomy, which is more
helpful in diagnosis[10]. At present, c-TCD is widely used for RLS screening, which can observe the
dynamics of emboli entering the intracranial arteries and the changes of cerebral blood flow in real time
[13]. In our case, c-TCD ultrasound revealed a large RLS, which was in line with the diagnosis of PAVF.

Most PAVFs will gradually enlarge and rarely shrink spontaneously, which may cause serious
complications. The mortality rate in untreated patients with PAVF is as high as 50%, which can be
reduced to 3% after treatment. It is currently recommended that active treatment should be pursued in
patients with symptomatic or asymptomatic PAVF if the lesion diameter exceeds 3 mm. PAVF
treatments mainly include surgery and interventional embolization, both of which can improve the
symptoms of hypoxia and prevent the occurrence of central nervous system complications[10,11]. Todo
et al[14] reported a patient with recurrent ischemic stroke caused by PAVF with a feeding artery
diameter of 1.80 mm, and embolic events were successfully prevented after fistula embolization. Our
patient was treated with interventional embolization of PAVF in our hospital. The patient had no
recurrent seizure or TIA symptoms for 2 years, further suggesting that recurrent TIA symptoms are
indeed associated with PAVF.

CONCLUSION

Although PAVF is a rare cause of abnormal embolism, it should not be ignored. Most patients with
PAVF have atypical clinical presentations, and can even present with cerebral ischemic stroke or TIA as
the only clinical finding. Therefore, in patients with cryptogenic stroke, especially children, appropriate
examinations should be performed to determine whether a PAVF may be present. If a PAVF is
discovered, active treatment and follow-up should be pursued.
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Abstract

BACKGROUND

Postherpetic neuralgia (PHN) is a typical neuropathic pain condition that appears
in the lesioned skin regions following the healing of shingles. The pain condition
tends to persist, which is often accompanied by negative emotions (e.g., anxiety
and depression) and substantially reduces the quality of life. In addition to
analgesia (e.g., pregabalin and gabapentin), nerve radiofrequency technology is an
effective treatment for intractable PHN. However, there is still a significant
portion of patients who do not benefit from this treatment. As a non-invasive
form of brain stimulation, repetitive transcranial magnetic stimulation (rTMS)
targeting the motor cortex is able to reduce neuropathic pain with grade A
evidence.

CASE SUMMARY

Here we report two cases in which motor cortex rTMS was used to treat
intractable PHN that did not respond to initial drug and radiofrequency
therapies. Moreover, we specifically investigated rTMS efficacy at 3 mo following
treatment.

CONCLUSION
Motor cortex rTMS can treat intractable PHN that did not respond to initial drug
and radiofrequency therapies.

2015 March 26,2023 | Volumel1l | Issue9 |


https://www.f6publishing.com
https://dx.doi.org/10.12998/wjcc.v11.i9.2015
mailto:yuliang0601@zju.edu.cn

Wang H et al. rTMS for treatment of PHN

Jaishideng®

Key Words: Post herpetic neuralgia; Repetitive transcranial magnetic stimulation; Radiofrequency; Case
report

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Postherpetic neuralgia (PHN) is a kind of refractory neuropathic pain, which seriously affects the
quality of life. Repetitive transcranial magnetic stimulation can be used as an effective complement to the
treatment of patients with refractory PHN.
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INTRODUCTION

Postherpetic neuralgia (PHN) is a typical neuropathic pain condition that appears in the lesioned skin
regions following the healing of shingles[1]. The pain condition tends to persist, which is often
accompanied by negative emotions (e.g., anxiety and depression) and substantially reduces the quality
of life[1]. In addition to analgesia (e.g., pregabalin and gabapentin), nerve radiofrequency technology is
a effective treatment for intractable PHNJ[2,3]. However, there is still a significant portion of patients
who do not benefit from this treatment.

As a non-invasive form of brain stimulation, repetitive transcranial magnetic stimulation (rTMS)
targeting the motor cortex (M1) is able to reduce neuropathic pain with grade A evidence[4]. Here we
report two cases in which motor cortex rTMS was used to treat intractable PHN that did not respond to
initial drug and radiofrequency therapies. Moreover, we specifically investigated rTMS efficacy at 3 mo
following treatment[4].

CASE PRESENTATION

Chief complaints
Case 1: A 65-year-old woman was admitted with persistent pain in the left chest and back (T5/T6) for 6
mo after herpes zoster.

Case 2: A 75-year-old woman was admitted with left lower back pain (T11/12) for 4 mo after herpes
zoster.

History of present illness

Case 1: The patient’s pain was characterized by persistent tingling and burning sensations, with a visual
analog scale (VAS) score of 8. She was prescribed pregabalin 150 mg bid, but she did not want to
continue increasing the dose of the drug because of the side effect of dizziness, and received a spinal
nerve radiofrequency surgery. However, there was no clear analgesia following these treatments.

Case 2: The patient was prescribed gabapentin 0.6 g tid. However, she had renal insufficiency so the
drug dose was not increased further, as well as a spinal nerve radiofrequency surgery. The patient
reported slight pain relief after treatment but still with a VAS score of 6.

History of past illness
Case 1: The patient claimed no history of past illness.

Case 2: The patient had a history of renal insufficiency for 5 years and was on drugs regularly.

Personal and family history
Neither patient had any relevant personal or family history.
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Physical examination
Physical examination of both patients revealed no abnormalities.

Laboratory examinations
Laboratory examination of both patients revealed no abnormalities.

Imaging examinations
Imaging examination of both patients revealed no abnormalities.

FINAL DIAGNOSIS

Cases 1and 2
PHN.

TREATMENT

Both patients provided written informed consent for rTMS treatment. r'TMS was delivered to the
contralateral motor cortex once daily for 10 consecutive days using an RT-50 stimulation system
connected to a figure-of-eight coil (Sichuan Junjian Wanfeng Medical Equipment Co.). Each rTMS
session delivered 3000 pulses at 10 Hz with 5-sec trains and 25-sec intervals at 100% resting motor
threshold. Patients were assessed at baseline, the fifth treatment, the end of treatment, and 2 wk, 1 mo,
and 3 mo after treatment. Clinical assessment included VAS, McGill Pain Questionnaire (McGill),
Pittsburgh Sleep Quality Index (PSQI), Hamilton Depression Scale (24 items), Hamilton Anxiety Scale
(17 items), Mini-mental State Examination (MMSE), and Perceived Deficits Questionnaire-Depression
(PDQ-D). Drug dose remained the same as that before this treatment.

OUTCOME AND FOLLOW-UP

Both patients demonstrated a promising analgesia effect, with pain experience changing from severe to
mild-to-moderate level (Figure 1). There was also a protect effect on negative emotions, especially in the
first case with an initial mild depressive symptom. We also observed a significant improvement in sleep
quality in both cases. More importantly, the protective effects of motor cortex rTMS lasted for 3 mo
following treatment (Figure 2).

DISCUSSION

Here we report two cases in which motor cortex rTMS was able to significantly reduce intractable PHN
that did respond to first-line drug and radiofrequency therapies. Drugs and radiofrequency therapies
are first-line treatments in clinical settings for PHN[5]. Our results indicated that motor cortex rTMS
could be considered when the pain become intractable and/or the patient does not seem to benefit from
regular drug and radiofrequency therapies. Some studies have shown that rTMS treatment is safe for
patients with PHN and has better efficacy at 10 Hz[6], which is the frequency that we chose for these
two patients. More importantly, our results indicated a long-term analgesic effect for 3 mo. Most
previous studies have shown that pain relief from neuroplasticity can last for several days, usually a
week to a month, after transcranial magnetic stimulation treatment[4]. This long-term 3-mo effect was
potentially associated with a relatively large dose of pulses in daily treatment[7]. Previous studies
tended to deliver approximately 1500 daily pulses whereby the number of pulses was doubled in these
two cases.

TMS is a non-invasive stimulation technique that produces analgesic effects similar to those of
invasive techniques by targeting rTMS to M1[8]. High-frequency rTMS delivered to M1 areas obtains
analgesic effects by modulating several distant brain regions involved in the processing or control of
nociceptive information. This pain relief can last for several weeks beyond the duration of stimulation,
especially during repetition, and may be related to the process of long-term synaptic plasticity[9]. rTMS
is now mainly used for the treatment of neuropathic pain and requires a trained physician or nurse to
perform this procedure, which is a technique that can be widely used. The most common side effects are
dizziness and scalp discomfort, which are transient and disappear after the treatment.

The mechanism of rTMS analgesia remains an open question. There is evidence that motor cortex
rTMS could drive top-down pain modulation[10]. In addition, motor cortex stimulation is also able to
activate cortical and subcortical regions (e.g., insular and cingulate cortex) involved in the processing of
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Figure 1 Case results. A: Case 1; B: Case 2. Motor cortex rTMS is able to reduce pain conditions, negative emotions, as well as sleep quality in two cases with
intractable postherpetic neuralgia when first-line drug and radiofrequency therapies had no clear benefits. VAS: Visual analogue scale; McGill: McGill Pain
Questionnaire; Depression: Hamilton Depression Scale (24 items); Anxiety: Hamilton Anxiety Scale (17 items); PDQ-D: Perceived Deficits Questionnaire-Depression;
MMSE: Mini-mental State Examination; PSQI: Pittsburgh Sleep Quality Index.

DOI: 10.12998/wjcc.v11.i9.2015 Copyright ©The Author(s) 2023.

Figure 2 A patient treated by repetitive transcranial magnetic stimulation.

affective-emotional aspects of pain[11]. In either case, cortical and/or subcortical responses to rTMS
may help explain the poor response to radiofrequency therapies, in which spinal nerves may not be well
damaged by the surgery or become recurrent following surgery.

We have also observed a promising effect on negative emotions in these two cases. This is in line with
the finding of a study that rTMS treatment had a significant effect on the whole brain functional
network in PHN patients with inhibited sensory-motor functions and improvements in mood, cognitive,
emotional, and memory functions[12]. rTMS has been approved by the United States Food and Drug
Administration to treat depression by targeting the dorsolateral prefrontal cortex. Recent studies have
also tried to manage comorbid pain and depression with rTMS in one setting[13]. In addition, we
provide an interesting finding that motor cortex rTMS is able to improve sleep quality in the two cases,
which has been rarely investigated compared to evidence on depression and neuropathic pain[14,15].

CONCLUSION

To conclude, we provide two cases in which motor cortex rTMS is able to reduce pain sensations in
intractable PHN when first-line drug and radiofrequency therapies had no clear benefits. These findings
need to be further validated in large, randomized controlled trials.
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Abstract

BACKGROUND

Small bowel adenocarcinomas (SBA) are rare malignancies with exceedingly low
survival rates, with different presentation in Crohn’s disease (CD). CD-induced
SBA poses diagnostic challenges given overlapping presentation with stricturing
CD and lack of diagnostics for early detection. Moreover, guidance is lacking on
the impact of recently approved therapeutics in CD on SBA management. Here,
we aim to highlight the future of CD-induced SBA management and discuss the
potential merit of balloon enteroscopy and genetic testing for earlier detection.

CASE SUMMARY

We report the case of a 60-year-old female with longstanding Crohn’s ileitis,
presenting with acute obstructive symptoms attributed to stricturing phenotype.
Her obstructive symptoms were refractory to intravenous (IV) steroids, with
further investigation via computed tomography enterography not providing
additional diagnostic yield. Ultimately, surgical resection revealed SBA in the
neoterminal ileum, with oncologic therapy plan created. However, this therapy
plan could not be initiated due to continued obstructive symptoms attributed to
active CD. Ultimately, infused biologic therapy was initiated, but her obstructive
symptoms continued to remain dependent on IV corticosteroids. Review of
diagnostics by a multidisciplinary care team suggested metastatic disease in the
peritoneum, lending to a shift in the goals of care to comfort.

CONCLUSION
With the diagnostic and therapeutic challenges of concurrent SBA and CD,
multidisciplinary care and algorithmic management can optimize outcomes.
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Core Tip: The prognosis of Crohn’s disease-induced small bowel adenocarcinomas (SBA) depends largely
on staging at diagnosis, with early detection resulting in potentially improved outcomes. A multidiscip-
linary approach with gastroenterology, colorectal surgery, and radiology is key to this early diagnosis.
Initially, a thorough family history can aid in decision-making with earlier intervention in those with
stricturing phenotype and suggestion of higher colorectal cancer risk or syndrome. If imaging shows
atypical features such as a mass, retrograde balloon enteroscopy should not be delayed. Finally, when
surgical resection is considered in strictures refractory to medical therapy, lymph node sampling can aid in
surgical staging of the SBA.

Citation: Karthikeyan S, Shen J, Keyashian K, Gubatan J. Small bowel adenocarcinoma in neoterminal ileum in
setting of stricturing Crohn’s disease: A case report and review of literature. World J Clin Cases 2023; 11(9):
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INTRODUCTION

Small bowel adenocarcinomas (SBA) are rare malignancy that originate from the epithelial lining of the
small intestine and progressively invade deeper layers of tissue. A systematic review and meta-analysis
[1] of eight studies comprising 7344 patients with Crohn’s disease (CD) estimated the standardized
incidence ratio of small bowel cancer to be 22.01. Risk factors for SBA include hereditary mutations,
celiac disease, and inflammatory bowel disease (IBD)[1-3]. More recent work suggests CD-induced SBA
may be a separate entity than de novo SBA, driven by mutations of different genes and presenting in
younger populations.

Patients with CD-induced SBA typically present with intermittent abdominal pain, weight loss, and
nausea, but delays in diagnosis result in 33% of patients presenting with an intestinal obstruction[4].
Diagnostic challenges arise given the similar presentation to fibrostenotic CD. Highly specific and
sensitive radiological methods can detect SBA but typically once it has caused an obstruction late in the
disease course, greatly diminishing prognosis[5]. The current mainstay approach for both SBA and
fibrostenotic CD remains surgical resection with histopathology.

CD-induced SBA is a rare phenomenon, and as the therapeutic landscape for CD expands, there
presents more opportunity for variation in phenotype, progression, and therapy. Here we present a case
of CD-induced SBA in a 60-year-old female with a history of Crohn’s ileitis refractory to intravenous
(IV) steroids and biologic therapy, presenting with neoterminal ileal obstructions and hepatic consol-
idation. Through a literature review of previous cases we investigate clinical features and prognostic
factors and subsequently propose the use of novel diagnostic techniques for early detection of
malignancy.

CASE PRESENTATION

Chief complaints
A 60-year-old female with a 30-year history of poorly controlled stricturing small bowel CD (Montreal
L1B2) presented with abdominal pain and nausea.

History of present illness
She was admitted with several weeks of increasing nausea and vomiting, abdominal pain, inability to
pass gas or stool. She denies fevers, chills, change in bowel movements, or hematochezia.

History of past illness

The patient was diagnosed with CD 30 years ago, managed largely with mesalamine and courses of
corticosteroids. About 15 years after her initial diagnosis, she presented with small bowel obstruction
and underwent an exploratory surgery with small bowel resection. She was subsequently treated with
corticosteroids with plans for biologic-based treatment which was cost-prohibitive. She was lost to
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follow-up until she presented more recently with recurrent obstructive symptoms.

Personal and family history
She denied family history of malignant tumors, including small and large bowel malignancy.

Physical examination

On physical exam, she was afebrile and well-developed, well-nourished. She was clearly uncomfortable
with distension. She had diffused abdominal tenderness without rebound or guarding. Her exam was
otherwise unremarkable.

Laboratory examinations

Initial labs most notable for an elevated fecal calprotectin 448 (normal < 50 mcg/mg) and normal C-
reactive protein. Stool tests (Clostridium difficile and gastrointestinal polymerase chain reaction (PCR)
were negative for infection.

Imaging examinations

The patient underwent a computed tomography (CT) enterography which demonstrated multifocal
stricturing, predominantly of the ileum, with progressive partial small bowel obstruction. There was no
clear intra-luminal or submucosal mass visualized in the small bowel (Figure 1). Given longstanding
untreated small bowel CD and elevated calprotectin, the presentation was concerning for small bowel
obstruction in the setting of mixed inflammatory and fibrostenotic strictures.

FINAL DIAGNOSIS

The final diagnosis was metastatic CD-SBA.

TREATMENT

Her case was managed in a multidisciplinary fashion, with input from gastroenterology, colorectal
surgery, and radiology. Despite IV corticosteroids, she continued to have obstructive symptoms and, ten
days later, the decision was made for a repeat ileocecectomy with end ileostomy. Histopathologic
examination of the background ileum showed severe chronic active ileitis with cryptitis (Figure 2)
consistent with active Crohn’s disease. Histopathologic examination of the resected ileocolic
anastomosis revealed a poorly-differentiated adenocarcinoma comprised of sheets of single malignant
cells with signet-ring morphology. Well-differentiated areas (tubules with small rigid lumina and
polarized tumor cell clusters without a distinct lumina) were also identified (Figure 3). The ileum
proximal to the tumor displayed a background of chronic active ileitis. Metastatic carcinoma was also
found in 6/235 lymph nodes. She was subsequently discharged home with outpatient follow-up.

The patient was readmitted with recurrent obstructive symptoms with CT imaging showing a partial
small bowel obstruction with a transition point in the proximal jejunum. The patient had a response to
IV methylprednisolone but had recurrence of symptoms after transitioning to oral prednisone. Her case
was discussed at a multidisciplinary conference, with a focus on risks and benefits of escalation to
biologic therapy. After shared decision-making, infliximab was initiated, and the patient obtained two
doses taken alongside IV solumedrol. She continues to remain dependent on IV corticosteroids.

OUTCOME AND FOLLOW-UP

Subsequent CT and positron emission tomography scan demonstrated metastatic hepatic involvement,
loculated ascites, and omental nodularity concerning for peritoneal carcinomatosis, and the focus of care
was transitioned to comfort measures only. Patient’s perspective was not available.

DISCUSSION

Neoplasms of the small bowel comprise 2.4%[6] of all gastrointestinal cancers and the rarity in
comparison to CRC is thought to be due to the fluid, alkaline and immunoglobulin A rich nature of the
small intestine[7]. SBA describes the malignant transformation of glandular epithelia and is the most
prevalent malignancy of the types of small intestine cancers[8]. The incidence of small bowel cancers in
the United States have risen from 1.18/100000 in 1973[3] to 2.5/100000 in 2021[9], and are 1.5 to 2 times
more common in males than females[9]. Known risk factors include consumption of alcohol, smoked

WJCC | https://www.wjgnet.com 2023 March 26,2023 | Volumell | Issue9 |



Karthikeyan S et al. Small bowel cancer and Crohn's disease

S |

DOI: 10.12998/wjcc.v11.i9.2021 Copyright ©The Author(s) 2023.

Figure 1 Computed tomography enterography demonstrating multifocal stricturing Crohn’s disease. A: Persistent areas of mucosal
hyperenhancement and segments of stricturing throughout the small bowel. This included an approximately 6.5 cm area of stricturing of the terminal ileum just
proximal to the ileocecal valve; B: Additional smaller segments of stricturing of the terminal ileum proximal to this measuring approximately 2.8 cm and 1.8 cm; C:
Additional more proximal 4.5 cm segment of stricturing. Possible short segments of stricturing of jejunum in the left hemiabdomen. No fistulas visualized.

DOi: 10.12998/wjcc.v11.i9.2021 Copyright ©The Author(s) 2023. ‘

Figure 2 Resected ileum with severe chronic active Crohn’s ileitis. The background ileum showed severe chronic active ileitis with cryptitis, crypt
abscess formation, fissuring ulceration (center), architectural distortion, pyloric metaplasia, and lymphoid aggregates (5 x objective magnification).
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foods and refined carbohydrates, a background of hereditary cancer syndromes including familial
adenomatous polyposis and hereditary nonpolyposis CRC or IBD[10]. SBA tends to localize to the
duodenum and jejunum, while a small percentage localize to the ileum[11]. This is in contrast to CD-
induced SBA, where the ileum is most commonly involved.

The prevalence of SBA is markedly higher in CD patients, at 1.15 per 1000 CD patients[12], A study
done by Yu et al[13] determined the standardized infection ratio (SIR) of SBA in CD to be 8.3, with the
SIR for stricturing CD being 14.7 per 100000 person years. The eight-fold increase in risk for SBA in a
background of CD warrants active surveillance methods and development of an effective algorithm for
the detection and diagnosis of SBA.

Recent work suggests major differences in the pathogenesis of de novo SBA and CD-induced SBA[8].
CD-induced SBA thought to be caused by a predisposed gastrointestinal environment of chronic inflam-
mation[14,15]. The environment increases permeability of carcinogens and promotes malabsorption of
anti-carcinogenic compounds[16]. Longstanding CD results in cycles of inflammation and scar tissue
formation, resulting in mutagenesis of genes implicated in tumor suppression and chromatin
remodeling leading to an increased risk of carcinogenesis. Molecular differences between de novo SBA
and CD-induced SBA indicate the implication of different carcinogenic pathways[15]. A prospective
analysis reveals CD-induced SBA is predominantly driven by mutations of CDKN2A /B, CASP8 and
ATRX[9].

There is little information directing management of the disease, resulting in many cases being treated
as an extrapolation from CRC due to overlap in the drivers of molecular pathogenesis and lack of
knowledge surrounding the progression of SBA[17]. The presentation is nonspecific lending to an
average delay in diagnosis of 6 to 12 mo. In light of this delay in diagnosis, SBA has a markedly
decreased 5-year survival rate at 34.9% and increase in prevalence, as opposed to the 51.5% 5 year
survival rate in CRC and decline in prevalence[18].

Risk factors
A prior study using the National Cancer Database[19] involving 493 patients with CD-associated SBA
and 2175 with sporadic SBA demonstrated that CD-associated SBA were more likely to present at a
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Figure 3 Small bowel adenocarcinoma in resected neoterminal ileum. A: Cross section of the ileum near the anastomosis, showing complete
effacement of the mucosa and infiltration of the underlying ileal wall by the adenocarcinoma (0.5 x objective magnification); B: Representative high-magnification view
of the poorly-differentiated adenocarcinoma, comprised of sheets of single malignant cells and cell clusters with signet ring morphology (40 x objective magnification);
C: Representative high-magnification view of a well-differentiated region of the adenocarcinoma, characterized by well-defined tubules with small, rigid lumina,
mimicking intestinal crypts, as well as tumor cells arranged in well-polarized clusters without distinct lumina (40 x objective magnification). Tumor was noted in 6/35
lymph nodes and showed serosal involvement and lymphovascular and perineural invasion. Immunohistochemistry revealed intact expression of DNA mismatch
proteins MLH1, MSH2, MSH6 and PMS2.
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younger age, have tumors located in the ileum, and have poorly differentiated tumors compared to
sporadic SBA. The typical age of diagnosis of de novo SBA is 60-69 years, whereas CD-induced SBA is 45-
55 years, with diagnosis of CD usually predating diagnosis of SBA by 20 years[20]. SBA is also more
likely to affect males (62.5%-80%)[21]. Family history of colorectal cancer (CRC) and potential cancer
syndromes are also important risk factors, highlighting the need for a thorough family history. In
addition, a prior multi-center case-control study[22] suggested that a prior small bowel resection and
prolonged salicylate treatment (> 2 years) were associated with decreased risk of SBA in CD.

In contrast to these known risk factors, our patient’s gender and age did not fit typical demographics
of CD-induced SBA and her symptoms were readily attributable to stricturing CD, signifying the need
to broaden conceptualizations regarding demographic trends. In addition she developed SBA despite
having a prior small bowel resection and being on long-term mesalamine therapy.

Diagnostics

The pathogenesis of CD-induced SBA suggests the prospect of genetic testing in refractory CD to
investigate potential risk factors for malignancy development. Advances in liquid biopsy allow for the
detection of tumor related markers through analysis of ctDNA, ¢fDNA and circulating tumor derived
endothelial cells in samples of biological fluids[23]. Recent work describes the merits of this method in
the detection and real time monitoring of CRC, allowing repeated temporal sampling for detection at
curable stages[24-26]. A study done by Zhong et al[27] found that mesenchymal cell marker vimentin
(M-CTC) in liquid biopsy directly correlated with tumor size, tumor, node and metastasis stage and
vascular invasion. Unfortunately, the cost of liquid biopsy[26] outweighs its feasibility as a screening
method, warranting discovery of affordable techniques that serve the same purpose for SBA.
Nevertheless, these techniques could be applied to high-risk phenotypes, such as stricturing CD.

Resection is an invasive process with several associated risks, posing the need to explore novel less
invasive diagnostic techniques. Currently CT and magnetic resonance enterography provide high
specificity and sensitivity in the detection of stricturing malignant lesions at lesions at 98% and 95%[28]
respectively. If a mass is seen on these imaging modalities, further diagnostics could be pursued.
However, the shortcomings of cross-sectional imaging include lack of ability to distinguish CD-related
stricturing from malignancy; neither of these methods can allow for examination of cellular morphology
like histopathology, which is why both methods must be combined for definitive diagnosis of
malignancy.

Independent of imaging finding of a mass, a method that is able to evaluate the investigate a
significant length of the gastrointestinal tract and the strictured area whilst allowing for biopsy, delivery
of therapy and tattooing the lesion as a marking for subsequent surgery double balloon enteroscopy
(DBE)[29]. DBE has a 85.9% positive rate of diagnosis opposed to the 72.9% of CT[30]. A case in 2021
was able to harness DBE to diagnose SBA presence and progression prior to surgery[31], allowing for
early confirmation of peritoneal dissemination via laparoscopy prior to resection.
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Survival and effect of biologics on disease progression

The mainstay treatment for SBA remains to be surgical resection of the primary tumor and loco-regional
lymph node resection. This may be accompanied with chemotherapy in between surgeries if multiple
surgeries are required to resect the mass. In the case that the final ileal loop is affected, an ileocecal or
right hemicolectomy with ligation of the ileocolic artery is recommended[14].

Patients with lymph node involvement have a 32% 5-year overall survival (OS) compared to the 52%
of patients without lymph node involvement[14]. Moreover, patients with over 75% lymph node
involvements had a 12% 5-year OS as opposed to 51% in patients with less than 75% lymph node
involvement[14]. 5-year OS for resected vs non resected tumors are 40-60% and 15-30% respectively[14].
Recent work has shown very minimal improvement in prognosis when adjuvant chemotherapy such as
fluoropyrimidine and oxaliplatin are used in conjunction with surgery for stage 3 disease[14]. However,
retrospective studies do indicate the efficacy of chemotherapy in non-surgically treated patients,
showing an OS of 12 mo vs 2 mo for chemotherapy treated and non-treated respectively[12]. Generally,
when chemotherapy is pursued, patients with concomitant IBD stop biologic treatments until the course
of chemotherapy is complete due to increased risk of carcinogenesis with immunosuppression[13].

Our patient was started on infliximab alongside IV steroids, prior to development of ascites and
metastatic hepatic involvement representative of peritoneal carcinomatosis. While there have been some
small studies that have correlated infliximab therapy to either development or rapid progression of
colorectal adenocarcinoma, larger studies show similar progression as a basline population[32-34].
Further larger studies can clarify the association between the usage of anti-TNF therapy and incidence
of malignancy to justify the merit of anti-TNF biologics to treat CD in patients with risk factors for small
bowel cancer progression or recurrence.

Multidisciplinary care

This case is unique regarding the patient’s demographics which challenge what is currently expected in
patients with CD induced SBA, making diagnosis difficult, especially when paired with insignificant
imaging. Our case highlights the need for multidisciplinary care for management of CD-induced SBA.
Medical gastroenterologists, colorectal surgeons, radiologist, specialized pathologists, and medical
oncologists are key elements of the team to expedite diagnosis and delineate treatment.

Proposal of a novel algorithm

Through this case, we propose an approach for earlier detection of SBA in CD patients. First, identi-
fication of a CRC risk or syndrome in the setting of stricturing ileal CD warrants evaluation of the
stricture DBE. Furthermore, symptomatic strictures unresponsive to therapy should head to surgery
early in the course of hospitalization. Finally, during the surgical approach, sampling of the lymph
nodes to understand the staging of SBA. These different stages should be approached in a multidiscip-
linary fashion.

Although this study provides insight into a novel presentation of CD induced SBA, this case report is
limited primarily by clinical follow up and sample size. While we provide one algorithm to treatment, a
prospective multicenter trial would be needed to validate the recommendations and conclusions made
in this study. Moreover, the limited clinical follow up may have skewed results.

CONCLUSION

Our case highlights the challenges of diagnosing and managing SBA in longstanding CD. It emphasizes
that the absence of an apparent mass on cross-sectional imaging in a patient with CD and bowel
obstruction does not rule out malignancy, underlining the importance of maintaining a broad differ-
ential diagnosis in patients with nonrefractory, obstructive CD. SBA is a recognized complication of CD.
Studies identifying clinical factors to risk stratify patients who will develop small bowel malignancy in
CD are lacking. Future studies are needed to explore strategies for early detection and prevention of
SBA among patients with CD.
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Abstract

BACKGROUND

The standard treatment for advanced T2 gastric cancer (GC) is laparoscopic or
surgical gastrectomy (either partial or total) and D2 lymphadenectomy. A novel
combined endoscopic and laparoscopic surgery (NCELS) has recently been
proposed as a better option for T2 GC. Here we describe two case studies demo-
nstrating the efficacy and safety of NCELS.

CASE SUMMARY

Two T2 GC cases were both resected by endoscopic submucosal dissection and
full-thickness resection and laparoscopic lymph nodes dissection. This method
has the advantage of being more precise and minimally invasive compared to
current methods. The treatment of these 2 patients was safe and effective with no
complications. These cases were followed up for nearly 4 years without recu-
rrence or metastasis.

CONCLUSION

This novel method provides a minimally invasive treatment option for T2 GC,
and its potential indications, effectiveness and safety needs to be further eva-
luated in controlled studies.

Key Words: Novel combined endoscopic and laparoscopic surgery; T2 gastric cancer;
Endoscopic submucosal dissection and full-thickness resection; Laparoscopic lymph nodes
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Core Tip: We propose a new method of combining endoscopic local lesion resection and laparoscopic
lymph node dissection for 2 cases of advanced T2 gastric cancer (GC). This new method has the
advantages of precision and being minimally invasive with similar outcomes as surgical resection. It is a
novel method providing a minimally invasive treatment option for T2 GC.

Citation: Dai JH, Qian F, Chen L, Xu SL, Feng XF, Wu HB, Chen Y, Peng ZH, Yu PW, Peng GY. Novel
combined endoscopic and laparoscopic surgery for advanced T2 gastric cancer: Two case reports. World J Clin
Cases 2023; 11(9): 2029-2035

URL: https://www.wjgnet.com/2307-8960/full/v11/i9/2029.htm

DOI: https://dx.doi.org/10.12998/wjcc.v11.i9.2029

INTRODUCTION

The standard treatment for advanced gastric cancer (GC) is laparoscopic or surgical gastrectomy (either
partial or total) and D2 lymphadenectomy[1]. Here, we report 2 cases indicating that endoscopic local
lesion resection combined with laparoscopic lymph node dissection may be an effective treatment for T2
GC. These cases included a 23-year-old male with a 2.0 cm x 2.0 cm T2 poorly differentiated gastric
antrum adenocarcinoma and a 54-year-old female with a 2.0 cm x 2.5 cm T2 poorly differentiated gastric
body adenocarcinoma. Both were resected by endoscopic submucosal dissection and full-thickness
resection (ESDFTR) and laparoscopic lymph node dissection with good postoperative recovery. This
method has the advantages of being more precise and minimally invasive compared to current
methods. With this in mind, its potential indications, effectiveness and safety need to be further
evaluated in controlled studies.

At present, partial or total gastrectomy is used in the minimally invasive treatment of advanced GC.
However, this procedure has the drawback that it destroys the normal anatomical structure of the
stomach seriously affecting its physiological function. It is often associated with substantial trauma,
slower recovery, a higher complication rate and decreased postoperative quality of life. With advances
in endoscopic resection technology, endoscopic submucosal dissection (ESD) or closed laparoscopic and
endoscopic cooperative surgery is increasingly applied for T1 early cancer[2]. Endoscopic full-thickness
resection technology can completely remove benign tumors of the muscularis propria[3]. For treatment
of T2 GC, we reported a novel combined endoscopic and laparoscopic surgery (NCELS) to resect local
lesions with ESDFTR (Figure 1) along with lymph node removal by laparoscope, which together
achieved complete resection of the lesion and thorough clearing of the lymph nodes. This procedure
also allowed preservation of the anatomical structure and physiological function of the stomach thereby
enhancing the postoperative quality of life of the patients.

CASE PRESENTATION

Chief complaints
A 23-year-old male and a 54-year-old female were admitted to our hospital with poorly differentiated
gastric adenocarcinoma.

Personal and family history
No specific medical history.

Laboratory examinations
Carcinoembryonic antigen (CEA) test values were in the normal range.

Imaging examinations

Gastroscopy revealed a 2.0 cm x 2.0 cm protuberant lesion on the greater curvature of the anterior wall
of the gastric antrum in the male patient (Figure 2) and a 2.0 cm X 2.5 cm 0-Ila + Ilc type lesion on the
greater curvature of the lower gastric body in the female patient (Figure 3). Pathological examination
showed poorly differentiated adenocarcinoma. Contrast-enhanced computed tomography (CT) of the
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Figure 1 Endoscopic submucosal dissection and full-thickness resection. A: T2 gastric cancer lesion; B: Submucosal injection on the lateral side of
the lesion; C: Endoscopic submucosal dissection; D: The circumferential full-thickness resection is performed at 0.5-1.0 cm lateral to the deep infiltration, and the
resected lesion is removed; E: Gastric wall wound after endoscopic submucosal dissection and full-thickness resection. The serosal defect is smaller than the
mucosal defect; F: The gastric wall wound is sutured by endoscope or laparoscope.

DOT: 10.12998/wjcc.v11.19.2029 Copyright ©The Author(s) 2023.

Figure 2 Case 1, minimally invasive endoscopic resection of T2 gastric cancer (endoscopic submucosal dissection and full-thickness
resection) and pathology. A and B: Protuberant lesion on the greater curvature of the anterior wall of the gastric antrum, about 2.0 cm x 2.0 cm. The resection
area was marked 1.5 cm outside the edge of the lesion, then endoscopic submucosal dissection (ESD) was performed along the outside of the marked point; C and
D: ESD circumferentially peeled to the submucosa, which was thinned and unclear, indicating that the lesion was deeply infiltrated (SM3 or T2). At 0.5-1.0 cm outside
the unclear portion of submucosa, the lesion was resected by ESD and full-thickness resection; E: Mucosal surface of resected lesion (3.2 cm x 3.5 cm); F: The
serosa of the resected lesion revealed that the area of the resected mucosa (normal mucosa and the mucosa with shallow infiltration) was significantly larger than
that of the serosa (location of deep infiltration); G and H: Poorly differentiated adenocarcinoma, infiltrating into the superficial layer of the muscularis propria (red box);
scale bar, 500 um; I: Inlmunohistochemical staining of cytokeratin expression at location of poorly differentiated adenocarcinoma.
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Figure 3 Case 2, minimally invasive endoscopic resection of T2 gastric cancer (endoscopic submucosal dissection and full-thickness
resection) and pathology. A and B: Lesion on the greater curvature of the lower gastric body, central ulcer, marginal eminence, about 2.0 cm x 2.5 cm. The
resection area was marked 1.5 cm outside the edge of the lesion, and endoscopic submucosal dissection (ESD) was performed along the outside of the marked
point. ESD circumferentially peeled to the submucosa, which was thinned and unclear, indicating that the lesion was deeply infiltrated (SM3 or T2); C and D: At 0.5-
1.0 cm outside the unclear portion of submucosa, the lesion was resected by ESD and full-thickness resection; E: Mucosal surface of resected lesion (3.8 cm x 4.0
cm); F: The serosa of the resected lesion showed that the area of the resected mucosa (normal mucosa and the mucosa with shallow infiltration) was significantly
larger than that of the serosa (location with deep infiltration); G and H: Poorly differentiated adenocarcinoma, containing signet ring cells, infiltrating into the superficial
layer of muscularis propria (red box); scale bar, 500 pm; I: Immunohistochemical staining of cytokeratin expression at location of poorly differentiated

adenocarcinoma.

JBaishideng®

abdomen showed that areas of the antrum and gastric body were slightly thickened. No metastasis to
the lymph nodes or other organs was observed on the chest and abdomen CT scans. Endoscopic
ultrasonography revealed invasion of the muscularis propria.

FINAL DIAGNOSIS

The clinical diagnosis in both cases was T2 GC without lymph node and other organ metastasis.
Postoperative pathological diagnosis was T2 GC for both cases.

TREATMENT

The patients were placed under general anesthesia with endotracheal intubation. The procedure
included four steps as follows:

Step 1: Determine the demarcation line. Magnifying endoscopy with narrow band imaging was used
to determine the demarcation line of the lesion. Marking was set to 1.5 cm outside the lesion.

Step 2: ESDFTR. After submucosal injection, the lesion was dissected by circumferential ESD until the
tumor infiltrated deeper (the submucosa was thin or unclear), then dental floss was used to traction the
lesion. A whole layer incision was performed at 0.5-1.0 cm lateral to the deep infiltration, followed by
circumferential full-thickness resection, and the resected lesion was removed.
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Figure 4 Novel combined endoscopic and laparoscopic surgery. A: Laparoscopic D2 lymphadenectomy can achieve skeletonization of common hepatic
artery, proper hepatic artery and splenic artery; B and C: Dissection of lymph nodes (red arrow) and omentum.

Step 3: Gastric wound suture and lymph node dissection. The gastric wound was sutured with an
endoscope or laparoscope. Then regional lymph nodes were radically dissected (Figure 4).

Step 4: Pathological examination. The resected gastric specimens and lymph nodes were patholo-
gically examined to determine the depth of invasion and lymph node metastasis.

OUTCOME AND FOLLOW-UP

The 2 cases were characterized as poorly differentiated adenocarcinoma, infiltrating into the superficial
layer of the muscularis propria. One case had negative lymph node metastasis, and the other case had
nerve infiltration. Postoperative pathological diagnosis was T2 GC for both cases.

The patients were discharged 8 d and 10 d after operation. No local or metastatic recurrence of lymph
nodes and organs were found in regular review of gastroscopy (Figure 5) and enhanced CT of the
abdomen within 4 years for the male patient and 3 years for the female patient following the operation.
CEA test values remained in the normal range. Their postoperative quality of life was good, with no
significant gastrointestinal symptoms, and they retained a normal diet and weight.

DISCUSSION

At present, there are two main techniques for minimally invasive treatment of GC: endoscopic resection
and laparoscopic radical resection. Both endoscopic and laparoscopic therapies have their own
advantages and limitations in the treatment of T2 GC. The advantages of endoscopic resection are that
the lesion can be observed under direct vision, the resection range of the lesion can be accurately
determined, the lesion can be completely removed, and the normal gastric anatomy and gastric
physiological function can be preserved, thus ensuring postoperative quality of life of the patient.
However, the limitations are that the lymph nodes cannot be cleared and the risk of lymph node
metastasis cannot be eliminated[4]. The advantage of laparoscopic surgery is that it can completely
remove the lesion and thoroughly clear the lymph nodes. However, because T2 cancers grow in the
lumen, the extent of the lesion cannot be accurately determined outside the gastric wall. Therefore,
laparoscopic surgery alone requires partial or total gastrectomy, which destroys the normal anatomical
structure of the stomach and affects the physiological function of the stomach, thus seriously affecting
postoperative quality of life of the patient, combined with a risk of local residue and recurrence[5,6].

T2 GC often has deep infiltration in the central part of the lesion, while the surrounding region is
shallow, with mucosal or submucosal infiltration. Using ESDFTR technology, submucosal dissection can
be used to completely remove the mucosal and submucosal infiltrating lesion, followed by full-thickness
resection to remove the lesion in the deep submucosa and muscularis propria, which can minimize the
damage to the gastric anatomical structure providing a more precise and minimally invasive treatment
option. In addition, laparoscopy is a more reliable procedure to seal the gastric wound. Furthermore, the
lymph nodes can be thoroughly cleared of metastatic tumor tissue. Therefore, the NCELS can both
provide a cure and be precise and minimally invasive. Compared with traditional surgery, NCELS for
T2 GC achieved complete resection of the lesion, thorough clearing of the lymph nodes and preser-
vation of the anatomical structure and physiological function of the stomach. It has the advantages of
less trauma, fewer complications, lower cost and better postoperative quality of life.
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Figure 5 Endoscopy images after endoscopic submucosal dissection and full-thickness resection. A: Case 1 endoscopy image after endoscopic
submucosal dissection and full-thickness resection (ESDFTR); B: Case 2 endoscopy image after ESDFTR.
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CONCLUSION

The novel method described here provides a minimally invasive treatment option for T2 GC. However,
the selection of standard indications, surgical methods, short-term and long-term complications, long-
term recurrence rate and prognosis still need further evaluation.
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Abstract

BACKGROUND

Acromicric dysplasia (AD) is a rare skeletal dysplasia. Its incidence is <
1/1000000, and only approximately 60 cases are reported worldwide. It is a
disease characterized by severe short stature, short hands and feet, facial
abnormalities, normal intelligence, and bone abnormalities. Unlike other skeletal
dysplasia, AD has a mild clinical phenotype, mainly characterized by short
stature. Extensive endocrine examination has not revealed a potential cause. The
clinical effect of growth hormone therapy is still uncertain.

CASE SUMMARY

We report a clinical phenotype of AD associated with mutations in the fibrillin 1 (
FBN1) (OMIM 102370) gene c.5183C>T (p. Alal728Val) in three people from a
Chinese family. A 4-year-old member of the family first visited the hospital
because of slow growth and short stature for 2 years, but no abnormalities were
found after a series of laboratory tests, echocardiography, pituitary magnetic
resonance imaging, and ophthalmological examination. Recombinant human
growth hormone (rthGH) was used to treat the patient for > 5 years. The efficacy of
rhGH was apparent in the first year of treatment; the height increased from -3.64
standard deviation score (SDS) to -2.88 SDS, while the efficacy weakened from the
second year. However, long-term follow-up is required to clarify the efficacy of
rhGH.

CONCLUSION

FBN1-related AD has genetic heterogeneity and/or clinical variability, which
brings challenges to the evaluation of clinical treatment. thGH is effective for
treatment of AD, but long-term follow-up is needed to clarify the effect.
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Core Tip: Acromicric dysplasia (AD) is a rare skeletal dysplasia, and its incidence is < 1 in 1000000. Here,
we report a clinical phenotype of AD associated with mutations in the fibrillin 1 (OMIM 102370) gene
c.5183C>T (p.Alal728Val) in three people from a Chinese family. A 4-year-old boy was treated with
recombinant human growth hormone (thGH) for > 5 years. The efficacy of thGH was clear in the first
year of treatment; his height increased from -3.64 standard deviation score (SDS) to -2.88 SDS, while the
efficacy weakened from the second year. However, long-term follow-up is required to clarify the efficacy
of thGH.
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INTRODUCTION

Geleophysic dysplasia (GD), acromicric dysplasia (AD), and Weill-Marchesani syndrome (WMS) are all
acrodysplasia syndromes caused by mutations in the fibrillin 1 (FBN1) gene. AD is a rare heterogeneous
skeletal dysplasia characterized by short stature, short hands and feet, stiff joints, thickened skin, facial
abnormalities, normal intelligence, and skeletal abnormalities, with a prevalence of <1 in 1000000[1-3].
Although these diseases are similar in physical features, each disease has its own unique clinical
phenotype. GD is characterized by happy facial features, progressive valvular heart disease, progressive
hepatomegaly, tracheal stenosis, and tiptoe gait. Although AD shows similar characteristics as GD, AD
usually does not manifest heart valve abnormalities, hepatomegaly, tracheal stenosis, or eye disease[4].
WMS is distinguished from AD by ocular abnormalities, including lens myopia, lens ectopia, glaucoma,
and spherical lenses. In contrast to the genetic heterogeneity of GD and WMS, AD is caused only by
mutations in FBN1 and is an autosomal dominant disorder[5]. Here, we report the clinical phenotype
and genetic characteristics of three cases of AD associated with a mutation in the FEN1 (OMIM 102370)
gene ¢.5183C>T (p. Ala1728Val) in a Chinese family, to enhance clinicians” understanding of the disease
and to share the experience of a young patient receiving long-term recombinant human growth
hormone (rhGH) therapy.

CASE PRESENTATION

Chief complaints
A 4-year-old boy presented with slow growth and short stature for 2 years.

History of present illness
Two years ago, the patient was found to have short stature, normal mental capacity, liver enlargement,
dyspnea, myopia, glaucoma, and other symptoms.

History of past illness
The patient was healthy in the past and had no history of skin, heart, lung, liver, kidney or eye diseases.

Personal and family history

The patient was born in Zhejiang Province of China, of Han nationality. The patient was the first birth of
the second pregnancy, born by cesarean section at 40 wk’ gestation, with a birth weight of 3500 g and
length of 50 cm, and without a history of birth trauma asphyxia at birth. In the family, the height of the
father was 140 cm [< -5 standard deviation score (SDS)][6] tall and the grandfather was 147 cm (< -4
SDS)[6] tall, the mother and grandmother were of normal height, and neither parents nor grandparents
were consanguineous (Figure 1).
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Figure 1 Pedigree map of the family.
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Physical examination
The patient was short (90.5 cm, < -3 SDS)[6], with low weight (12.5 kg, < -2 SDS)[6], round face, stubby
nose, forward-leaned nostrils, long eyelashes and thick lips (Figure 2).

Laboratory examinations

There were no obvious abnormalities in sex hormones, insulin-like growth factor (IGF)-1, IGF binding
protein-3, thyroid function, biochemistry, trace elements, routine blood tests, routine urine tests, growth
hormone challenge tests, cardiac ultrasound, pituitary-enhanced magnetic resonance imaging or
karyotyping (550 bands, G bands).

Imaging examinations
Radiography showed delayed bone age (2.4 years) (Figure 3A). Plain pelvic radiography showed a

beak-like femur head (Figure 3B), and the lumbar lateral radiograph showed lumbar lordosis
(Figure 3C).

Further diagnostic work-up

The patient, his father and grandfather all showed significant familial short stature. We suspected the
possibility of hereditary short stature and recommended that the patient, his parents and his
grandfather underwent whole-exome sequencing. On October 17, 2019, whole-exome sequencing of the
patient, his father and grandfather showed a mutation of the FBN1 gene (OMIM 102370) c.5183C>T (p.
Alal728Val), while whole-exome sequencing of the patient’s mother showed no abnormalities. The
pathogenicity criteria of the mutation according to the American College of Medical Genetics and
Genomics, and the pathogenicity rating was likely pathogenic[7].

FINAL DIAGNOSIS

Combined with the patient’s medical history, physical examination and whole-exome sequencing, the
final diagnosis was AD.

TREATMENT

Before whole-exome sequencing, the initial diagnosis was idiopathic short stature. From October 2016 to
October 2019, rhGH at a dose of 0.12-0.15 IU/kg/d was used to treat the patient. After whole-exome
sequencing, the final diagnosis was AD. Although the current case reports suggested that rhGH
treatment had limited benefits on the final height of the children, the parents requested to continue
rhGH treatment after informed consent was obtained. From October 2019 to present, rhGH at a dose of

0.15 IU/kg/d was used to treat the patient (it was suspended from July 2021 to February 2022)
(Figure 4).
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Figure 2 Distinctive facial features. A: Round face, stubby nose, forward-leaned nostrils and thick lips; B: Long eyelashes.
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Figure 3 Representative radiographic images. A: Delayed bone age; B: Beak-like femur head; C: Lumbar lordosis.
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OUTCOME AND FOLLOW-UP

The height at the beginning of treatment was 90.5 cm (-3.64 SDS), and the height after treatment in the
first year (October 2016 to September 2017) was 99.5 cm (-2.88 SDS). Thus, the annual growth rate
during the first year was 9.0 cm/year. The height after treatment in the second year (October 2017 to
September 2018) was 106 cm (-2.60 SDS); thus, the annual growth rate during the second year was 6.5
cm/year. The height after treatment in the third year (October 2018 to September 2019) was 110.5 cm (-
2.80 SDS); thus, the annual growth rate during the third year was 4.5 cm/year. The height after
treatment in the fourth year (October 2019 to September 2020) was 114.1 cm (-3.04 SDS); thus, the annual
growth rate during the fourth year was 3.6 cm/year. The height after treatment in the fifth year
(October 2020 to July 2021) was 117.1 cm (-3.09 SDS), yielding an annual growth rate during the fifth
year of 3.0 cm/year. Considering the poor efficacy, it is recommended to stop thGH treatment. After
stopping rhGH for 7 mo, the height was 118.5 cm (-3.17 SDS) in February 2022; thus, the annual growth
rate was 2.4 cm/year. The parents requested reuse of rhGH. Afterward, the height was 119.6 cm (-3.20
SDS) in June 2022 and 121.7 cm (-3.11 SDS) in October 2022, indicating an annual growth rate of 4.8 cm/
year. To date, the patient has been treated and followed up for 6 years (Figure 4). The efficacy of rhGH
treatment was clear in the first year, and the height increased from -3.64 SDS to -2.88 SDS. However, the
efficacy of the treatment weakened from the second year. At the request of the parents, the patients
would continue to be treated with rhGH and be followed up.

DISCUSSION

In 1986, Maroteaux et al[8] first described a novel type of osteodysplasia in six children with short
stature, short hands and feet, normal intelligence, mild facial deformities, and hand X-ray abnormalities.
They called the disease AD and could not clarify the cause further because of the limitations of the
genetic diagnostic technology at that time.
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Figure 4 Age and height curve. thGH: Recombinant human growth hormone; SD: Standard deviation.
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In 1991, Dietz et al[9] first identified the FBN1 gene as the causative gene of Marfan syndrome (MS).
In 2011, Le Goff et al[10] found that the FBN1 gene was associated with GD and AD autosomal
dominant inheritance, which showed the opposite phenotype of MS. Both AD and MS have FBN1 gene
mutations, so why do the two diseases have opposite phenotypes? Mutations in FBN1 leading to MS
exist throughout the entire length of the gene (mainly in exon regions 13, 15, 24-28, 32 and 43)[11], while
FBN1 mutations that result in AD are mainly limited to the hotspot regions of exons 41 and 42[5]. These
findings indicated that the clinical phenotype could be related to the type and location of the gene
variant.

In the 2015 revision of the classification of hereditary bone diseases, acral dysplasia included 10
diseases, among which the FBN1 gene mutation causes AD, GD, and WMS, and specific mutations in
the FBN1 gene have been found in AD, GD and WMS patients[1,4,12]. The FBN1 gene is located in the
long arm of human chromosome 15 (15q15-q21.1) and contains 66 exons, encoding a 2871-aa (350 kDa)
structural protein called fibrillin (FBN)1[13]. FBN1 consists of 47 epidermal growth factor-like domains
and seven transforming growth factor (TGF)-B1-binding-protein-like domains[14]. FBN1 is the only gene
associated with AD that is inherited in an autosomal dominant manner[5]. The FBN1 gene can
participate in the TGF- signaling pathway by regulating the bioavailability and local activity of TGF-8,
which is an important pathway for linear growth regulation. AD and GD2 (ADAMTSL2-negative) are
caused by TGF-B5 region heterozygous missense mutations in the FBN1 gene, and disruption of TGF-B
signaling is a common underlying mechanism in different types of patients with acrodysplasia[15].

In the present case, the patient’s father and grandfather all had mutations in the FBN1 gene
¢.5183C>T (p. Alal728Val). This gene mutation was first found in a GD patient with severe short stature
and cardiac involvement[10]. We reviewed three previously reported AD cases associated with
mutation of FBN1 (OMIM 102370) gene c.5183C>T (p.Ala1728Val). A Brazilian boy developed severe
dwarfism at the age of 10 years and 2 mo (-3.9 SDS). He was born with normal birth length, his mother
was short at 131cm (-5 SDS), while his father and brothers were normal in height. Physical examination
found that fingers and palms were short. His nose bridge was wide, the middle part of his nose was
prominent, his lips were thick, and he had obvious genu varus, but his gait was normal. No abnormality
was found in endocrine examination. The patient was diagnosed as idiopathic short stature and began
to receive rhGH treatment (50-66 mg/kg/d) according to experience, but the overall effect was poor
[15]. An African-American girl born in the United States was 107.5 cm (-4 SDS) tall at the age of 7 years.
She was born at 37 wk of gestation, with a birth length of only 43 cm (-2.3 SDS) and a birth weight of
2580 g (-0.9 SDS). The height of both parents was normal. The physical examination found that the
bridge of the nose was broad, and she had slight osteoporosis, thick lips, small hands and feet, but no
other abnormalities. Endocrine examination was normal, and bone age was delayed by about 2 years. At
the age of 8 years and 9 mo, recombinant IGF-1 was administered according to experience, and reached
a maximum dose of 90 mg/kg/d. The growth rate increased significantly. However, this growth
acceleration was confused with early puberty development at the age of 9 years and 1 mo. After the start
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of leuprorelin treatment, the growth rate decreased to 4-5 cm/year before treatment. Treatment with
recombinant IGF-1 was stopped at the age of 9 years and 4 mo[15]. A 5 years and 7 month old Chinese
boy was 100.3 cm tall (< -3 SDS). The birth length was 49 cm. His father was 148 cm tall (< -4 SDS). His
mother was 160 cm tall. Physical examination showed that the hands were wide and short, but there
was no joint stiffness, and there were no abnormality in cardiovascular, abdominal or endocrine
examination. The X-ray examination showed that the tubular bone of the hands were shortened and the
femoral head was beaked[13]. Although these cases had the same gene mutation site, the clinical
phenotypes varied. This site variant might be associated with the autosomal dominant AD (OMIM:
102370), GD (OMIM: 614185) and WMS (OMIM: 608328)[1]. In our case, the three patients showed
severe short stature as the main manifestation, and none of them had hepatomegaly, heart valve disease,
joint stiffness or eye disease. Meanwhile, the disease condition was milder compared with GD or WMS,
neither the quality of the study or quality of life was affected, and the adults are doing well in their
professions; thus, all the clinical conditions support the diagnosis of AD. The same mutation at the FBN1
gene locus could lead to a variety of different clinical phenotypes, and the discovery of multiple
phenotypes could help to conduct further research on the pathogenesis of the diseases.

GH therapy has not been widely used in patients with skeletal dysplasia because of genetic hetero-
geneity and/or clinical variability, which pose challenges in assessing treatment effectiveness. The
efficacy of GH in the treatment of AD is still unclear. Faivre et al[16] reported one case of AD given
rhGH treatment, but there was no significant effect on final height. Jin et al[17] found that a patient with
AD received rhGH treatment of 0.1 IU/kg/d for 3.5 years, and during treatment, his growth rate
remained at 5 cm/year, and his height was -2.23 SDS after 3.5 years. However, long-term follow-up is
needed to verify the effect of rhGH treatment. The effects of GH treatment in our present case were
similar to those in the patient just described. In our case, the patient’s height increased by 9.0 cm in the
first year of rhGH treatment, 6.5 cm in the second year, 4.5 cm in the third year, 3.6 cm in the fourth
year, and 3 cm in the fifth year. In the first year of treatment, the annual growth rate was 9.0 cm/year,
and the height increased from -3.64 SDS to -2.88 SDS, an increase of 0.76 SDS, suggesting that rhGH
therapy was effective[18]. In the patient's family, the height of the father was 140 cm (< -5 SDS) tall and
the grandfather was 147 cm (< -4 SDS) tall. In the first 5 years of treatment, the growth rate of the patient
remained at 5.3 cm/year, and the height increased from -3.64 SDS to -3.09 SDS. It seems that the
treatment had some effect, and the first year was the most significant. However, whether it would have
a positive effect on the final height remains unclear, and long-term follow-up observation is needed.

CONCLUSION

AD is a rare skeletal dysplasia and an autosomal dominant disease. FBN1 is the only gene related to AD.
FBN1-related acral dysplasia has genetic heterogeneity and/or clinical variability, which brings
challenges to the evaluation of clinical treatment. rhGH therapy appears to have some effect on growth,
but long-term follow-up is needed to clarify the effect.
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Abstract

BACKGROUND

Manubriosternal joint (MS]) disease is a rare cause of anterior chest pain but can
be a major sign of systemic arthritic involvement. In patients with ankylosing
spondylitis (AS), a type of systemic arthritis, chest pain can be due to MS]
involvement and can be improved by ultrasound-guided corticosteroid injection
into the joint.

CASE SUMMARY

A 64-year-old man visited our pain clinic complaining of anterior chest pain.
There were no abnormal findings on lateral sternum X-ray, but arthritic changes
in the MS] were observed on single-photon emission computed tomography-
computed tomography. We performed additional laboratory tests, and he was
finally diagnosed with AS. For pain relief, we performed ultrasound-guided intra-
articular (IA) corticosteroid injections into the MS]J. After the injections, his pain
nearly resolved.

CONCLUSION

For patients complaining of anterior chest pain, AS should be considered, and
single-photon emission computed tomography-computed tomography can be
helpful in diagnosis. In addition, ultrasound-guided IA corticosteroid injections
may be effective for pain relief.

Key Words: Ankylosing spondylitis; Anterior chest pain; Manubriosternal joint; Single-
photon emission computed tomography-computed tomography; Case report

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.
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Core Tip: Manubriosternal joint (MSJ) disease is a rare cause of anterior chest pain but can be a major sign
of systemic arthritic involvement. In patients with anterior chest pain, systemic arthritic diseases such as
ankylosing spondylitis should be considered but are difficult to diagnose. This report suggests that single-
photon emission computed tomography-computed tomography can be an effective diagnostic tool for
evaluating musculoskeletal causes of anterior chest pain, and this pain can be controlled by ultrasound-
guided intra-articular corticosteroid injections into the MSJ.

Citation: Choi MH, Yoon IY, Kim W1J. Ultrasound-guided intra-articular corticosteroid injection in a patient with
manubriosternal joint involvement of ankylosing spondylitis: A case report. World J Clin Cases 2023; 11(9): 2043-
2050

URL: https://www.wjgnet.com/2307-8960/full/v11/i9/2043.htm

DOI: https://dx.doi.org/10.12998/wjcc.v11.i9.2043

INTRODUCTION

Manubriosternal joint (MS]) disease is an often undetected cause of anterior chest pain[1]. Diagnosis is
difficult as it is based on exclusion of other causes[2]. Many diagnostic tools can be used to identify
diseases that cause anterior chest pain. Particularly, single-photon emission computed tomography-
computed tomography (SPECT-CT) can be helpful in differentiating the diagnosis due to musculo-
skeletal disorders such as arthritis.

Infection, trauma, crystal deposition disease, and inflammatory diseases such as ankylosing
spondylitis (AS) and rheumatic arthritis (RA) can cause arthritis of the MSJ[3]. Although these diseases
are often accompanied by systemic symptoms, in rare cases intermittent MSJ arthralgia can be a major
sign of arthritic involvement.

We report a case in which a patient with anterior chest pain as the main symptom was diagnosed
with AS through SPECT-CT, and the pain was relieved by ultrasound-guided intra-articular (IA)
corticosteroid injections.

CASE PRESENTATION

Chief complaints
A 64-year-old man (180 cm, 81 kg) visited our pain clinic with intermittent anterior chest pain lasting 6
mo.

History of present illness

The patient’s chest pain worsened when he engaged in exercises like pull-ups or changed position. This
pain affected his ability to work and perform activities of daily living. He also had mild back pain, but it
did not interfere with his daily activities and did not require treatment.

History of past illness

The patient had no history of trauma to his anterior chest. His symptoms worsened 3 mo prior to his
visit, based on which an orthopedic doctor prescribed non-steroidal anti-inflammatory drugs (NSAIDs)
and injected corticosteroids into the painful area. However, the pain did not improve.

Personal and family history
The patient had no family or personal history related to the symptom.

Physical examination
On physical examination, there was tenderness in the left anterior chest wall but no swelling or heat
sensation. There was no back tenderness.

Laboratory examinations
Blood tests including complete blood count, inflammatory markers (C-reactive protein, erythrocyte
sedimentation rate), blood biochemistry, and coagulation indices were within the normal ranges.

Imaging examinations
There were no abnormal findings on lateral sternum X-ray (Figure 1), but arthritic changes in the MSJ
were observed on SPECT-CT (Figure 2). In bone scintigraphy, there was no active inflammation in the
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Figure 1 Lateral sternum X-ray. The X-ray showed normal findings.
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sacroiliac joint (SIJ).

Further diagnostic workup

Rheumatoid factor, anti-cyclic citrullinated peptide antibody, uric acid, fluorescent anti-nuclear
antibody, and human leukocyte antigen-B27 tests were performed, and human leukocyte antigen-B27
was positive. SIJ pain provocation tests (distraction, thigh thrust, compression, Patrick, and Gaenslen)
and the Schober test were negative. X-rays of the lumbar spine and SIJ showed syndesmophytes and
sacroiliitis (Figure 3). Subsequent magnetic resonance imaging (MRI) of the SIJ revealed bilateral
sacroiliitis with active inflammation at the left SIJ (Figure 4).

FINAL DIAGNOSIS

According to the modified New York Classification Criteria, the patient was diagnosed with AS.

TREATMENT

Before visiting our clinic, the patient received NSAIDs and local corticosteroid injections, but the pain
did not improve significantly. Therefore, we performed ultrasound-guided IA corticosteroid injections
into the MSJ. In the supine position, we prepared the skin of the anterior chest wall aseptically. Then, a
12-Hz linear transducer ultrasound probe was placed parallel to the midsternum to identify the MSJ[4].
We inserted a 25 G needle using ultrasound guidance and injected 1 mL of 0.375% ropivacaine and 2.5
mg dexamethasone into the MS]J (Figure 5). With IA corticosteroid injection, we prescribed NSAIDs.

OUTCOME AND FOLLOW-UP

After 1 wk of treatment, the pain was significantly relieved, decreasing from Numeric Rating Scale
(NRS) 6 to NRS 3. Because the pain persisted after the injection, although it was relieved significantly,
we performed another ultrasound-guided IA corticosteroid injection. Two weeks after the second
injection, his symptoms improved from NRS 3 to NRS 2. However, the patient continued to experience
discomfort in his anterior chest and requested an additional injection. Two weeks after this third
injection, his pain had nearly resolved, and the patient did not revisit after the final injection. During
follow-up, we recommended continuing the prescribed medication.

DISCUSSION

This case report is an account of a patient who complained of localized pain in the anterior chest and
was diagnosed with AS on SPECT-CT. He experienced effective pain reduction after ultrasound-guided
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Figure 2 Bone scintigraphy and single-photon emission computed tomography-computed tomography of the manubriosternal joint. A:
Bone scintigraphy; B: Sagittal; C: Coronal; D: Axial images of single-photon emission computed tomography-computed tomography indicated arthritic change in the
manubriosternal joint. iv: Intravenous; RT: Right; LT: Left.
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IA corticosteroid injections.

It is important to identify life-threatening diseases in a patient with chest pain, although such pain is
benign in approximately 80% of cases, of which musculoskeletal chest pain accounts for almost 50% [5-
8]. Musculoskeletal chest pain can be caused by a variety of factors, grouped into three categories of
isolated musculoskeletal pain, rheumatic diseases, and non-rheumatic systemic causes. Even though
critical causes of anterior chest pain might be ruled out, various diseases should be considered for
differential diagnosis of benign anterior chest pain, such as costochondritis, Tietze syndrome (isolated
musculoskeletal pain), fibromyalgia, RA, AS, septic arthritis, psoriatic arthritis (rheumatic disease),
neoplasm, and osteoporotic fracture (non-rheumatic system causes)[9]. An MS] problem is a possible
cause of benign chest pains.

The MS] is a complex joint between the manubrium and the body of the sternum[1]. This secondary
cartilaginous joint (symphysis) may resemble a synovial joint susceptible to osteoarthritic degeneration,
as 30% of patients undergo fibrocartilage disk absorption. Primary MS] osteoarthritis (OA) has no
identifiable etiology; secondary OA results from RA, AS, psoriatic arthritis, or gout[10]. In most cases,
MSJ arthralgia due to secondary MSJ OA is accompanied by systemic symptoms, but it can be the main
sign of systemic arthritis[11,12]. Our patient did not complain of systemic symptoms including back
pain but only of anterior chest pain. Therefore, evaluation for systemic diseases should be considered
when a patient complains of MSJ arthralgia even if there are no other symptoms.

AS is a systemic disease that can cause secondary OA of the MS] and is a chronic inflammatory
disease that mainly affects axial joints[13]. Baek et al[14] reported clinical features of AS in Korean
patients, and chronic back pain was a presenting symptom in approximately 75% of AS patients. The
most frequently affected extraspinal joints in AS are the hips and shoulders and are involved at
presentation in up to 15% of cases. Other peripheral joint involvement presents in 10%-20% of patients.
The proportion of patients with enthesis involvement at disease onset is about 1.5%[14]. The most
characteristic clinical symptom of AS is inflammatory back pain. Pain and stiffness in the mid-thoracic
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Figure 3 X-rays of the lumbar spine and sacroiliac joints. A and B: Syndesmophytes and degenerative spondylosis were shown; A: Lateral view; B:
Anterior posterior (AP) view of the lumbar spine; C and D: Bilateral sacroiliitis was found; C: AP view of the left sacroiliac joint; D: AP view of right sacroiliitis.
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or cervical region may be the initial symptom instead of the more common presentations of AS[15]. On
the other hand, MS]J causing anterior chest pain is a rare presenting symptom[12,16]. In a retrospective
study performed in 275 patients with spondyloarthritis, 37% experienced spondyloarthritis-associated
chest pain[17]. However, anterior chest wall pain as the presenting symptom occurred in only 4%-6% of
cases[18]. For this reason, it is difficult to suspect AS in patients with anterior chest pain, and diagnosis
of AS can be delayed in patients with anterior chest pain.

The diagnosis of AS is based on radiologic evidence of sacroiliitis. Therefore, it may be essential to
evaluate SIJ in patients with AS. Various physical examination tests have been advocated as diagnostic
aids in patient with SIJ problems; however, reliability of SIJ provocation tests have been questioned[19,
20]. Although the patient in this case had no symptom related to SIJ and SIJ provocation tests were
negative, bilateral sacroiliitis was observed on MRI. Hence, if AS is suspected, imaging of SIJ should be
performed even if there is no abnormality on physical examinations.

SPECT-CT offers functional information about increased bone turnover in combination with morpho-
logical details[21]. The modality can detect not only metastatic lesions but also benign lesions such as
infective, inflammatory, or traumatic bony lesions[22]. The evidence base for the role of SPECT-CT in
benign musculoskeletal pathology is emerging, and several studies have revealed the clinical
significance of SPECT-CT in the diagnosis of benign musculoskeletal disease[23]. Some prospective
studies suggested the usefulness of SPECT-CT as a diagnostic tool for benign musculoskeletal diseases
[24,25]. In the present case, SPECT-CT revealed inflammatory arthritic change in the MS], although a
simple X-ray showed normal findings. Likewise, in a patient complaining of pain in the focal area that is
not easily determined with simple X-ray or other general imaging tests, SPECT-CT can be used as a
diagnostic method. Since there are many structures in the thorax that can produce musculoskeletal pain
such as the costoverterbral, sternocostal, costochondral, and MSJs, it is difficult to identify an exact
lesion in the thorax. Considering this, SPECT-CT can be useful in locating the precise lesion in patients
with musculoskeletal chest pain.

Opye et al[12] suggested anterior chest pain due to MS] involvement as a presenting symptom of AS
and MRI as a valuable diagnostic tool. MRI has been increasingly used as an imaging modality in
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Figure 4 Magnetic resonance imaging scans of sacroiliac joints showed bilateral sacroiliitis with active inflammation at the left sacroiliac

joint. A: T1-weighted image of sacroiliac joints, coronal view; B: T2-weighted image of sacroiliac joints, coronal view; C: T1-weighted image of sacroiliac joints, axial
view; D: T2-weighted image of sacroiliac joints, axial view.

DOI: 10.12998/wjcc.v11.i9.2043 Copyright ©The Author(s) 2023.

Figure 5 Ultrasound view of the manubriosternal joint. A: Manubriosternal joint view with a 12-Hz linear probe parallel to the midsternum; B: Ultrasound-
guided intra-articular corticosteroid injection into the manubriosternal joint. Arrowheads: Points at needle.

patients with AS because of its capacity to identify both active inflammation and chronic structural
changes in axial skeletal structures[26]. However, in patients with claustrophobia, pacemakers, or metal
implant, use of MRI is limited[27]. SPECT-CT can be an alternative to MRI in these cases.

Systemic drugs like NSAIDs are the primary treatment of AS, but IA corticosteroid injections into the
painful joint often satisfactorily ameliorate acute inflammatory pain[28]. Since the MS]J is a narrow space
and it can be difficult to inject a corticosteroid, IA corticosteroid injection into the joint space can be
performed more easily and accurately using ultrasound guidance. Therefore, in systemic diseases like
AS, when symptoms are limited to specific joints, ultrasound-guided IA corticosteroid injections may be
effective for pain relief.

CONCLUSION

Inflammatory arthritis including AS should be considered in patients complaining of anterior chest
pain, and SPECT-CT can be helpful in differential diagnosis. Ultrasound-guided IA corticosteroid
injections may be an effective treatment option.
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Abstract

BACKGROUND

Bacille Calmette-Guérin (BCG) instillation is recommended in patients with non-
muscle-invasive bladder cancer who have intermediate-risk and high-risk tumors.
However, granulomatous prostatitis is a rare complication induced by BCG
instillation, which can easily be misdiagnosed as prostate cancer. Here, we report
a case of granulomatous prostatitis that resembled prostate cancer.

CASE SUMMARY

A 64-year-old Chinese man with bladder cancer received BCG instillation. Three
days later, he stopped BCG instillation and received anti-infective therapy due to
the urinary tract infection. Three months after BCG restart, he had rising total
prostate-specific antigen (PSA) (9.14 ng/mL) and decreasing free PSA/total PSA
(0.09). T2-weighted images of magnetic resonance imaging (MRI) showed a 28
mm X 20 mm diffuse low signal abnormality in the right peripheral zone, which
was markedly hyperintense on high b-value diffusion-weighted MRI and
hypointense on apparent diffusion coefficient map images. Considering Prostate
Imaging Reporting and Data System score of 5 and possibility of prostate cancer, a
prostate biopsy was conducted. Histopathology showed typical features of
granulomatous prostatitis. The nucleic acid test for tuberculosis was positive. He
was finally diagnosed with BCG-induced granulomatous prostatitis. Thereafter,
he stopped BCG instillation and received anti-tuberculosis treatment. During 10
mo follow-up, he had no evidence of tumor recurrence or symptoms of
tuberculosis.

CONCLUSION

Temporarily elevated PSA and high followed by low signal abnormality on
diffusion-weighted MRI are important indicators of BCG-induced granulomatous
prostatitis.
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Core Tip: Granulomatous prostatitis is a rare complication of BCG instillation, which can easily be misdia-
gnosed as prostate cancer. Here, we report a 64-year-old Chinese man with BCG-induced granulomatous
prostatitis that resembles prostate cancer. Although histopathology remains the gold standard to accurately
differentiate between the two diagnoses, some clues such as temporarily elevated PSA levels and a high
signal followed by a low-signal abnormality on high b-value diffusion-weighted MRI are important
indicators of BCG-induced granulomatous prostatitis.

Citation: Yao Y, Ji JJ, Wang HY, Sun LJ, Zhang GM. Granulomatous prostatitis after bacille Calmette-Guérin
instillation resembles prostate carcinoma: A case report and review of the literature. World J Clin Cases 2023;
11(9): 2051-2059

URL: https://www.wjgnet.com/2307-8960/full/v11/i9/2051.htm

DOI: https://dx.doi.org/10.12998/wjcc.v11.i9.2051

INTRODUCTION

Bladder cancer is the tenth most common malignancy worldwide and the sixth most common
malignancy in men[1]. Approximately 75% of bladder cancer patients present with a disease confined to
the mucosa or submucosa, which is defined as non-muscleinvasive bladder cancer (NMIBC)[2].
Compared with muscleinvasive bladder cancer, NMIBC is associated with better long-term survival and
a lower risk of cancerspecific mortality[3,4]. Although transurethral resection of a bladder tumor
(TURBT) can completely eradicate NMIBC, the high variability in the 3-month recurrence rate indicates
that TURBT alone is inadequate[5]. Therefore, TURBT followed by intravesical chemotherapy or
intravesical immunotherapy with bacille Calmette-Guérin (BCG) is recommended as a standard
treatment for NMIBCJ6].

Mycobacterium BCG, the sole tuberculosis vaccine that was first administered to a newborn baby in
1921, has saved tens of millions of lives over the past century[7]. BCG generates immunity and,
therefore, has antitumor activity against tumors such as NMIBC[8]. BCG after TURBT was confirmed to
be superior to TURBT plus chemotherapy or TURBT alone for preventing a recurrence of NMIBC in
several recent meta-analyses[9-12]. A Cochrane systematic review also showed that mitomycin
intravesical chemotherapy was less effective than BCG instillation in reducing the recurrence rate of
NMIBC[13]. Therefore, intravesical BCG after TURBT is recommended in NMIBC patients with
intermediate-risk and high-risk tumors.

However, BCG instillation is associated with more local and systemic side effects than intravesical
chemotherapy, which may influence the treatment period[13,14]. Most patients only show mild local
complications such as cystitis, urination frequency, and macroscopic hematuria[14]. The incidence of
serious side effects is below 5% and nearly all cases can be treated effectively[15]. Only 1% of patients
had a BCG infection in a registry-based cohort analysis[16]. One study that included BCG infection cases
indicated that the top four sites of infection were the lungs, vascular tissue, the liver, and osteoarticular
tissue[17]. Several cases of BCG infection after BCG instillation have been reported recently[18-21].

Compared with sites of infection such as the lungs and liver, genitourinary BCG infection is not
common. Granulomatous prostatitis is a rare complication induced by BCG instillation and the exact
incidence is unknown. Besides specific granulomatous prostatitis, it may be secondary to infections,
surgery, associated to malacoplakia or to systemic granulomatous diseases such as sarcoidosis and
Wegener’s granulomatosis[22,23]. Several cases have reported that granulomatous prostatitis presents
as increased serum levels of prostate-specific antigen (PSA) and a node with an abnormal signal
detected by multiparametric prostate magnetic resonance imaging (MP-MRI). Furthermore, previous
cases involved nodular or diffusely firm enlargement on digital rectal examination, which was
suggestive of prostate cancer and only resulted in a diagnosis of granulomatous prostatitis after prostate
biopsy[24-27]. Here, we present a case of granulomatous prostatitis induced by BCG instillation and
describe how to differentiate between granulomatous prostatitis induced by BCG instillation and
prostate cancer.
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CASE PRESENTATION

Chief complaints

A 64-year-old Chinese man with weekly BCG instillation visited our center in January 2022 for routinely
examination of bladder cancer complaining of rising total PSA level (9.14 ng/mL) and decreasing free
PSA /total PSA (0.09) with no symptom.

History of present illness

The patient was diagnosed with high-grade NMIBC in March 2020 and scheduled for gemcitabine
intravesical chemotherapy. Owing to a pathologically T1G3 bladder carcinoma on histopathology,
TURBT was repeated 3 mo later. Cystoscopy showed necrosis attached to the surface of the scar, and
pathology suggested inflammatory necrosis with no tumor. Two months after the second TURBT,
weekly BCG instillations were recommended to replace the gemcitabine intravesical chemotherapy.
Three days after the first BCG instillation, the patient experienced fever up to 39 °C, gross hematuria,
lower abdomen pain, and perineal pain. The physical examination and scrotal B-ultrasound indicated
left hydrocele testis and epididymitis. Routine laboratory blood results indicated that total leukocyte
counts were elevated to 18.25 x 10°/ L with increasing neutrophil granulocyte count (10.62 x 10°/L) and
decreasing hemoglobin levels (114 g/L). In addition, urinary testing revealed pyuria, hematuria, and
bacteriuria. The patient was diagnosed with a urinary tract infection and received piperacillin and
tazobactam as anti-infective therapy for 6 d until his temperature returned to normal. His urinary
testing also became normal 1 wk later. He stopped BCG instillation and restarted gemcitabine
intravesical chemotherapy. Following the second TURBT, cystoscopies and urinary B-ultrasounds were
performed every 3 mo. The results showed no evidence of tumor recurrence. Sixteen months after the
second TURBT, BCG intravesical immunotherapy was restarted.

History of past illness
The patient had no history of tuberculosis.

Personal and family history
The patient and his family had no history of prostate cancer.

Physical examination
Digital rectal examination revealed a moderately enlarged, non-painful prostate gland with shallow
central sulcus and normal density.

Laboratory examinations
Laboratory tests revealed a rising serum total PSA level (9.14 ng/mL) and a decreasing serum ratio of
free PSA/total PSA (0.09).

Imaging examinations

MP-MRI was performed. Axial T2-weighted images showed a 28 mm x 20 mm low-signal, diffuse
abnormality in the right peripheral zone (Figure 1A). On diffusion-weighted MRI with a b-value at 1500,
the lesion was seen as a markedly hyperintense focus (Figure 1B), which was consistent with a lesion
with a Prostate Imaging Reporting and Data System (PI-RADS) score of 5, with hypointense signal on
an apparent diffusion coefficient map image (Figure 1C).

Further diagnostic work-up

Considering the increasing PSA results and abnormal focus in MP-MRI, the patient was primarily
diagnosed with prostate cancer. A transperineal prostate needle biopsy was conducted. Levofloxacin
was used as antibiotic prophylaxis. However, the histopathological findings showed benign prostate
tissue with typical features of granulomatous prostatitis with multinucleated giant cells, epithelioid
cells, fibroblasts, and infiltration lymphocytes (Figure 2). A nucleic acid test of tuberculosis was
subsequently performed and the result was positive (Ct = 37.18).

FINAL DIAGNOSIS

Based on the patient’s medical history, he was finally diagnosed with BCG-induced granulomatous
prostatitis.
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Figure 1 Multiparametric magnetic resonance imaging of the case patient. Axial T2-weighted images showed a 28 mm x 20 mm low-signal, diffuse
abnormality in the right peripheral zone (A). Diffusion-weighted magnetic resonance imaging with a b-value at 1500 showed hyperintense focus (B), with a
hypointense signal on an apparent diffusion coefficient map image (C).

bOI: 10.12998/wjcc.v11.i9.2051 Copyright ©The Author(s) 2023.
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Figure 2 Hematoxylin and eosin staining slide from the prostate biopsy shows benign prostate tissue with typical features of
granulomatous prostatitis with multinucleated giant cells, epithelioid cells, fibroblasts, and infiltration lymphocytes (magnification x400).

JBaishideng®

TREATMENT

Thereafter, he received isoniazid, rifapentine, levofloxacin, and ethambutol as anti-tuberculosis
treatment. The BCG instillation was stopped and replaced by epirubicin intravesical chemotherapy.

OUTCOME AND FOLLOW-UP

During a follow-up visit 10 mo after prostate biopsy, the patient had no evidence of tumor recurrence or
symptoms of tuberculosis.

DISCUSSION

BCG instillation is used as standard immunotherapy in bladder cancer. As for complications, a
tuberculosis infection in the urinary system is not common, as infection mostly occurs in the
parenchymatous organs such as the testis, penis, kidneys, and prostate[17]. In recent articles, granulo-
matous prostatitis has been reported to account for 3.5% of BCG infections[28], and occurs in 1.06% of
all bladder cancer patients who receive BCG instillation[29]. Most cases are asymptomatic and easily
misdiagnosed as prostate cancer. Therefore, we present a case of granulomatous prostatitis induced by
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BCG instillations in order to investigate useful strategies for the differential diagnosis of the condition.

In two recent cases, elevated PSA levels ranging from 6.1 ng/mL to 8.4 ng/mL in patients with
granulomatous prostatitis after BCG instillation[24,30]. In our patient, increasing total PSA levels and a
decreasing ratio of free PSA/total PSA was found, which complicated the differentiation between
prostate cancer and granulomatous prostatitis. Wang et al[31] discovered that half of all patients with
BCG-induced granulomatous prostatitis had elevated PSA, while the ratio of free PSA/total PSA
decreased to less than 0.16 in all patients. Although PSA has increased during immunotherapy for
bladder cancer in some studies, the PSA elevation has been self-limited, and only PSA elevations for
over 3 to 12 mo have led to recommendations for prostate biopsy[32,33]. Another study also reported
that 40% of bladder cancer patients had elevated PSA after intravesical BCG therapy, but the PSA
reverted to normal within 3 mo[34]. It seems that prostate biopsy should be delayed in these patients
while PSA is monitored. However, two patients whose PSA level was elevated after BCG instillations
were pathologically diagnosed with both granulomatous prostatitis and prostate cancer [26,27]. In an
epidemiological study, concomitant prostate cancer was reported in 35.9% of patients with granulo-
matous prostatitis[17]. In another article, prostate cancer detection after intravesical BCG occurred
frequently in patients with elevated PSA and a bladder tumor located far from the bladder neck[35].
These findings together suggest the need to develop patterns or curves of PSA levels after BCG
instillation that could be used to distinguish between granulomatous prostatitis and prostate cancer.
This strategy could reduce the frequency of unnecessary biopsies.

MP-MRI is widely used in the diagnosis of prostate cancer because it has good sensitivity for the
localization and detection of over International Society of Urological Pathology grade 2 carcinomas[36-
38]. With the inability to differentiate between granulomatous prostatitis and prostate cancer on
transrectal ultrasound[25], specific characteristics of BCG-induced granulomatous prostatitis on MP-
MRI have been proposed recently. In the case patient, an abnormal focus showed low signal in T2-
weighted images and an apparent diffusion coefficient in the peripheral zone, which has been reported
previously[24,26,27,31,39]. These characteristics could occur because the histology of granulomatous
prostatitis includes stromal infiltration of chronic inflammatory cells and extracellular fluid surrounding
the prostatic cells. However, both prostate cancer and granulomatous prostatitis present as destruction
of the prostate gland with weakened water diffusion capability, and this is visualized as lower apparent
diffusion coefficient values. The decreased signal intensity in T2-weighted images is also caused by the
decreased water content present in both prostate cancer and granulomatous prostatitis[39]. Moreover,
both BCG-related granulomatous prostatitis and prostate cancer mostly occurs in the peripheral zone of
the prostate, which creates challenges in diagnosis[40,41].

On high b-value diffusion-weighted MRI, the lesion of the case patient had a markedly hyperintense
focus with a PI-RADS version 2 score of 5. Several other studies support our finding of a PI-RADS
version 2 score of 5[24,31,41]. However, Gottlieb et al[39] reported five patients with granulomatous
prostatitis whose abnormalities on high b-value diffusion-weighted MRI were of low signal.
Matsushima et al[42] described computed-tomography-detected asymptomatic abnormalities in the
prostate after BCG therapy that naturally disappeared during the follow-up period. Similarly, one
patient was reported to have temporarily elevated PSA after BCG instillations. One article demonstrated
three different imaging patterns of BCG-related granulomatous prostatitis on MP-MRI, and all
hyperintense focus on diffusion-weighted MRI reverted to hypointense during the follow-up period
[40]. Therefore, we hypothesize that the signal on high b-value diffusion-weighted MRI is high in acute
BCG-related granulomatous prostatitis and low in chronic BCG-related granulomatous prostatitis.
Patients with a PI-RADS score of 3 or less on MRI should be recommended for a follow-up radiologic
examination instead of undergoing prostate biopsy[39]. In one patient, an abnormality with increased
fluorodeoxyglucose activity was detected by positron emission tomography computed tomography and
pathologically diagnosed as BCG-related granulomatous prostatitis[43]. In granulomatous prostatitis,
dynamic contrast-enhanced persistent time of prostate lesions on enhanced MRI was longer than that of
prostate cancer[44]. These discoveries provide new clues for differential diagnosis.

Granulomas are clusters of macrophages surrounded by a mononuclear leukocytes and plasma cells.
While the pathogenesis of BCG-related granulomatous prostatitis is uncertain, some evidence exists.
BCG instillation induces a massive increase in lymphocytes, especially in the proportion of CD4+ Th1
cells[45]; this increase is an inflammatory reaction to BCG in the bladder. Miyashita et al[46] and Butel et
al[47] noticed that BCG-related granulomatous prostatitis often radiated from close to the prostatic
urethra toward the gland periphery in a wedge-shaped area related to one or more duct systems. A
hypothesis was put forward that granulomatous prostatitis was caused by the intra-prostatic reflux of
urine contaminated with BCG in the bladder[48]. Therefore, hypersensitivity reactions to BCG antigens
from refluxed urine may cause infectious complications, including BCG-induced granulomatous
prostatitis[49,50]. Anatomically, ducts in the peripheral zone enter the urethra at less obtuse angles than
those from other zones and are likely to be more prone to refluxed urine and damage from potential
BCG infections[47]. This could explain why most granulomatous prostatitis occurs in the peripheral
zone. A multivariable regression analysis indicated that prostate volume and body mass index were
significant risk factors for BCG-induced granulomatous prostatitis[51]. Despite the low incidence of this
disease, the mechanisms and predictors of BCG-induced granulomatous prostatitis should be further
explored. And histological evaluation remains the gold standard to differentiate granulomatous
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prostatitis from prostate cancer.

BCG-induced granulomatous prostatitis and prostatic abscesses tend to be intermediate complic-
ations that mostly occur 4 wk from the last instillation, whereas testicular and epididymal tuberculosis
tend to be late complications (56 wk from the last instillation)[17]. However, our patient showed lower
urinary tract symptoms, urinary hydrocele testis, and epididymitis only 3 d after the first instillation.
Although he recovered after antibiotic treatment, we speculate that the BCG infection of the urogenital
system occurred after the first instillation. BCG instillation was stopped, and the patient received anti-
tuberculosis treatment after histopathological diagnosis with BCG-induced granulomatous prostatitis.
Most BCG-induced granulomatous prostatitis is asymptomatic and does not require treatment[26,31].
The 4-quinolones and antituberculotics including isoniazid, rifapentine, pyrazinamide, and ethambutol
are used in symptomatic BCG-induced granulomatous prostatitis and some BCG-induced prostatic
abscesses[25,30,52-54]. If anti-tuberculosis treatment is ineffective, surgery such as transurethral
resection of prostate is recommended[55]. The diagnosis and treatment of BCG-induced granulomatous
prostatitis requires further study.

CONCLUSION

Granulomatous prostatitis is a rare complication of BCG instillation that can easily be misdiagnosed as
prostate cancer. Although histopathology remains the gold standard to accurately differentiate between
the two diagnoses, some clues such as temporarily elevated PSA levels and a high signal followed by a
low-signal abnormality on high b-value diffusion-weighted MRI are important indicators of BCG-
induced granulomatous prostatitis. High-quality studies should be designed to improve the diagnosis
of BCG-induced granulomatous prostatitis.
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Abstract

BACKGROUND

Isolated capitate fractures are rare carpal fractures. Following high-energy
injuries, capitate fractures are usually associated with other carpal fractures or
ligament injuries. The management of capitate fractures depends on the fracture
pattern. Here, we report an unusual capitate fracture with a dorsal shearing
pattern and concomitant carpometacarpal dislocation, with a 6-year follow-up. To
the best of our knowledge, this fracture pattern and surgical management have
not been previously reported.

CASE SUMMARY

A 28-year-old man presented with left-hand volar tenderness and decreased grip
strength that persisted for one month after a traffic accident. Radiography showed
a distal capitate fracture with carpometacarpal joint incongruence. Computed
tomography (CT) revealed a distal capitate fracture with carpometacarpal joint
dislocation. The distal fragment was rotated by 90° in the sagittal plane, and an
oblique shearing fracture pattern was noted. Open reduction and internal fixation
(ORIF) with a locking plate were performed using the dorsal approach. The
imaging studies performed 3 mo and 6 years following surgery revealed a healed
fracture, and the Disabilities of the Arm, Shoulder, and Hand and visual analog
scale scores were significantly improved.
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CONCLUSION
CT can detect capitate fractures with dorsal shearing pattern and concomitant carpometacarpal
dislocation. ORIF using a locking plate are possible.

Key Words: Isolated capitate fracture; Carpometacarpal dislocation; Dorsal intercarpal ligament; Case report
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Core Tip: Isolated capitate fractures with distal fragment rotated by 90° in the sagittal plane, dorsal
shearing pattern and concomitant carpometacarpal dislocation have not been previously reported. Open
reduction and internal fixation with a locking plate using the dorsal approach are possible. Long term
radiological and clinical outcomes, including the Disabilities of the Arm, Shoulder, and Hand and visual
analog scale scores were improved significantly.

Citation: Lai CC, Fang HW, Chang CH, Pao JL, Chang CC, Chen YJ. Unusual capitate fracture with dorsal
shearing pattern and concomitant carpometacarpal dislocation with a 6-year follow-up: A case report. World J Clin
Cases 2023; 11(9): 2060-2066

URL: https://www.wjgnet.com/2307-8960/full/v11/i9/2060.htm
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INTRODUCTION

Capitate fractures are rare and usually associated with other carpal bone fractures or ligament injuries.
The reported incidence of these fractures is 0.42-4.9% of all adult carpal fractures[1-3]. The most
frequent injury mechanism is a fall on an outstretched hand. With a greater energy injury mechanism,
more neighboring structures may be injured. Greater arc perilunate fracture-dislocation is typically a
high-energy injury with several bone fractures, including the scaphoid, capitate, and triquetrum.
Scaphocapitate syndrome is a rare, greater arc fracture in which the proximal capitate fragment rotates
90°-180° in the sagittal plane[4,5]. The treatment of capitate fractures depends on the fracture pattern
and associated injuries. Short-arm cast immobilization is indicated for isolated non-displaced capitate
fractures. Displaced capitate fractures associated with injuries to neighboring structures, including
carpal fractures and ligament tears, require surgical treatment[5,6]. Isolated capitate fractures have
rarely been reported; when they have, fracture types have also been reported[5]. Most of these studies
were small case series[3,5]. In this study, we report a case of capitate fracture with dorsal shearing
fracture-dislocation of the distal pole that was treated using plate fixation. To our knowledge, this
fracture pattern and surgical management have not been previously reported.

CASE PRESENTATION

Chief complaints
A 28-year-old man presented with left-hand pain that persisted for one month after he was hit by a car
while riding a motorcycle.

History of present illness

Medical records were obtained and retrospectively examined after obtaining approval from the institu-
tional review board of our hospital. Multiple injuries were found, including a brain concussion, spleen
laceration, and left pelvic and femoral shaft fractures. The patient was taken to another hospital, where
he received treatment. One month after discharge, he visited our clinic because of pain in his left hand.

History of past illness
There was no history of past illness.

Personal and family history
There was no personal and family history.

Physical examination
During the physical examination, left carpal volar tenderness with decreased grip strength was noted.
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Figure 1 A fracture of the distal capitate with carpometacarpal joint dislocation is seen. A and B: Radiography; C and D: Computed tomography of

the left hand.
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Laboratory examinations
Blood test results were within normal limit.

Imaging examinations

Radiography of the left hand showed a distal capitate fracture with carpometacarpal joint incongruence
(Figure 1A and B). Computed tomography of the left hand revealed a distal capitate fracture with
carpometacarpal joint dislocation (Figure 1C and D).

FINAL DIAGNOSIS

The patient was diagnosed with capitate fracture with dorsal shearing pattern and concomitant
carpometacarpal dislocation of the left hand.

TREATMENT

The patient underwent surgical treatment after serial examinations. Under general anesthesia, he was
positioned supine with an arm table. Through a dorsal approach, a longitudinal skin incision was made
over the 3™ carpometacarpal joint, followed by blunt dissection. The extensor tendon was identified and
protected. The dorsal intercarpal ligament, distal fragment of the capitate fracture, and ruptured capsule
were identified. After removing fibrotic tissue, the distal fragment of the capitate fracture was rotated
by 90° in the sagittal plane, and an oblique shearing fracture pattern was observed. After reduction and
repair of the capsule, we fixed the fracture using Strut Plate 1.3 (DePuy Synthes, Paoli, PA, United
States), a mini-locking plate. The wound was closed in layer.

OUTCOME AND FOLLOW-UP

The patient was discharged three days after the operation. His hand was immobilized with a short-arm
splint for 2 wk. Finger active range of motion rehabilitation were allowed immediately after operation.
Wrist active range of motion and forearm rotation were allowed 2 wk postoperatively. Full weight-
bearing was allowed 4 wk postoperatively, and he returned to his electronic technician job. The 3-month
postoperative radiographs demonstrated appropriate plate and screw placement with no fracture site
collapse (Figure 2A and B). His grip strength increased, and the left carpal volar tenderness resolved.
The flexion/extension of the left wrist was comparable to that of the dominant right wrist (Figure 2C
and D). Radiography and computed tomography performed 6 years later revealed a healed fracture
with no avascular necrosis of the capitate (Figure 3). Figure 4 shows clinical photos of the left wrist six
years postoperatively. The flexion/extension of the left wrist and forearm rotation are comparable to
that of the dominant right wrist. Clinical outcomes were evaluated using the Disabilities of the Arm,
Shoulder and Hand (DASH) and visual analog scale (VAS) scores at 3 mo and 6 years postoperatively.
The DASH scores decreased from 45.0 to 18.3, while the VAS scores decreased from 3 to 0 at three
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Figure 2 The flexion/extension of the left wrist is comparable to that of the dominant right wrist. A and B: Radiography; C and D: Clinical photos
of the left wrist three months postoperatively. Appropriate plate and screw placement with no fracture site collapse is observed.

DOI: 10.12998/wjcc.v11.i9.2060 Copyright ©The Author(s) 2023.

Figure 3 A healed fracture with no avascular necrosis of the capitate is seen. A and B: Radiography; C and D: Computed tomography of the left hand
six years postoperatively.

months and six years postoperatively, respectively. No complications were noted in this patient.

DISCUSSION

Four common capitate fracture patterns have been described: Transverse pole, transverse body,
verticofrontal, and parasagittal[6]. Moran et al[5] reported the largest retrospective case series, which
included 53 patients classified into three groups: capitate body (including stellate comminuted, oblique
high and low, and transverse high and low), avulsion tip (including dorsal and volar tip avulsions), and
shear depression (including coronal shear and dorsal depression) fractures. In our study, the patient
presented with a dorsal shearing fracture of the distal pole with concomitant carpometacarpal
dislocation and fracture fragment rotated by 90° in the sagittal plane. To our knowledge, this is the first
such reported case. The common mechanism of injury is direct axial loading on the third metacarpal
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Figure 4 Clinical photos of the left wrist six years postoperatively. A and B: The flexion/extension of left wrist; C and D: Forearm rotation are
comparable to that of the dominant right wrist.

DOI: 10.12998/wjcc.v11.i9.2060 Copyright ©The Author(s) 2023.

Figure 5 The proposed mechanism of injury. The fragment is rotated by 90° because the dorsal intercarpal ligament blocks the proximal part of the fragment
and due to direct axial loading on the third metacarpal base with an extremely outstretched hand.

base with an outstretched hand. On the dorsal aspect, the dorsal intercarpal (DIC) and dorsal
radiocarpal ligaments provide stability to the carpal bones, including the scaphoid and lunate[7]. In our
study, the distal fragment of the capitate fracture was rotated by 90° in the sagittal plane with
carpometacarpal dislocation. The possible mechanisms of injury leading to a 90° rotated fragment were
blocking of the proximal part of the fragment by the DIC ligament and direct axial loading on the third
metacarpal base with an extremely outstretched hand (Figure 5). Michael et al[8] reported the in vivo
kinematics of the carpals during extreme wrist flexion and extension. In extreme extension, the capitate
extends more than the scaphoid and lunate. The pressure between the dorsal aspect of the capitate and
the DIC ligament also increases. As axial loading increases on the third metacarpal base, fracture-
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dislocation may occur.

The management of capitate fractures should be determined by the fracture location and concomitant
injuries. The treatment options include surgical and non-surgical treatments. Open reduction and
internal fixation with Kirschner wires or headless cannulated compression screws in displaced fractures
and fracture dislocations have been reported[2,5,9,10]. For rigid fixation, stability and early rehabil-
itation, we used a locking plate to fix the unique fracture pattern, and the fracture was healed at the final
follow-up. The most common complication after a capitate fracture is nonunion[3,5,6], with a reported
nonunion rate of 19.6%[11]. Other complications have also been reported, including nonunion followed
by avascular necrosis[12] and post-traumatic degenerative arthrosis of the mid-carpal joint[5]. In our
case, no complications occurred. For diagnosis, physical examinations and radiographic images of the
hand were important. If follow-up CT of the hand was available, the fracture pattern of capitate could
have been precisely assessed and the surgical plan could be adequately prepared. To avoid nonunion
complications, open reduction with rigid internal fixation with a locking plate could be an appropriate
approach.

CONCLUSION

An unusual capitate fracture with a dorsal shearing fracture and concomitant carpometacarpal
dislocation can be identified using computed tomography. Open reduction and internal fixation using
locking plates are possible.
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Abstract

BACKGROUND

The prevalence of female infertility between the ages of 25 and 44 is 3.5% to 16.7%
in developed countries and 6.9% to 9.3% in developing countries. This means that
infertility affects one in six couples and is recognized by the World Health
Organization as the fifth most serious global disability. The International
Committee for Monitoring Assisted Reproductive Technology reported that the
global total of babies born as a result of assisted reproductive technology
procedures and other advanced fertility treatments is more than 8 million.
Advancements in controlled ovarian hyperstimulation procedures led to crucial
accomplishments in human fertility treatments. The European Society for Human
Reproduction and Embryology guideline on ovarian stimulation gave us valuable
evidence-based recommendations to optimize ovarian stimulation in assisted
reproductive technology. Conventional ovarian stimulation protocols for in vitro
fertilization (IVF)-embryo transfer are based upon the administration of gonado-
tropins combined with gonadotropin-releasing hormone (GnRH) analogues,
either GnRH agonists (GnRHa) or antagonists. The development of ovarian cysts
requires the combination of GnRHa and gonadotropins for controlled ovarian
hyperstimulation. However, in rare cases patients may develop an ovarian hyper
response after administration of GnRHa alone.

CASE SUMMARY

Here, two case studies were conducted. In the first case, a 33-year-old female
diagnosed with polycystic ovary syndrome presented for her first IVF cycle at our
reproductive center. Fourteen days after triptorelin acetate was administrated
(day 18 of her menstrual cycle), bilateral ovaries presented polycystic manifest-
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ations. The patient was given 5000 IU of human chorionic gonadotropin. Twenty-two oocytes were
obtained, and eight embryos formed. Two blastospheres were transferred in the frozen-thawed
embryo transfer cycle, and the patient was impregnated. In the second case, a 37-year-old woman
presented to the reproductive center for her first donor IVF cycle. Fourteen days after GnRHa
administration, the transvaginal ultrasound revealed six follicles measuring 17-26 mm in the
bilateral ovaries. The patient was given 10000 IU of human chorionic gonadotropin. Three oocytes
were obtained, and three embryos formed. Two high-grade embryos were transferred in the
frozen-thawed embryo transfer cycle, and the patient was impregnated.

CONCLUSION

These two special cases provide valuable knowledge through our experience. We hypothesize that
oocyte retrieval can be an alternative to cycle cancellation in these conditions. Considering the
high progesterone level in most cases of this situation, we advocate freezing embryos after oocyte
retrieval rather than fresh embryo transfer.

Key Words: Gonadotropin-releasing hormone agonist; Ovarian hyperstimulation; In vitro fertilization; Live
birth; Infertility; Frozen-thawed embryo transfer; Human chorionic gonadotropin; Case report

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Gonadotropin-releasing hormone agonist (GnRHa) is administered in the ‘long protocol’
regimen for pituitary downregulation in vitro fertilization-embryo transfer. The development of ovarian
cysts requires gonadotropin administration after pituitary downregulation in the long protocol. However,
our cases presented an extremely special condition that a very small group of patients can develop called
ovarian hyperstimulation receiving GnRHa alone. It is extremely rare that both patients had a successful
egg retrieval during their first in vitro fertilization cycle and were impregnated. These cases provide some
experience for clinical judgment and a new insight into the possible mechanisms of GnRHa action without
gonadotropins.

Citation: Li M, Su P, Zhou LM. Live births from in vitro fertilization-embryo transfer following the administration
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INTRODUCTION

Gonadotropin-releasing hormone agonist (GnRHa) has been widely administered since the 1980s in the
“long protocol” regimen for pituitary downregulation[1-5]. It manifests pulsatile secretion in the
physiological state and has a self-priming effect. If it is given persistently, the pituitary will be inhibited.
Follicle-stimulating hormone (FSH), luteinizing hormone (LH), and estrogen levels decrease in a
response similar to menopause, and this occurrence is called “pituitary downregulation.” After 6-8 wk,
the effects of inhibition recover. The use of GnRHa in the long protocol effectively inhibits the preovu-
latory LH surge[6], which reportedly occurs in 20%-25% of in vitro fertilization (IVF) cycles[7]. Thus,
GnRHa can significantly reduce the preovulatory rate to 2%[8].

Generally, the development of ovarian cysts requires the administration of gonadotropins (Gn) after
pituitary downregulation in the long protocol. However, several case reports have presented an
extremely special condition where a patient developed ovarian hyperstimulation after receiving GnRHa
alone[9-12]. Only a small number of these cases underwent oocyte aspiration from the follicles in the
first cycle of IVF and had a successful pregnancy; our two cases were similar. However, our cases were
extremely rare because the eggs from both patients were retrieved during their first IVF cycle. The
patients both had successful pregnancies and delivered healthy babies. The results provided knowledge
based upon clinical experience that will inform clinical judgment and impart new insight into the
possible mechanisms of GnRHa action without Gn.
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CASE PRESENTATION

Chief complaints
Case 1: A 33-year-old female in our reproductive center was first referred to IVF because of polycystic
ovary syndrome (PCOS).

Case 2: A 37-year-old female presented to the reproductive center for her first donor IVF cycle.

History of present illness
Case 1: The patient had a 3-year history of secondary infertility. Her menstrual cycles were irregular,
and she was diagnosed with PCOS.

Case 2: The patient had an 8-year history of primary infertility. Her husband suffered from severe
hepatic disease, diabetes, and hypertension and was unable to discontinue the drugs affecting the
reproductive system. The patient’s menstrual cycles were irregular.

History of past illness
Case 1: The patient underwent many cycles of ovulation induction with different ovulation-stimulating
drugs but without conception.

Case 2: The patient underwent three ovulation induction cycles with donor intrauterine insemination
without conception.

Personal and family history
The patient’s family in both cases had no related diseases.

Physical examination
Case 1: The patient’s body mass index was 18.4 kg/m?. No abnormalities were found.

Case 2: The patient’s body mass index was 21.9 kg/m?. No abnormalities were found.

Laboratory examinations

Case 1: The patient’s husband’s seminal sample analysis finding was within the normal limits. The
patient’s basic hormonal profile was as follows: FSH of 8.17 mIU/mL (normal range: 4.00-15.00 mIU/
mL); LH of 5.12 mIU/mL (normal range: 4.00-30.00 mIU/mL); estradiol of 90.00 pg/mL (normal range:
15.16-127.81 pg/mL); progesterone of 0.67 ng/mL (normal range: 0-1.00 ng/mL); and testosterone of
40.88 ng/mL (normal range: 6.00-86.00 ng/mL).

Case 2: The seminal sample was from a donor. The patient’s basic hormonal profile was as follows: FSH
of 6.72 mIU/mL (normal range: 3.85-8.78 mIU/mL); LH of 4.04 mIU/mL (normal range: 2.12-10.89
mlU/mL); estradiol of 33.00 pg/mL (normal range: 95.00-433.00 pg/mL); and progesterone of 0.620 ng/
mL (normal range: 0.057-0.893 ng/mL).

Imaging examinations
Case 1: The ultrasound showed polycystic manifestations.

Case 2: The ultrasound showed that her antral follicle count was 12.

FINAL DIAGNOSIS
Case 1: Secondary infertility and PCOS.

Case 2: Primary infertility.

TREATMENT

Case 1: On day 18 of the patient’s menstrual cycle, daily treatment was started with 0.1 mg triptorelin
acetate (Decapeptyl; Ferring, Kiel, Germany). Fourteen days later, the patient complained of mild
abdominal distension. Her bilateral ovaries were surprisingly enlarged under ultrasonography and
contained approximately 15 follicles with a diameter of 18-22 mm and endometrial thickness of 10 mm.
The laboratory investigations showed estradiol levels of 5110.00 pg/mL and progesterone levels of 4.47
ng/mL. The patient received 5000 IU of human chorionic gonadotropin (HCG; Livzon, Guangzhou,
China). Oocyte retrieval was performed 36 h later, and 22 oocytes were obtained. Twenty oocytes were
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fertilized, and eight high-quality embryos were formed. All embryos were frozen because of the
elevated progesterone. Two blastospheres were transferred in the subsequent frozen-thawed embryo
transfer cycle (Tables 1 and 2).

Case 2: The patient was given 0.1 mg of triptorelin acetate (Decapeptyl; Ferring) daily from the mid-
luteal phase (day 20 of her menstrual cycle) for 14 d. The progesterone level increased to 7.13 ng/mL.
Fourteen days after GnRHa administration, the transvaginal ultrasound revealed six follicles measuring
17-26 mm in the bilateral ovaries. The endometrial thickness was 8 mm. Laboratory investigations
revealed an estradiol level of 2664.00 pg/mL, FSH of 2.29 U/L, LH of 1.38 U/L, and progesterone of
3.36 ng/mL. The patient did not feel abnormal. She decided to continue the IVF treatment after
communicating with her attending doctor. Then, she was given 10000 IU HCG (Livzon), and oocyte
retrieval was performed 36 h later. A total of three oocytes were retrieved and fertilized by IVF, which
underwent subsequent cleavage. The three embryos were frozen because of the high progesterone
levels. Two months later, the patient underwent a frozen-thawed embryo transfer cycle with estradiol
valerate tablets (Progynova; Schering, Berlin, Germany). After the endometrial thickness exceeded 8 mm
and serum estradiol concentration reached 268.00 pg/mL, two high-grade embryos were transferred
(Tables 3 and 4).

OUTCOME AND FOLLOW-UP

Case 1: The patient was impregnated. Her b-HCG concentration was 8897 mIU/mL 14 d after embryo
transfer. Two gestational sacs and fetal pulses were detected on ultrasound 14 d later. She gave birth to
two healthy babies weighing 1950 g and 3100 g at 37 wk of gestational age.

Case 2: The patient’s b-HCG concentration was 473.3 mIU/mL 14 d after embryo transfer. A single
gestational sac and fetal pulse were detected upon ultrasound at 7 wk. She gave birth to a full-term baby
at 39 wk of gestational age.

DISCUSSION

The conventional long protocol of ovarian stimulation for IVF-embryo transfer is based upon the
administration of exogenous Gn combined with GnRHa. The aim of using GnRHa is to prevent the
premature rise of LH due to positive feedback by the high serum concentration of estradiol[13-15]. The
use of GnRHa is associated with an increased incidence of functional ovarian cysts; this may be the
effect of the “flare-up” phenomenon of GnRHa. GnRHa can stimulate the pituitary gland and cause a
temporary increase in FSH, LH, and other sex hormones secreted by the ovaries[9]. This may cause the
formation of sporadic cysts (generally one or two). The cysts can be aspirated or ignored if the serum
hormones are normal.

However, a few reports have observed that ovarian hyperstimulation occurred following the use of
GnRHa alone in the long protocol[9-12]. These reports documented evidence of hyperstimulation and
extremely high estradiol levels after the administration of GnRHa. Park et al[16] reported a case of depot
preparation (3.75 mg) of tryptorelin without Gns induced ovarian multifollicular enlargement with a
high estradiol level and was followed by HCG administration and oocyte retrieval. Then, three embryos
were transferred to the recipient, but none resulted in pregnancy. For instance, Parinaud et al[17]
demonstrated that GnRHa-related cysts could be used to retrieve oocytes after HCG administration.
Subsequently, oocyte retrieval has been reported instead of cycle cancellation, and several cases of high-
quality embryo transfers and pregnancies were confirmed[11,18].

Ovarian hyperstimulation following the use of GnRHa without Gn is extremely rare. The
pathogenesis of this phenomenon remains controversial. Some reports have suggested that the
incidence is higher in older patients in which GnRHa was started in the follicular phase instead of the
mid-luteal phase[19]. Nevertheless, this phenomenon can also happen in younger patients[20].

Some researchers proposed that GnRHa may result in a transient “flare-up effect” on the pituitary,
and this surge triggers the development of primordial follicles. GnRHa are typically administered
during the mid-luteal phase in the conventional long protocol, which occurs approximately 1 wk after
ovulation. At this phase, the endogenous Gn levels are lowest, and the “flare-up” is least likely to
stimulate a new wave of follicular development. We hypothesized that some patient subgroups begin
follicular recruitment earlier than normal. Instead of inhibiting follicular development, they stimulate
waves of follicular development, which leads to a hyperstimulation state.

Furthermore, it appears that some follicles may become highly sensitive to short-term stimulation of
Gn caused by GnRHa. However, this hypothesis cannot explain why these “cysts” continue growing
without exogenous Gn stimulation for a prolonged period. An increase in serum FSH and LH concen-
trations within the first 48 h of GnRHa administration was demonstrated. A transient increase in
estradiol levels is also observed. However, continuous administration of GnRHa for 4 d results in
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Table 1 Protocol timeline for Case 1

Date Protocol

June 9, 2015 Triptorelin acetate 0.1 mg/d for 14 d
June 23, 2015 HCG 5000 IU im

June 25, 2015 Oocyte retrieval

June 28, 2015 D3 embryos frozen

June 30, 2015 D5 embryos frozen

August 31, 2015

Two blastospheres were transferred

HCG: Human chorionic gonadotropin.

Table 2 Hormone concentrations before and after treatment for Case 1

Hormone concentrations before treatment

Hormone concentrations after treatment

FSH in mIU/mL 8.17
LH in mIU/mL 5.15
E2 in pg/mL 90.00
Progesterone in ng/mL 0.67

8.68

517

5110.00

4.47

E2: Estradiol; FSH: Follicle-stimulating hormone; LH: Luteinizing hormone.

Table 3 Protocol timeline for Case 2

Date Protocol

March 28, 2015 Triptorelin acetate 0.1 mg/d for 14 d
March 12, 2015 HCG 10000 IU im

March 14, 2015 Oocyte retrieval

March 17, 2015 D3 embryos frozen

June 14, 2015 Two D3 embryos were transferred

HCG: Human chorionic gonadotropin.

Table 4 Hormone concentrations before and after treatment for Case 2

Hormone concentrations before treatment

Hormone concentrations after treatment

FSH in mIU/mL 6.72
LH in mIU/mL 4.04
E2 in pg/mL 33.00
Progesterone in ng/mL 0.62

2.29

1.38

2664.00

3.36

E2: Estradiol; FSH: Follicle-stimulating hormone; LH: Luteinizing hormone.

decreased serum estradiol levels. Nevertheless, estradiol production by these “cysts” continues, and
their growth persists. It may be possible that these cysts exert the “flare-up effect” at a later time and can
stimulate ovarian hyperstimulation from the initial Gn concentration. It may also result from the

increased sensitivity of ovarian follicles to circulating Gn.

Another possibility is that pituitary desensitization takes longer than 14 d in some women following
the long protocol. Therefore, the circulating sex hormone concentrations may not have decreased to
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“hypophysectomized” levels. We have observed the presence of “functional cysts” and continuously
increased levels of FSH, LH, or estradiol in some patients during GnRHa administration. It is likely that
the circulating Gn levels do not decrease. Instead, circulating Gn levels increase and generate self-
feedback, which results in ovarian hyperstimulation.

It has also been hypothesized that GnRHa may directly affect the ovaries and steroidogenesis. This
theory is based on the observations of GnRHa receptors on the ovary and GnRHa-induced steroido-
genesis in cultured human granulosa cells[17]. However, there is no definitive evidence of direct action
of GnRHa on the ovary.

The procedure presented in our report suggests that ovarian hyperstimulation following the adminis-
tration of GnRHa without Gn may tend to occur in patients with PCOS. A previous study analyzed the
nucleotide mutations of the LH and LHR genes in PCOS patients and found that LHp TC and CC
genotypes were closely related to the risk of PCOS, indicating that variants of these genes may affect the
metabolic pathways of PCOS[21]. These variant genotypes likely cause abnormal responses to GnRHa.
Both patients began downregulation in the mid-luteal phase without receiving an oral contraceptive pill
pretreatment. GnRHa administration during the luteal phase may have the advantage of yielding more
follicles because LH-stimulated androgen production and circulating androgen levels are more
effectively suppressed throughout folliculogenesis[22].

Most previous reports are of cases that resulted in no pregnancies. Researchers have hypothesized
that the aberrant rise in serum estradiol after GnRHa administration may cause imperfect pituitary
suppression, with subsequent effects on oocyte and embryo quality[23]. However, there are reports of
live births following administration of GnRHa without Gn, like in our cases. Therefore, it is possible that
these patients can achieve a positive outcome after optimal management. Instead of cycle cancellation,
oocyte retrieval can be an acceptable choice for these patients. Our two cases successfully underwent
oocyte retrieval, and high-quality embryos were obtained after administration of HCG at the proper
time. It was appropriate to undertake embryo cryopreservation, considering the presence of high
progesterone and impaired endometrial receptivity.

CONCLUSION

Ovarian hyperstimulation following the administration of GnRHa without Gn can occur, though the
mechanism is still unclear. This report may provide new insights into the possible mechanisms of
GnRHa and indicated that oocyte retrieval can be an alternative to cycle cancellation in the appropriate
conditions. The optimal and standard management of this condition is still unclear because of the
paucity of data. Considering the high progesterone level in most cases of this situation, we advocate
freezing embryos after oocyte retrieval rather than fresh embryo transfer.
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Abstract

BACKGROUND

Infarction of the conus medullaris is a rare form of spinal cord infarction. The first
symptom is usually acute non-characteristic lumbar pain, followed by lower limb
pain, saddle numbness, fecal incontinence, and sexual dysfunction. Spontaneous
conus infarction with "snake-eye appearance" on magnetic resonance imaging has
rarely been reported.

CASE SUMMARY

We report a 79-year-old male patient with spontaneous conus infarction who had
acute lower extremity pain and dysuria as the first symptoms. He did not have
any recent history of aortic surgery and trauma. Magnetic resonance imaging
revealed a rare "snake-eye appearance." In addition, we reviewed the literature on
23 similar cases and summarized the clinical features and magnetic resonance
manifestations of common diseases related to the "snake-eye sign" to explore the
etiology, imaging findings, and prognosis of spontaneous conus infarction.

CONCLUSION

We conclude that acute onset of conus medullaris syndrome combined with
"snake-eye appearance" should be strongly suspected as conus medullaris
infarction caused by anterior spinal artery ischemia. This special imaging
manifestation is helpful in the early diagnosis and treatment of conus infarction.

Key Words: Spinal cord disease; Infarction; Paralysis; Dysuria; Magnetic resonance
imaging; Case report
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Core Tip: Infarction of the conus medullaris is a rare form of spinal cord infarction, and there is no specific
examination method in clinic. On the other hand, the "Snake-Eye Appearance" on the diffusion-weighted
imaging sequence of magnetic resonance imaging highly suggests spinal cord infarction, although few
cases of conus infarction have been reported. This special imaging manifestation is helpful in the early
diagnosis and treatment of conus infarction.

Citation: Zhang QY, Xu LY, Wang ML, Cao H, Ji XF. Spontaneous conus infarction with "snake-eye appearance"
on magnetic resonance imaging: A case report and literature review. World J Clin Cases 2023; 11(9): 2074-2083
URL: https://www.wjgnet.com/2307-8960/full/v11/i9/2074.htm

DOI: https://dx.doi.org/10.12998/wjcc.v11.i9.2074

INTRODUCTION

Spinal cord infarctions account for approximately 1.2% of all ischemic strokes[1], and less than 10% of
acute non-traumatic myelopathies[2]. The most common infarct sites are the cervical and thoracic
segments[3]. The common clinical manifestations of spinal cord infarction are motor and sensory
disorders with impaired autonomic nerve function, and the specific manifestations are related to the
affected sites[4]. Combined with the observation of the clinical manifestations, magnetic resonance
imaging (MRI) and cerebrospinal fluid examination are helpful in distinguishing this condition from
optic neuromyelitis pedigree diseases, acute disseminated encephalomyelitis, spinal cord tumors,
multiple sclerosis, intervertebral disc herniation, and other spinal cord diseases. However, the lack of
specific MRI features in conus medullaris infarction increases the difficulty of early diagnosis and
recognition. In this paper, we report a case of spontaneous conus medullaris infarction. Simultaneously
providing an analysis of the literature, we focus on the special imaging manifestations and etiological
mechanisms of this condition to improve clinicians” understanding of this disease.

CASE PRESENTATION

Chief complaints
A 71-year-old Chinese man with a complaint of sudden onset of pain in both lower extremities and
urination disorders for 2 d.

History of present illness

The patient experienced continuous pain on the back of both lower limbs when standing up from the
sofa before 2 d, accompanied by muscle spasm, increased pain while sitting, urinary incontinence, and
difficulty defecating, but no erectile dysfunction.

History of past illness

The patient had a history of hypertension for 5 years and diabetes for 2 years. In the last year, the
patient regular oral administration of Amlodipine besylate tablets was 5 mg qd, and the blood pressure
was stable at 17-20/9-11 kPa; Metformin 0.5 g tid and the glycosylated hemoglobin was 6.8%.

Personal and family history
The patient has been smoking for 43 years, about 10 cigarettes a day. The patient denies any family
history of disease.

Physical examination

After 48 h of onset, neurological examination showed normal muscle strength and muscle tension in
both lower limbs. The bilateral knee reflex was symmetrical, with no hyperactivity and weakness, the
bilateral Achilles tendon reflex disappeared, the saddle area sense was normal, anal reflex was
weakened, the urinary retention was moderate, and lack of the bilateral Babinski sign.

Laboratory examinations
No obvious abnormalities were found in the test results of perfect nail work, serum immunology, tumor
markers, or coagulation images.

Imaging examinations
On the 4™ day of onset, lumbar MRI revealed a high signal on the L1 horizontal axial T2-weighted image
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with a "snake-eye appearance", and conus infarction was thus considered. On the 5" day of onset,

lumbar MRI showed a high signal on L1 horizontal sagittal diffusion-weighted imaging (DWTI)
(Figure 1).

FURTHER DIAGNOSTIC WORK-UP

Spinal angiography and aortic angiography (CTA) improved, but no definite vascular stenosis or
malformation was identified. On the 7*day of onset, the measurement of nerve conduction velocity
revealed that the F-wave latency of the left tibial nerve was prolonged.

LITERATURE REVIEW

We used the key terms "conus medullaris infarction,” "conus medullaris syndrome,” "spinal cord
ischemia,” "spinal cord infarction,” "snake-eye appearance" and "owl-eye appearance" to search the
literature on PubMed. We thus identified and summarized 23 cases of conus medullaris infarction from
January 1971 to January 2021 (Table 1)[5-21]. The male to female ratio was 1.3:1. The median age at onset
was 63 years. Eleven cases (47.8%) were complicated by cardiovascular risk factors, 7 (30.4%) were
related to aortic disease, and 3 (13.0%) were secondary to postural changes, similar to the present case.
Other causes included dural arteriovenous fistulas, spinal cord venous thrombosis, fibrocartilage
embolism, and so on; 9 cases (39.1%) showed a high signal on axial T2-weighted imaging, of which 2
cases showed the typical "snake-eye appearance” high signal on sagittal T2-weighted imaging in the T10
to L1 vertebral segments, 3 cases (13.0%) showed limited DWI, 5 cases (21.7%) involved the vertebral
body/muscle/ligament at the same time, and 16 cases (69.6%) showed a partial recovery of neurological
deficit, with sequelae of varying degrees, while 5 cases (21.7%) had no improvement, and the overall
prognosis was poor.

7o o

”on

FINAL DIAGNOSIS

Combined with the patient’s medical history, spontaneous spinal cord infarction was confirmed.

TREATMENT

The patient was admitted to the hospital and administered clopidogrel to facilitate antiplatelet
aggregation and atorvastatin calcium tablets to reduce blood lipid levels.

OUTCOME AND FOLLOW-UP

After 10 d of treatment, the pain in both lower extremities was relieved, and the symptoms of urinary
retention were relieved. After discharge, the patient continued to take clopidogrel and atorvastatin
calcium tablets orally. After 3 mo of telephone follow-up, the patient complained of left lower limb pain
and prolonged urination time.

DISCUSSION

Conus medullaris infarction is rare, and its incidence is unclear. A study on the clinical and magnetic
resonance imaging manifestations and short-term prognosis of patients with spinal cord infarction
showed that only 12.5% had isolated conus medullaris infarction[22]. The blood supply to the conus
medullaris is very rich and mainly supplied by the anterior spinal artery, posterior spinal artery, and
nerve root medullary artery. The anterior spinal artery supplies the first two-thirds of the conus
medullaris, and the posterior spinal artery supplies the last one-third. These form a coronary artery ring
at the level of the conus medullaris, which then branches from the artery ring into the conus medullaris.
In addition, the thick nerve root medullary artery (Adamkiewicz artery) from the intercostal or lumbar
artery from T9 to T12 and the desproges gotteron artery originating from the iliolumbar artery are also
involved in the blood supply to the spinal conus[6,23-25]. At present, the diagnosis of conus medullaris
infarction is mainly based on clinical manifestations and MRI findings. Lumbar puncture cerebrospinal
fluid examination is helpful in distinguishing between inflammatory and demyelinating diseases. In
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MRI findings
Ref. Age/gender Risk factors Pathogeny/mechanism Prognosis o . T_2W| high D_WI Involve
T2WI I high signal (Axial) signal high .
. . centrum/muscle/ligament
(Sagittal) signal
Herrick et al 84/M NA Aortic dissection aneurysm Partial improvement, died of rupture of aortic =~ NA NA NA NA
[5] dissection aneurysm on the 18" day of
admission
79/M Heart failure Aortic atherosclerosis No improvement, died of acute myocardial NA NA NA NA
infarction on the 25" day of admission
Andersonetal 54/M Coronary diseaseHeart ~ Aortic balloon pump Some improved strength in the legs before NA NA NA NA
[6] failure implantation death 7 wk after the ictus
75/M Smoking Repair operation of abdominal ~ Persistent urinary incontinence with some NA NA NA NA
aortic aneurysm improvement in bowel function and in motor
and sensory signs 16 mo after the ictus
66/M Smoking Aortic atherosclerosis Some functions recovered 2 mo after theictus ~ NA NA NA NA
51/M Smoking NA Persistent urinary incontinence with some NA NA NA NA
functions recovered 28 mo after the ictus
47/F NA NA No improvement in 2 yr NA NA NA NA
Ohbu et al[7]  69/F Hypertension NA NA NA NA NA NA
Andrewsetal 71/F NA NA Walking independently, mild hypoesthesia, NA NA NA NA
[8] but persistent urinary incontinence 2 mo after
the ictus
Mhiri et al[9]  28/M NA Dural arteriovenous fistula No improvement NA NA NA NA
Sinha et al[10]  63/M HypertensionCoronary ~ Coronary artery bypass persistent urinary incontinence 5 yr after the NA NA NA NA
disease grafting (CABG) ictus
Greiner-Perth  66/M NA NA No improvement in 8 mo NA T12-L1 NA NA
etal[11]
Combarroset  69/F Hypertension NA The bladder function returned to normaland ~ NA NA NA NA
al[12] can walk with a walker 2 mo after the ictus
Wildgruber et  44/F NA Spinal venous thrombosis Motor function recovered partially and leaving Bilateral anterior horn of T12-L1 NA NA
al[13] hypoesthesia 6 mo after the ictus gray matter (Snake-eye
appearance)
Wong et al[14] 79/F Coronary disease Aortic atherosclerosis Partial neurologic recovery Bilateral gray matter and T12-L1 Yes NA
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Konno et al 77/F

[15]

Hypertension

Diehn et al[16] 24/M NA

Alanazy[17] 48/M NA

Hor et al[18] 51/F NA

Kamimuraet 70/F NA

al[19]

Weng et al[20] 55/M

Hyperlipidemia

34/F NA

Breitling etal ~ 52/M NA

[21]

Spinal venous thrombosis Symptoms improved rapidly Diffuse JE7 NA

Bilateral anterior horn of T10-L1 NA
gray matter

Fibrocartilage embolism No improvement

Overstretch Walking resumed on day 105 Diffuse T11-L1 NA

NA NA Bilateral gray matter and T12 NA
central white matter

Spinal venous thrombosis Sensory disturbance improved, leaving
numbness in the sellar area and urinary
incontinence

Bilateral posterior funiculus, T12 NA
right posterior horn, right
lateral funiculus

Bilateral anterior horn of T11-12 Yes
gray matter

Sofa sedentary Calf muscle atrophy, perianal hypoesthesia

and neurogenic bladder 3 yr after ictus
Toilet sedentary Calf muscle atrophy, perianal hypoesthesia NA T12 Yes
and neurogenic bladder 4 yr after ictus

Bilateral anterior horn of L1 NA
gray matter (Snake-eye
appearance)

NA Motor function recovered partially, leaving
bladder and rectum dysfunction

NA

DWI: Diffusion-weighted imaging; NA: Not available.
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January 2019, Zalewski ef al[26] proposed the diagnostic criteria for spontaneous spinal cord infarction,
emphasizing that the high signal on a MRI intramedullary T2-weighted image is evidence of acute
spinal cord infarction, while the DWI/apparent diffusion coefficient diffusion is limited, accompanied
by corresponding pyramidal infarction, arterial dissection, or occlusion near the lesion. However, it is
important to note that T2-weighted magnetic resonance imaging has a low sensitivity.

In a clinical study[27], only 45% of patients with acute spinal cord infarction showed a high signal on
T2-weighted magnetic resonance imaging. The volume of the conus medullaris is smaller, the magnetic
sensitivity artifact tendency of DWI is higher, and the detection sensitivity is much lower than those of
acute cerebral infarction. Therefore, early neurological function evaluation is very important in
identifying patients with negative MRI findings. The MRI results of this patient were consistent with the
above standards. It is worth noting that the patient had an isolated "snake-eye appearance" high signal
on axial T2-weighted MRI at the level of the spinal cord cone. This "snake-eye appearance" was first
described in the results of delayed myelography in 7 patients with compressive cervical spondylotic
myelopathy in 1986[28], and is also known as "owl-eye appearance". The main pathological changes
which can result in this appearance are cystic necrosis of the central gray matter of the ventrolateral
column of the spinal cord and loss of neurons in the anterior horn of the spinal cord[29]. It is usually
related to lower motor neuron syndrome, such as Hirayama disease[30,31], spinal muscular atrophy
syndrome[32], cervical spondylotic myelopathy[33], amyotrophic lateral sclerosis[34], and anterior
spinal artery ischemia[35-37], Detailed identification is shown in Table 2[34,38-41]. There is a watershed
area between the sulcus commissural artery and the coronary artery ring sent by the anterior spinal
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Table 2 Identification of common diseases related to snake eye sign

Disease

Clinical features

Magnetic resonance
performance

Neuroelectrophysiological
manifestations

Conus medullaris infarction

[38]

Hirayama disease[39]

Amyotrophiclateralsclerosis

[34]

Cervical spondylotic
myelopathy[40]

Spinal muscular atrophy

syndrome[41]

The main manifestations are sensory
disturbance in the sellar region,
bladder and rectal incontinence,
bulbar anal reflex weakening or
disappearing, erectile dysfunction,
root neuralgia and lower limb motor
neuron paralysis when combined
with cauda equina damage

The self-limited disease, which is
mainly characterized by unilateral
muscle atrophy of the distal end of
the upper limb, mainly affects the
intrinsic muscles of the hand and
forearm muscle groups. Typical
clinical manifestations also include
"cold paralysis", "finger extension
tremor" and "muscle bundle tremor"

Malignant degenerative motor
neuron disease characterized by
multiple or localized progressive
muscular atrophy and apraxia is
characterized by limb spasms,
tendon hyperreflexia, localized or
multiple muscle weakness, muscular
atrophy and fascicular tremor

Based on cervical degeneration, the
main manifestation is atrophy of the
proximal or distal muscles of the
upper limb, which usually occurs in
one side, usually without sensory
abnormalities

The most common autosomal
recessive disease in childhood is
progressive and symmetrical
weakness and atrophy of limbs and
trunk muscles

T12-L1 horizontal magnetic
resonance T2WI and DWI high
signal, TIW1 low signal

Asymmetric cervical spinal cord
flattening, atrophy and
intramedullary T2W1 high signal in
cervical flexion position,
disappearance of cervical
physiological flexion, expansion and
increase of epidural venous plexus,
and anterior displacement of dural
sac after over-extension and over-
flexion position

T2WI, FLAIR and DWI can find
symmetrical high signal in the
pyramidal tract of the brain. In a
few patients, SWI can see the
deposition of hemosiderin along the
motor cortex

It is usually manifested as spinal
cord thinning, intervertebral disc
protrusion or prolapse. Due to long-
term compression of the spinal cord,
venous hyperemia and infarction
can be caused, which can be
secondary to cystic necrosis of the
anterior horn of the spinal cord,
forming T2WI snake-eye sign

Anterior horn of spinal cord a-
Degeneration and degeneration of
motor neurons led to T2WI snake-
eye sign

There are few reports about the
neurophysiological characteristics of conus
medullaris infarction. The reappearance of F
wave after infarction may mark the
improvement of clinical prognosis

The neurogenic damage of the affected
muscle group mainly occurred in the C7-8
sarcomere and T1 sarcomere, while the C5-6
sarcomere (i.e. deltoid, biceps brachii and
radial brachii) was not affected

The muscles innervated by different nerve
segments of medulla oblongata, neck, chest
and lumbosacral appear progressive
denervation and chronic nerve regeneration

Segmental neurogenic damage consistent
with the distribution of the injured nerve root

Typical neuronal damage, fiber fibrillation
wave and positive sharp wave can be seen at
rest, bundle fibrillation potential can be seen
occasionally, and regular spontaneous motor
unit activity potential is the characteristic
manifestation of its EMG

DWI: Diffusion-weighted imaging; EMG: Electromyography; FLAIR: Fluid-attenuated inversion-recovery; SWI: Susceptibility weighted imaging; T2WTI:

T2-weighted imaging.
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artery. The anterior horn cells of the spinal gray matter in this area are highly sensitive to hypoxia; when
local or overall perfusion is insufficient, they are prone to degeneration and necrosis, forming a "snake-
eye appearance" high signal limited to the anterior horn of spinal gray matter on the T2-weighted image
of the magnetic resonance imaging axis[42,43]. When this "snake-eye appearance" appears during acute
onset myelopathy, a vascular origin should be highly suspected. The most commonly used method is
aortic CTA. Thoracic and abdominal CTA can help detect aortic atherosclerotic plaques, dissection,
aneurysm, and mural thrombosis. If the CTA result is negative, spinal angiography is necessary to
exclude dural arteriovenous fistula and spinal intramedullary arteriovenous malformation[4].
Wildgrube et al[13] previously reported a case of conus medullaris infarction with "snake-eye
appearance", caused by spinal cord venous thrombosis. Thus, it is necessary to evaluate thrombophilic
factors and improve spinal cord angiography to distinguish between venous and arterial conus
medullaris infarction. The cell number and IgG index of cerebrospinal fluid in patients with spinal
conus infarction are usually normal. There is no oligoclonal band, and the protein content in
cerebrospinal fluid can be slightly increased in some patients[6-7,20,26]. A previous study[44] proposed
two mechanisms of spinal cord infarction: (1) Infarction triggered by mechanical factors (bilateral
anterior or posterior spinal cord artery infarction and unilateral infarction); and (2) infarction caused by
long-term hypotension or arterial insufficiency (central spinal cord artery infarction and transverse
spinal cord infarction). In this case, the patient was associated with cardiovascular risk factors, such as
hypertension, diabetes, and smoking, but had no definite history of trauma before disease onset.
However, upon presentation, he complained of suffering from bilateral lower extremity pain after
completing mechanical action from the sofa, and urination disorder was observed. We speculated that
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Figure 1 Conus medullaris magnetic resonance exam and “snake-eye appearance”. A: The arrow shows conus infarction on T2 weighted magnetic
resonance imaging (MRI) (sagittal position); B: The arrow shows conus infarction on diffusion-weighted imaging image (sagittal position); C: The arrows show “snake-
eye appearance” on T2 weighted MRI (axial position).
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the possible mechanism was based on atherosclerosis in the anterior spinal cord. Mechanical stress can
lead to anterior spinal artery ischemia. At present, the treatment principles for spinal cord infarction
mainly refer to the guidelines for acute ischemic stroke. Old age, severe initial neurological deficit, and
long segment lesions are considered to be related to poor prognosis[22,27,45,46]. The prognostic value of
the "snake-eye appearance" on magnetic resonance imaging in acute myelopathy is unclear, but may be
related to the poor prognosis of chronic myelopathy([29,47,48].

Conus medullaris infarction is rare in the clinic and has a high misdiagnosis rate. Detailed medical
history and physical examination were the basis of the diagnosis. Although the "snake-eye appearance"
is not specific to spinal cord MRI, acute low back pain or bilateral lower limb pain is usually the first
symptom, and its clinical manifestation is conus syndrome or cauda equina syndrome. When the axial
T2-weighted image of MRI shows "snake-eye appearance”, it is necessary to differentiate between spinal
conus infarction caused by anterior spinal artery ischemia. Improving aortography, spinal angiography,
and cerebrospinal fluid examination will help to clarify the etiology.

The limitations of this report are its short follow-up period and lack of imaging and
neurophysiological evaluation results during the follow-up period. Although we have reviewed
previously reported cases of conus medullaris infarction, authors may have different descriptions of
clinical characteristics and results. More cases need to be analyzed in the future to improve clinicians'
understanding of this disease.

CONCLUSION

We conclude that acute onset of conus medullaris syndrome combined with "snake-eye appearance"
should be strongly suspected as conus medullaris infarction caused by anterior spinal artery ischemia.
This special imaging manifestation is helpful in the early diagnosis and treatment of conus infarction.
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Abstract

BACKGROUND

Left-sided accessory pathways (APs) can be accessed with either a transaortic
(TA) or transseptal approach (TS). For children with Marfan syndrome (MFS) who
have aortic disease, the use of TA can aggravate the disease, making TS the best
choice for these patients.

CASE SUMMARY

A 10-year-old girl was hospitalized because of intermittent heart palpitations and
chest tightness. She was diagnosed with MFS, supraventricular tachycardia,
Wolff-Parkinson-White syndrome, and left-sided AP was detected by cardiac
electrophysiological. Catheter ablation was successfully performed via TS under
the guidance of the Ensite system. During the follow-up, no recurrence or
complications occurred.

CONCLUSION

The TS for catheter ablation of left-sided APs can be considered in children with
MFS. Adequate evaluation and selection of the appropriate puncture site are
particularly important.

Key Words: Transseptal approach; Left-sided accessory pathway; Catheter ablation;
Pediatric; Marfan syndrome; Case report
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Core Tip: Left-sided accessory pathways (APs) can be accessed with either a transseptal (TS) or transaortic
approach (TA). For children with Marfan syndrome (MFS) who have aortic disease, however, the use of
TA can aggravate the disease. We report a case of successful catheter ablation of the left-sided accessory
pathway by TS in one such child. The TS approach for catheter ablation of left-sided APs appears to be a
safe and effective therapeutic option applicable in older children with MFS, though it requires a certain
level of training and experience to perform.
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INTRODUCTION

Catheter ablation is the main method for eradicating supraventricular tachycardia (SVT) in children,
and left-sided accessory pathways (APs) can be accessed by using a transaortic approach (TA) or a
transseptal approach (TS). Reports show that children with Marfan syndrome (MFS) have a higher risk
of developing SVT than healthy children[1] and that they also often have aortic lesions. When left-sided
APs are accessed in these children, TA for catheter ablation may result in aggravated aortic disease.
Hence, TS may be a better method. However, due to the combination of mitral valve disease, the
difficulty of catheter ablation in MFS, and the small amount of experience most providers have with
atrial septal puncture in children, there are currently no relevant reports on this technique. We therefore
report a case of successful ablation of the left-sided AP by TS in a child with MFS and review the current
literature, providing new ideas for the treatment of MFS.

CASE PRESENTATION

Chief complaints
A 10-year-old girl was admitted to Beijing Children's Hospital in May, 2021 for a 4-year history of
intermittent heart palpitations and chest tightness.

History of present illness

Symptoms started 4 years before the child was admitted to the hospital. She presented with intermittent
episodes of heart palpitations and chest tightness with pallor. Each episode lasted from 15 min to 3 h,
with a frequency of about twice a year. Paroxysmal SVT was diagnosed at a local hospital, and could be
converted to sinus rhythm after application of propafenone. Four months before admission to Beijing
Children’s Hospital, her palpitations increased in frequency and had occurred 4 times in the last month.
Antiarrhythmic drugs were needed to convert.

History of past illness

Pectus excavatum was found at birth. In April, 2014, Nuss pectus excavatum correction was performed,
and congenital short esophagus and congenital diaphragmatic hernia were diagnosed. In April 2016, the
corrective plate was removed.

Personal and family history
The child was born full-term to nonconsanguineous, healthy parents by normal vaginal delivery after an
uneventful pregnancy.

Physical examination

The weight of the patient was 27.5 kg, and her height was 153 cm. A surgical scar of about 6 cm was
observed under her right armpit, and she was noted to have dysmorphic features including long and
thin extremities with hyperflexible joints, prior pectus excavatum, and scoliosis. Both wrist sign and
thumb sign were positive. Marfan syndrome was suspected and additional tests were carried out.

Laboratory examinations
No abnormalities were found in routine blood or urine analyses.
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Imaging examinations

Chest X-ray revealed a right diaphragmatic hernia and scoliosis. Echocardiography showed mild mitral
and tricuspid prolapse and regurgitation, and the aortic sinus and ascending aorta were widened.
Cardiac computed tomography (CT) scan and reconstruction demonstrated severe aortic root dilatation,
with left-right diameters of 3.56 cm (z-score of +6.41), anteroposterior diameters of 3.32 cm (z-score of
+5.33), and perforating septum thickness of approximately 13.9 mm (Figure 1). Ophthalmic examination
revealed high myopia in both eyes and mild opacification of the posterior lens capsule in the right eye.
Finally, genetic testing revealed a heterozygous mutation in the FBN1 gene, c.5841delC (p.C1947).
Because she had an aortic root Z-score > 2, a pathogenic FBN1 gene mutation, and a systemic score of 7,
MFS was diagnosed according to the 2010 revised Ghent Criteria[2] (Table 1).

Further diagnostic work-up

During hospitalization, the child still suffered from palpitation attacks. Electrocardiogram (ECG) during
an episode revealed SVT with a heart rate of 214/min. After a few minutes, the episode terminated
spontaneously. The ECG showed sinus rhythm with a ventricular pre-excitation pattern. Paroxysmal
SVT and Wolff-Parkinson-White syndrome type A were subsequently diagnosed.

After general anesthesia, cardiac electrophysiological examination was performed under the
guidance of Ensite NavX mapping system (Figure 2). Electrode catheters were placed in the coronary
sinus (CS) and the right ventricle. Atrioventricular nodal jump phenomenon was not found during
atrial program stimulation. Stable narrow QRS tachycardia could be induced by stimulation at 270 ms,
with a ventricular rate of 200 bpm and an A/V ratio of 1. The A wave of the CS catheter was eccent-
rically distributed, and was the most advanced at 1-2 electrodes. Atrioventricular reentrant tachycardia
(AVRT) with AP located on the left side was diagnosed.

FINAL DIAGNOSIS

Based on the child’s medical history, her final diagnosis was MFS, SVT, Wolff-Parkinson-White
syndrome, and left-sided AP.

TREATMENT

Considering that the child had aortic sinus disease, there was a greater risk of retrograde delivery of
ablation catheter through the aorta, so we delivered the ablation catheter to the left side of the heart by
transseptal puncture performed under X-ray fluoroscopy. The introducer sheath and dilator, followed
with the guide wire, were introduced into right femoral vein and placed to the superior vena cava. After
that, we pushed the transseptal needle (Brockenbrough BRK, 71 cm, St. Jude Medical/ Abbott) to about
1 cm from the end of the dilator. The needle and sheath were rotated clockwise until the tip pointed
toward 4 o'clock, and then were slowly retracted. After two "jumps" the tip of the sheath fell into the
fossa ovalis. We then adjusted the direction of the introducer sheath tip in the right anterior oblique
view, advanced the puncture needle, and injected contrast agent to confirm that the needle tip was in
the left atrium. In the left anterior oblique view, the outer sheath had been guided to the left atrium.

The ablation catheter (Safire, 7-F, 115 cm, St. Jude Medical/ Abbott) was then advanced into the left
atrium along with the sheath, and the target was subsequently mapped. A satisfactory target was
marked on the atrial side at a location of 3:30 (o’clock) of the mitral annulus. During sinus rhythm, the
ablation was performed at 52°C and 30 W. After 2 s of discharge, the body surface pre-excitation pattern
disappeared, and the V-A wave separated. Under ventricular pacing, the V-A wave of the ablation
catheter separated, and the reverse A wave of the CS catheter changed to a centripetal distribution.
Consolidation discharges were performed at the target for a total of 120 s, and repeated cardiac electro-
physiological examination and intravenous isoproterenol failed to induce AVRT or other arrhythmias
during the 48-h observation period after ablation. Ventricular pre-excitation was not restored, and
echocardiography showed no aggravation of valve injury.

OUTCOME AND FOLLOW-UP

Regular follow-up was performed at 1, 3, 6, and 12 mo, during which ECG, echocardiography, and
dynamic ECG were re-examined. No complication or recurrence of SVT were detected at any of these
follow-ups.
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Table 1 Marfan syndrome score of the child

Wrist and thumb sign Pectus excavatum Myopia > 3 diopters Scoliosis Mitral valve prolapse

Score 3 1 1 1 1

DOI: 10.12998/wjcc.v11.i9.2084 Copyright ©The Author(s) 2023.

Figure 2 Cardiac electrophysiological examination and catheter ablation were performed guided by an Ensite NavX system. A: A satisfactory
target was marked on the atrial side at 3:30 (o’clock) on the mitral annulus; B: The body surface pre-excitation pattern disappeared.

DISCUSSION

MFS is an autosomal dominant disorder of the connective tissue that usually occurs due to mutations in
the FBN1 gene and has an incidence of 1.5-17.2 per 100000[3]. About 50% of MFS patients have aortic
dilatation in early childhood that gradually progresses. Aortic root disease, which was initially
considered to be the main cause of complications and death in patients with MFS, became the target of
most treatments and clinical studies. However, the German Marfan Organization believes that some
manifestations of MFS may seriously threaten the health of patients, including SVT, ventricular
tachycardia, and repolarization abnormalities[4]. Wafa et al[5] showed that the burden of inpatient
arrhythmia in MFS is higher than the general non-Marfan population and that SVTs were significant
predictors of higher adjusted health care-associated cost. In addition, early aortic repair is
recommended by the Ghent guidelines[2], and surgical treatment should also be considered in patients
with aortic aneurysm or valvular insufficiency. Postoperative scarring both increases the incidence of
arrhythmias and poses difficulties for catheter ablation, however. Demolder et al[6] demonstrated that
heart failure and arrhythmia have become the primary causes of death for patients with MFS after aortic
surgery. Therefore, eradicating arrhythmias in patients with MFS in childhood who have not undergone
intracardiac surgery has the potential to save lives. Furthermore, with modern the improvements in
aortic repair, the treatment of arrhythmias in children with MFS should be the focus of future research.
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The TS is preferred for catheter ablation to avoid aggravated aortic injury when there is a left-sided
AP. The TS does not enter the left side of the heart through the aorta, which effectively avoids the risks
of aortic valve injury and ascending aortic aneurysm rupture, among others. Moreover, for children
with APs located in the left posterior lateral or left posterior septum, the operation of the ablation
catheter is more flexible by a TS[7]. In adults, a TS is associated with a higher success rate and lower
recurrence and complication rates, and the safety and feasibility of this method have also been
demonstrated by recent studies. Yoshida, Rami, and Koca showed that TS for ablation was safe and
effective even in children weighing less than 30 kg[8-10]. However, considering of the need for special
training and the risk of serious potential complications (cardiac tamponade and pericardial effusion), TS
is still not recommended by most cardiovascular pediatricians at present[11].

Our center at Beijing Children’s Hospital is a national children's medical center, and our staff are
experienced in ablating left-sided AP in children using a TS. The child in this report was the only one
with left-sided AP who had confirmed MFS, however. She had mitral and tricuspid regurgitation,
pectus excavatum, previous history of thoracic surgery, and may also have had a potential delay in
vascular healing and repair that presents in most patients with MFS. These factors not only increase the
risk of arrhythmia but also pose difficult challenges for atrial septal puncture and radiofrequency
ablation[12,13].

The complications of atrial septal puncture include pericardial effusion and cardiac tamponade, as
well as others. Cardiac ultrasound, cardiac CT scan and reconstruction must be performed to
understand fully the shape and degree of aortic dilatation and cardiac chamber size. Although the child
had mitral and tricuspid regurgitation, fortunately the atrial size was normal and had little change at the
puncture site. However, her noncoronary sinus, located in the anterosuperior aspect of the interatrial
septum, was significantly dilated and pushed against the septum, resulting in a narrow septum. In a
case like this the needle tip should therefore be slightly oriented away from the aortic root during
puncture (moved backward and downward compared to normal children) to avoid perforating the
aorta. In addition, the child weighed < 30 kg, leading to a small heart size. To reduce the risk of
penetrating the heart chamber we increased the curvature of the puncture needle.

For safety, a small amount of radiation is required during the puncture. Transseptal puncture under
fluoroscopy provides real-time images of surrounding organs (trachea and spine) and CS electrodes,
which is helpful in locating the puncture site. However, zero-radiation transseptal puncture can be
achieved with the assistance of other imaging tools, such as transthoracic echocardiography, transeso-
phageal echocardiography, or intracardiac echocardiography, but these methods have rarely been used
in children[14].

Children are more sensitive to radiation, which may increase their risk of developing hematologic or
intracranial tumors[15]. Thus, our subsequent ablation procedure was guided by 3D mapping to
minimize the radiation dose while ensuring safety and efficacy. Radiofrequency ablation complications
can include valve injury, atrioventricular block, cardiac tamponade, and thromboembolism.
Furthermore, valve disease associated with MFS can increase the risk of thromboembolism. Because of
the patient’s tricuspid regurgitation, to avoid aggravation of injury, gentle operation low movement
amplitude of the ablation catheter at the valve site were necessary. Additionally, in the presences of
mitral regurgitation, careful mapping should be performed to determine the ablation site in order to
reduce the potential damage of repeated discharges to the valve. For the patient in this case report,
echocardiography was performed after catheter ablation and showed that valve damages were not
aggravated.

Since the operation, there has been no recurrence of SVT, and no complication have been found
during the 1-year follow-up period. The child has gone to school and lived a normal life. For children
with aortic diseases such as MFS, who cannot undergo catheter ablation by TA, a TS can be attempted in
experienced medical centers. However, infantile MFS is more severe than classical MFS[16]. Severe
mitral valve disease and small heart size make ablation much more difficult, and atrial enlargement also
causes changes in the puncture site, increasing the risk of accidental atrial or aortic penetration. Weight
<15 kg and age < 4/5 years have also been used as criteria for high risk of catheter ablation in previous
studies and guidelines[17]. The weight of this child was large enough so that our conclusions are not
applicable to infantile MFS; subsequent studies are needed for using a TS in infantile MFS patients
specifically.

CONCLUSION

In conclusion, it is necessary to perform catheter ablation for MFS patients in order to eliminate SVT in
childhood before intracardiac surgery. TS for catheter ablation of left-sided APs, appears to be safe,
effective and applicable in older children with MFS, can certainly be attempted in experienced medical
centers. Increasing the curvature of the puncture needle and moving the tip posteriorly and inferiorly
may be safer for children weighing < 30 kg who have significantly dilated aorta. Gentle manipulation is
needed to avoid damaging the valve during ablation.
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Abstract

BACKGROUND

Superficial temporal artery-middle cerebral artery (STA-MCA) bypass helps treat
cerebral ischemia. However, the STA is not available for bypass in some
conditions. Therefore, with some technical tips, the authors introduced a bypass
technique using the occipital artery (OA).

CASE SUMMARY

Two female patients complained of hemiparesis. Brain magnetic resonance
imaging (MRI) indicated contralateral infarction from the MCA steno-occlusion.
On Diamox single photon emission computed tomography or perfusion MRI, the
contralateral front parietotemporal reserve was diminished. On transfemoral
cerebral angiography, the STA was thin with a weak flow; however, the OA was
prominent. Direct OA-MCA end-to-side extracranial-intracranial bypass surgery
was implemented instead of STA because the caliber was too narrow. The
postoperative course was uneventful in both cases, with well-maintained bypass
patency and neurological stability during follow-up.

CONCLUSION

OA might be an acceptable alternative for MCA cerebral ischemic cases with an
unsuitable STA.

Key Words: Bypass; Occipital artery; Superficial temporal artery; Cerebral ischemia; Case
report

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.
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Core Tip: In cases of cerebral ischemic disease or progressive ischemia where the Superficial temporal
artery is unsuitable in the middle cerebral artery territory, occipital artery might be an acceptable donor
artery for a less invasive EC-IC bypass surgery.
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INTRODUCTION

Superficial temporal artery-middle cerebral artery (STA-MCA) bypass helps treat cerebral ischemia,
complex cerebral aneurysms, and tumors[1,2]. If the STA is inaccessible after preceding bypass
operations, injuries, or atrophy, graft bypass can be attempted through the radial artery, great
saphenous vein, or occipital artery (OA). However, the graft would anastomose two sites, increasing
bypass occlusion and surgical wound complication risks. In this study, the authors introduced a
technique to relieve ischemia via direct bypassing of the OA to the MCA.

CASE PRESENTATION

Chief complaints
Case 1: The patient complained of motor weakness in the right extremities and intermittent headaches.

Case 2: The patient complained of motor weakness in the left extremities.

Present illness history
Case 1: In August 2019, a 55-year-old female patient visited this institution’s neurology department,
reporting intermittent weakness in the right extremities and headaches.

Case 2: In August 2021, a 68-year-old male patient visited this institution’s emergency room for left
extremities weakness.

Past illness history
Case 1: There was no significant past illness.

Case 2: There was no previous complaint of left-side motor weakness.

Personal and family history
Case 1: There was no significant past or family history.

Case 2: He had right-sided hemiparesis due to the sequelae of traumatic brain injury 15 years ago.

Physical examination
Case 1: There was no significant motor weakness at the outpatient clinic.

Case 2: The left motor grade was IV/IV in the manual muscle test.

Laboratory examinations
There were no significant laboratory test findings in both cases.

Imaging examinations

Case 1: Magnetic resonance imaging (MRI) showed left frontal infarction from the left MCA stenosis
(Figure 1A). A follow-up brain MRI on July 2021 indicated that the left MCA stenotic lesion had
progressed to occlusion (Figure 1A). Therefore, the patient was referred to this department for surgery.
Upon acetazolamide-loading single-photon-emission computed tomography (Diamox SPECT), the left
front parietotemporal reserve was diminished (Figure 1C). In addition, the transfemoral cerebral
angiography (TFCA) revealed a thin left STA with a weak flow but a prominent OA (Figure 1B).

Case 2: An MRI showed a right MCA territory infarction due to right MCA occlusion. After three
months of conservative treatment, a follow-up perfusion MRI exhibited worsening cerebral perfusion
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Figure 1 Case 1 perioperative imaging. A: Initial magnetic resonance imaging indicated a small left frontal infarction from the left middle cerebral artery (MCA)
stenosis (yellow arrow); B: On the transfemoral cerebral angiography (TFCA), the left superficial temporal artery was thin with weak flow (yellow arrow); however, the
occipital artery (OA) was prominent (black arrows); C-F: After the OA-MCA bypass, blood flow at the surgical site was intact on postoperative TFCA (D and E; yellow
arrow), with a perfusion defect improvement on postoperative Diamox SPECT compared with the preoperative scan (C and F; yellow arrows).
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throughout the MCA territory (Figure 2C). On TFCA, the right STA was noticeably thin with a weak
flow, yet the OA was prominent (Figure 2A and B).

FINAL DIAGNOSIS

The authors diagnosed the patients with symptomatic steno-occlusive MCA infarction by combining
imaging and clinical findings.

TREATMENT

Thus, OA-MCA bypass surgery was decided in both cases. The OA and MCA were end-to-side
anastomosed.

OUTCOME AND FOLLOW-UP

Case 1

After bypass, blood flow at the surgical site was intact (Figure 1D and E), with perfusion defect
improvement on the postoperative Diamox SPECT (Figure 1F). The patient was discharged without
symptoms in a weak and has not experienced any follow-up care complications one year after surgery.

Case 2

After bypass, blood flow at the surgical site was intact (Figure 2D and E), with perfusion defect
improvement on the postoperative perfusion MRI (Figure 2F). The patient was discharged without any
symptom aggravations in a weak and has not experienced any follow-up care complications one year
after surgery.
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Figure 2 Case 2 perioperative imaging. A: Initial transfemoral cerebral angiography (TFCA) indicated right middle cerebral artery (MCA) occlusion (yellow
arrow); b: The right superficial temporal artery was thin with weak flow (yellow arrow); however, the occipital artery (OA) was prominent (black arrows); C-F: After the
OA-MCA bypass, blood flow at the surgical site was intact on postoperative TFCA (D and E; yellow arrows), with a perfusion defect improvement on postoperative
perfusion magnetic resonance imaging compared with the preoperative scan (C and F; yellow arrows).

Jaishideng®

DISCUSSION

The cerebrovascular steno-occlusive disease can cause acute cerebral infarction or transient ischemic
accident (TTIA) symptoms. An unstable TIA can originate from decreased cerebral perfusion; therefore,
immediate and adequate blood supply is the most crucial consideration in bypass surgery. STA-MCA
bypass is a relatively simple and efficient surgical modality, especially for cerebrovascular occlusive
diseases with a high patency rate during a short period. However, the STA is inaccessible for bypass in
cases of previous operations, injuries, or atrophy. In this condition, interposition graft surgery is
considered. The graft technique is more complex and requires additional anastomosis, increasing
operation difficulty and requiring more time. However, there are disadvantages to this technique, such
as donor site complications and size discrepancy-related graft failure. Moreover, there is a hyperper-
fusion syndrome risk if the donor artery is large[3].

Direct OA bypass can be an alternative to the interposition graft with the advantage of arterial graft
use. In cases 1 and 2 presented here, the OA was selected as an alternative because the STA was too thin.
Direct OA-MCA bypass for ischemic stroke has rarely been reported in literature[4-7]. OA is a
frequently used donor artery for trapping and bypassing aneurysm surgeries arising from posterior
circulation. Meanwhile, bypass from the OA to the MCA is not commonly performed because of its
technical difficulties. The OA is more onerous to harvest than the STA because it passes through several
tortuous layers[8].

Successful OA-MCA bypass techniques

In the three-quarter position, the retrosigmoid area was at the top, and the vertex was slightly raised to
reduce venous pressure (Figure 3A). After marking the OA path, as confirmed through angiography
and fingertip palpation, a microscopy-guided incision was made on the OA course (Figure 3A). The
artery was located, and the soft tissue was bluntly dissected. Small OA branches were identified and cut
after meticulous cauterization. The proximal part was secured through dissection to where the OA
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Figure 3 Occipital artery-middle cerebral artery bypass surgical position and incision. A: In the three-quarter position, the retrosigmoid area was at
the top, and the vertex was slightly raised. The occipital artery (OA) course was confirmed through angiography with fingertip palpating. An incision was created
consecutively at the craniotomy site for the recipient artery; B: The OA’s main artery had a very tortuous course (black arrows); therefore, the soft tissue was
dissected along the bend to secure the stretched curve’s full length to the recipient site, at least 7 cm; C and D: To prevent donor artery compression in the supine
position, a route between the craniotomy site and OA’s proximal part was cut to create a sough (black arrows).
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penetrated the splenius capitis muscle. The large branch in the main artery’s subgaleal portion was
likely to be used for a second anastomosis and could be cleaned of the donor artery to ensure its preser-
vation to the greatest extent[9]. The splenius capitis muscle was incised along the OA. Free space was
secured by dissecting and retracting the muscle, creating a vascular groove. The descending branch that
supplies blood flow to the suboccipital muscle was preserved as much as possible; however, if OA’s full
length was not long enough, it was selectively cut after ligation. A length sufficient for MCA bypass is
approximately 7 cm above the proximal stump, which is just below the superior nuchal line (Figure 3B).
However, this varies depending on OA functionality and condition.

The posterior Sylvian fissure area should be exposed to access the donor artery for MCA bypass[5].
The incision was extended according to the recipient’s target craniotomy location. To achieve an MCA
bypass, the skull was exposed enough to incise the skin by anteriorly turning it vertically along the
superior temporal line. If the OA was bent superomedially, a separate incision was conducted in the
temporal region for craniotomy of the recipient artery. Following this, the OA can be passed through the
subcutaneous tunnel for an OA-MCA bypass[5]. To prevent donor artery compression in the supine
position, a route between the craniotomy site and the OA’s proximal part was cut to create a sough
(Figure 3C and D). Particular caution was exercised on the secured OA when making the furrow. Small
fabrics were not typically placed around the drill. An end-to-side anastomosis was performed with
nylon 10-0 in the recipient artery, such as the angular artery. As the OA had a tortuous path, the
surgeon did not point the anastomotic end in a direction that twisted the blood vessel. The recipient
artery was a peripheral artery and thinner than the M4 used for STA-MCA bypass. Therefore, the
arteriotomy must be slightly longer than the STA-MCA bypass to match the anastomosis length
accurately. With these points in mind, the authors successfully performed a less invasive bypass
surgery.

A particular postoperative wound necrosis risk is possible due to insufficient collateral superficial
blood circulation if an ipsilateral bypass surgery has been performed previously[10]. In patients who
have undergone the indirect bypass alone, additional surgery might worsen the overlying scalp’s blood
circulation, resulting in ischemia in the existing bypass area. Therefore, accurate confirmation is
necessary for the donor artery course based on preoperative imaging tests, including angiography, and
to minimize collateral blood vessel damage during skin incision and dissection.

The recipient artery choice is controversial. Bypassing at the best location is vital for improving the
patient's symptoms; however, it might be preferred to select a nearby artery considering the OA’s
available length. Hirano et al. have proposed two incision methods to approach the recipient artery
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regarding the OA’s travel direction and distance to the recipient artery: an extension of the OA incision
and an additional incision, respectively[5]. The recipient artery was accessed through a single incision in
the cases presented here. When an OA of sufficient length is harvested, bypass surgery can be
performed less invasively without additional incision. This is also advantageous from a cosmetic point
of view.

CONCLUSION

In cases where the STA is unsuitable in cerebral ischemic disease or progressive ischemia of the MCA
territory, OA may be an acceptable donor artery for less invasive extracranial-intracranial bypass
surgery.
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Abstract

BACKGROUND

The R-on-T phenomenon is a malignant arrhythmia associated with potentially
catastrophic consequences. It may initiate ventricular tachycardia or ventricular
fibrillation, which can result in syncope or sudden cardiac death. This manifesta-
tion poses a great challenge for anesthesiologists. However, it is rarely encoun-
tered in the perioperative setting.

CASE SUMMARY

We herein present a case in which the R-on-T phenomenon was incidentally
revealed by 24-h Holter monitoring in a patient diagnosed with sigmoid colon
cancer. Careful evaluation and treatment with mexiletine were carried out
preoperatively under consultation with a cardiovascular specialist, and surgery
was uneventfully performed under general anesthesia after thorough preparation.

CONCLUSION

Physicians should be vigilant about this infrequent but potentially fatal
arrhythmia. Our experience suggests that the anesthetic process can be greatly
optimized with careful preparation.

Key Words: R-on-T phenomenon; Premature ventricular contraction; Sigmoid colon
cancer; Sigmoid colon resection; General anesthesia; Case report
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Core Tip: The R-on-T phenomenon is associated with an increased risk of fatal arrhythmia. It may initiate
ventricular tachycardia and ventricular fibrillation, and its appearance seem to be associated with a poor
prognosis. However, this phenomenon is rarely encountered in the preoperative inpatient setting. The
anesthetic management of patients with this particular manifestation poses a great challenge. We herein
describe a patient who was scheduled for laparoscopic-assisted sigmoid colon resection when the R-on-T
phenomenon was incidentally discovered. Our experience suggests that the anesthetic process can be
greatly optimized by detailed preoperative assessment and preparation with interdisciplinary cooperation.

Citation: Li XX, Yao YF, Tan HY. Anesthetic management of a patient with preoperative R-on-T phenomenon
undergoing laparoscopic-assisted sigmoid colon resection: A case report. World J Clin Cases 2023; 11(9): 2098-
2103

URL: https://www.wjgnet.com/2307-8960/full/v11/i9/2098.htm

DOI: https://dx.doi.org/10.12998/wjcc.v11.i9.2098

INTRODUCTION

The R-on-T phenomenon was first reported by Smirk[1], who described it as R waves interrupting T
waves. The R-on-T phenomenon may initiate ventricular tachycardia (VT), torsade de pointes, and
ventricular fibrillation (VF)[2-5]. This phenomenon is associated with an increased risk of fatal
arrhythmia. The anesthetic management of patients with this particular manifestation poses a great
challenge. However, the R-on-T phenomenon is seldom encountered in the preoperative inpatient
setting. We found no report describing the anesthetic management of patients with a preoperative
electrocardiographic (ECG) manifestation of R-on-T, and there is an extreme lack of experience to which
clinicians can refer.

We herein present a case of successful anesthetic management in a patient who was incidentally
found to have the R-on-T phenomenon before undergoing laparoscopic-assisted sigmoid colon
resection. We also discussed the cause of the appearance of the R-on-T phenomenon and the main issue
requiring special precaution during perioperative anesthetic management.

CASE PRESENTATION

Chief complaints
A 69-year-old man was diagnosed with a sigmoid colon mass during a physical examination.

History of present illness

The patient had undergone a colonoscopy 20 d previously, and a sigmoid colon mass was discovered.
The diagnosis of sigmoid colon cancer was considered based on pathological biopsy findings. The
patient was admitted to our hospital for sigmoid colon resection.

History of past illness

The patient had been previously diagnosed with a congenital ventricular septal defect, and he had a
history of fundus hemorrhage 3 years previously. He had been undergoing treatment with Chinese
patent medicine containing Panax notoginseng saponins as well as Aescuven forte until 1 mo before
presentation to our hospital. He had no history of other systemic diseases such as hypertension, diabetes
mellitus, or coronary heart disease.

Personal and family history
The patient had a 50-year smoking history. He had undergone an open appendectomy 5 years
previously. His brother was diagnosed with colon cancer.

Physical examination
Physical examination revealed no obvious abnormalities except for an old appendiceal incision scar.

Laboratory examinations

Preoperative laboratory results, including a full blood cell count, blood biochemistry (including
electrolytes), and coagulation tests, were unremarkable except for a slightly elevated fibrinogen concen-
tration of 456.3 mg/dL and uric acid concentration of 455 pmol/L.

WJCC | https://www.wjgnet.com 2099 March 26,2023 | Volumell | Issue9 |


https://www.wjgnet.com/2307-8960/full/v11/i9/2098.htm
https://dx.doi.org/10.12998/wjcc.v11.i9.2098

Li XX et al. Encountering preoperative R-on-T phenomenon

25 mn/s 10mm/mv RonT Averag_e heart rate :96 bpm

DOI: 10.12998/wjcc.v11.i9.2098 Copyright ©The Author(s) 2023.

Figure 1 Twenty-four-hour Holter monitoring taken 3 d before surgery showing premature ventricular contractions and the R-on-T
phenomenon. A and B: Premature ventricular contractions; C: The R-on-T phenomenon.

Imaging examinations

Chest X-ray findings and abdominal computed tomography (CT) findings were unremarkable. A
transthoracic echocardiogram showed minor regurgitation of the aortic, mitral, and tricuspid valves;
reduced left ventricular diastolic function; and an ejection fraction of 62%. Notably, 24-h Holter
monitoring performed 2 d earlier revealed occasional atrial premature beats and frequent premature
ventricular contractions (PVCs). The PVCs consisted of 7.5% of the total daily beats (8803 per day),
partially occurred in pairs, and occasionally occurred in bigeminy and trigeminy; Twenty-five R-on-T
phenomena were revealed (Figure 1).

MULTIDISCIPLINARY EXPERT CONSULTATION

During pre-anesthetic assessment the day before surgery, the patient denied any history of palpitations,
dizziness, syncope, or any symptoms of angina. He stated that his ventricular septal defect was minimal
and required no medication or surgical treatment and that his physical activity was not limited. His
relatives provided the results of coronary artery CT and exercise myocardial perfusion imaging that had
been performed 18 mo previously. The coronary artery CT showed a minimal periventricular septal
defect with no hemodynamic effects as well as calcification of the left anterior descending artery,
circumflex branch artery, and right coronary artery; the images were negative for arterial stenosis. The
exercise myocardial perfusion imaging revealed no definite evidence of myocardial ischemia.

FINAL DIAGNOSIS

The final diagnoses were sigmoid colon cancer, congenital ventricular septal defect, and arrhythmia.
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TREATMENT

Surgical procedure

The patient was scheduled for laparoscopic-assisted sigmoid colon resection under general anesthesia.
Myocardial enzyme and electrolyte measurements and continuous ECG monitoring were advised for
further evaluation by the anesthesiologist, and a cardiovascular specialist was invited for consultation.
All laboratory results were normal. The cardiovascular specialist suggested the administration of
mexiletine at 150 mg three times daily and continuous infusion of lidocaine during surgery, and he
advised that a defibrillator should be prepared in advance. The surgery was scheduled 1 day after the
consultation, and a total of 450 mg of mexiletine was administered preoperatively. The patient
underwent continuous bedside ECG monitoring. His heart rate (HR) remained between 67 and 81 bpm.
There was a slight trend of slowing of the HR compared with his previous 24-h Holter monitoring
(average HR, 84 bpm). There was no sign of QT prolongation. PVCs occurred during observation.
However, the patient reported no discomfort.

Management of general anesthesia

Standard monitoring on the day of the operation included measurement of the patient’s arterial blood
pressure (ABP), ECG, SpO,, bispectral index, and arterial blood gas analysis. Monitoring of cardiac
function by a FloTrac system (Edwards Lifesciences, Irvine, CA, United States) was also performed. The
patient was in stable condition with a HR of 72 bpm, ABP of 155/80 mmHg, and SpO, of 99% on room
air. The ECG monitoring revealed that the number of PVCs had markedly decreased (approximately
two PVCs within 10 min), and no R-on-T phenomenon was observed. The results of the arterial blood
gas analysis were within normal range (pH, 7.43; potassium, 4.2 mmol/L; calcium, 1.19 mmol/L;
glucose, 5.5 mmol/L). Defibrillation electrode slices were placed on the patient, and rescue medications
were prepared. He was premedicated with 5 mg of dexamethasone. After preoxygenation, anesthesia
was induced with 20 pg of sufentanil, 40 mg of lidocaine, 20 mg of etomidate, 80 mg of propofol, and 20
mg of cisatracurium. Esmolol (20 mg) was administered at the time of intubation to inhibit the stress
response of endotracheal intubation. The patient was intubated successfully with the GlideScope video
laryngoscope (Verathon, Bothell, WA, United States). Anesthesia was maintained with propofol,
remifentanil, and sevoflurane. Muscle relaxation was achieved with intermittent administration of
cisatracurium. Lidocaine was continuously administered at a speed of 40 mg/h throughout the surgery.
During surgery, 6 mg of ephedrine was administered once to correct hypotension when the ABP had
fallen to 100/60 mmHg. The patient’s ABP was maintained at 100-168/60-82 mmHg, and his HR
remained between 55 and 88 bpm. An arterial blood gas analysis performed 1 h after the beginning of
surgery showed a pH of 7.33, partial pressure of carbon dioxide of 48 mmHg, and all electrolyte levels
within the reference ranges. The ventilator parameters were adjusted according to these results to
maintain normal acid base balance and electrolyte levels. His cardiac output and stroke volume
variation as monitored by the FloTrac system were within normal limits during surgery. Fluid therapy
was directed according to his HR, ABP, cardiac output, and stroke volume variation. Infusion heating
and a forced air warmer were used to maintain his body temperature. Occasional PVCs occurred, but
the patient was otherwise stable. The amount of bleeding during surgery was 50 mL.

OUTCOME AND FOLLOW-UP

The patient’s surgery and remaining hospital stay were uneventful. He was discharged home in a stable
state on postoperative day 6.

DISCUSSION

The appearance of the R-on-T phenomenon is associated with an increased risk of syncope and sudden
cardiac death. The literature shows that the R-on-T phenomenon can be triggered by myocardial
damage, reperfusion injury after revascularization, electrolyte imbalance (especially hypokalemia), or
hypothermia[1]. In rare cases, the administration of antibiotics can also cause the R-on-T phenomenon
[6]. Among all causes, cardiac ischemia and cardiac infarction are most common. A detailed
preoperative anesthetic assessment with emphasis on the cardiovascular system is important. Previous
cardiac assessment and examinations are helpful for comparison with current data. In the present case,
the definitive cause of the R-on-T phenomenon was unclear. Although the patient had a congenital
ventricular septal defect, the defect was minimal and had no hemodynamic effects. He had no history of
coronary heart disease and no evidence of cardiac ischemia. He was not taking any medication
presently and had no electrolyte imbalances. Therefore, we considered the possibility that his
arrhythmia was idiopathic.
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PVCs, especially with the R-on-T phenomenon, can initiate VT or VF[7-9]. The PVCs that precede VF
are considered to trigger the VF episodes in arrhythmic storm. VF recurrence can be avoided by
suppressing these PVCs using drugs, pacing, or ablation. The risk of the R-on-T phenomenon can be
eliminated or greatly diminished by treatment with antiarrhythmic drugs[1,10,11]. In the present study,
the patient was medically treated with the class Ib antiarrhythmic agent mexiletine, and he appeared to
respond well to mexiletine based on the fact that the number of PVCs was significantly reduced and the
R-on-T phenomenon disappeared on his arrival to the operating room. The literature shows that the
application of cardiac resynchronization therapy and catheter ablation can also be an effective remedy
when drug therapy is unsatisfactory[9,10,12,13].

The patient had a favorable prognosis in the present case; this was attributed to a detailed
preoperative assessment and preparation with interdisciplinary cooperation among the surgery,
anesthesiology, and cardiovascular departments. Full preparation including elaborate monitoring,
rescue medications, and a readily available defibrillator prepared in advance are crucial to decrease
patient risk. We placed defibrillation electrode slices on the patient before anesthetic induction in case of
VT or VE. Continuous lidocaine infusion can be used for both prophylaxis and treatment of ventricular
arrhythmia. All factors that can deteriorate the arrhythmia, including hemodynamic instability, fluid
and electrolyte imbalances (meticulous electrolyte control is important especially during laparoscopic
surgeries), and hypothermia, should be avoided. Induction drugs that are less likely to cause
hypotension, such as etomidate, are preferred. Avoidance of fluid and electrolyte imbalances is
essential. Goal-directed fluid therapy is instructive. Insulation measures, including the use of infusion
heating and forced air warmers, should also be applied to prevent hypothermia.

CONCLUSION

The R-on-T phenomenon is rarely encountered in the perioperative setting. Physicians should be
vigilant about this infrequent but potentially fatal arrhythmia. The perioperative anesthetic
management of patients with this manifestation can be challenging. However, our experience suggests
that the anesthetic process can be greatly optimized with careful evaluation, multidisciplinary
consultation, and thorough preparation.

FOOTNOTES

Author contributions: Li XX conceived the study and wrote the manuscript; Yao YF participated in the diagnosis and
treatment of the patient; Tan HY supervised the study; all authors have read and approved the final manuscript.

Informed consent statement: Informed written consent was obtained from the patient for publication of this report
and any accompanying images.

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

CARE Checklist (2016) statement: The authors have read the CARE Checklist (2016), and the manuscript was
prepared and revised according to the CARE Checklist (2016).

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

commercial. See: https:/ /creativecommons.org/ Licenses/by-nc/4.0/
Country/Territory of origin: China
ORCID number: Hong-Yu Tan 0000-0002-8721-5068.

S-Editor: Yan JP
L-Editor: A
P-Editor: Yan JP

REFERENCES

1 Smirk FH. R waves interrupting T waves. Br Heart J 1949; 11: 23-36 [PMID: 18113467 DOI: 10.1136/hrt.11.1.23]
2 Schulman PM, Merkel MJ, Rozner MA. Accidental, unintentional reprogramming of a temporary external pacemaker
leading to R-on-T and cardiac arrest. J Cardiothorac Vasc Anesth 2013; 27: 944-948 [PMID: 22959843 DOI:

WJCC | https://www.wjgnet.com 2102 March 26,2023 | Volumell | Issue9 |

Jaishideng®


https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0000-0002-8721-5068
http://orcid.org/0000-0002-8721-5068
http://www.ncbi.nlm.nih.gov/pubmed/18113467
https://dx.doi.org/10.1136/hrt.11.1.23
http://www.ncbi.nlm.nih.gov/pubmed/22959843

Jaishideng®

Li XX et al. Encountering preoperative R-on-T phenomenon

10.1053/j.jvca.2012.07.013]

3 Ergul Y, Kafali HC, Uysal F. Accelerated idioventricular rhythm resulting in torsades de pointes and cardiac arrest in a
child: successfully cryoablated in left'coronary cusp. Cardiol Young 2020; 30: 418-421 [PMID: 31858927 DOI:
10.1017/S1047951119002993]

4 Cho J, Afolabi B. Ventricular fibrillation associated with Graves' disease and amiodarone induced thyrotoxicosis.
Cardiovasc Endocrinol Metab 2019; 8: 119-124 [PMID: 31942554 DOI: 10.1097/XCE.0000000000000184]

5 Marume K, Ishibashi K, Noda T, Ohta-Ogo K, Yasuda S, Kusano K. Short coupled Torsade de pointes with myocardial
injury: A possible sequela of myocarditis. J Cardiol Cases 2019; 19: 62-65 [PMID: 31193697 DOI:
10.1016/j.jccase.2018.10.004]

6  Anyfantakis D, Makrakis G. R on T Phenomenon and Long QTc Syndrome due to Moxifloxacin in a Healthy Female. P R
Health Sci J2019; 38: 196-197 [PMID: 31536636]

7 Oksuz F, Sensoy B, Sahan E, Sen F, Baser K, Cetin H, Unal S, Ozeke O, Topaloglu S, Aras D. The classical "R-on-T"
phenomenon. /ndian Heart J 2015; 67: 392-394 [PMID: 26304578 DOI: 10.1016/;.ihj.2015.02.030]

8 Nakamori Y, Maeda T, Ohnishi Y. Reiterative ventricular fibrillation caused by R-on-T during temporary epicardial
pacing: a case report. JA Clin Rep 2016; 2: 3 [PMID: 29497660 DOI: 10.1186/s40981-016-0029-6]

9 Lasocka Z, Dabrowska-Kugacka A, Lewicka E, Lizewska-Springer A, Krolak T. Successful Catheter Ablation of the "R on
T" Ventricular Fibrillation. Int J Environ Res Public Health 2021; 18 [PMID: 34574512 DOI: 10.3390/ijerph18189587]

10 Vyas A, Lokhandwala Y. Coronary sinus as a site for stable temporary atrial pacing to tide over premature ventricular
complex-triggered recurrent ventricular fibrillation in a patient with severe left ventricular dysfunction after coronary
bypass surgery. Indian Heart J 2018; 70 Suppl 3: S483-S485 [PMID: 30595312 DOI: 10.1016/5.1hj.2018.07.012]

11 Sanchez Muiioz JJ, Garcia-Alberola A, Martinez-Sanchez J, Penafiel-Verda P, Caro-Martinez C, Manzano-Fernandez S,
Valdés Chavarri M. Premature ventricular complexes as a trigger for ventricular fibrillation. Rev Esp Cardiol 2010; 63:
798-801 [PMID: 20609313 DOI: 10.1016/s1885-5857(10)70164-x]

12 Jeon DS, Park JS. Rapid and Potent Antiarrthythmic Effect of Cardiac Resynchronization Therapy in a Patient with
Advanced Dilated Cardiomyopathy and a Large Ventricular Arrhythmia Burden. Korean Circ J2017; 47: 523-527 [PMID:
28765745 DOI: 10.4070/kcj.2016.0361]

13 Katis G, Wiles B, Saba MM. Short-coupled ventricular ectopics leading to cardiac arrest in a young woman. Egypt Heart J
2022; 74: 32 [PMID: 35467248 DOI: 10.1186/543044-022-00272-y]

WJCC | https://www.wjgnet.com 2103 March 26,2023 | Volumell | Issue9 |


https://dx.doi.org/10.1053/j.jvca.2012.07.013
http://www.ncbi.nlm.nih.gov/pubmed/31858927
https://dx.doi.org/10.1017/S1047951119002993
http://www.ncbi.nlm.nih.gov/pubmed/31942554
https://dx.doi.org/10.1097/XCE.0000000000000184
http://www.ncbi.nlm.nih.gov/pubmed/31193697
https://dx.doi.org/10.1016/j.jccase.2018.10.004
http://www.ncbi.nlm.nih.gov/pubmed/31536636
http://www.ncbi.nlm.nih.gov/pubmed/26304578
https://dx.doi.org/10.1016/j.ihj.2015.02.030
http://www.ncbi.nlm.nih.gov/pubmed/29497660
https://dx.doi.org/10.1186/s40981-016-0029-6
http://www.ncbi.nlm.nih.gov/pubmed/34574512
https://dx.doi.org/10.3390/ijerph18189587
http://www.ncbi.nlm.nih.gov/pubmed/30595312
https://dx.doi.org/10.1016/j.ihj.2018.07.012
http://www.ncbi.nlm.nih.gov/pubmed/20609313
https://dx.doi.org/10.1016/s1885-5857(10)70164-x
http://www.ncbi.nlm.nih.gov/pubmed/28765745
https://dx.doi.org/10.4070/kcj.2016.0361
http://www.ncbi.nlm.nih.gov/pubmed/35467248
https://dx.doi.org/10.1186/s43044-022-00272-y

7|0\

Submit a Manuscript: https:/ /www.f6publishing.com

DOI: 10.12998 / wjcc.v11.19.2104

World Journal of
Clinical Cases

World | Clin Cases 2023 March 26; 11(9): 2104-2109

ISSN 2307-8960 (online)

CASE REPORT

Pembrolizumab combined with axitinib in the treatment of skin
metastasis of renal clear cell carcinoma to nasal ala: A case report

Shuai Dong, Yang-Chun Xu, Yuan-Chen Zhang, Jian-Xin Xia, Yan Mou

Specialty type: Dermatology

Provenance and peer review:
Unsolicited article; Externally peer

reviewed.
Peer-review model: Single blind

Peer-review report’s scientific
quality classification

Grade A (Excellent): 0

Grade B (Very good): 0
Grade C (Good): C, C

Grade D (Fair): 0

Grade E (Poor): 0

P-Reviewer: Bal’afif F, Indonesia;
Sedaghattalab M, Iran

Received: January 4, 2023

First decision: January 20, 2023
Revised: January 28, 2023
Accepted: February 27, 2023
Article in press: February 27, 2023
Published online: March 26, 2023

Jaishideng®

WJCC | https://www.wjgnet.com

Shuai Dong, Yang-Chun Xu, Yuan-Chen Zhang, Jian-Xin Xia, Yan Mou, Department of
Dermatology, The Second Hospital of Jilin University, Changchun 130041, Jilin Province,
China

Corresponding author: Yan Mou, Doctor, MD, PhD, Associate Professor, Senior Consultant
Dermatologist, Department of Dermatology, The Second Hospital of Jilin University, No. 218
Ziqiang Street, Changchun 130041, Jilin Province, China. muyan 20031017@jlu.edu.cn

Abstract

BACKGROUND

Renal clear cell carcinoma (RCC) is a malignant tumor of the genitourinary system
with a predilection for males. The most common metastatic sites are the lung,
liver, lymph nodes, contralateral kidney or adrenal gland, however, skin
metastasis has only been seen in 1.0%-3.3% of cases. The most common site of skin
metastasis is the scalp, and metastasis to the nasal ala region is rare.

CASE SUMMARY

A 55-year-old man with clear cell carcinoma of the left kidney was treated with
pembrolizumab and axitinib for half a year after surgery and was found to have a
red mass on his right nasal ala for 3 mo. The skin lesion of the patient grew
rapidly to the size of 2.0 cm x 2.0 cm % 1.2 cm after discontinuation of targeted
drug therapy due to the coronavirus disease 2019 epidemic. The patient was
finally diagnosed with skin metastasis of RCC in our hospital. The patient refused
to undergo surgical resection and the tumor shrank rapidly after resuming target
therapy for 2 wk.

CONCLUSION

It is rare for an RCC to metastasize to the skin of the nasal ala region. The tumor
size change of this patient before and after treatment with targeted drugs shows
the effectiveness of combination therapy for skin metastasis.

Key Words: Skin metastasis; Renal clear cell carcinoma; Pembrolizumab; Axitinib; Case
report
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Core Tip: The skin metastasis of renal cell carcinoma can be diagnosed by pathological biopsy and
immunohistochemical staining. The patient’s history, laboratory examination and imaging examination
can assist in the diagnosis. The occurrence of skin metastasis often indicates a poor prognosis, and surgical
treatment may improve the prognosis. Our patient refused surgery and returned to targeted drug therapy,
resulting in significant improvement in skin lesions.

Citation: Dong S, Xu YC, Zhang YC, Xia JX, Mou Y. Pembrolizumab combined with axitinib in the treatment of
skin metastasis of renal clear cell carcinoma to nasal ala: A case report. World J Clin Cases 2023; 11(9): 2104-
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INTRODUCTION

It is rare for renal clear cell carcinoma (RCC) to metastasize to the facial region, but dermatologists
should be alert to the presence of a facial mass in patients with a history of RCC. Here, we report the
diagnosis of this patient in detail and provide our experience for the diagnosis of this kind of disease. In
addition, this patient also demonstrated the efficacy of pembrolizumab and axitinib for skin metastasis
from renal cancer.

CASE PRESENTATION

Chief complaints
The patient presented to our department due to the tumor on his right nasal ala for three months.

History of present illness

The patient reported that a tumor of 0.3 cm x 0.3 cm x 0.2 cm appeared on his right nasal ala with no
significant inducement in January 2022. He felt no pain or itching. There was a small amount of bloody
exudation on the surface of the tumor. The diagnosis of granuloma was assigned to the patient and the
tumor was treated with CO, laser physiotherapy at a local hospital. In March 2022, the tumor recurred
and grew up to 2.0 cm x 2.0 cm x 1.2 cm, so the patient presented to our hospital. Since the onset of the
tumor, the patient presented no fever, no nausea, no vomiting and no significant loss of body weight.

History of past illness

In January 2017, a tumor was identified in the left kidney of the patient by physical examination. The
patient underwent a robot-assisted partial nephrectomy at a local hospital. Postoperative pathological
examination showed left RCC. No adjuvant therapy was performed. In July 2021, the patient underwent
a left renal radical resection in the local hospital. Postoperative pathological examination revealed left
RCC. The tumor volume was 3.5 cm x 3 cm x 2.5 cm. Invasion of renal sinus adipose tissue at the
maximum diameter of 0.7 cm was observed, vascular cancer infiltration was seen and fat necrosis
nodules with fibrosis and calcification occurred in the surrounding renal tissue, pTNM: T3a (2017 AJCC
8%). August 2021, the positron emission tomography/computed tomography (CT) results displayed left
renal cell carcinoma after surgery, the surgical area showed high metabolism, and metastasis was
suspected. It was found that metastasis occurred to the left humerus, 1* and 12* thoracic vertebrae. In
September 2021, posterior thoracic tumor resection and decompression plus radiofrequency ablation,
internal fixation plus nerve root exploration were performed in another hospital. Postoperative
pathological results showed broken bone and tumor cell infiltration in fibrous soft tissue, cell nest distri-
bution and some empty cytoplasm, which was consistent with renal cell carcinoma metastasis. Pembrol-
izumab and axitinib were administered regularly after the operation, however, the treatment was
discontinued due to the coronavirus disease 2019 epidemic between March and April 2022.

Personal and family history
The patient has had a history of hypertension for 5 years and smoked for over 30 years. No member of
his family has a similar disease.

Physical examination upon admission

The general condition of the patient was fair, the left kidney was deficient. Physical examination
showed bilateral renal tenderness and tapping pain negative, thoracic surgery, spinal tenderness and
tapping pain negative. Limbs and lung examination showed no obvious abnormalities.
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Figure 1 Clinical photograph of the lesion at the initial visit and after resumption of target therapy. A: A 2.0 cm x 2.0 cm x 1.2 cm red mass was
seen on the right alar of the nose, with soft texture and clear boundary. A small amount of bloody exudate was seen on the surface. The skin vessels around the
mass were hyperplastic and dilated; B: Two weeks after the resumption of combined treatment, the mass was reduced to 0.8 cm x 0.8 cm x 0.5 cm, covered with
blood scabs, and the hyperplasia and dilation of skin vessels around the mass decreased.

JBaishideng®

A tumor of 2.0 cm x 2.0 cm x 1.2 cm was seen on the right nasal ala, there was a small amount of
bloody exudation on the surface, and no tenderness (Figure 1A). There was no bleeding in the nasal
cavity. The superficial lymph nodes of the whole body were not enlarged.

Imaging examinations

Lung CT showed nodular high-density shadows in each lobe of both lungs, with a size of about 0.2-1.1
cm, and some edges are lobulated, which indicated lung metastasis. Magnetic resonance results showed
once surgery and signal changes at the 1** and 2™ thoracic vertebrae and their partial attachment area.
Based on the disease history of the patient, tumor metastasis to the vertebrae was suspected. There were
2 suspected tumors in the left head of the humerus and shaft of the humerus. No obvious abnormality
was found in the blood routine, coagulation routine, liver and kidney function, thyroid function,
myocardial enzyme and electrocardiogram.

Laboratory examinations
There were significant changes in the epidermis, and the tumor cells gathered to form a mass in the
dermis, some tumor cells formed a lumen structure. There were a lot of clear cells and abundant blood
vessels (Figure 2).

Tumor immune pathology detection: 5100-, HMB45-, CK7-, AR-, CK5/6-, CAIX-, Vimentin+, EMA
weak+, CD10+, PAX8 weak+, PAX2 weak+ and Ki67 30%+ (Figure 3).

FINAL DIAGNOSIS

Skin metastasis of RCC.

TREATMENT

The proposal for surgical resection of the tumors on the nasal ala was rejected by the patient and the
patient also refused to have his suspected bone metastasis or lung metastasis biopsied and treated. The
patient resumed his treatment with pembrolizumab and axitinib for 2 wk, and the tumor on his nasal
ala shrank to 0.8 cm x 0.8 cm x 0.5 cm (Figure 1B).

OUTCOME AND FOLLOW-UP

200 mg pembrolizumab was administered to the patient through intravenous infusion once every 3 wk
combined with axitinib 5 mg twice a day orally. After 8 wk of treatment, the skin lesion was 0.6 cm % 0.6
cm % 0.4 cm. Upon subsequent follow-up, his lesion remained 0.6 cm x 0.6 cm x 0.4 cm and there were
no new lesions. Unfortunately, he died of multiple organ failure in December 2022.
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Figure 2 The histopathology of the mass (hematoxylin & eosin staining). Lumplike infiltration of tumor cells was observed in the dermis, some of which
formed lumenlike structures with a large number of clear cells and abundant blood vessels.

A
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Figure 3 Immunopathology of the mass. A: $100(-); B: HMBA45(-); C: CK7(-); D: AR(-); E: CK5/6(-); F: CAIX(-); G: Vimentin(+); H: EMA(+); I: CD10(+); J:
PAX8(+); K: PAX2(+); L: KiT(+).

DISCUSSION

RCC is a kind of malignant tumor of the genitourinary system, which usually occurs in males. The most
common metastatic sites are the lung, liver, lymph node, contralateral kidney or adrenal gland. Skin
metastasis is rare, only in 1.0%-3.3% of RCC cases[1]. Skin metastasis from renal carcinoma mostly
occurs in the scalp, rarely in the nasal ala[2]. Balawender et al[3] reported cases of cutaneous metastasis
of renal cell carcinoma from 2000 to 2019, with only two cases of nasal cutaneous metastasis.

A cutaneous metastatic lesion from renal cell carcinoma is often present as painless nodules, plaques
or pulsatile masses of normal to purplish-red skin and grow rapidly[4]. Vascular-rich metastases are
hard to distinguish from hemangiomas, pyogenic granulomas or Kaposi's sarcoma[5]. The
histopathology of this case showed a mass-like infiltration of tumor cells in the dermis with clear
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cytoplasm and nuclei in the center, which should be differentiated from sebaceous adenocarcinoma,
melanoma and clear cell squamous cell carcinoma. PAX8 and PAX2 are nuclear transcription factors
that are expressed in approximately 90% of renal cell tumors and can be used as markers for the
diagnosis of distant metastatic tumors originating from the kidney; CD10 can be used as a marker for
the recognition of tumors originating from the renal tubules and CD10 is positive in clear cell renal
tumor; EMA and Vimentin are frequently expressed in clear cell renal cell carcinoma, which is
uncommon in other clear cell tumors[6]. Immunohistochemical staining of this case showed that
melanoma could be excluded because S100 and HMB45 were negative, sebaceous adenocarcinoma
could be excluded because CK7 and AR were negative, clear cell squamous cell carcinoma could be
excluded because CK5/6 and CAIX were negative[7]. Vimentin positive, EMA weakly positive, CD10
positive, PAX8 weakly positive, PAX2 weakly positive and Ki67 30% positive can be diagnosed as skin
metastasis of RCC.

Metastatic RCC is insensitive to both radiotherapy and chemotherapy[8]. Surgical resection of
isolated skin metastases has the potential to improve survival[9]. Axitinib is a class of oral small-
molecule tyrosine kinase inhibitors that inhibit receptors such as VEGR and PDGFR-B, thereby
inhibiting tumor angiogenesis and preventing tumor growth and metastasis[10]. Pembrolizumab, a
humanized monoclonal antibody that binds to the PD-1 receptor, blocking the interaction of PD-1 with
PD-L1 and PD-L2, relieving the suppression of the immune response mediated by the PD-1 pathway,
enhances the body's immune system for the killing of tumor cells. Pembrolizumab and axitinib are used
as first-line therapy for advanced renal cancer, the skin lesion of this patient developed rapidly after
discontinuation of this regimen, and the tumor shrank significantly after treatment was resumed, which
demonstrated the effectiveness of this treatment for skin metastases.

CONCLUSION

It is very rare for RCC to metastasize to the skin of the nasal ala region. It is easily misdiagnosed as
hemangioma, pyogenic granuloma or Kaposi's sarcoma. Learning the detailed medical history and
histopathology examination can help to avoid misdiagnosis. RCC patients with skin metastases often
have a poor prognosis, and surgical removal of the metastases can be an option to improve the
prognosis, but further systemic examination and comprehensive treatment are necessary. In this patient,
pembrolizumab in combination with axitinib significantly reduced the size of the lesion, demonstrating
the efficacy of the targeted drug for skin metastases.
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Abstract

BACKGROUND
Many cases of emphysema associated with blow-out fractures occur before
surgery due to trauma. However, emphysema can occur even after surgery, and
most of such cases are managed conservatively and allowed to resolve. Swelling
in the periorbital area due to emphysema that occurs after surgery can make early
recovery difficult.

CASE SUMMARY

Herein, we describe a case of postoperative subcutaneous emphysema that was
treated using a simple needle aspiration method. A 48-year-old male patient
visited the hospital with a blow-out fracture of the left medial orbital wall and
nasal bone fracture. One day postoperatively, swelling and crepitus in the left
periorbital area were observed, and follow-up computed tomography showed
emphysema in the left periorbital subcutaneous area. Needle aspiration using an
18-gauge needle and syringe was used to relieve the emphysema. The symptoms
of sudden swelling improved immediately, and no recurrence was observed.

CONCLUSION

We conclude that needle aspiration is a useful method that could help in relieving
symptom, resolving discomfort, and enabling early return to daily life in patients
with postoperative subcutaneous emphysema.

Key Words: Blow out fracture; Subcutaneous emphysemas; Mechanical aspiration; Case
report

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.
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Core Tip: A cases of postoperative subcutaneous emphysema is relatively rare. Though orbital emphysema
is usually self-limited, we report a case report of postoperative subcutaneous emphysema that treated with
a simple method using immediate needle aspiration to relieve discomfort and enable recovery to daily life.

Citation: Nam HJ, Wee SY. Successful treatment of a rare subcutaneous emphysema after a blow-out fracture
surgery using needle aspiration: A case report. World J Clin Cases 2023; 11(9): 2110-2115

URL: https://www.wjgnet.com/2307-8960/full/v11/i9/2110.htm

DOI: https://dx.doi.org/10.12998/wjcc.v11.i9.2110

INTRODUCTION

The orbit is highly exposed to physical facial injuries because of its anatomical location and the lack of
protective tissues. Isolated orbital fractures account for in 4%-16% of all facial fractures, and orbital
fracture combined with any other type of fracture occurs in 30%-55% of zygomatic complex fractures
and naso-orbital-ethmoid fractures[1,2].

Orbital emphysema, which is the abnormal presence of air within the orbit, is a typical finding in
blow-out fractures owing to its communication with the paranasal sinus[3]. In the setting of trauma, the
presence of orbital emphysema significantly increases the likelihood of an orbital fracture, with up to
75% of patients having medial orbital wall fractures with some degree of orbital emphysemal4]. Orbital
emphysema can also occur after surgery as a complication that causes postoperative discomfort and
delays recovery to daily life. In previous literature, case reports and treatment of preoperative
emphysema have been reported; however, there is a tendency to rely on conservative treatment for
subcutaneous emphysema that occur postoperatively because the symptoms in such cases are often not
severe. However, this may be time-consuming and cause discomfort to the patient until spontaneous
resolution is achieved.

Herein, we describe a case of postoperative subcutaneous emphysema that was treated with a simple
method using immediate needle aspiration to relieve discomfort and enable recovery to daily life.

CASE PRESENTATION

Chief complaints
A 48-year-old male patient visited the hospital after experiencing direct trauma to the nose and
periorbital area 9 d prior.

History of present illness

He had mild swelling and tenderness in nose and periorbital area due to the direct trauma. The day
after hospitalization, orbital wall reconstruction using a bioresorbable polycaprolactone mesh implant
(Osteomesh, Osteopore International, Singapore) and closed reduction of the nasal bone were
performed. One day after the operation, the patient complained of difficulty in opening his left eye, and
severe swelling in the left periorbital area was observed.

History of past illness
He had no remarkable medical history or chronic illness.

Personal and family history
There was no significant personal or family history.

Physical examination

At the time of admission, periorbital swelling was not significant (Figure 1). Extraocular movement was
normal, and the patient did not complain of other visual symptoms including blurred vision or
diplopia. One day after the operation, crepitus was observed during skin palpations.

Laboratory examinations

The blood results were within normal limit; a white blood cell count of 7.2 x 10°/ mL; a red blood cell
count of 4.3 x 10°/mL; a platelet count of 192 x 10°/mL; a hemoglobin count of 12.9 g/dL; a blood urea
nitrogen value of 11 mg/dL; serum creatinine value of 0.63 mg/dL; potassium, 3.3 mmol/L; sodium,
141 mmol/L; albumin, 35 g/L; total bilirubin of 3 pmol/L; alanine aminotransferase, 17 IU/L; aspartate
aminotransferase, 15 IU/L; and alkaline phosphatase, 65 IU/L.
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Figure 1 A facial photograph taken at the moment of admission. The swelling around the periorbital area was not significant.
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Imaging examinations
The size of the blow-out fracture was 25 mm x 20 mm accompanied by a nasal bone fracture on
computed tomography that was performed after visiting the hospital.

Further diagnostic work-up
Postoperatively, follow-up computed tomography was done and revealed emphysema in the form of
scattered air bubbles in the left periorbital subcutaneous area (Figure 2).

FINAL DIAGNOSIS

The patient was diagnosed as postoperative subcutaneous emphysema.

TREATMENT

Negative pressure was applied using the needle and syringe pull-back method at three points above the
eyelid crease with an 18-gauge needle, and approximately 2 mL of air was removed at each point
(Figure 3). The symptoms of sudden swelling immediately improved (Figure 4). Simple foam dressing
and mild compression after aspiration were performed.

OUTCOME AND FOLLOW-UP

No symptoms, such as bleeding or hematoma, were observed in the upper eyelid. On the fourth day
postoperatively, there was no recurrence of swelling, the patient was discharged, and could
immediately returned to his daily activities (Figure 5). During outpatient follow-up, recurrence of
emphysema was not observed.

DISCUSSION

Orbital emphysema is commonly observed in orbital fractures[5]. A large retrospective study spanning
10 years concluded that clinically apparent orbital emphysema had a specificity of 99.6% and a positive
predictive value of 98.4% for orbital fracture[6]. In cases of orbital emphysema related to orbital
fractures, there is often a history of post-traumatic sneezing, coughing or nose blowing precipitating
orbital emphysema[7-11]. An acute incident resulting in increased intranasal pressure, such as sneezing
or nose blowing, usually promote the episode[12].

The clinical presentation of orbital emphysema varies, depending on its severity. Patients often
experience tenderness, pain or pressure sensation and may complain of changes in visual acuity or field.
Signs of orbital emphysema include periorbital subcutaneous crepitus, proptosis, decreased vision,
relative afferent pupillary defect, and subconjunctival emphysemal5]. Given the tendency of air to
localize superiorly, a crescent-shaped area of radiolucency in the superior aspect of the orbit
demonstrated on a radiograph termed the “black eyebrow sign” is highly suggestive of orbital
emphysema[13,14].
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Figure 2 A Follow up computed tomography scan 2 d postoperatively. The emphysema is seen in the form of scattered air bubbles in the left periorbital
subcutaneous area (yellow arrow), indicating the “black eyebrow sign’. A: Sagittal view; B: Coronal view; C: Axial view.

DOI: 10.12998/wjcc.v11.i9.2110 Copyright ©The Author(s) 2023.

Figure 3 A schematic drawing of needle injection point (black circles). Above the upper eyelid, the needle was inserted at points where air was most
palpable and negative pressure was applied using the pull-back method.

DOI: 10.12998/wjcc.v11.i9.2110 Copyright ©The Author(s) 2023.

Figure 4 A facial photograph taken after the procedure. A: One day postoperatively, swelling in the left periorbital area was observed; B: The swelling
improved immediately after needle aspiration decompression.

Most cases of orbital emphysema are self-limited and typically resolve within 7-10 d[15-18]. Moon et
al[7] reviewed 348 orbits with isolated medial wall fractures and concluded that the majority of these
patients recovered spontaneously without the need for surgical intervention. Patients who underwent
needle aspiration and decompression tended to have a moderately decreased visual acuity. Those who
underwent orbital decompression were more likely to have additional signs of optic nerve compression,
indicated by the presence of a relative afferent pupillary defect and more severe impairment in visual
acuity[10,19].
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Figure 5 A facial photograph 4 d postoperatively. No recurrence of swelling was observed.
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In our case, a sudden increase in swelling was observed, and follow-up computed tomography
revealed a black eyebrow sign. As shown in the literature, orbital emphysema is often caused by trauma
or soft tissue injury. However, in this case, it occurred postoperatively after reconstruction of the orbital
blow-out fracture, and it is different from reports in the literature of cases, as this case was caused by an
increase in intranasal pressure during sneezing. The patient experienced spontaneous sneezing, which
prompted him to blow his nose the night prior to the onset of symptoms. The patient also had a nasal
bone fracture, suggesting that an increase in intranasal pressure caused air to enter the surrounding
subcutaneous tissue. In this case, the method of needle aspiration was used. Although it is highly likely
that the emphysema would have resolved gradually, this method allowed immediate and dramatic
resolution, enabling quick recovery to daily life. In addition, it has the advantage of being more
comfortable and less burdensome to the patient than removal through surgical intervention.

The limitation of the method used in this case is that it was not possible to target the exact air
collection area, and the procedure was performed based on palpation. In addition, resolution of
emphysema after the procedure was not confirmed by follow-up imaging. As a point for improvement,
we suggest that if additional diagnostic devices, such as handheld sonography are used during the
procedure, needle aspiration would be a useful treatment option for orbital emphysema. Moreover,
because our study represents only a single case, further investigations are required to validate our
method as a viable treatment option for postoperative subcutaneous emphysema.

CONCLUSION

Orbital emphysema is a rare complication that can occur after blow-out surgery. Although orbital
emphysema is often self-limiting, needle aspiration is a useful treatment method that could relieve
symptoms, resolve discomfort, and enable early return to daily life in patients with postoperative
subcutaneous emphysema.
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Abstract

The present letter to the editor is related to the work entitled “Large leiomyoma of
lower esophagus diagnosed by endoscopic ultrasonography-fine needle
aspiration: A case report.” Although endoscopic ultrasonography seems necessary
in a suspected leiomyoma of the esophagus, the performance of biopsies via fine
needle aspiration is controversial as it increases the risk of complications such as
bleeding, infection, and intraoperative perforations. Laparoscopy is the best
treatment strategy for small tumors. Laparotomy with tumor enucleation or
esophageal resection can be considered in large leiomyomas.

Key Words: Esophageal Leiomyoma; Endoscopic ultrasonography; Biopsy; Surgical
resection

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Endoscopic ultrasonography seems necessary in a suspected leiomyoma of the
esophagus. However, the performance of biopsies via fine needle aspiration is contro-
versial. It increases the risk of complications such as bleeding, infection, and intraop-
erative perforations. Moreover, there is a possibility of an inconclusive biopsy due to
inadequate material. Laparoscopy is the best treatment option for small tumors.
Laparotomy with tumor enucleation or esophageal resection can be considered in large
leiomyomas.
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TO THE EDITOR

We read with interest a case report by Rao et al[1], who presented a patient having leiomyoma of the
lower esophagus, successfully treated with laparoscopic local resection.

We agree with the authors on the importance of performing endoscopic ultrasonography (EUS) for
large esophageal leiomyomas to rule malignancies. EUS is highly specific to leiomyoma with a
diagnostic accuracy of 94.7%[2]. Esophageal leiomyoma presents on EUS as a homogenous, hypoechoic
lesion with obvious margins, encircled by an hyperechoic area, and is easily distinguishable from an
esophageal cyst, lipoma, or hemangioma[2,3]. However, performing biopsies via fine needle aspiration
is controversial and presents many risks. It is associated with many complications such as intraoperative
perforations, bleeding, and infection[3]. Moreover, an inconclusive biopsy is possible due to inadequate
material[4]. Therefore, malignancy can only be ruled out after surgical resection[5-7].

The authors opted for laparoscopic local resection of the tumor. It is the treatment of choice,
especially in small tumors < 5 cm[8]. However, a trans-Hiatal approach via laparotomy could have been
discussed as a therapeutic option knowing that the tumor was large (8 cm x 6 cm x 3.5 cm), originated
from the cardia, and entered the abdominal cavity next to the diaphragm and liver.

An esophageal resection can also be considered for big tumors situated at the gastroesophageal
junction due to technical problems, poor wound healing in the defect of the esophageal muscle, and
dysfunction of the lower esophageal sphincter following enucleation[9,10].

Submucosal tunneling endoscopic resection represents another therapeutic option. However this
technique presents technical difficulties for tumors > 35 mm due to the reduced space of the submucosal
tunnel[11].
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Abstract

The vagina has diverse vaginal microbes (Vm). A disturbance in the delicate
balance maintained in Vm is linked to women's obstetrical and reproductive tract
problems. Vaginal microbes play an essential role in protecting the health of the
female reproductive tract by alleviating gynecological infection. However, Vm
profiling has many confounders that need to be addressed during sampling,
including age, race, pregnancy, medical illness, and smoking. Vm profiling
improves reproduction odds, may serve as a marker for genital malignancies and
have a therapeutic application in menopausal women and women with cervical
cancers.
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Core Tip: The vaginal ecosystem has a key role in women's health. Vaginal microbes
(Vm) affect the obstetrical performance of pregnant women and, in turn, can be affected
by age, gestational age, race, and time of sampling. For infertile women, Vm
composition can affect fertilization odds, the success of assisted reproduction technique,
and even may predict the chances of live birth. The therapeutic aspect of Vm was
introduced to enhance vaginal protection against infection, alleviate menopausal
symptoms, and, finally, in genital malignancies. Vm was used as a signature marker in
predicting and preventing ovarian and cervical malignancies, respectively.
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TO THE EDITOR

We read with interest Liao et al's study[1] published in World | Clin Cases that discusses the influence of
vaginal microbes (Vm) on pregnant women's health and how the integrity of the vaginal ecosystem is
maintained by a delicate balance of vaginal sanitation and group B streptococcus status[1].

Studying the Vm has many implications for obstetrical and gynecological diseases in women. Earlier
work has examined confounders that can affect Vm, which was not discussed in Liao et al’s study[1],
including; women's age, race, pregnancy and gestational age at sampling, smoking, and sexual activity
[2-4].

A recent meta-analysis described the effect of race and age on the unique ecosystem of Vm. The study
confirmed that Chinese females hosted a distinct Vm from other ethnicities. In good agreement, Dunlop
et al discussed different Vm in a group of African American women vs non-African American study
population they examined[5,6].

Certain behaviors and customs can influence human races. Male circumcision, which is performed in
some societies, is believed to minimize Human papillomavirus (HPV) transmission, a significant factor
in the development of cervical cancer. Furthermore, in other communities, females may have several
male partners, which may enhance the transmission of sexually transmitted diseases, including HPV[7,
8].

Other studies addressed the difference between Vm in the pregnant vs non-pregnant population due
to different hormonal influences|[5].

Even for pregnant women, the sampling timing affects the observed Vm seen, as Laghi et al’s study[9]
suggested. Moreover, they discussed the effect of females' age, diet, smoking, and sex on modifying the
Vm composition[9,10].

Diseases caused by vaginal infections inversely impact obstetrical performance, like preterm labor
and abortion. Furthermore, the implication of Vm on fertility outcomes and women's health in
menopause was explored, given the increasing number of women entering menopause. An emphasis
was made on Vm's benefit in the management of menopausal symptoms, reducing the risk of
osteoporosis, regulating the nervous system, and lipid profiling for menopausal women[11-13].

Polycystic ovarian syndrome is a common cause of female infertility; research showed reduced
Lactobacillus in the vagina and cervix of affected women. Consequently, fertilization rates were reduced
due to oocyte damage by colonizing microbes in the oocyte's follicular fluid[14,15]. For infertile couples
seeking assisted reproductive technique(ART), an alteration in Vm and male seminal fluid microbes
were linked to unsuccessful ART outcome; in fact, Lactobacillus presence in the women's lower and
upper genital tract favors positive outcomes[16-18].

Additionally, Vm profiling was used to predict successful in-vitro fertilization with or without
intracytoplasmic sperm injection cycle and showed a predictive accuracy of 94%. Lactobacillus
dominance was key in predicting pregnancy success and odds of live birth (odds ratio 0.66, 95%
confidence interval 0.50-0.88)[19,20].

It is well known that genital infection causes a change of Vm predominant; interestingly, a correlation
was found between the alteration of Vm and the development of epithelial ovarian cancer, a malignancy
that is usually present in late or advanced stages. It was proposed that Vm could serve as a useful
biomarker for earlier diagnosis and prevention of ovarian and cervical cancers[21-23].

Detection and clustering of Vm were based on culture-dependent methods[9,21]. However, due to
their limitations, detection of Vm was shifted to culture-independent methods in the last few years, for
example, Sanger sequencing of the 165 rRNA of bacterial colonies and Illumina-based amplicon
sequencing of the V6 region of the 165 rRNA gene[10,21].

A therapeutic avenue of Vm was also suggested; a probiotic is a preparation containing viable
microbial agents to improve health. Treatment with probiotics to relieve genitourinary sequelae in
postmenopausal women (PMW) is a promising option via restoring Lactobacillus abundance in the
vagina. Recent evidence shows that oral and direct administration of probiotics in the vagina is an
adjuvant therapy to estrogen withdrawal in PMW][13,24].

Probiotics were also used for their anticancer activities in cervical cancer via activating the maturation
of natural killer cells and promoting cellular and humoral immunity. Additionally, probiotics were
added to reduce the side effects of radiation therapy for cervical malignancies[25].

The Corona Virus Infectious Disease(COVID)-19 pandemic has had a detrimental effect on fetal-
maternal outcomes[26]. Celik et al[27] discovered a considerable change in Vm in affected cases. In fact,
the more severe the maternal illness, the more Vm is altered. As a result, the researchers hypothesized
that COVID-19 fosters an undesirable vaginal microenvironment. These findings point to the potential
use of microbiome-associated indicators as a risk assessment tool for preterm birth in COVID-19
pregnant women. In addition, a therapeutic avenue can be created via the modification of Vm in affected
cases[27].

In conclusion, Vm have confounders that need to be adjusted before sampling; moreover, Vm has
implication for women's obstetrical and fertility potential. Vm can protect against infection
development, be a signature biomarker for predicting ovarian cancer, and have promising therapeutic
applications for PMW and patients with cervical cancer.
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