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Abstract
Crohn’s disease (CD) is a chronic inflammatory disorder of the gastrointestinal 
tract with an increasing incidence worldwide. Comprehensive therapy for CD 
focuses on symptom control and healing the intestinal mucosa to improve the 
quality of life and prevent complications. Surgical intervention plays a vital role in 
comprehensive therapy. However, deciding the optimal timing for surgical inter-
vention has long been a focus of controversy. This review provides insights into 
the timing of surgery for CD and guides clinicians in daily treatment.

Key Words: Crohn’s disease; Surgical intervention; Timing of surgery; Individualization; 
Therapy
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Core Tip: Surgical intervention plays an important role in the comprehensive treatment 
of Crohn’s disease (CD). However, the timing of surgery has always been a major 
controversial point. This review focuses on the main surgical indications for CD and the 
clinical factors that may influence surgical timing decisions. We also emphasize the 
value of early surgery in treating CD.
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INTRODUCTION
Crohn’s disease (CD) is a chronic inflammatory bowel disease that can affect the entire digestive tract, 
especially the terminal ileum and proximal colon[1,2]. The course of CD is protracted, characterized by 
alternating active and remission stages. The epidemiologic patterns of CD depict that the prevalence 
and hospitalization rates are currently rising gradually worldwide, contributing to an increasing burden 
on healthcare systems[3-6]. The underlying cause of CD is still unknown but includes a variety of 
factors, including genetic susceptibility, environmental triggers, immune regulation, and gut microbial 
imbalance[7-9]. CD is prone to various complications due to penetrating and chronic intestinal inflam-
matory response, including intestinal obstruction, bowel perforation, fistula, or intra-abdominal abscess
[10,11]. After diagnosis, approximately 50% and 70% of CD patients develop complications within 5 or 
10 years, respectively[12,13].

Recently, the launch of new biological agents has breathed new life into the clinical treatment of CD, 
while surgical intervention still plays an indispensable role[14-16]. The cumulative surgery rate for CD 
patients is 16.6%, 35.4%, 53%, and 94.5% for 1, 5, 10, and 30 years, respectively, after the onset of the 
disease[17]. The choice of optimal timing for surgical intervention has always been a focus of 
controversy. Some scholars advocate for early surgical intervention if drugs fail to achieve good results. 
Nevertheless, the recurrence after surgery is almost inevitable, and approximately 40% of CD patients 
require reoperation[18]. Other scholars prefer to avoid early surgery only if it is necessary to resect the 
intestinal segments that cause complications following the principle of intestinal conservation. 
However, postoperative complications significantly increase due to poor nutritional status and severe 
abdominal infection[19]. This review mainly focuses on the choice of individualized surgical 
intervention timing for CD patients.

SURGICAL INDICATIONS FOR CD
According to the relevant literature and clinical experience, we summarize the main surgical indications 
for CD, which involve serious complications of CD (Figure 1), failure of medical therapy, and growth 
retardation in children.

Serious complications of CD
Intestinal obstruction: Intestinal obstruction is a common and serious complication of CD, especially 
fibrosis-associated intestinal stricture[20]. Lin et al[21] revealed that approximately 70% of CD patients 
inevitably develop fibrosis-associated intestinal stricture a decade following diagnosis. Medical 
treatment is frequently ineffective in patients who develop intestinal obstruction, and surgical resection 
is primarily required in that case[22,23]. Certainly, with the development of endoscopic technology, 
endoscopic balloon dilation is also an appropriate treatment option when the length of strictures is ≤ 5 
cm, non-angulated, and with a sizeable intestinal cavity large enough to allow balloon dilators in the 
absence of contraindications such as the presence of fistula, abscess, or malignancy[24,25]. Furthermore, 
acute inflammatory obstruction can be frequently relieved by medical therapy. If conservative therapy 
is ineffective, surgical intervention should be considered to relieve the obstruction.

Intra-abdominal abscess: Intra-abdominal abscess is an important clinical complication of CD, the cause 
of which may be spontaneous or secondary to surgery[26,27]. The current first-line therapy for CD 
complicated by intra-abdominal abscess, is percutaneous abscess drainage with systemic antibiotics[28,
29]. However, surgical intervention should be considered actively if the symptoms of sepsis do not 
improve after drainage, abscess ruptures with severe peritonitis, or multiple abscesses cannot be 
drained. Intestine resection appears to be inevitable in most CD patients presenting intra-abdominal 
abscess[30,31].

Fistula: Therapy for fistula has always been a complex clinical challenge. Simple enteral fistula without 
infection and clinical symptoms can be healed by a medical treatment such as enteral nutrition or 
biological agents[32,33]. For other complex enteral fistulae, including spontaneous enteroenteral or 
enteroexternal fistula formed after abscess drainage, the possibility of self-healing is low, and surgery 
should be adopted[34,35]. CD patients with severe fistula are often accompanied by loss of digestive 
fluid, resulting in disturbance of internal environmental balance, secondary infection, and malnutrition. 
Therefore, the infection should be readily controlled, and adequate nutritional support provided before 
elective surgery[36,37]. Yzet et al[38] recently reported successful cases of endoscopic treatment for 
enteroexternal fistula, which was feasible with short-term effectiveness.

Perianal lesions: Perianal lesions are common complications of CD, with perianal fistula and abscess 
being one of the most common[39,40]. The management of symptomatic simple perianal fistula and 
complex perianal fistula employs a multidisciplinary approach, which includes antibiotics, biological 
therapies, and surgery[41,42]. Furthermore, stem cell therapy is also an effective option for complex 
perianal fistula in CD patients[43,44]. As for the treatment of perianal abscess, surgical drainage and 
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Figure 1  Major categories of Crohn’s disease complications, including intestinal obstruction, fistula, intra-abdominal abscess, perianal 
lesions, massive bleeding, perforation, and canceration.

antibiotic therapy are preferred.

Perforation, massive bleeding, or canceration: The incidence of CD complicated by acute perforation is 
low. However, emergency surgical intervention is often required if it occurs[45]. When complicated by 
massive bleeding, the location of bleeding should be identified, and treatments such as drug, 
endoscopic, or interventional hemostasis should be actively adopted. Emergency surgery is required if 
the above treatments fail and massive bleeding continues[46,47]. In addition, CD complicated by 
canceration is an absolute indication for surgery[48].

Failure of medical therapy: Surgical intervention may be considered when drug therapy fails, and 
symptoms such as intolerance to severe side effects and ineffectiveness to various biological agents are 
difficult to control.

Growth retardation in children: Pediatric CD often presents as a triad of abdominal pain, diarrhea, and 
weight loss, characterized by growth retardation[49,50]. Therefore, the pediatric treatment of CD 
induces and maintains clinical remission of the disease and optimizes nutrition and growth as soon as 
possible[51]. Surgery should be performed before puberty for prepubertal or early pubertal patients 
with severe malnutrition resulting in growth arrest[52]. Since the rate of postoperative recurrence is still 
high, drug therapy is required to maintain remission after surgery[53].

CLINICAL FACTORS AFFECTING TIMING OF SURGERY
Surgical intervention for CD aims to deal with complications and improve the quality of life of patients, 
as they tend to be in poor general conditions. Therefore, except for emergencies such as massive 
bleeding and acute perforation, adequate preoperative preparation should be completed to improve the 
efficacy of surgery. As a clinician, more attention should be paid to following the clinical factors to 
minimize perioperative complications.

Nutritional support
Malnutrition is one of the prominent clinical manifestations of CD. Our team recently published a study 
indicating that CD patients were at higher nutritional risk than healthy people[54]. It can hinder wound 
healing and increase the risk of incision infection, hernia, and anastomotic leak[55]. Therefore, 
nutritional status is recognized as an independent risk factor for postoperative complications. 
Yamamoto et al[56] revealed that patients with preoperative low albumin levels (< 30 g/L) had a 2.6-
fold increased incidence of postoperative complications, similar to that reported by Shah et al[57]. 
Another study indicated that preoperative optimization with nutritional support reduced the overall 
rate of postoperative complications of CD[58]. Thus, perioperative nutritional support is vital for CD 
patients, while enteral nutrition should be adopted when the intestinal state permits. Appropriate 
enteral nutrition can improve the nutritional status, protect the intestinal mucosal barrier, and induce 
clinical remission[59,60]. It is a well-established and recommended first-line induction therapy in 
pediatric CD with remission rates of up to 80%[61].
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Table 1 Correlations between drug factors and surgical complications of Crohn’s disease

Ref. Drugs Type of study Number of patients Observations Conclusion

Cohen et al[68], 2022 TNFis Prospective study 947 Postoperative infection rate No correlation

Uchino et al[69], 2022 TNFis Retrospective study 305 Surgical mortality No correlation

Abd El Aziz et al[70], 2022 TNFis Prospective study 274 Intra-abdominal septic complications No correlation

Azzam et al[71], 2022 Azathioprine Retrospective study 105 Endoscopic recurrence rate Negative correlation

Cosnes et al[72], 2005 Azathioprine Retrospective study 2573 Intestinal complications No correlation

Nguyen et al[73], 2014 Steroids Retrospective study 15495 Postoperative sepsis and VTE Positive correlation

TNFis: Tumor necrosis factor inhibitors; VTE: Venous thromboembolism.

Infection control
A recent study by Bachour et al[62] revealed that abdominal infection was associated with an increased 
risk of surgical postoperative recurrence of CD. Tzivanakis et al[63] indicated that the presence of 
preoperative abdominal abscess formation was identified as an independent predictor of anastomotic-
associated complications. If the risk factor is present before surgery, the risk of anastomotic complic-
ations can be increased to 14%. Therefore, CD patients with abdominal abscesses can often be first 
managed with antibiotics and percutaneous drainage, while definitive surgical intervention should be 
performed after the infection has been controlled[64].

Effects of drugs
Whether preoperative CD treatment with tumor necrosis factor inhibitors (TNFis) increases the risk of 
postoperative complications remains controversial. TNFis may compromise immunity, collagen 
production, and angiogenesis, resulting in postoperative infective complications and altered wound 
healing[65,66]. In addition, TNF-α is a key cytokine in collagen production and angiogenesis, with 
animal studies confirming its role in wound healing[67]. However, previous studies have confirmed 
that preoperative TNFis exposure was not correlated with postoperative infectious complications[68-70] 
(Table 1).

Azathioprine is commonly used as an immunosuppressant for treating CD and may not increase the 
risk of postoperative complications. Although azathioprine has demonstrated efficacy in preventing 
postoperative recurrence, there is no significant decrease in the need for surgery or intestinal complic-
ations from CD[71,72] (Table 1). Furthermore, CD patients are frequently treated with steroids before 
surgery. Nguyen et al[73] indicated that preoperative steroids were correlated with a higher risk of 
postoperative sepsis (Table 1). Therefore, steroids should be minimized or discontinued 6 mo before 
surgery.

VALUE OF EARLY SURGICAL INTERVENTION IN TREATMENT OF CD
Early surgery for CD is commonly performed within a short time after diagnosis, while the time frame 
is still inconclusive[74,75]. An et al[76] defined early surgery as patients who had undergone upfront 
surgery for CD due to an acute complication and those who underwent surgery within 6 mo of 
diagnosis. Interestingly, this study revealed that patients with ileocolonic CD may have a better 
prognosis if undergoing early surgical intervention, with fewer admissions to the hospital and reduced 
overall operation rates. Aratari et al[77] also defined early surgery when performed at the time of CD 
diagnosis, when these patients underwent surgery for the acute or subacute presentation of CD. 
Meanwhile, late surgery was defined as patients with an established diagnosis of CD who underwent 
surgery during the course of the disease on account of intestinal complications or refractoriness to 
medical therapy. Early surgery may significantly prolong the time of clinical recurrence of CD 
compared to late surgery. Considering the lack of evidence from these retrospective studies, the 
conclusions warrant further verification.

Early surgical intervention may benefit patients with localized CD, which refers to intestinal CD 
affecting < 30 cm in extent. This usually applies to an ileocaecal location but also isolated colonic 
disease, or conceivably to proximal small intestinal disease[78]. Ponsioen et al[79] indicated that early 
laparoscopic surgery for localized CD could improve the overall quality of life of patients and reduce 
the rate of recurrence and reoperation. A long-term follow-up study by Stevens et al[80] during the LIR! 
C-trial revealed that most patients with localized CD who underwent early surgery were free of anti-
TNF treatment, and none required a second surgery. Conversely, almost half of the patients who 
underwent anti-TNF treatment moved on to a Crohn-related resection. Furthermore, de Groof et al[81] 
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revealed that mean CD total direct healthcare costs per patient at 1 year were lower in the group who 
underwent early surgery compared with the anti-TNF group. Early surgical intervention is a reasonable 
and cost-effective treatment option for patients with localized CD.

China has a high incidence of hepatitis and tuberculosis. However, anti-TNF treatment may increase 
the risk of opportunistic infections[82,83]. Early surgery instead of anti-TNF treatment can reduce 
opportunistic infections. Additionally, early surgical resection of localized lesions may improve the 
response to postoperative anti-TNF treatment, the curative effect of which is better than that of the 
initial therapy[84,85].

CONCLUSION
CD is a refractory disease with a high misdiagnosis rate, a tendency for lifelong recurrence, and a high 
rate of operation and reoperation. Surgical intervention is a key part of the comprehensive treatment of 
CD. Inappropriate timing of surgery may lead to catastrophic postoperative complications, increasing 
the risk of surgery and prolonging hospital stays. Therefore, clinicians need to evaluate the severity and 
type of CD as well as the effectiveness of medical therapy and choose the timing of surgical intervention 
based on individual circumstances to ensure the maximum benefit for CD patients. Maybe in the future, 
with the deepening of multi-omics researches such as radiomics, metabolomics, and microbiomics, it 
will provide a more favorable basis for individualized timing of CD surgery and identify the early 
changes of CD related acute lesions.
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Abstract
BACKGROUND 
Patients with mesenteric ischemia frequently suffer from bowel necrosis even 
after revascularization. Hydrogen gas has showed promising effects for ischemia-
reperfusion injury by reducing reactive oxygen species in various animal and 
clinical studies. We examined intestinal tissue injury by ischemia and reperfusion 
under continuous initiation of 3% hydrogen gas.

AIM 
To clarify the treatment effects and target cells of hydrogen gas for mesenteric 
ischemia.

METHODS 
Three rat groups underwent 60-min mesenteric artery occlusion (ischemia), 60-
min reperfusion following 60-min occlusion (reperfusion), or ischemia-
reperfusion with the same duration under continuous 3% hydrogen gas inhalation 
(hydrogen). The distal ileum was harvested. Immunofluorescence staining with 
caspase-3 and leucine-rich repeat-containing G-protein-coupled 5 (LGR5), a 
specific marker of intestinal stem cell, was conducted to evaluate the injury 
location and cell types protected by hydrogen. mRNA expressions of LGR5, 
olfactomedin 4 (OLFM4), hairy and enhancer of split 1, Jagged 2, and Neurogenic 
locus notch homolog protein 1 were measured by quantitative polymerase chain 
reaction. Tissue oxidative stress was analyzed with immunostaining for 8-
hydroxy-2'-deoxyguanosine (8-OHdG). Systemic oxidative stress was evaluated 
by plasma 8-OHdG.

https://www.f6publishing.com
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RESULTS 
Ischemia damaged the epithelial layer at the tip of the villi, whereas reperfusion induced extensive 
apoptosis of the cells at the crypt base, which were identified as intestinal stem cells with double 
immunofluorescence stain. Hydrogen mitigated such apoptosis at the crypt base, and the LGR5 
expression of the tissues was higher in the hydrogen group than in the reperfusion group. OLFM4 
was also relatively higher in the hydrogen group, whereas other measured RNAs were 
comparable between the groups. 8-OHdG concentration was high in the reperfusion group, which 
was reduced by hydrogen, particularly at the crypt base. Serum 8-OHdG concentrations were 
relatively higher in both reperfusion and hydrogen groups without significance.

CONCLUSION 
This study demonstrated that hydrogen gas inhalation preserves intestinal stem cells and mitigates 
oxidative stress caused by mesenteric ischemia and reperfusion.

Key Words: Hydrogen molecule; Intestinal ischemia; Ischemia-reperfusion injury; Tissue protection; Non-
operative management; Leucine-rich repeat-containing G-protein-coupled 5

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Distal ileum of rats was observed after 60-min mesenteric artery occlusion (ischemia), 60-min 
reperfusion following 60-min occlusion (reperfusion), or ischemia-reperfusion with the same duration 
under continuous 3% hydrogen gas inhalation (hydrogen). Immunofluorescence staining with caspase-3 
and leucine-rich repeat-containing G-protein-coupled 5 (LGR5) (a specific marker of intestinal stem cell) 
identified ischemia damaged the epithelial layer at the tip of the villi, whereas reperfusion induced 
extensive apoptosis of intestinal stem cells that was mitigated by hydrogen. In addition, quantitative 
polymerase chain reaction revealed the LGR5 expression of the tissues was higher in rats with hydrogen 
inhalation than in those with reperfusion injury.

Citation: Yamamoto R, Suzuki S, Homma K, Yamaguchi S, Sujino T, Sasaki J. Hydrogen gas and preservation of 
intestinal stem cells in mesenteric ischemia and reperfusion. World J Gastrointest Surg 2022; 14(12): 1329-1339
URL: https://www.wjgnet.com/1948-9366/full/v14/i12/1329.htm
DOI: https://dx.doi.org/10.4240/wjgs.v14.i12.1329

INTRODUCTION
Mesenteric ischemia is caused by insufficient blood flow in the mesenteric artery to meet the metabolic 
demand of the visceral organs[1]. Despite the relatively low incidence of mesenteric ischemia, delayed 
diagnosis caused by vague symptoms sometimes results in devastating complications, such as intestinal 
necrosis, abdominal sepsis, and mortality[1-3]. While rapid recirculation of mesenteric vessels by 
endovascular or surgical intervention has been critical, increasing the arterial flow would be the only 
method of preserving the intestines when hemodynamic instability causes mesenteric ischemia[1,4,5]. 
Notably, some patients develop bowel necrosis even after revascularization of the mesenteric artery[6].

In the last decades, hydrogen gas (molecular hydrogen) has emerged as an attractive medicinal agent 
for various diseases, specifically for ischemic diseases that require revascularization[7-9]. Some animal 
studies have shown that hydrogen had anti-inflammatory effects and reduced the reactive oxygen 
species (ROS) that are produced during ischemia-reperfusion injury[7,8,10,11]. Hydrogen inhalation 
was associated with the reduction of necrotic tissues in the animal model of cerebral and myocardial 
ischemia[7,8]. Moreover, several clinical investigations have reported that hydrogen gas inhalation was 
beneficial on acute myocardial infarction and out-of-hospital cardiac arrest, which are typical ischemia-
reperfusion injuries[12,13].

Furthermore, studies on the safety of hydrogen gas have identified that hydrogen can be supplied to 
patients using a simple device without any adverse events, suggesting its high feasibility for clinical use
[12-14]. Although the physiological mechanisms of the possible therapeutic benefits remain unclear, 
recent studies have suggested that the antioxidant effects of hydrogen would be introduced by cell 
signal transduction, preventing cellular apoptosis[15,16]. Another study reported that oxidation-
reduction reactions that involve molecular hydrogen occur only with strong fatal ROS rather than with 
weak or beneficial ROS[14].

Accordingly, as mesenteric ischemia with revascularization is an ischemia-reperfusion injury, we 
aimed to clarify the favorable effects of hydrogen gas inhalation for mesenteric ischemia as a novel 

https://www.wjgnet.com/1948-9366/full/v14/i12/1329.htm
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noninvasive treatment. In this study, we examined the degree of tissue damage in the intestines 
following ischemia and reperfusion and the tissue-protective effects of continuous initiation of 3% 
hydrogen gas. Moreover, several cell markers were substantially measured for the differentiation of 
hydrogen-target cells to elucidate the pathophysiological mechanisms of hydrogen.

MATERIALS AND METHODS
Animals
The protocol used in this study was approved by the Research Council and Animal Care and Use 
Committee of the Research Institute of Keio University in Tokyo, Japan (approval number 21013-0) and 
was performed in accordance with the guidelines for the care and use of laboratory animals established 
by the Japanese Pharmacological Society and the National Institutes of Health.

Eight-week-old male Sprague-Dawley rats (250-270 g) were purchased from Sankyo Labo Service 
Corporation, Inc. (Tokyo, Japan) and kept in a temperature- and light-controlled room (20 °C, 12-h 
light/dark cycle). The rats had free access to food and water. Before the procedure, they were intraperi-
toneally anesthetized with a combination of 0.3 mg/kg medetomidine, 2.0 mg/kg midazolam, and 2.5 
mg/kg butorphanol. They were appropriately anesthetized throughout the procedure.

Hydrogen gas preparation
Hydrogen gas (3%) was prepared using a hydrogen gas supply device (Nihon Kohden Co., Tokyo, 
Japan)[14] and administered to rats at a rate of 0.2 L/min. The hydrogen gas stored in the device was 
mixed with air, and the targeted concentration was measured inside the supply device. The gas flow 
rate was adjusted at the output port of the device and validated with a flow meter attached to the 
respiratory circuit.

Experimental protocol
The rats were allocated to three groups: ischemia (control 1), reperfusion (control 2), and hydrogen 
groups. The ischemia group (n = 10) underwent a median laparotomy and dissection of the superior 
mesenteric artery. The artery was then occluded at the root by a double microclamp for 60 min. The 
marginal arteries of the intestines were also ligated at the ileocolic junction and at 15 cm proximal from 
the junction to achieve complete ischemia of the terminal ileum. The reperfusion group (n = 11) 
similarly underwent 60-min occlusion of the superior mesenteric artery and ligation of the marginal 
arteries. The occlusion was then released by declamping of the mesenteric artery, and reperfusion of the 
intestine was observed for 60 min without closing the abdomen[17,18]. The hydrogen group (n = 9) was 
connected to the respiratory circuit using a gas supply hood that covered the face and head of the rats, 
in which spontaneous respiration was maintained without using mechanical ventilation[14]. After 
hydrogen gas inhalation, the rats underwent the same surgical procedures as those in the reperfusion 
group.

In each rat, intestinal ischemia was confirmed by the paleness of the distal ileum and pulselessness of 
the mesenteric artery. The procedures of the tree groups were conducted simultaneously to reduce 
potential confounders by procedures. All animals were sacrificed immediately after the aforementioned 
procedures. A 2-cm-long ileum was then excised at 6 cm proximal from the ileocolic junction, which was 
processed for histological evaluation and ribonucleic acid (RNA) extraction. Blood samples were also 
obtained directly from the left ventricle[19]. Details of study protocol were not pre-registered nor 
published.

Histological evaluation
Tissues were fixed in 4% neutral-buffered paraformaldehyde, and 4 μm paraffin-embedded sections 
were prepared. Hematoxylin and eosin (H&E) staining was performed to evaluate histopathological 
changes that were visually compared between the three groups (ischemia, ischemia-reperfusion, and 
ischemia-reperfusion under hydrogen gas inhalation).

For immunostaining, samples were deparaffinized and rehydrated, and endogenous peroxidase 
activity was then suppressed using 0.3% hydrogen peroxide (H2O2) in methanol. Nonspecific binding 
was blocked with bovine serum albumin (BSA) for 30 min. Primary rabbit antirat antibody against 
active caspase-3 (CST 9661S; Cell Signaling Technology, Beverly, MA, United States) or against 8-
hydroxy-2'-deoxyguanosine (8-OHdG) that is an oxidized nucleoside of DNA induced by ROS (N45.1; 
Japan Institute for the Control of Aging, Fukuroi, Shizuoka, Japan) was applied with 1:200 dilution and 
then incubated overnight at 4 °C. After washing, sections were incubated with biotinylated antirabbit 
antibodies (Vector Laboratories, Burlingame, CA, United States) diluted to 1:200 in a blocking serum for 
30 min. Sections were subjected to peroxidase along with 3,3’-diaminobenzidine-tetrahydrochloride and 
H2O2 (Elite ABC Kit and DAB Substrate Kit; Vector Laboratories). Slides were washed and counter-
stained with Gill’s hematoxylin (Accustain; Sigma-Aldrich, St. Louis, MO, United States), and samples 
were microphotographed at Zeiss Axioscope2 (Carl Zeiss, Oberkochen, Germany).
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Frozen sections of the harvested tissues were incubated with one of the following primary antibodies 
diluted in 0.1% BSA/phosphate-buffered saline (PBS): LGR5 as an intestinal stem cell marker[20] (1:200, 
bs-1117R Bioss Antibodies Inc., MA, United States) and active caspase-3 (1:200). After washing with 
PBS/0.1% Tween 20 (Wako Pure Chemical Industries, Japan), sections were incubated with secondary 
antibodies for 1 h at room temperature using Alexa Fluor 488-conjugated (1:500, Invitrogen, CA, United 
States) or TAS fluorescence systems (NEL 702, PerkinElmer Life Sciences Inc., MA, United States). After 
counterstaining with Hoechst 33258 (94403, Sigma-Aldrich, MO, United States) to visualize nuclei, 
images were obtained with a BZ9000 (Keyence, Osaka, Japan).

RNA extraction, cDNA synthesis, polymerase chain reaction, and real-time polymerase chain reaction
Total RNA was isolated using a miRNeasy Mini Kit (Qiagen, Valencia, CA, United States) and 
converted to cDNA using the High-Capacity Reverse Transcription Kit (Applied Biosystems, Carlsbad, 
CA, United States), according to the manufacturer’s instructions. Real-time polymerase chain reaction 
(PCR) was performed using a QuantiFast SYBR Green PCR Kit (Qiagen), according to the 
manufacturer’s instructions. The PCR primers used in this study were as follows: LGR5 forward, 5'-
TGTCATGTGAGCTGGATGG-3' and reverse, 5'-ATGCAGGAGACTGGCAGGTA-3'; OLFM4 forward, 
5'-GTGGACAGAAGGTGGTACTCTG-3' and reverse, 5'- GCTGGACATACTCCTTCACCTTA-3'; Hes1 
forward, 5'-ATAAACCCTCAACTGCTCCGT-3' and reverse, 5'-CCATGATAGGCTTTGATGACTTTCT-
3'; Jag2 forward, 5'-CCACACCAGATGAGGAGCTG-3' and reverse, 5'-CAGAACTTGTTGCAGGTGGC-
3'; Notch1 forward, 5'-TGGTCTCAACTGCCAGAACC-3' and reverse, 5'-CACTCGCAGTG-
GTACTGTGT-3'; and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) forward, 5'-TTGTGCAGT-
GCCAGCCTC-3' and reverse, 5'-GGTAACCAGGCGTCCGATAC-3'. Expression levels were calculated 
using the 2−ΔΔCt method and normalized to levels of the internal control GAPDH[19,21,22]. Real-time 
PCR was performed by a researcher who was blinded to the group allocation.

Evaluation of systemic oxidative injury
Serum samples were prepared from blood using Nanosep® Centrifugal Devices with Omega™ 
Membrane 10K (Pall Corporation, NY, United States), according to the manufacturer’s instructions. The 
supernatant was used to determine 8-OHdG by a competitive enzyme-linked immunosorbent assay 
(Highly Sensitive 8-OHdG Check; Japan Institute for the Control of Aging, Fukuroi, Shizuoka, Japan)
[20].

Statistical analysis
Descriptive statistics are presented as median (interquartile range) or number (percentage). Intergroup 
comparisons of mRNA expressions and 8-OHdG concentrations were performed using analysis of 
variance with Tukey-Kramer as post-hoc test and/or Kruskal-Wallis tests, as appropriate. All statistical 
tests used a α error rate of 0.05 and were two-sided. All statistical analyses were conducted using IBM 
SPSS Statistics, version 26.0 (IBM Corp., Armonk, NY, United States), and Microsoft Excel (Microsoft, 
Redmond, WA, United States).

RESULTS
Intestinal mucosal injury
Histological sections with H&E staining showed morphologic changes in the intestinal mucosa of the 
ischemia group (Figure 1A), in which pyknosis was observed in the epithelial layer. Mucosa was more 
severely injured in the reperfusion group (Figure 1B), and extensive pyknosis in the epithelial layer, 
denudation of the tip of the villi, and capillary congestion were observed. Conversely, the hydrogen 
groups showed similar degree of injury to the ischemia group (Figure 1C), with mild epithelial pyknosis 
and denudation of the villi.

Intestinal stem cell injury by ischemia-reperfusion injury
Immunofluorescence analyses with caspase-3 antibodies revealed that the intestinal mucosa of the 
ischemia group was mainly injured at the epithelial layer closed to the tip of the villi (Figure 2A). In the 
reperfusion group, apoptosis was extensively identified at the crypt base, where intestinal stem cells 
exist[23,24], in addition to injuries at the whole epithelial layer (Figure 2B). Apoptosis at the crypt base 
was limited in the hydrogen group (Figure 2C), whereas epithelial injury was observed at the villi with 
a half side of the digestive tract.

In the ischemia group, immunofluorescence analyses using simultaneous staining of caspase-3 and 
LGR5, a specific protein for intestinal stem cell, revealed that LGR5-positive cells at the crypt base did 
not undergo apoptosis [caspase-3 (red) and LGR5 (green) were separately stained; Figure 3A]. 
Conversely, multiple LGR5-positive cells underwent apoptosis after reperfusion (there were double-
stained cells with caspase-3 and LGR5; Figure 3B).
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Figure 1 Intestinal mucosal injury with ischemia-reperfusion injury. A: Histological sections with H&E stain showed pyknosis in the epithelial layer in the 
ischemia group; B: Extensive pyknosis in the epithelial layer, denudation of the tip of the villi, and capillary congestion in the reperfusion group; C: Mild epithelial 
pyknosis and denudation of the villi in the hydrogen group. Scale bar: 50 μm.

Figure 2 Intestinal stem cell injury by ischemia-reperfusion injury. A: Immunofluorescence staining with caspase-3 (green) revealed mucosal injury at 
the epithelial layer closed to the tip of the villi in the ischemia group; B: Extensive apoptosis was identified at the crypt base and the whole epithelial layer in the 
reperfusion group; C: Apoptosis at the crypt base was limited in the hydrogen group. Scale bar: 100 μm.

Quantitative analysis of RNA with RT-PCR
Quantitative analyses of RNA in the homogenized intestinal tissues were conducted on LGR5, OLFM4, 
Hes1, Jag2, and Notch1, and Figure 4 summarizes these RNA expressions in the ischemia, reperfusion, 
and hydrogen groups. The expression of LGR5 was significantly lower in the reperfusion group than in 
the ischemia group, whereas the expression of LGR5 was higher in the hydrogen group than in the 
reperfusion group (Figure 4A). In addition, the expression of OLFM4 was relatively higher in the 
hydrogen group than in the reperfusion group, although the differences were not significant.

Conversely, the expression of Hes1, a transcriptional repressor of genes, was relatively high in the 
reperfusion group than in the ischemia and hydrogen groups (Figure 4B). Expressions of Jag2 (a ligand 
in Notch signaling for cell fate decision) and Notch1 (a transmembrane receptor in Notch signaling) 
were comparable among the ischemia, reperfusion, and hydrogen groups (Figure 4B).

Mucosal and systemic oxidative injuries
Immunostaining for 8-OHdG of intestinal tissue showed that the ischemia group had limited oxidative 
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Figure 3 Intestinal stem cell with double immunofluorescence staining. A: Double immunofluorescence staining with caspase-3 (red) and leucine-rich 
repeat-containing G-protein-coupled 5 (LGR5) (green) showed that LGR5-positive cells at the crypt base did not undergo apoptosis in the ischemia group (caspase-3 
and LGR5 were separately stained); B: Multiple LGR5-positive cells underwent apoptosis after reperfusion (there were double-stained cells with caspase-3 and 
LGR5). Scale bar: 50 μm.

Figure 4 Quantitative analysis of RNA. A: Leucine-rich repeat-containing G-protein-coupled 5 expression was significantly lower in the reperfusion group than 
in the ischemia group, but it was significantly higher in the hydrogen group than in the reperfusion group. Olfactomedin 4 expression was also relatively higher in the 
hydrogen group than in the reperfusion group, although the differences were not significant; B: Hes1 expression was relatively high in the reperfusion group than in 
the ischemia and hydrogen groups, whereas Jag2 and Notch1 expressions were comparable between the ischemia, reperfusion, and hydrogen groups. aP < 0.05. 
LGR5: Leucine-rich repeat-containing G-protein-coupled 5; OLFM4: Olfactomedin 4; Hes1: Hairy and enhancer of split 1; Jag2: Jagged 2; Notch1: Neurogenic locus 
notch homolog protein 1.

stress at the intestinal mucosa, although considerable pyknosis occurred in the epithelial layer, partic-
ularly at the tip of the villi (Figure 5A). Conversely, the reperfusion group had extensive oxidative 
injury throughout the epithelium, including at the crypt base (Figure 5B). The hydrogen group had 
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Figure 5 Mucosal oxidative injury in the ischemia-reperfusion model. A: Immunostaining for 8-hydroxy-2'-deoxyguanosine showed limited oxidative 
stress at the mucosa in the ischemia group, although there was considerable pyknosis at the tip of the villi; B: Extensive oxidative injury throughout the epithelium, 
including the crypt base, in the reperfusion group; C: Mild-to-moderate oxidative injury at the mucosa of the crypt base, along with pyknosis with the denudation at the 
tip of the villi, in the hydrogen group. Scale bar: 50 μm.

mild-to-moderate oxidative injury at the mucosa of the crypt base, along with pyknosis with the 
denudation at the tip of the villi (Figure 5C).

Regarding systematic oxidative injury, the serum 8-OHdG concentrations immediately after the 
intervention in each group (ischemia, ischemia and reperfusion, and ischemia and reperfusion under 
hydrogen gas inhalation) are summarized in Figure 6. Despite the lack of significance, 8-OHdG concen-
tration was higher in the reperfusion and hydrogen groups than in the ischemia group.

DISCUSSION
In this study, the tissue-protective effects of continuous hydrogen gas inhalation were histologically 
identified in the model of ischemic-reperfusion injury at mesentery. In addition, hydrogen protected 
intestinal stem cells from oxidative stress following ischemia-reperfusion injury, which has not been 
reported as therapeutic effect of hydrogen in previous studies. Notably, the intestinal stem cells were 
not injured by ischemia alone (ischemia without reperfusion), and therefore, hydrogen would provide 
tissue-protective effect only when reperfusion happens, rather than only ischemic injury exists.

Previous clinical and animal studies have suggested that hydrogen gas has anti-oxidative and anti-
inflammatory effects on several critical diseases, such as cerebral infarction, myocardial infarction, and 
post-cardiac arrest syndrome[7,10,12]. Although pathophysiological mechanisms underlying these 
therapeutic effects remain unclear, hydrogen would attenuate excessive neutrophil activation and 
reduce hydroxyl radicals produced following an ischemia-reperfusion injury[25,26]. In this study, fewer 
oxidized nucleosides of DNA (8-OHdG) were observed at the crypt base of the intestines during 
continuous inhalation of hydrogen gas, which suggests that hydrogen mitigated ROS toxicity.

Immunofluorescence assay using LGR5 suggested that the intestinal stem cells would be a target of 
the therapeutic effects of hydrogen, at least under mesenteric ischemia and reperfusion. Stem cells have 
unique features, one of which is self-proliferation under adequate ischemic stimuli, whereas differen-
tiated enterocytes undergo apoptosis because of ischemia-induced energy depletion[23,27]. In a study 
on the association between ROS and intestinal stem cells, modest ROS following ischemia would signal 
proliferation and differentiation of stem cells[27]. However, the same study suggested that high levels of 
ROS can induce intestinal stem cell apoptosis, which is similar to the observations in this study. We 
showed relative preservation of intestinal stem cells with ischemic stress alone and extensive apoptosis 
of stem cells with reperfusion that would have introduced massive ROS. Therefore, our results might 
indicate that hydrogen reduces excessive ROS caused by ischemia-reperfusion stimuli and prevents 
apoptosis of intestinal stem cells.

The protective effects of hydrogen on intestinal stem cells are also indicated by the higher LGR5 
expression with hydrogen gas inhalation in the quantitative measurement of RNA. OLFM4 is a robust 
marker of LGR5-positive stem cells[28], and in this study, its expression was relatively higher in the 
hydrogen group than in the reperfusion group. Jag2/Notch1/Hes1 expressions have been reported to 
increase with epithelial cell proliferation following ischemia-reperfusion injury in the intestines[19]. 
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Figure 6 Systematic oxidative injury in the ischemia-reperfusion model. Serum 8-hydroxy-2'-deoxyguanosine (8-OHdG) concentration immediately 
after each intervention (ischemia, ischemia-reperfusion, and ischemia-reperfusion under hydrogen gas inhalation) was measured. Although not significant, the 8-
OHdG concentration was higher in the reperfusion and hydrogen groups than in the ischemia group. 8-OHdG: 8-hydroxy-2'-deoxyguanosine.

Expressions of Jag2 and Notch1 were comparable between the three groups, and the expression of Hes1 
was slightly high in the reperfusion group, suggesting that proliferation signals at the epithelium under 
ischemia would be similar regardless of reperfusion or hydrogen inhalation.

Systemic oxidative stress was not different between the reperfusion and hydrogen groups. Therefore, 
hydrogen would not systematically affect the total amount of ROS in the body. Although hydrogen may 
reduce ROS in other tissues or organs in addition to the intestinal mucosa, such possible effects were not 
examined in this study. Moreover, the mechanisms of the reduction of ROS toxicity by hydrogen were 
not assessed. Future studies should focus on these topics to develop a noninvasive novel therapy using 
hydrogen gas.

CONCLUSION
This study reported on the tissue-protective effects of continuous hydrogen gas inhalation in ischemia-
reperfusion injury in the intestines. The target cells of hydrogen might be intestinal stem cells, which are 
injured by excessive ROS caused by reperfusion following ischemia rather than by ischemic stress alone. 
The pathophysiological mechanisms for ROS reduction by hydrogen in stem cells should be further 
clarified in future studies.

ARTICLE HIGHLIGHTS
Research background
Mesenteric ischemia introduces unfavorable clinical outcomes particularly when bowel necrosis is 
diagnosed, and it can happen even after revascularization. However, promising treatment has not been 
developed to prevent bowel necrosis after revascularization.

Research motivation
Hydrogen gas inhalation has showed tissue preserving effects for several ischemia-reperfusion injuries 
by reducing reactive oxygen species (ROS) in various animal and clinical studies. In addition, the safety 
of hydrogen gas was shown by clinical studies that examined the efficacy of hydrogen on myocardial 
infarction and post-cardiac arrest syndrome. Therefore, hydrogen gas for mesenteric ischemia can be a 
novel noninvasive treatment.

Research objectives
This study aimed to clarify the favorable effects of hydrogen gas inhalation for mesenteric ischemia and 
reperfusion. We hypothesized that the degree of tissue damage in the intestines following ischemia and 
reperfusion would be mitigated by continuous initiation of 3% hydrogen gas.
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Research methods
Rats were allocated to three groups: ischemia (control 1) that underwent 60-min occlusion of mesenteric 
artery by clamping under laparotomy, reperfusion (control 2) that underwent the ischemia procedure 
and 60-min release of occlusion, and hydrogen that underwent the ischemia and reperfusion under 0.3% 
hydrogen gas inhalation at a rate of 0.2 L/min. Then, the tissue damages at the ileum were histologically 
evaluated, using immunostaining against caspase-3, 8-hydroxy-2'-deoxyguanosine, and leucine-rich 
repeat-containing G-protein-coupled 5 (LGR5). Several mRNA, including LGR5, were quantitatively 
measured with RT-PCR.

Research results
The reperfusion procedure introduced intestinal tissue destruction, which was mitigated by hydrogen 
gas inhalation. In addition, the intestinal tissue injury by the reperfusion involved intestinal stem cell 
that was marked by LGR5, whereas the ischemia without reperfusion did not affect the stem cell. The 
expression of LGR5 was significantly lower in the reperfusion group than in the ischemia group, 
whereas the expression of LGR5 was higher in the hydrogen group than in the reperfusion group.

Research conclusions
This study reported on the tissue-protective effects of continuous hydrogen gas inhalation in the 
ischemia and reperfusion injury at the intestine. The target cells of hydrogen might be intestinal stem 
cells that are injured by excessive ROS caused by reperfusion following ischemia.

Research perspectives
Hydrogen may reduce ROS in other tissues in addition to the intestinal mucosa, which should be 
examined in the future study. Moreover, the mechanisms of the reduction of ROS toxicity by hydrogen 
should be revealed to validate the hydrogen as a noninvasive novel treatment.
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Abstract
BACKGROUND 
Bacterial infection is an important cause of cholelithiasis or gallstones and 
interferes with its treatment. There is no consensus on bile microbial culture 
profiles in previous studies, and identified microbial spectrum and drug 
resistance is helpful for targeted preventive and therapeutic drugs in the periop-
erative period.
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AIM 
To analyze the bile microbial spectrum of patients with cholelithiasis and the drug susceptibility 
patterns in order to establish an empirical antibiotic treatment for cholelithiasis-associated 
infection.

METHODS 
A retrospective single-center study was conducted on patients diagnosed with cholelithiasis 
between May 2013 and December 2018.

RESULTS 
This study included 185 patients, of whom 163 (88.1%) were diagnosed with gallstones and 22 
(11.9%) were diagnosed with gallstones and common bile duct stones (CBDSs). Bile culture in 38 
cases (20.5%) was positive. The presence of CBDSs (OR = 5.4, 95%CI: 1.3-21.9, P = 0.03) and longer 
operation time (> 80 min) (OR = 4.3, 95%CI: 1.4-13.1, P = 0.01) were identified as independent risk 
factors for positive bile culture. Gram-negative bacteria were detected in 28 positive bile 
specimens, and Escherichia coli (E. coli) (19/28) and Klebsiella pneumoniae (5/28) were the most 
frequently identified species. Gram-positive bacteria were present in 10 specimens. The resistance 
rate to cephalosporin in E. coli was above 42% and varied across generations. All the isolated E. coli 
strains were sensitive to carbapenems, with the exception of one imipenem-resistant strain. K. 
pneumoniae showed a similar resistance spectrum to E. coli. Enterococcus spp. was largely sensitive 
to glycopeptides and penicillin, except for a few strains of E. faecium.

CONCLUSION 
The presence of common bile duct stones and longer operation time were identified as 
independent risk factors for positive bile culture in patients with cholelithiasis. The most 
commonly detected bacterium was E. coli. The combination of β-lactam antibiotics and β-lactamase 
inhibitors prescribed perioperatively appears to be effective against bile pathogens and is 
recommended. Additionally, regular monitoring of emerging resistance patterns is required in the 
future.

Key Words: Bacterial infection; Drug resistance; Cholelithiasis; Gallbladder bile culture

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: In this work, we analyzed the microbial spectrum of the bile of cholelithiasis patients, and their 
drug susceptibility pattern. We found that the presence of common bile duct stones and longer operative 
duration were independent risk factors for positive bile culture for patients complicated with cholelithiasis. 
The most commonly detected bacterium was Escherichia coli. In addition, the combination of β-lactam 
antibiotics and β-lactamase inhibitors prescribed perioperatively appears to be effective against bile 
pathogens secondary to carbapenems or glycopeptides and is recommended, but its resistance should also 
be noted.

Citation: Huang XM, Zhang ZJ, Zhang NR, Yu JD, Qian XJ, Zhuo XH, Huang JY, Pan WD, Wan YL. Microbial 
spectrum and drug resistance of pathogens cultured from gallbladder bile specimens of patients with cholelithiasis: 
A single-center retrospective study. World J Gastrointest Surg 2022; 14(12): 1340-1349
URL: https://www.wjgnet.com/1948-9366/full/v14/i12/1340.htm
DOI: https://dx.doi.org/10.4240/wjgs.v14.i12.1340

INTRODUCTION
Bacteria can easily enter the biliary system from the duodenum; however, continuous bile secretion in 
the biliary system prevents their growth and colonization. Despite this, the presence of bacteria in bile 
has been reported in 9.5%-54.0% of patients with cholelithiasis or gallstones[1-3], and up to 70.2%-78.0% 
of patients with common bile duct stones (CBDSs)[4,5]. As the presence of bacteria in the biliary tract 
may increase the risk of postoperative septic complications[6-8], it is essential to identify the risk factors 
for positive bile culture during cholecystectomy and, accordingly, design a suitable antibiotic 
prophylaxis regimen[6,8].

The indiscriminate use of antibiotics in the last few decades has led to the emergence of multidrug-
resistant (MDR) pathogenic bacteria[9], which have also been isolated from bile specimens[10]. Such 

https://www.wjgnet.com/1948-9366/full/v14/i12/1340.htm
https://dx.doi.org/10.4240/wjgs.v14.i12.1340
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MDR microbes reduce the efficacy of empirical drugs[11,12]. Therefore, it is essential to identify the 
species of pathogenic bacteria found in the bile of cholelithiasis patients, as well as their drug suscept-
ibility profile, in order to develop effective antibiotic regimens for biliary tract infections. To this end, 
we analyzed the distribution and drug resistance patterns of pathogens isolated from bile samples 
obtained from patients with cholelithiasis on the basis of bile culture and drug susceptibility test results.

MATERIALS AND METHODS
Study population
This study included patients with bile culture results who underwent cholecystectomy with or without 
common bile duct exploration, stone extraction, and T tube drainage between May 2013 and December 
2018 at the Department of Hepatobiliary Surgery at The Sixth Affiliated Hospital of Sun Yat-sen 
University. The indications for surgical treatment were cholelithiasis and its complications. Most 
patients had presented with right upper abdominal pain or other discomfort at the time of admission. In 
all the included patients, a gallstone with acute or chronic cholecystitis was preoperatively diagnosed 
based on abdominal ultrasound and computed tomography (CT) imaging and confirmed after 
cholecystectomy. Each surgical procedure was performed by a professional hepatobiliary surgical team. 
Access to clinical data was approved by the Institutional Review Board of the Sixth Affiliated Hospital 
of Sun Yat-sen University (2022ZSLYEC-352).

Inclusion and exclusion criteria
Inclusion criteria were patients aged ≥ 18 years, who underwent cholecystectomy indicated by 
cholelithiasis and its complications. All included patients had complete clinicopathological and bile 
culture results. Exclusion criteria were cholecystectomy indicated by other reasons (n = 12), lack of 
bacterial culture results (n = 64), and contaminated bile culture sample (n = 2). Demographic character-
istics, microbial spectrum and drug resistance of pathogens in patients were assessed. A total of 185 
patients were included, and the clinicopathological and microbiological data were retrospectively 
collected from the medical record system. The research flow chart is outlined in Figure 1.

Bile culture, identification of bacteria, and drug sensitivity tests
Bile samples (5 µL) were extracted during cholecystectomy and promptly transported in sterile 
containers to a microbiology laboratory for bacterial culture as per standard protocols. Bacterial identi-
fication and drug susceptibility tests were performed using the French Bio-Merieux ATB-Expression 
Automatic Bacterial Identification and Drug Susceptibility Test instrument. The results were evaluated 
according to the 2010 recommendations of the American Society for Clinical Laboratory Standard-
ization.

Statistical analysis
Data analysis was performed using SPSS 24.0 for Windows (SPSS Inc., Chicago, IL, United States). 
Continuous variables that followed Gaussian distribution were expressed as mean ± SD, and those with 
non-normal distribution were expressed as the median with interquartile range. Categorical variables 
were described using frequencies. Data were compared using the two-tailed student t-test, chi-square 
test, Fisher’s exact test, or Mann-Whitney U-test, as appropriate. Significant covariates identified by 
univariate analysis were further analyzed by multivariate logistic regression analysis to determine the 
independent risk factors for positive bile culture. A P value < 0.05 was considered to indicate statistical 
significance.

RESULTS
Patient characteristics
Out of a total of 285 patients who underwent cholecystectomy between May 2013 and December 2018, 
185 fulfilled the inclusion criteria and were included in this study. The cohort comprised 80 (43.2%) 
male and 105 (56.8%) female patients, and their mean age was 54.3 years (SD = 15). Twenty-two patients 
were diagnosed with gallstones accompanied by CBDSs, and bile cultures were positive for 17 (77.3%) 
of these patients. In contrast, only 12.9% (21/163) of the patients who did not have CBDSs had bacterial 
colonization in their bile samples. In addition, 155 (83.8%) patients had right upper abdominal 
discomfort. Laparoscopic cholecystectomy is the most common procedure used for removing gallstones, 
but four patients with calculous cholecystitis underwent open surgery due to severe adhesions. In 
addition, one patient with CBDSs underwent complete laparoscopic surgery. The median operative time 
was 80 (59-120) min, and cefotaxime/sulbactam sodium and cefamandole were the main preventive or 
therapeutic antibiotics used preoperatively. The overall rate of septic complications was 5.4% (10/185), 
and the incidence of septic complications was similar in the culture-positive and culture-negative 
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Figure 1  Flowchart of the patient selection process.

patients [4.1% (6/147) vs 10.5% (4/38)]. The detailed demographic characteristics of both groups are 
summarized in Table 1, and they show significant differences in age, BMI, presence of CBDSs, previous 
endoscopic retrograde cholangiopancreatography (ERCP), previous use of antibiotics, presence of 
multiple stones, open surgery, operation time, and preoperative therapeutic antibiotics. Multivariate 
logistic regression analysis of these significant variables indicated that the presence of CBDSs (OR = 5.4, 
95%CI: 1.8-21.9, P = 0.029) and longer operation time (OR = 4.3, 95%CI: 1.4-13.1, P = 0.01) were 
independent risk factors for bacterial colonization of bile samples (Table 2).

Microbial spectrum of bile specimens
Of the 38 (20.5%) patients with positive bile culture results, 28 (73.7%) harbored gram-negative bacteria 
that were predominantly from the family Enterobacteriaceae, including Escherichia coli (19 cases), Klebsiella 
pneumoniae (5 cases), Enterobacter cloacae (2 cases), Enterobacter aerogenes (1 case), and Enterobacter mirabilis 
(1 case). Gram-positive bacteria were detected in 10 (26.3%) patient samples and included Enterococcus 
faecalis (6 cases), Enterococcus faecium (3 cases), and Staphylococcus aureus (1 case) as the predominant 
species. No fungal species were detected, as shown in Table 3.

Antibiotics susceptibility test results
Based on the antibiotics susceptibility test results, the pathogens were divided into sensitive, 
intermediate resistant, and resistant groups, and pathogens assigned to the latter two groups were 
included in the resistance rate analysis. Due to differences in test strips, the results of the susceptibility 
tests differed across the patients. The resistance rate of E. coli against cephalosporins decreased with 
more advanced generations, and the rates were 68.4%, 57.9%, 52.6%, and 47.3% for cefuroxime, 
cefotaxime, ceftazidime, and cefepime, respectively. The resistance rate against ciprofloxacin was 
similar to that against cefoxitin (42.1%). E. coli also displayed a high level of resistance against broad-
spectrum penicillins, that is, 78.9% and 63.2% against ticarcillin and piperacillin, respectively. 
Furthermore, E. coli exhibited a resistance rate of 83.3% against amoxicillin in 12 of the specimens tested. 
The combination of piperacillin and the β-lactamase inhibitor tazobactam was effective against E. coli, as 
it was associated with a low resistance rate of 15.8%. In addition, almost all the isolated bacteria were 
sensitive to carbapenems, with the exception of one that was resistant to imipenem. K. pneumoniae 
showed a similar resistance spectrum to E. coli, except that it had lower resistance against amikacin and 
ciprofloxacin. Enterococcus spp. exhibited a high resistance rate of 88.9% against aminoglycosides 
(gentamicin and streptomycin), while E. faecalis exhibited 100% sensitivity to glycopeptide. In contrast, 
several strains of E. faecium were resistant to glycopeptides (1/3) and penicillins (2/3). The results are 
summarized in Tables 4 and 5. Finally, 24 of the 38 patients harbored MDR strains, with 10 (52.6%) E. 
coli strains and 1 (20%) K. pneumoniae strain producing extended spectrum β-lactamases (ESBLs).

DISCUSSION
The gallbladder is a sterile organ, but pathological conditions, such as gallstones, polyps, and tumors, 
create favorable conditions for bacterial colonization by blocking bile circulation, which results in 
cholestasis[5,13]. Bacterial colonization can lead to inflammation of the biliary tract and even sepsis in 
severe cases. The main sources of biliary tract infection are the blood and duodenum[10]. In our study, 
bacteria were detected in the bile specimens of 20.5% cholelithiasis patients, and Enterobacteriaceae 
(73.7%; mainly E. coli and K. pneumoniae) and Enterococcus spp. (23.7%; E. faecium and E. faecalis) were the 
dominant species. Consistent with previous studies, most of the bacteria detected here were 
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Table 1 Baseline characteristics of the bile culture-positive group and culture-negative group

Parameter Total Culture-negative Culture-positive P value

Number 185 147 38 -

Age (yr; mean ± SD) 54.3 ± 15.0 52.4 ± 14.7 61.3 ± 14.2 0.001

BMI (kg/m2; mean ± SD) 23.1 ± 3.4 23.4 ± 3.2 22.1 ± 3.8 0.040

Male (%) 80 (43.2) 61 (33.0) 19 (10.3) 0.346

Combined with CBDS (%) 22 (11.9) 5 (2.7) 17 (9.2) < 0.001

Right upper abdominal pain (%) 155 (83.8) 120 (64.9) 35 (18.9) 0.118

Positive Murphy sign (%) 27 (14.6) 24 (13.0) 3 (1.6) 0.189

Diabetes mellitus (%) 11 (5.9) 8 (4.3) 3 (1.6) 0.699

Hypertension (%) 41 (22.2) 32 (17.3) 9 (4.9) 0.800

History of ERCP (%) 7 (3.7) 1 (0.5) 6 (3.2) < 0.001

Previous intake of antibiotics (%) 44 (23.8) 29 (15.7) 15 (8.1) 0.011

WBC count (> 10 × 109/L) 16 (8.6) 11 (5.9) 5 (2.7) 0.267

Multiple stones (%) 132 (71.3) 99 (53.5) 33 (17.8) 0.018

Max diameter of stone (cm; mean ± SD) 1.2 ± 0.8 1.1 ± 0.8 1.3 ± 0.7 0.177

Non-laparoscopic surgery (%) 41 (22.2) 19 (10.3) 22 (11.9) < 0.001

Operative time (min), median (IQR) 80 (59-120) 70 (56.5-93.8) 124 (95.0-188.8) < 0.001

Septic complications (%) 10 (5.4) 6 (3.2) 4 (2.2) 0.125

CBDS: Common bile duct stone; ERCP: Endoscopic retrograde cholangiopancreatography; BMI: Body mass index; WBC: White blood cell.

Table 2 Multivariate analysis results of risk factors for positive bile culture

Variables OR (95%CI) P

Operation time > 80 min 4.3 (1.4-13.1) 0.01

Combined with CBDS 5.4 (1.3-21.9) 0.02

95%CI: 95% confidence interval; OR: Odds ratio; CBDS: Common bile duct stone.

endogenous and of intestinal origin[12,14,15]. Unlike other studies, however, we did not detect 
Pseudomonas aeruginosa or any fungal species[15,16]; this could probably be explained by our limited 
sample size.

The risk of bacterial invasion of the bile is associated with biliary obstruction, older age (> 70 years), 
acute cholecystitis, CBDSs, cholangitis, ERCP before cholecystectomy, and dysfunctional gallbladder[8,
15,17]. In our study, the presence of CBDSs and longer operation time were identified as independent 
risk factors for positive bile culture. In the case of positive bile culture, postoperative antibiotic use 
needs to be adjusted in order to minimize the risk of infection after surgery. Studies have shown a 
higher incidence of postoperative septic complications in patients with positive bile culture than in 
those without bile infection[6,8,18], with the overall rates varying from 0.9% to 20.0%[6,8,19]. In contrast 
to these studies, in the present study, the rate of septic complications was 3.2% in the negative culture 
group and 2.2% in the positive culture group. This indicates that there was no significant correlation 
between the presence of bacteria and biliary sepsis. The differences in the findings may be associated 
with the empirical use of cefotaxime/sulbactam sodium and the smaller sample size in our cohort.

According to the definition of MDR proposed by the European Centre for Disease Prevention and 
Control Advisory Forum in 2010, it is described as resistance to one agent of at least three or more 
classes of antibiotics, but it does not cover intrinsic resistance or resistance against a key antimicrobial 
agent[9]. In the present study, although the antibiotic sensitivity tests did not include all the relevant 
antibiotics, the lowest incidence of MDR was 63.2%, which indicates that the rate of MDR is high in 
pathogens that infect bile. Cephalosporins and quinolones are commonly used to treat biliary tract 
infections, and the concentration of these drugs increases in bile after their absorption and metabolism
[20,21]. However, as a result of the emergence of drug-resistant bacteria, the efficacy of conventional 
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Table 3 Composition of bile isolated bacteria

Isolated microbes Total strains Frequency

Gram-negative 28 73.7%

Escherichia coli 19 50.0%

Klebsiella pneumoniae 5 13.2%

Enterobacter cloacae 2 5.3%

Enterobacter aerogenes 1 2.6%

Enterobacter mirabilis 1 2.6%

Gram-positive 10 26.3%

Enterococcus faecalis 6 15.8%

Enterococcus faecium 3 7.9%

Staphylococcus aureus 1 2.6%

Fungus 0 0

Table 4 Antibiotics susceptibility test results for Enterococcus spp

Enterococcus faecalis (6) Enterococcus faecium (3)

Antimicrobial agents AST Resistance (%) AST Resistance (%)

Gentamicin 1S + 5I 5 (83.3) 3I 3 (100)

Streptomycin 1S + 4I + 1R 5 (83.3) 2I + 1R 3 (100)

Ciprofloxacin 3S + 3I 3 (50) 2S + 1R 1 (33.3)

Levofloxacin 5S + 1I 1 (16.7) 2S + 1R 1 (33.3)

Vancomycin 6S 0 2S + 1I 1 (33.3)

Teicoplanin 6S 0 3S 0

Ampicillin 6S 0 1S + 1I + 1R 2 (66.7)

Penicillin 6S 0 1S + 2R 2 (66.7)

Quinupristin-dalfopristin 1S + 5R 5 (83.3) 2S + 1I 1 (33.3)

Tetracycline 3S + 3R 3 (50) 2S + 1R 1 (33.3)

Rifampin 1S + 1I + 4R 5 (83.3) 2S + 1R 1 (33.3)

Erythromycin 4I + 2R 6 (100) 1S + 2R 2 (66.7)

AST: Aspartate aminotransferase.

antibacterial drugs has begun to decline[9,10]. In this study, the gram-negative bacteria showed nearly 
100% sensitivity to meropenem and imipenem, while 40% of the strains were resistant to cephalosporins 
and quinolones and over 50% were resistant to second- or third-generation cephalosporins. This high 
rate of resistance is mainly attributed to the emergence of ESBL-producing bacteria, which accounted for 
52.6% of the E. coli strains isolated from our cohort. Therefore, the empirical treatment of biliary 
infections should take into account ESBL-producing bacteria. Treatment with multiple drug combin-
ations, including β-lactamase inhibitors, has been highly effective against gram-negative bacilli[21-23]. 
This was confirmed by the high sensitivity of E. coli to piperacillin and tazobactam in the present study; 
however, E. coli exhibits a fairly high resistance rate against ticarcillin/clavulanic acid or 
amoxicillin/clavulanic acid. Aminoglycosides are also used to treat biliary infections[20], and the 
resistance rates of E. coli against gentamicin and amikacin were found to be 36.8% and 15.8%, 
respectively.

MDR Enterococcus spp. has been increasingly detected in recent years, and these species exhibit 
intrinsic resistance to most cephalosporins and carbapenems[9,24]. The overall prevalence of 
vancomycin-resistant Enterococcus, one of the major nosocomial pathogens worldwide[25], is 5%-20%
[25,26]. In this study, Enterococcus spp., especially E. faecalis, were highly sensitive to ampicillin and 
penicillin. Interestingly, while only 14.7% of E. faecalis strains isolated in Japan are resistant to β-lactam 
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Table 5 Antibiotics susceptibility test results for Enterobacteriaceae

Escherichia coli (n = 
19)

Klebsiella 
pneumoniae (5)

Enterobacter 
cloacae (2)

Enterobacter 
aerogenes (1)

Enterobacter 
mirabilis (1)

Antimicrobial agents
AST Resistance 

(%) AST Resistance 
(%) AST AST AST

Amikacin 16S + 3R 3 (15.8) 5S 0 2S 1S 1S

Gentamicin 12S + 7R 7 (36.8) 4S + 1R 1 (20) 2S 1S 1S

Amoxicillin 2S + 10R - 5R 5 (100) 1R 1R -

Amoxicillin/clavulanic 
acid

11S + 3I 
+ 5R

8 (42.1) 3S + 1I 
+ 1R

2 (40) 1R 1I 1S

Ticarcillin 4S + 15R 15 (78.9) 5R 5 (100) 2S 1S 1S

Ticarcillin/clavulanic 
acid

4S + 8R - 3S + 1R - 1S + 1R 1S 1S

Piperacillin 7S + 12R 12 (63.2) 1S + 3I 
+ 1R

4 (80) 2S 1S 1S

Piperacillin/tazobactam 16S + 3R 3 (15.8) 5S 0 2S 1S 1S

Cefazolin-1st 1S + 5R - 1R - - - 1R

Cefoxitin 11S + 8R 8 (42.1) 3S + 2R 2 (40) 1R 1R 1R

Cefuroxime-2nd 6S + 13R 13 (68.4) 2S + 3R 3 (60) 2S 1R 1S

Cefotaxime-3rd 8S + 1I + 
10R

11 (57.9) 4S + 1I 1 (25) 2S 1S 1S

Ceftazidime-3rd 9S + 10R 10 (52.6) 4S + 1R 1 (25) 2S 1S 1R

Cefepime-4th 10S + 1I 
+ 8R

9 (47.3) 4S + 1R 1 (25) 2S 1S 1S

ESBLs ( + ) 10 10 (52.6) 1 - - - -

Ciprofloxacin 11S + 8R 8 (42.1) 4S + 1R 1 (20) 2S 1R 1I

Imipenem 18S + 1R 1 (5.3) 5S 0 2S 1S 1R

Meropenem 19S 0 5S 0 2S 1S 1S

AST: Aspartate aminotransferase; ESBLs: Extended spectrum β-lactamases.

antibiotics, 85.7% of the E. faecium strains are resistant to ampicillin and all strains of both species are 
resistant to penicillin[26]. In addition, Enterococcus spp. were found to be highly resistant to aminoglyc-
osides and sensitive to teicoplanin, and only one vancomycin-resistant Enterococcus strain was detected 
in our study. All these results indicate that the antibiotic regimen against biliary infections should be 
based on both the antibacterial spectrum of the drugs and the resistance patterns. Therefore, clinicians 
should routinely test bile samples collected during cholecystectomy in order to monitor the pathogenic 
species and drug susceptibility. This will not only provide a definite guide for postoperative treatment, 
but also provide data for future empirical use of antimicrobial agents.

This single-center retrospective study is based on data from hospital medical records, and several 
limitations should be noted. This study is limited by its retrospective design, that is, a heterogeneous 
population and the possibility of a type II error. In particular, owing to the small number of patients 
included, further studies are required to validate our findings.

CONCLUSION
The risk of biliary infection increases in patients with cholelithiasis, and the risk is higher in patients 
with CBDSs and longer operation time. The dominant pathogens detected in this study were E. coli, K. 
pneumoniae, E. faecium, and E. faecalis. In addition, the combination of β-lactam antibiotics and β-
lactamase inhibitors was found to be an effective first-line treatment against bile pathogens. However, 
we must also be aware of the emergence of resistance to certain types of drugs.
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ARTICLE HIGHLIGHTS
Research background
Bacterial infection is an important cause of cholelithiasis or gallstones and interferes with its treatment.

Research motivation
Identified microbial spectrum and drug resistance of pathogens cultured from gallbladder bile 
specimens is helpful for targeted preventive and therapeutic drugs in the perioperative period.

Research objectives
Investigate the bile microbial spectrum of patients with cholelithiasis and the drug susceptibility 
patterns in order to establish an empirical antibiotic treatment for cholelithiasis-associated infection.

Research methods
A retrospective single-center study was conducted on patients diagnosed with cholelithiasis between 
May 2013 and December 2018.

Research results
The presence of common bile duct stones (OR = 5.4, 95%CI: 1.3-21.9, P = 0.03) and longer operation time 
(> 80 min) (OR = 4.3, 95%CI: 1.4-13.1, P = 0.01) were identified as independent risk factors for positive 
bile culture. Gram-negative bacteria were detected in 28 positive bile specimens, and Escherichia coli (E. 
coli) (19/28) and Klebsiella pneumoniae (5/28) were the most frequently identified species. Gram-positive 
bacteria were present in 10 specimens. All the isolated E. coli strains were sensitive to carbapenems, with 
the exception of one imipenem-resistant strain. K. pneumoniae showed a similar resistance spectrum to E. 
coli. Enterococcus spp. was largely sensitive to glycopeptides and penicillin, except for a few strains of E. 
faecium.

Research conclusions
The presence of common bile duct stones and longer operation time were identified as independent risk 
factors for positive bile culture in patients with cholelithiasis. The most commonly detected bacterium 
was E. coli. The combination of β-lactam antibiotics and β-lactamase inhibitors prescribed perioper-
atively appears to be effective against bile pathogens and is recommended.

Research perspectives
To explore the characteristics of patients infected with drug-resistant bacteria and the prevention and 
treatment of drug-resistant bacteria.
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Abstract
BACKGROUND 
The only potential curative treatment for patients with pancreatic cancer is sur-
gery; however, the prognosis remains poor. Measures of body composition based 
on computed tomography (CT) have been established as a reliable predictor of the 
prognosis of cancer patients after surgery.

AIM 
To elucidate the associations of body composition measures derived from pre-
operative CT scans with the prognosis of patients with pancreatic cancer.

METHODS 
One hundred fifteen patients undergoing pancreatic resection with curative intent 
for pancreatic cancer were retrospectively enrolled. A preoperative CT scan at the 
third lumbar vertebral level was performed to measure the skeletal muscle index 
(SMI), mean skeletal muscle radiodensity, subcutaneous adipose tissue index, and 
visceral to subcutaneous adipose tissue area ratio. The clinical and pathological 
data were collected. The effects of these factors on long-term survival were eva-
luated.

RESULTS 
Among the five body composition measures, only low SMI independently pre-
dicted overall survival (OS) [hazard ratio (HR): 2.307; 95% confidence interval 
(CI): 1.210-4.402] and recurrence-free survival (HR: 1.907; 95%CI: 1.147-3.171). 
Furthermore, patients with low SMI (vs high SMI) were older (68.8 ± 9.3 years vs 
63.3 ± 8.4 years); low SMI was present in 27 of 56 patients (48.2%) aged 65 years 
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and older and in 11 of 59 younger patients (18.6%). In addition, subgroup analyses revealed that 
the correlation between low SMI and OS was observed only in patients aged 65 years and older.

CONCLUSION 
Low preoperative SMI was more prevalent in elderly patients and was associated with a poor 
prognosis among pancreatic cancer patients, especially elderly patients.

Key Words: Pancreatic cancer; Body composition; Elderly; Skeletal muscle index; Prognosis

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Measures of body composition have been regarded as a reliable prognostic predictor for cancer 
patients after surgery, but further research is needed. In this study, we showed that low preoperative 
skeletal muscle index (SMI) potentially predicts the prognosis of pancreatic cancer patients. We also 
revealed that low SMI was more prevalent in elderly patients and was associated with a poor prognosis 
among elderly patients after pancreatic cancer resection.

Citation: Cai ZW, Li JL, Liu M, Wang HW, Jiang CY. Low preoperative skeletal muscle index increases the risk of 
mortality among resectable pancreatic cancer patients: A retrospective study. World J Gastrointest Surg 2022; 
14(12): 1350-1362
URL: https://www.wjgnet.com/1948-9366/full/v14/i12/1350.htm
DOI: https://dx.doi.org/10.4240/wjgs.v14.i12.1350

INTRODUCTION
Pancreatic cancer is among the most aggressive malignancies, representing one of the leading causes of 
cancer-related deaths worldwide[1,2]. The only potential curative treatment modality for patients with 
pancreatic cancer currently available is surgery. However, approximately 80% of patients are estimated 
to present with either unresectable or metastatic disease at the time of the first admission[3]. In addition, 
the prognosis remains poor even for the small subset of patients with a localized, resectable tumor, with 
only 20% surviving for 5 years following surgery[4]. In this context, multiple factors, such as the tumor 
status, administration of adjuvant chemotherapy, and surgical radicality, have been recognized as 
tumor-related prognostic factors. Therefore, the characterization of these prognostic factors may help 
stratify patients for better individualized treatment and improve long-term survival outcomes.

According to the literature, body mass index (BMI) calculated from height and weight is a valuable 
indicator of body size. Recently, the relationship between obesity and pancreatic cancer has been 
extensively studied[5]. Data derived from clinical trials and meta-analyses have consistently shown that 
obesity (BMI > 25 kg/m2) is associated with poor survival outcomes, but some studies have reported 
inconsistent associations with overweight or lower levels of obesity[6-8]. This discrepancy may be 
explained by the fact that BMI measures the relation of weight to height without assessing individual 
components of the body, such as muscle and adipose tissue, or components of weight with differing 
associations with survival.

Currently, a paucity of studies have explored measures of body composition mainly in patients with 
resectable pancreatic cancer[9-11]. Sarcopenia, an age-dependent decrease in skeletal muscle volume, 
was initially described in 1989[12]. Based on the recent consensus from the European Working Group on 
Sarcopenia in Older People and the Asian Working Group for Sarcopenia, computed tomography (CT) 
imaging at the level of the third lumbar vertebra is an effective imaging modality for the clinical 
detection of sarcopenia[13,14]. Several previous studies have documented that sarcopenia, which is 
mainly established by the presence of low muscle quantity and quality, is significantly associated with a 
poor prognosis for advanced pancreatic cancer patients[15-20].

Furthermore, numerous epidemiological and fundamental studies have provided evidence to support 
a possible link between obesity and pancreatic cancer[8,21,22]. Measures of body composition reflecting 
obesity, including visceral obesity [namely, a high visceral adipose tissue index (VATI)] and low skeletal 
muscle radiodensity (SMD) (a measure of muscle quality indicative of adipose tissue deposition in 
muscle fibers and reduced function), have been established as useful prognostic indicators[9-11,23]. 
Sarcopenia was recently identified as an independent prognostic factor, especially for elderly patients 
with esophageal cancer[24]. However, at present, no similar studies have been performed in patients 
with resectable pancreatic cancer. Therefore, we examined associations between cancer prognosis and 
the measures of body composition, including muscle mass, muscle radiodensity, and adiposity, in a 
retrospective cohort. Specifically, we analyzed the effects of measures of body composition on the 
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prognosis of patients in different age groups.

MATERIALS AND METHODS
Patient selection and data collection
A retrospective review was performed on the records from all patients who underwent pancreatectomy 
for resectable pancreatic ductal adenocarcinoma (PDAC) at a single institution from January 2015 to 
December 2019. Patients with abdominal CT scans captured within 1 wk before surgery that were 
available for analysis were included. Patients who had a history of abdominal surgery were excluded 
from the study. A total of 115 patients were finally enrolled in this study. Preoperative demographics, 
body weight, height, and laboratory data, including leukocytes, neutrophils, lymphocytes, platelets, 
albumin, and carbohydrate antigen 19-9 levels, were obtained from the electronic media database. 
Systemic inflammatory indicators were defined as follows: neutrophil-lymphocyte ratio (absolute 
neutrophil count divided by absolute lymphocyte count), platelet-to-lymphocyte ratio (absolute platelet 
count divided by absolute lymphocyte count), and systemic immune-inflammation index (SIII, platelet 
count × neutrophil-lymphocyte ratio). Tumor size, tumor location, pathological TNM staging (according 
to AJCC 8th edition), tumor differentiation grade, presence of perineural invasion, status of the resection 
margin, lymph node metastasis, and adjuvant chemotherapy were also recorded for analysis. This study 
was approved by the Institutional Review Board of Huadong Hospital Affiliated to Fudan University.

CT-based body composition assessment
Cross-sectional CT images of the third lumbar vertebra were analyzed using Slice-O-Matic software (v.5. 
Tomovision, Montreal, Quebec, Canada)[17,25]. In detail, various body composition parameters were 
measured, including subcutaneous adipose tissue area, visceral adipose tissue area, and skeletal muscle 
area. The following tissue Hounsfield unit (HU) thresholds were employed: -190 to -30 for subcutaneous 
adipose tissue, -150 to -50 for visceral adipose tissue, and -29 to 150 for skeletal muscle. As described 
previously, the body composition evaluation included the subcutaneous adipose tissue index (SATI), 
VATI, and skeletal muscle index (SMI), which were named and calculated from subcutaneous adipose 
tissue area, visceral adipose tissue area, and skeletal muscle area divided by height in meters squared 
(cm2/m2), respectively[9]. The visceral to subcutaneous adipose tissue area ratio (VSR) was calculated to 
assess the abdominal adipose tissue distribution, and skeletal muscle radiodensity was measured from 
the mean CT value (HU) of the whole skeletal muscle area to assess muscle quality. This procedure was 
performed by two experienced investigators who were blinded to the clinical characteristics of the 
participants.

Cutoff values and classification settings
Based on the considerable differences in body composition between sexes, sex-specific cutoff values 
were established using receiver operating characteristic curves for each body composition parameter[10,
26]. The cutoff values were selected based on the best accuracy of 1-year mortality; thus, the cutoff value 
for SMI (cm2/m2) in males was 45.16 [area under the curve (AUC) = 0.650] and 34.65 (AUC = 0.698) in 
females. The cutoff values for mean muscle radiodensity (HU) in males and females were 35.8 (AUC = 
0.538) and 30.47 (AUC = 0.793), respectively. The SMI and mean muscle radiodensity cutoff points 
possessing the maximum absolute value of the log-rank statistic were used to establish the incidence of 
low SMI and low SMD. In addition, the cutoff values were 0.86 (AUC = 0.574) and 1.06 (AUC = 0.639) 
for the VSR, 28.70 (AUC = 0.639) and 49.72 (AUC = 0.691) for the VATI (cm2/m2), and 43.99 (AUC = 
0.599) and 48.76 (AUC = 0.635) for the SATI (cm2/m2) in males and females, respectively. The classific-
ations of underweight, normal weight, and obesity were based on definitions applied to Asian 
populations[9]. The analyses were performed using the following BMI categories: < 20.0 kg/m2, 
underweight; 20.0-24.9 kg/m2, normal weight; and ≥ 25.0 kg/m2, obese. According to the World Health 
Organization, 65 years was the established cutoff to define people as elderly[27].

Statistical analysis
Patient characteristics were summarized as counts and percentages for categorical variables and means 
and standard deviations for continuous variables. Differences in variables between groups were 
analyzed using Pearson’s χ2 test for categorical variables or the independent t test for continuous 
variables. Overall survival (OS) was defined as the interval from the first diagnosis until death, and 
recurrence-free survival (RFS) was calculated from the date of surgery to the date of recurrence or 
metastasis. Cumulative OS and RFS were estimated using the Kaplan-Meier method, and differences 
between groups were calculated using the log-rank test. The optimal high vs low values of inflam-
matory indicators were defined by examining a grid of cutoff values and choosing the cutoff value with 
the lowest -2 log-likelihood[28]. The effects of body composition parameters and clinicopathological 
factors on OS or RFS were evaluated using a Cox proportional hazards model. All variables with P < 
0.05 in the univariate analysis were included in the multivariate analysis. The results were presented as 
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Figure 1 Selective representative computed tomography images with tag overlay at the third lumbar vertebra level from two individual 
patients with pancreatic cancer presenting with similar body mass index (21.45 kg/m2 in patient A and 21.48 kg/m2 in patient B). The red, 
yellow and green shadows indicate the skeletal muscle area (SMA), visceral adipose tissue area (VATA), and subcutaneous adipose tissue area (SATA), 
respectively. Skeletal muscle index, subcutaneous adipose tissue index and visceral adipose tissue index were calculated from SATA, VATA, and SMA divided by 
height in meters squared, respectively. The visceral to subcutaneous adipose tissue area ratio was calculated by dividing VATA by SATA. Skeletal muscle density 
indicates the mean computed tomography value (HU) of SMA. A: Body mass index (BMI): 21.45; B: BMI: 21.48. SMI: Skeletal muscle index; SATI: Subcutaneous 
adipose tissue index; VATI: Visceral adipose tissue index; VSR: Visceral to subcutaneous adipose tissue area ratio; SMD: Skeletal muscle density; HU: Hounsfield 
unit.

hazard ratios (HRs) with 95% confidence intervals (CIs). All statistical analyses were conducted using 
SPSS (SPSS 25.0, IBM Inc., Chicago, IL, United States) and GraphPad Prism (GraphPad Software 8.0.1, 
San Diego, CA, United States). P values < 0.05 were considered statistically significant.

RESULTS
Demographic characteristics of the patients
The clinicopathological characteristics of the 115 enrolled patients were summarized (Table 1). 
According to the sex-specific cutoff values, 38 (33.3%) patients were characterized by low SMI, whereas 
26 (22.6%) patients were characterized by low SMD. Patients with low SMI were older, more likely to be 
male, had poorly differentiated carcinoma, and had a tumor located in the pancreatic head compared to 
those with high SMI. Additionally, patients with low SMI more frequently had lower albumin levels. In 
addition, an older age and perineural invasion were highly predominant among patients with low SMD. 
Notably, we observed that neither SMI nor SMD was significantly associated with the TNM stage or 
indicators of systemic inflammation, such as the neutrophil-lymphocyte ratio, platelet-to-lymphocyte 
ratio, and SIII.

Prognostic value of body composition for patients with resectable pancreatic cancer
First, the prognostic value of the widely used measurement BMI was assessed. Both obesity and 
underweight were related to a worse prognosis for pancreatic cancer patients than normal weight; 
however, a significant difference in survival was not observed between the obese and underweight 
groups (Supplementary Figure 1). Notably, two normal weight patients with similar BMIs showed 
rather different body composition parameters from CT-based measurements, including SMI, SMD, 
VATI, SATI, and VSR (Figure 1). These findings indicated that BMI may not be an appropriate indicator 
to assess the correlation between body composition and the prognosis. Thus, the correlation between 
body composition parameters based on CT scans and the survival prognosis was further evaluated. 
Patients with low preoperative SMI and low SMD experienced a shorter OS than those with high SMI (P 
< 0.001; Figure 2A) and high SMD (P = 0.006; Figure 2B). Shorter RFS was also observed among patients 
with low SMI (P = 0.021; Figure 2C) but not among those with low SMD (P = 0.119; Figure 2D). 
Meanwhile, high VATI, high SATI, and high VSR were not related to either poor OS or RFS outcomes 
(Supplementary Figure 2).

https://f6publishing.blob.core.windows.net/f722e711-a3a5-4797-b534-1b14c890c4a0/WJGS-14-1350-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/f722e711-a3a5-4797-b534-1b14c890c4a0/WJGS-14-1350-supplementary-material.pdf
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Table 1 Patient and tumor characteristics comparing low and high skeletal muscle index or radiodensity

Characteristics Total (n = 115) Low SMI  
(n = 38)

High SMI  
(n = 77) P value Low SMD  

(n = 26)
High SMD  
(n = 89) P value

Age 65.1 (9.0) 68.8 (9.3) 63.3 (8.4) 0.002b 70.8 (7.0) 63.5 (8.9) < 0.001c

Male sex 71 (61.7) 29 (76.3) 42 (54.5) 0.024a 13 (50.0) 58 (65.2) 0.162

BMI in kg/m2 22.7 (3.3) 20.9 (3.1) 23.6 (3.0) < 0.001c 24.0 (4.0) 22.3 (2.9) 0.016a

< 20.0 21(18.3) 14 (36.8) 7 (9.1) 5 (19.2) 16 (18.0)

20.0-24.9 69 (60.0) 20 (52.6) 49 (63.6) 10 (38.5) 59 (66.3)

≥ 25.0 25 (21.7) 4 (10.5) 21 (27.3) 0.001b 11 (42.3) 14 (15.7) 0.01a

Albumin in g/dL 42.5 (5.6) 40.6 (4.1) 43.5 (6.1) 0.01a 41.7 (7.7) 42.8 (4.9) 0.393

Tumor location 

Head 67 (58.3) 29 (76.3) 38 (49.4) 18 (69.2) 49 (55.1)

Body + tail 48 (41.7) 9 (23.7) 39 (50.6) 0.006b 8 (30.8) 40 (44.9) 0.197

Tumor size in cm 3.6 (1.4) 3.7 (1.7) 3.3 (1.2) 0.942 3.3 (1.3) 3.6 (1.4) 0.602

Differentiation

Well 5 (4.3) 1 (2.7) 4 (5.3) 3 (12.0) 4 (4.6)

Moderate 100 (87.0) 31 (83.8) 69 (92.0) 19 (76.0) 81 (93.1)

Poor 7 (6.1) 5 (13.5) 2 (2.7) 0.04a 3 (12.0) 2 (2.3) 0.774

Nodal metastases 64 (55.7) 20 (52.6) 44 (57.1) 0.647 12 (46.2) 52 (58.4) 0.268

Perineural invasion1 81 (86.2) 27 (87.1) 54 (85.7) 0.855 25 (100) 56 (81.2) 0.046a

R1 resection 13 (11.3) 3 (7.9) 10 (13.2) 0.602 3 (11.5) 10 (11.4) 1.000

Adjuvant therapy 84 (73.0) 24 (63.2) 60 (77.9) 0.093 18 (69.2) 66 (74.2) 0.618

TNM stage

I 43 (37.4) 14 (36.8) 29 (37.7) 14 (53.8) 29 (32.6)

II 57 (49.6) 19 (50.0) 38 (49.4) 10 (38.5) 47 (52.8)

III 15 (13.0) 5 (13.1) 10 (13.0) 0.996 2 (7.6) 13 (14.6) 0.135

CA19-9 > 200 KU/L 71 (61.7) 24 (66.7) 47 (63.5) 0.746 21 (84.0) 50 (58.8) 0.021a

SMA in cm2 123.0 (30.6) 108.4 (19.9) 130.2 (32.4) < 0.001c 113.2 (28.4) 125.9 (30.7) 0.056

SMD in HU 39.4 (8.6) 38.5 (10.0) 39.8 (7.8) 0.462 28.5 (5.1) 42.6 (6.5) < 0.001c

SMI in cm2/m2 44.6 (9.8) 38.1 (5.3) 47.7 (10.0) < 0.001c 41.1 (9.0) 45.6 (9.9) 0.033a

VAT in cm2 113.4 (66.5) 89 (50.2) 125.4 (70.5) < 0.001c 151.0 (60.2) 102.4 (64.5) 0.001b

SAT in cm2 121.4 (64.6) 100.5 (45.4) 131.7 (70.2) 0.014a 160.0 (89.3) 110.1 (50.7) < 0.001c

NLR > 2.6 44 (38.3) 16 (42.1) 28 (36.4) 0.551 13 (50.0) 31 (34.8) 0.162

PLR > 108 77 (67.0) 27 (71.1) 50 (64.9) 0.512 21 (80.8) 56 (62.9) 0.089

SIII > 400 68 (59.1) 24 (63.2) 44 (57.1) 0.537 17 (65.4) 51 (57.3) 0.461

1Data were available for 94 patients. Statistics are presented as the means (standard deviations) for age, body mass index, albumin, tumor size, and body 
composition parameters and n (%) for the other parameters.
aP < 0.05.
bP < 0.01.
cP < 0.001.
SMA: Skeletal muscle area; SMD: Skeletal muscle radiodensity; HU: Hounsfield units; SMI: Skeletal muscle index; VAT: Visceral adipose tissue; SAT: 
Subcutaneous adipose tissue; NLR: Neutrophil-to-lymphocyte ratio; PLR: Platelet-to-lymphocyte ratio; SIII: Systemic immune-inflammation index; BMI: 
Body mass index; CA19-9: Carbohydrate antigen 19-9.
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Figure 2 Kaplan Meier survival curves for overall survival and recurrence-free survival based on skeletal muscle index and skeletal 
muscle density. A and C: Overall survival (OS) and recurrence-free survival (RFS) curves for patients with low and high skeletal muscle index; B and D: OS and 
RFS curves for patients with low and high skeletal muscle density. SMI: Skeletal muscle index; SMD: Skeletal muscle density.

Risk factors for mortality and tumor recurrence after resection
In the univariate risk analysis of factors associated with mortality (Table 2), low SMI, low SMD, high 
carbohydrate antigen 19-9 levels, high platelet-to-lymphocyte ratio, high SIII, lymph node metastasis, 
and absence of adjuvant chemotherapy were identified as risk factors for mortality after tumor 
resection. Remarkably, low SMI remained an independent risk factor for mortality in the multivariate 
analysis (HR: 2.307; 95%CI: 1.210-4.402; P = 0.011), indicating that a low muscle quantity was a 
significant risk factor for mortality. We also observed higher mortality among patients with low SMD, 
although this finding was not significant (HR: 2.093; 95%CI: 1.000-4.379; P = 0.050).

Furthermore, low SMI, lymph node metastasis, and high SIII, but not low SMD, were identified as 
risk factors based on the univariate analysis of risk factors associated with RFS (Table 3). The 
multivariate analysis showed that low SMI continued to be independently associated with tumor 
recurrence (HR: 1.907; 95%CI: 1.147-3.171; P = 0.013).

Effects of body composition on mortality and recurrence among elderly patients
A significant difference in age was observed between the groups with and without low SMI or SMD. We 
performed subgroup analyses based on age and body composition to further elucidate the potential 
effect of body composition on the prognosis of elderly patients with PDAC. First, we identified that 
48.2% (n = 27) of elderly patients and 18.6% (n = 11) of young patients were characterized by low SMI. In 
addition, 35.7% (n = 20) of elderly patients and 10.2% (n = 6) of young patients were identified as having 
low SMD. Compared to young patients, a larger proportion of patients aged 65 years and older had a 
low SMI or SMD. Moreover, among elderly patients, the presence of low SMI was associated with a 
significantly decreased OS compared with those with high SMI (P = 0.005; Figure 3A). Furthermore, an 
almost comparable OS was observed between groups with a high and low SMI among patients younger 
than 65 years (P = 0.432; Figure 3B). Meanwhile, among the different age groups, the OS and RFS rates 
in the low SMD group did not differ significantly from those in the high SMD group (P = 0.110 and P = 
0.320, respectively; Figure 3C and D). These findings indicated that a low preoperative SMI was more 
prevalent in elderly patients and was associated with a poor prognosis among pancreatic cancer 
patients, especially elderly patients.
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Table 2 Univariate and multivariate analyses of risk factors for overall survival following pancreatic cancer resection

Univariate analysis Multivariate analysis
Factor

HR (95%CI)
P value

HR (95%CI)
P value 

Age ≥ 65 yr 1.661 (0.905-3.051) 0.102

Male sex 0.686 (0.371-1.267) 0.228

BMI < 20.0 underweight 0.534 (0.262-1.085) 0.083

BMI ≥ 25.0 obesity 0.631 (0.322-1.233) 0.178

Albumin < 3.8 g/dL 1.146 (0.550-2.388) 0.716

Low SMI 2.805 (1.559-5.045) 0.001b 2.307 (1.210-4.402) 0.011a

Low SMD 2.395 (1.261-4.550) 0.008b 2.093 (1.000-4.379) 0.05

Tumor location, head 1.620 (0.870-3.019) 0.128

Tumor size > 2 cm 1.107 (0.494-2.480) 0.805

Differentiation poor 3.102 (0.947-10.158) 0.061

Nodal metastases 1.853 (1.022-3.358) 0.042a 2.308 (1.200-4.442) 0.012a

Perineural invasion 2.303 (0.701-7.564) 0.169

R1 Resection 1.165 (0.415-3.267) 0.772

TNM stage III 1.515 (0.673-3.414) 0.316

Adjuvant therapy 0.528 (0.284-0.980) 0.043a 0.480 (0.242-0.952) 0.036a

CA19-9 > 200 KU/L 1.891 (1.021-3.504) 0.043a 0.851 (0.428-1.689) 0.644

NLR > 2.6 1.630 (0.911-2.916) 0.099

PLR > 108 2.208 (1.150-4.238) 0.017a 1.296 (0.517-3.250) 0.58

SIII > 400 1.911 (1.044-3.500) 0.036a 1.338 (0.586-3.057) 0.489

aP < 0.05.
bP < 0.01.
HR: Hazard ratio; BMI: Body mass index; CA19-9: Carbohydrate antigen 19-9; NLR: Neutrophil-lymphocyte ratio; PLR: Platelet-to-lymphocyte ratio; SIII: 
Systemic immune-inflammation index; SMI: Skeletal muscle index; SMD: Skeletal muscle radiodensity; CI: Confidence interval.

DISCUSSION
In this retrospective study, we assessed preoperative body composition measures from clinically 
acquired CT scans and comprehensively analyzed the effects of these measures on mortality and cancer 
recurrence in our single cohort of patients undergoing surgical resection for PDAC. Our findings 
revealed that low SMI was highly prevalent and associated with a significantly increased risk of death 
and cancer recurrence among pancreatic cancer patients. We also identified that elderly patients 
exhibited a higher risk of low SMI than younger patients. Based on the results of the subgroup analysis 
of mortality and recurrence stratified by age, we noted that low SMI was a valuable predictor of 
mortality, specifically in the elderly patient subgroup. Thus, prognostic measures may be easily 
integrated into routine clinical care using new software to generate a highly accurate measure of SMI 
from clinically collected CT scans.

Results from our cohort and some other cohorts of patients with resectable pancreatic cancer 
indicated that elderly patients are more vulnerable to sarcopenia (usually defined by a low SMI) than 
young patients[15,23,29]. Most experts believe that age-related sarcopenia is an inevitable part of aging
[30]. The aging-related denervation process exerts a strong effect on quantitative changes in muscle, 
such as loss of muscle fibers and atrophy, and qualitative changes in muscle affecting protein function, 
the repair process, and coordinated contractility and resilience to stress, leading to a loss of muscle 
volume and function in older age[31]. However, our results were inconsistent with some findings from 
previous studies that no significant difference in age was observed between the subgroups with and 
without sarcopenia[10,32]. This difference may be attributed to the cutoff values used for low SMI. In 
addition, the cutoff value for sarcopenia in previous studies that showed between-cohort age-related 
differences were considerably lower than the corresponding value in studies that did not show any 
significant difference in age between sarcopenia and non-sarcopenia cohorts. Currently, no established 
consensus value is available for CT-based sarcopenia (namely, low SMI) in Asian populations. 
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Table 3 Univariate and multivariate analysis of risk factors for recurrence-free survival following pancreatic cancer resection

Univariate analysis Multivariate analysis
Factor

HR (95%CI)
P value

HR (95%CI)
P value 

Age > 65 yr 1.661 (0.905-3.051) 0.102

Male sex 0.631 (0.382-1.041) 0.071

BMI < 20.0 underweight 1.216 (0.660-2.240) 0.530

BMI ≥ 25.0 obesity 1.823 (0.969-3.430) 0.062

Albumin < 3.8 g/dL 0.871 (0455-1.668) 0.677

Low SMI 1.784 (1.083-2.939) 0.023a 1.907 (1.147-3.171) 0.013a

Low SMD 1.567 (0.885-2.773) 0.123

Tumor location, head 1.327 (0.795-2.215) 0.278

Tumor size > 2 cm 1.611 (0.767-3.382) 0.208

Differentiation poor 0.978 (0.238-4.022) 0.976

Nodal metastases 1.897 (1.134-3.174) 0.015a 1.922 (1.129-3.272) 0.016a

Perineural invasion 1.886 (0.841-4.231) 0.124

R1 Resection 1.593 (0.754-3.365) 0.222

TNM stage III 1.703 (0.833-3.483) 0.144

Adjuvant therapy 0.866 (0.479-1.567) 0.635

CA19-9 in Ku/L > 200 1.439 (0.855-2.421) 0.170

NLR > 2.6 1.071 (0.648-1.769) 0.789

PLR > 108 1.612 (0.955-2.722) 0.074

SIII > 400 1.827 (1.097-3.043) 0.021a 1.655 (0.984-2.785) 0.058

Platelets > 310 × 109 1.245 (0.533-2.910) 0.613

aP < 0.05.
HR: Hazard ratio; BMI: Body mass index; CA19-9: Carbohydrate antigen 19-9; NLR: Neutrophil-lymphocyte ratio; PLR: Platelet-to-lymphocyte ratio; SIII: 
Systemic immune-inflammation index; SMI: Skeletal muscle index; SMD: Skeletal muscle radiodensity; CI: Confidence interval.

Therefore, more large-scale studies are needed in the future to establish a consensus cutoff value for 
sarcopenia in Asian populations and confirm these observations.

We further identified that low preoperative SMI was an independent prognostic factor for mortality 
and cancer recurrence for PDAC patients after pancreatectomy. These findings are consistent with 
previous reports describing the effect of low SMI on PDAC patients[10,15,32,33]. More importantly, we 
found that low SMI exerted a greater adverse effect on the prognosis among elderly patients. In contrast, 
no remarkable association between low SMI and mortality was identified among nonelderly patients. 
Likewise, Nakashima et al[24] revealed that low SMI was significantly associated with patients with 
esophageal cancer aged 65 years and older but not with those younger than 65 years[24].

Furthermore, comparable OS and RFS rates were observed among both elderly and young patients 
with low SMI. Additionally, low SMI contributes to a long-term prognosis that is similar to that of 
lymph node metastasis in elderly patients. Several studies have reported that sarcopenia is associated 
with insulin resistance, vitamin D deficiency, increased inflammatory cytokine levels, such as tumor 
necrosis factor-α and interleukin-6, and decreased concentrations of myokines, such as interleukin-15
[34-37]. Notably, all of the aforementioned inflammatory cytokines are related to the progression of 
pancreatic cancer[38-42]. Thus, the quantity of skeletal muscle may be linked to the prognosis of patients 
with PDAC through various mechanisms.

Recently, with the gradual increase in the incidence of PDAC among elderly patients and the aging 
population, the number of pancreatic cancer patients with sarcopenia is estimated to increase steadily
[43]. Therefore, an early preoperative diagnosis of low SMI/sarcopenia coupled with early intervention 
is essential for elderly patients to extend their OS and simultaneously promote a good quality of life, 
which would also conserve large amounts of medical resources.

In this study, we did not observe a relationship between survival and SMD (a surrogate of muscle 
quality) in patients with pancreatic cancer. To our knowledge, only one previous study of patients with 
unresectable pancreatic cancer and distal cholangiocarcinoma reported a significant relationship 
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Figure 3 Kaplan Meier overall survival curves of the cohort stratified by age. A and C: Overall survival (OS) curves for patients aged 65 and older 
stratified according to skeletal muscle index (SMI) (A) and skeletal muscle density (SMD) (C); B and D: OS curves for patients aged younger than 65 yr stratified by 
SMI (B) and SMD (D). SMI: Skeletal muscle index; SMD: Skeletal muscle density.

between SMD and the tumor prognosis[11]. In that study, low SMD was defined operationally as a 
mean skeletal muscle radiodensity of < 33 HU in patients with a BMI ≥ 25 kg/m2 and < 41 HU in 
patients with a BMI < 25 kg/m2 across the orthogonal view. Moreover, the prevalence of low SMD 
(55.3%) was much higher among patients in the previous study than among patients in the present 
study (22.6%). These results imply that fatty infiltration into muscle may be a hallmark of more 
advanced cancer but is not as predominant in cancer at an earlier stage.

However, despite these promising results, we acknowledge several limitations of the present study. 
First, this study was performed retrospectively at a single center with a relatively small sample size; 
hence, the potential for selection bias exists. Therefore, larger prospective cohort studies are needed to 
confirm these findings. Second, we must consider whether our cutoff values are adequate to define low 
SMI or sarcopenia. Although the cutoff value must be determined from a normal population of people 
of different ages, a unified standard is unavailable for the general Asian populations. Moreover, no 
specific cutoff values for pancreatic cancer were available to identify patients with sarcopenia. Here, we 
determined the cutoff values in this population using receiver operating characteristic curves, which is 
considered a more accurate method than the use of standard deviations to set cutoff values. However, 
more studies are still needed to explore more specific indicators that may reflect muscle function and 
are not limited by race or region.

CONCLUSION
In summary, low preoperative SMI, which is simply diagnosed through routine staging CT scans, was 
associated with a poor prognosis, especially among elderly patients with pancreatic cancer. Thus, the 
early identification of aging-specific factors, such as SMI, enables early interventions to ameliorate 
clinical outcomes in elderly patients with pancreatic cancer.
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ARTICLE HIGHLIGHTS
Research background
The only potential curative treatment for patients with pancreatic cancer is surgery; however, the 
prognosis remains poor.

Research motivation
Measures of body composition based on computed tomography (CT) scans have been established as 
reliable predictors of the prognosis of cancer patients after surgery, but further research focusing on 
pancreatic cancer is needed.

Research objectives
To elucidate the associations of body composition measures derived from preoperative CT scans with 
the prognosis of patients with pancreatic cancer.

Research methods
One hundred fifteen patients undergoing pancreatic resection with curative intent for pancreatic cancer 
were retrospectively enrolled. The preoperative CT scan at the third lumbar vertebral level was 
measured for skeletal muscle index (SMI), mean skeletal muscle radiodensity, subcutaneous adipose 
tissue index, visceral adipose tissue index, and subcutaneous adipose tissue area ratio. The clinical and 
pathological data were collected. The effects of these factors on long-term survival were evaluated.

Research results
Among the five body composition measures, only low SMI independently predicted overall survival 
(OS) [hazard ratio (HR): 2.307; 95% confidence interval (CI): 1.210-4.402] and recurrence-free survival 
(HR: 1.907; 95%CI: 1.147-3.171). Furthermore, patients with low SMI (vs high SMI) were older (68.8 ± 9.3 
years vs 63.3 ± 8.4 years); low SMI was present in 27 of 56 patients (48.2%) aged 65 years and older and 
in 11 of 59 younger patients (18.6%). In addition, subgroup analyses revealed that the correlation 
between low SMI and OS was observed only in patients aged 65 years and older.

Research conclusions
Low preoperative SMI was more prevalent in elderly patients and was associated with a poor prognosis 
among pancreatic cancer patients, especially elderly patients.

Research perspectives
The early identification of aging-specific factors, such as low SMI, allows for the possibility to facilitate 
early interventions to ameliorate clinical outcomes in elderly patients with pancreatic cancer.
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Abstract
BACKGROUND 
Enteral nutrition (EN) is essential for critically ill patients. However, some 
patients will have enteral feeding intolerance (EFI) in the process of EN.

AIM 
To develop a clinical prediction model to predict the risk of EFI in patients re-
ceiving EN in the intensive care unit.

METHODS 
A prospective cohort study was performed. The enrolled patients’ basic 
information, medical status, nutritional support, and gastrointestinal (GI) sym-
ptoms were recorded. The baseline data and influencing factors were compared. 
Logistic regression analysis was used to establish the model, and the bootstrap 
resampling method was used to conduct internal validation.

RESULTS 
The sample cohort included 203 patients, and 37.93% of the patients were di-
agnosed with EFI. After the final regression analysis, age, GI disease, early 
feeding, mechanical ventilation before EN started, and abnormal serum sodium 
were identified. In the internal validation, 500 bootstrap resample samples were 
performed, and the area under the curve was 0.70 (95%CI: 0.63-0.77).

CONCLUSION 
This clinical prediction model can be applied to predict the risk of EFI.

https://www.f6publishing.com
https://dx.doi.org/10.4240/wjgs.v14.i12.1363
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Core Tip: Enteral nutrition (EN) is an essential piece of providing care to critically ill patients. However, 
some patients will experience complications related to EN and become intolerant to this nutritional 
support. In this study, we developed a model to predict patients who are at high risk of enteral feeding 
intolerance. In the future when an intensive care unit patient requires EN, nurses can distinguish whether 
the patient is a high-risk patient. Then, they can allocate their time to more observation of the high-risk 
patient to discover the patient’s complications and administer effective measures in advance. In the long-
term, this strategy will reduce the workload of the nursing staff and will achieve more accurate care.

Citation: Lu XM, Jia DS, Wang R, Yang Q, Jin SS, Chen L. Development of a prediction model for enteral feeding 
intolerance in intensive care unit patients: A prospective cohort study. World J Gastrointest Surg 2022; 14(12): 
1363-1374
URL: https://www.wjgnet.com/1948-9366/full/v14/i12/1363.htm
DOI: https://dx.doi.org/10.4240/wjgs.v14.i12.1363

INTRODUCTION
Enteral nutrition (EN) is a preferred and cost-effective approach to nutritional support[1,2]. When EN is 
provided, nutrients in the gastrointestinal (GI) tract activate intestinal endocrine cells and lymphoid 
tissues, which positively contributes to GI function (e.g., movement, digestion, and immunity)[3,4]. 
However, during the provision of EN, many complications can develop that have an adverse impact on 
nutritional support[5]. Enteral feeding intolerance (EFI) is a common and primary manifestation among 
many GI complications.

EFI is the inability to deliver adequate energy or nutrients to patients due to GI symptoms in the 
absence of mechanical obstruction[6]. EFI develops in 2%-75% of enteral feeding patients in intensive 
care units (ICUs)[7]. When EFI occurs, prokinetic agents and post-pyloric feeding are recommended[8]. 
If EFI cannot be attenuated by medications or other feeding access, then EN is reduced or suspended[9,
10]. This may result in an inability to attain nutritional goals or in malnutrition.

Therefore, distinguishing high-risk patients before EFI occurs is very important and has a guiding 
role in clinical practice. Many studies have explored the mechanics and causes for the development of 
EFI in clinical practice. A review summarized some of the main reasons: (1) Admission diagnosis of 
burns, head injuries, sepsis, and multi-trauma; (2) Premorbid conditions of disordered glucose 
metabolism, age, and sex; (3) Electrolyte disorders; and (4) Use of drugs such as sedatives, analgesics, 
and catecholamines[9]. A recent review of a multicenter and multiyear database indicated that EFI was 
more likely to occur in burn, cardiovascular/vascular disease, GI disease, and sepsis patients in the ICU
[11]. However, in recent years, assessment of EFI at the bedside was driven by clinician opinion, which 
is still subjective to some extent. This may result in misjudgment of EFI occurrence and have an adverse 
effect on nutrition delivery and clinical recovery.

A clinical prediction model (CPM) is built upon the use of mathematical formulas to estimate the 
probability that a particular individual will have a disease or an outcome in the future[12,13]. CPM can 
assist clinicians in decision-making and developing therapy programs in complex clinical situations and 
may help patients have better outcomes. Many studies have identified variables associated with EFI, 
such as diabetes, abdominal surgery, and head injury. This study aimed to analyze different risk factors 
for EFI occurrence in the ICU and to construct a CPM that would screen high-risk ICU patients to 
implement early prevention and intervention methods.

MATERIALS AND METHODS
Study design, setting, and participants
A prospective cohort study was conducted with patients in the ICU at a college hospital, which is a 
general teaching hospital with 116 ICU beds at the northern and southern campuses. This study was 
performed in three of the five ICU departments, which included comprehensive ICU, emergency ICU, 
and neurosurgery ICU. This study was performed between November 2020 and May 2021.

https://www.wjgnet.com/1948-9366/full/v14/i12/1363.htm
https://dx.doi.org/10.4240/wjgs.v14.i12.1363
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Patients in the ICU were included in the study when EN was started. Patients who received EN for 
less than 24 h were not included in the model-construction dataset. Eligible patients received the 
standard nutrition protocol on medical advice (continuous infusion via nutrition pump at rates between 
20 mL/h to 150 mL/h). Depending on the patient’s condition, different feeding tubes and formulas 
were chosen. Exclusion criteria included the following: (1) Age < 18 years; (2) Oral intake; (3) Pregnancy 
or breastfeeding; (4) Occlusive ileus; and (5) Informed consent not obtained from the patient or their 
next of kin.

Variables
Outcome measure: According to the results of the literature review and discussion with experts, the 
primary outcome was patients diagnosed with EFI, including GI symptoms and reduction or 
suspension of EN. A patient was diagnosed with EFI if one or more listed GI symptoms occurred and 
resulted in the reduction or suspension of EN within 2 wk of starting EN[7,14]. When patients had 
several symptoms, one symptom was determined to be the main symptom rather than recording several 
duplicate symptoms.

GI symptoms included the following: (1) Moderate gastric residual volume (defined as GRV, reaching 
200 mL)[7,15,16]. Ultrasonography was adopted once a day 4 h after completion of EN using the 
following formula: GRV = 27.0 + 14.6 × gastric antral cross-sectional area - 1.28 × age, where gastric 
antral cross-sectional area = (anteroposterior diameter × craniocaudal diameter × Ⅱ)/4[17]; (2) Diarrhea, 
which was defined as having three or more loose or liquid stools within 24 h with a stool weight greater 
than 200–250 g/day (estimated by assistant nurses)[18]; (3) Vomiting, which was defined as the 
expulsion of gastric contents from the oropharynx or nasopharynx one or more times a day[19]; (4) 
Aspiration, which referred to the entry of oropharyngeal food, secretions, or gastroesophageal reflux 
into the subglottic airway[20]; (5) Regurgitation, which referred to the reflux of gastric contents into the 
oropharynx without nausea, retching, or straining[21]; (6) Constipation, which was considered a 
reduction in the frequency of defecation to less than three times a week and difficulty defecating or dry 
stools[22]; and (7) Abdominal distention, which was considered an uncomfortable feeling of fullness 
and distension of the abdomen, and abdominal ultrasound showed gas or dilation of the bowel[21].

Predictor selection: We searched databases and consulted with medical experts in GI surgery and 
critical care medicine (see Supplementary Tables 1 and 2, which demonstrates the literature screening 
and factor coding results). Eligible studies had a primary endpoint of EFI occurring when diagnosed 
with GI symptoms. After expert group discussion, the predictor of proton-pump inhibitor use was 
excluded. The following 14 predictors were selected: age[23-29]; trauma (including blunt trauma, 
penetrating trauma, and burns)[30-32]; head injury (including postoperative neurosurgery and brain 
trauma)[33]; sepsis[34]; abdominal surgery[23,31,32]; GI disease (including GI surgery, GI inflammation, 
etc.)[11,23,28]; blood glucose[35,36]; serum albumin (hypoproteinemia or abnormal content level of 
albumin)[37]; electrolyte disorders (abnormal content level of K, Na, Cl, Mg, Ca, and P)[38]; mechanical 
ventilation (had or having mechanical ventilation)[5,23,26]; sedative and analgesic medicine (fentanyl, 
dexmedetomidine, propofol, and so on)[39]; catecholamine medicine (epinephrine, norepinephrine, and 
dopamine)[40,41]; early feeding (feeding initiated within 48 h after admission to the ICU)[40]; and tube 
feeding protocol (feeding formulas, largest feeding speeds, and largest total volume).

Data sources/measurement
A structured form was prospectively used to obtain baseline data for the enrolled patients. When a 
patient began to receive EN, the nurses responsible for that patient recorded EN and GI symptoms 
daily. Doctors measured ultrasonographic results daily using a Doppler ultrasound diagnostic 
apparatus (GE Venue; GE Healthcare, Chicago, IL, United States). The follow-up endpoint was: (1) A 
diagnosis of EFI; (2) EN for more than 2 wk; (3) Transfer out of the ICU (including to home, to another 
hospital, and to another department in the hospital); (4) Gastric tube removal; or (5) Death.

Study size
Fourteen predictors were identified based on a literature analysis and expert consultation. The sample 
size of the case group was calculated to be 10 times greater than the predictors. Considering a 10% drop-
off rate, we planned to include at least 155 patients.

Statistical analyses
We searched for predictors of EFI that were repeatedly reported in studies or systematic reviews and 
could be easily ascertained in different settings by those with various clinical experience. These data 
were recorded by researchers for many days in the cohort and checked by 2 people.

Data analyses were conducted using IBM SPSS Statistics (version 25.0. Armonk, NY: IBM Corp) and R 
software (version 4.0.3; R Core Team). Descriptive data, including mean and standard deviation, 
frequency, percentage, median, and quartile, were used for the univariate analysis. When univariate 
analysis showed that independent variables were associated with intolerance (P < 0.15), they were 
included in the multiple logistic regression model. Variables were entered into the logistic regression 

https://f6publishing.blob.core.windows.net/564ab6f9-ea1f-4713-b1b9-ca9d5cb9f8a3/WJGS-14-1363-supplementary-materials.pdf
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Figure 1 Nomogram for predicting enteral feeding intolerance in intensive care unit patients. 0: No; 1: Yes. EN: Enteral nutrition; GI: 
Gastrointestinal; MV: Mechanical ventilation.

Figure 2  Calibration curve of the prediction model performance during internal validation.

analysis, and we used the stepwise approach to perform the multivariable selection. Finally, we 
displayed the model using a nomogram because this format is more convenient.

Internal validation was performed using bootstrap validation. We assessed the predictive accuracy of 
the prognostic instrument with discrimination and calibration. Discrimination was calculated using the 
area under the curve, ranging from 0.5 (no discrimination) to 1.0 (perfect discrimination). Calibration 
was assessed using a calibration plot.

RESULTS
Participants
The three ICUs had 74 beds, and 684 patients were treated in the three ICUs during the study period. 
The cohort included 203 EN participants for the final analysis, including 153 patients from the compre-
hensive ICU, 34 patients from the neurosurgery ICU, and 16 patients from the emergency ICU. Overall, 
EFI occurred in 37.93% of ICU patients. The baseline characteristics of the enrolled patients are shown in 
Table 1.
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Table 1 Baseline characteristics of the participants included in the analysis

Variables EFI group, n = 77 Non-EFI group, n = 126 Statistics P value

Age in yr 64.55 ± 15.86 69.06 ± 14.31 t = 2.091 0.038

Sex, n (%) χ2 = 1.919 0.166

    Male 55 (71.4) 78 (61.9)

    Female 22 (28.6) 48 (38.1)

BMI in kg/m2 23.64 ± 3.41 23.91 ± 4.70 t = 0.030 0.672

APACHE Ⅱ 15.0 (9.0, 23.0) 15.0 (9.5, 21.0) Z = -0.117 0.907

SOFA 6.0 (3.0, 10.0) 5.0 (1.0, 8.0) Z = -1.533 0.125

Diagnosis, n (%) χ2 = 1.574 0.986

    Respiratory disease 15 (19.5) 26 (20.6)

    Circulatory disease 6 (7.8) 9 (7.1)

    Neurological disease 12 (15.6) 25 (19.8)

    Digestive disease 11 (14.3) 18 (14.3)

    Post-surgery 22 (28.6) 30 (23.8)

    Sepsis 5 (6.5) 7 (5.6)

    Multiple trauma 3 (3.9) 4 (3.2)

    Other 3 (3.9) 7 (5.6)

Endpoint event, n (%)

    Diagnosis of EFI 77 (100)

    EN for more than 2 wk 35 (27.8)

    Transfer out of the ICU 65 (51.6)

    Gastric tube removal 18 (14.3)

    Death 8 (6.3)

APACHE Ⅱ: Acute physiology and chronic health evaluation II; BMI: Body mass index; EFI: Enteral feeding intolerance; EN: Enteral nutrition; ICU: 
Intensive care unit; SOFA: Sepsis-related organ failure assessment.

EFI occurrence
A total of 77 patients were included in the case group. EFI occurred more often in the first 7 d after EN 
started, and more than 90% of EFI cases lasted less than 3 d. Diarrhea, distention, and regurgitation 
were the most common GI symptoms among patients with EFI. The EFI occurrence in the case group is 
shown in Table 2.

Selected factors for the model
Univariate analysis of the cohort (Table 3) identified an association between EFI and seven predictors 
that have been consistently reported in the literature; these include age, GI disease, medical history of 
mechanical ventilation, mechanical ventilation occupied, sedatives, early feeding, and feeding formula. 
Four novel potential predictors were also identified, including abnormal serum sodium and serum 
phosphorus before EN was started and abnormal serum sodium and serum chlorine when EN was 
started. These variables were entered into a multivariate model. Sepsis was also included in the model 
because clinical experts strongly recommended it.

Model fitting
We applied the stepwise approach to perform multivariable selection, and five variables were included 
for the final analysis. Age, GI disease, and early feeding decreased the risk of EFI in the ICU. Mechanical 
ventilation started before EN and abnormal serum sodium when EN was started increased the risk of 
EFI in the ICU. We fitted the model using the final variables to obtain the final CPM (Table 4).

Predictive nomogram for the probability of EFI
The nomogram illustrated the strength of the association of the predictors with the outcome (Figure 1). 
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Table 2 Enteral feeding intolerance occurrence in the case group, n (%)

Variables Case group, n = 77

EN tube

Nasogastric 72 (93.5)

Nasal jejunal 3 (3.9)

Jejunostomy 2 (2.6)

When EFI occurred after EN started

1-3 d 20 (26.0)

4-7 d 32 (41.6)

8-14 d 25 (32.5)

Number of days EFI lasted

1 d 46 (59.7)

2-3 d 28 (36.4)

≥ 4 d 3 (3.9)

GI symptoms

Diarrhea 31 (40.3)

Abdominal distention 22 (28.6)

Regurgitation 14 (18.2)

Vomiting 5 (6.5)

Aspiration 2 (2.6)

Large GRV 2 (2.6)

Constipation 1 (1.3)

EFI: Enteral feeding intolerance; EN: Enteral nutrition; GI: Gastrointestinal; GRV: Gastric residual volume.

The “0” indicated “NO” (i.e. the patient had no history of GI disease, did not receive mechanical 
ventilation before EN, did not receive early feeding, and/or had no abnormal serum sodium when EN 
was started), and the “1” indicated “YES” (i.e. the patient had a history of GI disease, received 
mechanical ventilation before EN, received early feeding, and/or had abnormal serum sodium when 
EN was started). The variable of “age” was a continuous variable. On the point scale axis, each variable 
was given a point based on the value. A total score could be easily calculated by adding every single 
point. By projecting the total points to the lower total point scale, we were able to estimate the 
probability of EFI. According to statistical standards, if 1 patient’s predictive probability was more than 
0.5, then there was a higher possibility that EFI will occur.

Performance of the nomogram
We did the bootstrap validation, and model performance showed an area under the curve of 0.70. The 
calibration curve of the model’s performance is demonstrated in Figure 2.

DISCUSSION
We developed a novel practical prognostic instrument for predicting the risk of EFI in the ICU that may 
support clinicians when making treatment recommendations for patients receiving EN. Development of 
the model followed established recommendations. We identified three protective predictors, namely 
age, GI disease, and early feeding. Moreover, two risk factors were determined, namely mechanical 
ventilation before EN started and abnormal serum sodium. The internally validated area under the 
curve was 0.70 for the model to predict EFI outcomes.

We developed the CPM using an assembled population from three different ICU departments at one 
center. We made every effort to enroll patients with different diseases. Therefore, our model could 
apply to most situations in the ICU. To control for potential bias, the data of every patient were divided 
into three parts. The basic information was recorded by a researcher, the daily EN data were recorded 
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Table 3 Univariate analysis of predictors associated with enteral feeding intolerance

Variables EFI group, n = 77 Non-EFI group, n = 126 Statistics P value

Age in yr, mean ± SD 64.55 ± 15.86 69.06 ± 14.31 t = 2.091 0.038

Sex, n (%) χ2 = 1.919 0.166

    Male 55 (71.4) 78 (61.9)

    Female 22 (28.6) 48 (38.1)

Diabetes, n (%) 20 (26.0) 33 (26.2) χ2 = 0.001 0.973

Abdominal surgery, n (%) 9 (11.7) 21 (16.7) χ2 = 0.941 0.332

GI disease, n (%) 15 (19.5) 37 (29.4) χ2 = 2.451 0.117

Head injury, n (%) 14 (18.2) 18 (14.3) χ2 = 0.546 0.460

Sepsis, n (%) 5 (6.5) 12 (9.5) χ2 = 0.572 0.449

Trauma, n (%) 3 (3.9) 8 (6.3) 0.539

Analgesic, n (%) 33 (42.9) 49 (38.9) χ2 = 0.313 0.576

Sedative, n (%) 49 (63.6) 58 (46.0) χ2 = 5.942 0.015

Catecholamines, n (%) 22 (28.6) 26 (20.6) χ2 = 1.667 0.197

Early feeding, n (%) 42 (54.5) 88 (69.8) χ2 = 4.856 0.028

Feeding volume in mL 1000 (500, 1500) 1000 (500, 1400) Z = -0.495 0.620

Feeding speed in mL/h 80 (50, 100) 80 (50, 100) Z = -0.220 0.826

Mechanical ventilation, n (%)

    Before EN started 54 (70.1) 60 (47.6) χ2 = 9.837 0.002

    When EN started 54 (70.1) 64 (50.8) χ2 = 7.342 0.007

Abnormal level of albumin, n (%)

    Diagnosis with hypoproteinemia 1 (1.3) 4 (3.2) 0.652

    Albumin before EN 14 (18.2) 21 (16.7) χ2 = 0.077 0.782

    Albumin when EN started 1 (1.3) 6 (4.8) 0.257

Abnormal level of electrolytes, n (%)

    Diagnosis with electrolyte disorders 5 (6.5) 12 (9.5) χ2 = 0.572 0.449

Before EN started, n (%)

    Potassium 32 (41.6) 45 (35.7) χ2 = 0.693 0.405

    Sodium 38 (49.4) 49 (38.9) χ2 = 2.136 0.144

    Chlorine 54 (70.1) 88 (69.8) χ2 = 0.002 0.965

    Magnesium 53 (68.8) 81 (64.3) χ2 = 0.440 0.507

    Calcium 69 (89.6) 118 (93.7) χ2 = 1.075 0.300

    Phosphorus 55 (71.4) 77 (61.1) χ2 = 2.237 0.135

When EN started, n (%)

    Potassium 14 (18.2) 22 (17.5) χ2 = 0.017 0.896

    Sodium 32 (41.6) 33 (26.2) χ2 = 5.186 0.023

    Chlorine 55 (71.4) 76 (60.3) χ2 = 2.578 0.108

    Magnesium 38 (49.4) 59 (46.8) χ2 = 0.122 0.727

    Calcium 69 (89.6) 113 (89.7) χ2 = 0.000 0.987

    Phosphorus 43 (55.8) 63 (50.0) χ2 = 0.654 0.419

Feeding formula, n (%) χ2 = 10.861 0.048

    Rice soup 10 (13.0) 5 (4.0)
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    Peptisorb 14 (18.2) 39 (31.0)

    Nutrison Fibre 15 (19.5) 33 (26.2)

    TPF-D1 24 (31.2) 32 (25.4)

    TPF-T2 3 (3.9) 2 (1.6)

    Water 11 (14.3) 15 (11.9)

1TPF-D: Enteral Nutritional Emulsion “RuiDai,” suitable for diabetics.
2TPF-T: Enteral Nutritional Emulsion “RuiNeng”, rich in fat and calorie.
EN: Enteral nutrition; EFI: Enteral feeding intolerance; GI: Gastrointestinal.

Table 4 Final clinical prediction model of enteral feeding intolerance in the intensive care unit

Variable OR (95%CI) Z statistic P value

Age in yr 0.98 (0.96, 1.00) -1.881 0.060

GI disease 0.41 (0.18, 0.86) -2.254 0.024

Early feeding 0.56 (0.28, 1.11) -1.652 0.099

MV before EN 2.39 (1.27, 4.58) 2.682 0.007

Abnormal Na+ when EN started 2.11 (1.11, 4.07) 2.262 0.024

EN: Enteral nutrition; GI: Gastrointestinal; MV: Mechanical ventilation; OR: Odds ratio.

by clinical nurses, and the ultrasonographic data were recorded by ICU doctors trained in performing 
ultrasonography. The researcher was unable to obtain the other data before the follow-up ended. In 
addition, we utilized the quantitative method of content analysis to guarantee the scientific rationality of 
our study.

Alternative predictors were found from the literature and clinical experts. When we performed 
univariate analysis, we included predictors with P values smaller than 0.15 with the aim that no possible 
significant factors were omitted. We determined the potential effective predictors based on the P value 
and by considering those predictors recommended by experts or that were highly suspected. These 
predictors were well-defined, easily measured, and routinely available. In internal validation, we used 
the bootstrap validation to assess discrimination and calibration and repeated the validation 500 times 
for accuracy.

In our study, we found that older patients were less likely to develop EFI. This result is similar to the 
results of existing studies[28,29] but contrary to conventional wisdom. After a literature review, expert 
consultation, and clinical observation, we identified some reasons that explain this counterintuitive 
result. Older patients are given less EN because of their energy requirements and physical condition. In 
our study, patients aged 60 years or older received on average less EN per day than younger patients 
[900 (500, 1200) vs 1000 (500, 1500), respectively]. Critically ill elderly patients have many chronic 
diseases, such as diabetes, chronic gastroenteritis, and hepatic dysfunction. To promote GI motility and 
regulate water balance, nutrition teams often use water or rice soup as the initial nutrition for the 
elderly. Water or rice soup is used for a period of time to facilitate a later transition to an EN emulsion, 
which may reduce stimulation of the GI tract in elderly patients[42]. The direct relationship between age 
and EFI requires further experimental analysis to completely understand the relationship.

Similarly, we found that ICU patients with GI disease (e.g., pancreatitis, post-gastrectomy, or upper 
GI hemorrhage) were less likely to experience EFI. In our study, patients with GI disease were likely 
given less feed to avoid worsening their health issues [patients with GI disease: 575 (275, 975) vs patients 
without GI disease: 1000 (725, 1500), P < 0.000]. In clinical practice, the intention of a small volume of EN 
is not to meet energy requirements but to maintain the structural and functional integrity of the GI tract
[43]. Therefore, GI symptoms may be slight and difficult to observe in this circumstance. In addition, 
medical interventions (e.g., metoclopramide, probiotics, acupuncture, and enema) are administered to 
patients diagnosed with GI disease[44-46]. This advance treatment may lead to a decreased occurrence 
of EFI.

A previous attempt to develop a prediction model yielded promising results but had limited applic-
ability because its target population was patients with gastrectomy for gastric cancer rather than ICU 
patients[47]. Some preventive measures have been implemented to reduce EFI occurrence in ICU 
patients, such as fat-modified enteral formula and bolus enteral feeding methods[48-50]. However, there 
is a gap in the knowledge of distinguishing patients at high risk of EFI. Medical workers can apply our 
model when it is recommended that a patient receives EN. By analyzing the conditions between the 
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period of being admitted to the ICU and receiving EN, patients at high risk are determined and are 
given a set of preventive measures, which is an effective measure for reducing the occurrence of EFI. 
Notably, experienced clinical workers already have some knowledge of which patients will be high risk 
for EFI and have put protective measures into clinical practice. Based on the current nutritional 
management practices in our center, the predictive model should be used knowing that high-risk 
patients may have already received preventive measures.

There are potential limitations to our study. Because of time and manpower, we developed the model 
using a small sample size in a single center. The effect of sepsis, trauma, electrolytes could not be 
properly addressed because of the small sample size. The differences between these factors between the 
two groups may be overlooked. Due to the actual situation, the effect of various formula feeds could not 
be ascertained because of use of several feeding formulas. In addition, the representativeness and 
predictive performance of our model may have limitations. However, this limit may be slight because 
the final model includes only five variables. Moreover, the delivery strategy of intermittent or 
continuous feeding and the temperature of the nutrient solution contribute to EFI occurrence[51]. Our 
study did not consider these effects because all included patients received room temperature continuous 
feeding in our medical center. During the study, there may have been some confounding factors that we 
did not consider, including etiology, medications, and fluids. For future research, these factors should 
be considered, and we suggest external validation in different centers over additional time periods. In 
the future, we hope to be able to analyze the effect of individual factors on EFI on the basis of expanding 
the sample size. In addition, applying our prediction model to additional interventional studies as a tool 
to optimize clinical management is a long-term goal.

CONCLUSION
We have developed and internally validated a CPM for predicting the risk of EFI in patients receiving 
EN in the ICU. The developed nomogram is easy to use and might help clinicians make individualized 
predictions of each patient’s probability of experiencing EFI. Early identification of patients at high risk 
of EFI can greatly help doctors and nurses better manage clinical care. Clinical nurses can implement 
different nursing measures according to each patient’s risk. These measures will ultimately help ICU 
patients achieve better nutritional support and a quicker recovery.

ARTICLE HIGHLIGHTS
Research background
Enteral nutrition (EN) is essential for critically ill patients, but some patients develop enteral feeding 
intolerance (EFI). Intolerance can hinder a patient’s energy intake and recovery. Therefore, predicting 
EFI is of vital importance in clinical practice.

Research motivation
Determining which patients are at high risk of developing EFI based on their current physical condition 
and medical treatment will allow physicians and nurses to individualize medical care and begin EFI 
preventative measures for the high-risk patients.

Research objectives
To develop a clinical prediction model (CPM) to predict the risk of EFI in patients receiving EN in the 
intensive care unit (ICU). We currently know that many factors can influence the development of EFI.

Research methods
A prospective cohort study was performed, and we prospectively recorded enrolled patients’ data. 
Prospective cohort studies can more realistically document patient data and clinical responses, reducing 
human intervention. We used ultrasound measurement of the antrum cross-sectional area to measure 
gastric residual volume, which can effectively reduce the occurrence of complications and increase the 
efficiency of feeding.

Research results
We developed and internally validated a CPM for predicting the risk of EFI in patients receiving EN in 
the ICU. After univariate and multivariate analyses, five factors were used for the CPM, including age, 
gastrointestinal disease, early feeding, mechanical ventilation before EN started, and abnormal serum 
sodium when EN started.
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Research conclusions
This model can help clinical workers to identify patients at high risk for EFI earlier, which will allow 
these patients to receive preventative measures in advance.

Research perspectives
In the future, an increased sample size and analyzing more variables will develop a more accurate 
clinical predictive model. Prospective cohort studies and randomized control studies are the best 
methods for the future research.
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Abstract
BACKGROUND 
Transanal total mesorectal excision (TaTME) allows patients with ultralow rectal 
cancer to be treated with sphincter-saving surgery. However, accurate delineation 
of the distal resection margin (DRM), which is essential to achieve R0 resection for 
low rectal cancer in TaTME, is technically demanding.

AIM 
To assess the feasibility of optical biopsy using probe-based confocal laser end-
omicroscopy (pCLE) to select the DRM during TaTME for low rectal cancer.

METHODS 
A total of 43 consecutive patients who were diagnosed with low rectal cancer and 
scheduled for TaTME were prospectively enrolled from January 2019 to January 
2021. pCLE was used to determine the distal edge of the tumor as well as the 
DRM during surgery. The final pathological report was used as the gold standard. 
The diagnostic accuracy of pCLE examination was calculated.

RESULTS 
A total of 86 pCLE videos of 43 patients were included in the analyses. The 
sensitivity, specificity and accuracy of real-time pCLE examination were 90.00% 
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[95% confidence interval (CI): 76.34%-97.21%], 86.96% (95%CI: 73.74%-95.06%) and 88.37% (95%CI: 
79.65%-94.28%), respectively. The accuracy of blinded pCLE reinterpretation was 86.05% (95%CI: 
76.89%-92.58%). Furthermore, our results show satisfactory interobserver agreement (κ = 0.767, 
standard error = 0.069) for the detection of cancer tissue by pCLE. There were no positive DRMs (≤ 
1 mm) in this study. The median DRM was 7 mm [interquartile range (IQR) = 5-10 mm]. The 
median Wexner score was 5 (IQR = 3-6) at 6 mo after stoma closure.

CONCLUSION 
Real-time in vivo pCLE examination is feasible and safe for selecting the DRM during TaTME for 
low rectal cancer (clinical trial registration number: NCT04016948).

Key Words: Transanal total mesorectal excision; Probe-based confocal laser endomicroscopy; Optical biopsy; 
Distal resection margin; Low rectal cancer

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Transanal total mesorectal excision (TaTME) allows patients even with ultra-low rectal cancer to 
be treated with sphincter-saving surgery. However, low rectal cancer resection with sphincter preservation 
may lead to a positive distal resection margin (DRM), with a high risk for local recurrence. Confocal laser 
endomicroscopy (CLE) enables the real-time, in vivo optical biopsy of living tissue. Real-time in vivo 
probe-based CLE examination can provide optical biopsy and is feasible and safe for selecting the DRM 
during TaTME for low rectal cancer.

Citation: Tan J, Ji HL, Hu YW, Li ZM, Zhuang BX, Deng HJ, Wang YN, Zheng JX, Jiang W, Yan J. Real-time in 
vivo distal margin selection using confocal laser endomicroscopy in transanal total mesorectal excision for rectal 
cancer. World J Gastrointest Surg 2022; 14(12): 1375-1386
URL: https://www.wjgnet.com/1948-9366/full/v14/i12/1375.htm
DOI: https://dx.doi.org/10.4240/wjgs.v14.i12.1375

INTRODUCTION
Colorectal cancer is the third most prevalent type of cancer and the second primary cause of cancer-
related mortality worldwide[1]. Low rectal carcinoma often requires abdominoperineal resection and 
permanent abdominal colostomy, and it places major economic and psychological burdens on patients
[2]. Transanal total mesorectal excision (TaTME) is increasingly adopted by colorectal surgeons in the 
treatment of patients with low rectal cancer[3,4]. This technique gives patients, even those with ultralow 
rectal cancer, the opportunity to undergo sphincter-saving surgery. However, low rectal cancer 
resection with sphincter preservation may lead to a positive distal resection margin (DRM), with a high 
risk for local recurrence[5-7]. To date, no devices have been used in the surgical field to guide resection 
margin selection. Frozen biopsy is recommended during surgery for low rectal cancer to confirm a 
negative DRM. However, it cannot be used to guide selection of the resection margin in real time, and it 
is a time-consuming, irreversible, and traumatic process. Accordingly, accurate delineation of the DRM 
is essential to achieve R0 resection for low rectal cancer.

Recently, several studies have reported that confocal laser endomicroscopy (CLE) enables the real-
time, in vivo optical biopsy of living tissue[8-12]. It has the potential to fundamentally change the role of 
biopsy in the gastrointestinal field, and a state-of-the-art classification system (Miami classification) has 
been proposed for normal and pathological states in gastrointestinal diseases based on probe-based CLE 
(pCLE)[13]. However, no studies have investigated the feasibility of optical biopsy using pCLE in the 
real-time in vivo selection of the DRM during TaTME for low rectal cancer. We hypothesize that real-
time in vivo pCLE examination can help surgeons select the DRM accurately and might contribute to 
improving the oncological and functional prognosis of low rectal cancer after treatment with TaTME. 
The aim of this study was to evaluate the feasibility of optical biopsy using pCLE for selecting the DRM 
during TaTME in the treatment of low rectal cancer.

https://www.wjgnet.com/1948-9366/full/v14/i12/1375.htm
https://dx.doi.org/10.4240/wjgs.v14.i12.1375
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MATERIALS AND METHODS
Study design
This was a prospective, single-center study that was approved by the Institutional Review Board of 
Nanfang Hospital of Southern Medical University. The study protocol was registered at Cli-
nicalTrials.gov (No. NCT04016948).

Patients
Patients who were diagnosed with low rectal cancer by preoperative endoscopic biopsy and scheduled 
for TaTME were prospectively enrolled in this study. Written informed consent was obtained from each 
patient prior to participation. Inclusion criteria were as follows: Diagnosis of low rectal cancer (tumor 
lying within 5 cm from the anal verge) and planned treatment with TaTME; age of at least 18 years; and 
American Society of Anesthesiologists class 1-3. The exclusion criteria were as follows: (1) T4b cancer as 
determined by computed tomography, magnetic resonance imaging or endoscopic examination; (2) 
Emergent case with obstruction or perforation; (3) Coagulopathy (international normalized ratio > 1.5 or 
prothrombin time < 50%); (4) Impaired renal function (creatinine level > 1.2 mg/dL); (5) Pregnancy; (6) 
Breastfeeding; and (7) Past history of allergies.

Equipment and procedure
During surgery, pCLE was used to determine the distal edge of the tumor as well as to examine the 
preselected DRM. pCLE was performed using the Cellvizio Endomicroscopy System [Mauna Kea 
Technologies (MKT), Paris, France]. The ColoFlex UHD probe, a flexible mini-probe with a lateral 
resolution of 1 μm, was used in our study. The pCLE imaging data were collected at a scan rate of 12 
frames/s. The probe has a field of view of 240 μm and can image at a depth of 60 μm below the mucosal 
surface, and it allows optical biopsies with 1000 times magnification.

Before image acquisition, fluorescein sodium was injected intravenously. The fluorescent agent used 
was 10% fluorescein sodium (Baiyunshan Mingxing Pharmaceutical Company, Guangzhou, China). The 
fluorescein sodium (0.5 mL) hypersensitivity test was implemented 20 min before pCLE examination. 
Then, 2.5 mL of fluorescein sodium diluted with 2.5 mL of 0.9% sodium chloride was injected 
intravenously 5 min prior to pCLE imaging. After strict sterilization, one end of the probe was 
connected to the laser outlet of Cellvizio, and the other end was placed on the surgical table. Adequate 
exposure of the tumor lesion was achieved using a colorectal retractor (CooperSurgical Lone Star 
colorectal retractor, Beijing Xinya S&T Co., Ltd., Beijing, China), and pCLE imaging was performed by 
the surgeon under direct vision by using the probe in direct contact with the tissues (Figure 1). The 
pCLE video recording was initiated when the probe contacted the lesion, and it terminated when the 
probe moved away from the lesion. The pathologist analyzed the pCLE videos and evaluated the 
margin between the abnormal tissue of the lesion and the surrounding normal mucosa in real time. A 
dot was marked with an electric scalpel at the distal edge of the tumor as determined by pCLE 
(Figure 1B and 1C). If the pathologist could not determine the distal edge of the tumor, then the dot was 
marked at a nontumor site identified by pCLE imaging as the closest healthy tissue below the 
macroscopic lesion. Then, the DRM was located 5-10 mm below the marked dot (Figure 1B). Finally, 
pCLE examination was performed preceding the surgical resection to ensure a negative DRM. Conven-
tional samples were collected for histology at the marked dot and the DRM (Figure 1D). Histopatho-
logical analysis of the samples and the final resection specimen was performed as the gold standard, 
and the diagnosis made by pCLE was compared with that of the final pathological reports. All pCLE 
videos were stored on a personal computer in the form of MKT files (proprietary format, MKT Software, 
Paris, France).

pCLE optical biopsy diagnostic criteria
The pCLE optical biopsy diagnostic criteria were according to the “Miami criteria”[13] and Kuiper et al
[14]’s diagnostic classification. Briefly, the diagnostic criteria include the crypt architecture and vessel 
architecture classification. The crypt architecture was divided into three types. Normal mucosa was 
scored as crypt type 1 and presented normal regular luminal openings, size, and distribution of crypts 
covered by a homogeneous layer of epithelial cells, including goblet cells. Hyperplastic polyps and 
inflammatory lesions were scored as crypt type 2 and presented regular-shaped or star-shaped luminal 
crypt openings with normal or reduced goblet cells. Neoplastic lesions were scored as crypt type 3, 
which included variable width of epithelial lining with tubular-shaped crypts and loss of goblet cells 
(striped dark epithelium) and irregular and decreased volume of lamina propria. For vessel architecture, 
normal mucosa was scored as vessel type 1 and presented a hexagonal, honeycomb appearance that 
presented a network of capillaries outlining the luminal openings of the crypts. Hyperplastic polyps and 
inflammatory lesions were scored as vessel type 2, presented hexagonal, honeycomb appearance with 
mild (or no) increase in the number of capillaries or increased amounts of normal vessels without 
leakage. Neoplasia was scored as vessel type 3, presenting dilated and distorted vessels with elevated 
leakage and irregular architecture with little or no orientation to adjunct tissue. We analyzed the pCLE 
imaging features and made relative diagnoses according to the above categories.
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Figure 1 Selection of the distal resection margin guided by probe-based confocal laser endomicroscopy. A: During transanal total mesorectal 
excision, the surgeon used the tip of the probe in direct contact with the tissues. In the meantime, the pathologist analyzed the real-time probe-based confocal laser 
endomicroscopy (pCLE) videos; B: A dot (white arrow) was marked by an electric scalpel at the distal edge of the tumor, which was determined by pCLE optical 
biopsy. Then, the distal resection margin (DRM) (yellow arrow) was marked 5-10 mm below the marked dot; C: In pCLE videos, the distal edge of the tumor (white 
arrow) was determined at the end of the distorted structures (dark, irregularly thickened epithelium); D: Conventional samples were collected for histology at the 
marked dot and DRM after surgery.

For the patients who received neoadjuvant chemoradiotherapy, we adopted a pCLE scoring classi-
fication system created by Safatle-Ribeiro et al[15], assigning one point to the presence of each feature as 
follows: Vascular features including fluorescein leakage and an increased vessel/crypt ratio; and 
epithelial features including dark irregular crypts, intratumoral budding, back-to-back glands, and a 
cribriform pattern. Hence, in our study, patients with 0-1 points were diagnosed with complete 
response (no residual neoplasia), and those with 2-6 points were diagnosed with partial response 
(residual neoplasia). Consequently, we analyzed the diagnostic accuracy of pCLE in patients with 
neoadjuvant chemoradiotherapy according to the above classification.

Evaluation of pCLE videos
During the surgery, one pathologist (observer A) made a real-time interpretation of the findings of the 
pCLE examination. Then, reinterpretation of the same pCLE videos was performed by another 
pathologist (observer B) who was blinded to the real-time diagnosis and final histopathology report. 
Finally, the real-time and blinded interpretations of the pCLE videos were compared with the final 
pathological report. Both observers had been trained in the pCLE system and image interpretation and 
had read more than 100 pCLE images of the colorectum. The quality of all videos was evaluated, and 
the diagnosis was made according to the “Miami criteria”[13]. We also adopted the colonic crypt 
architecture and vessel architecture classification for pCLE established by Kuiper et al[14]. The 
sensitivity, specificity, accuracy, positive predictive value (PPV), negative predictive value (NPV) and 
interobserver agreement of pCLE optical biopsy in distinguishing between normal and cancerous tissue 
were calculated.

Specimen quality assessment
The TME specimen quality should be assessed based on the following features. Grade 1 represents low 
quality: Incomplete mesorectum; mesorectum fascia defects deeper than 5 mm; conical gross specimen. 
Grade 2 represents moderate quality: Relatively intact mesorectum; mesorectum fascia defects deeper 
than 5 mm; no visible muscularis propria with adequate resection margin; approximately conical gross 
specimen. Grade 3 represents high quality: Intact mesorectum; no mesorectum fascia defects deeper 
than 5 mm; no visible muscularis propria; cylindrical specimen. A circumferential resection margin 
(CRM) was defined as positive when it was less than 1 mm, and a positive CRM or positive DRM was 
considered R1 resection. All TME specimens were evaluated by pathologists after surgery.
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Sample size calculation
From January 2019 to June 2019, the average time for intraoperative diagnosis by frozen section was 25 ± 
10 min in our hospital. We hypothesized that the average time of intraoperative diagnosis by pCLE 
would be 20 min, and 43 cases were determined. With this number of cases, the study would have 90% 
power to detect a difference between the two techniques to prove the superiority of pCLE (two-sided 
type I error = 0.05).

Statistical analysis
Patient demographic and clinical data and pCLE image characteristics were evaluated by descriptive 
statistics. The data of continuous variables are represented as the mean ± SD or median [interquartile 
range (IQR)], and the data of categorical variables are presented as numbers and frequencies. The 
intraobserver agreement was calculated by means of intraclass correlation coefficients (ICCs). Based on 
the 95% confidence interval (CI) of the ICC estimate, values less than 0.5, between 0.5 and 0.75, between 
0.75 and 0.9, and greater than 0.90 are indicative of poor, moderate, good, and excellent reliability, 
respectively. Cohen’s kappa (κ) was calculated to assess the interobserver agreement of the two 
observers. The κ value was graded as follows: Poor (0.01-0.20); fair (0.21-0.40); moderate (0.41-0.60); 
substantial (0.61-0.80); and excellent (0.81-1.00). Statistical Package for the Social Sciences software 
(Release 22.0, SPSS, Inc., 2012) was applied for statistical analyses.

RESULTS
Patient demographics and tumor characteristics
From January 2019 to January 2021, a total of 43 consecutive patients were enrolled according to the 
predefined inclusion and exclusion criteria. Patient demographics and tumor characteristics are shown 
in Table 1. There were 29 males (67.4%) and 14 females (32.6%), with a median age of 57 (IQR = 47-65) 
years. The median tumor height (the height from the anal verge to the distal edge of the tumor) was 4 
cm (IQR = 3.6-4.6 cm). Preoperative neoadjuvant chemoradiotherapy was administered to 21 patients 
(48.8%), three of whom showed a complete response (no viable cancer cells). Finally, 43 marked dots 
and 43 DRMs were analyzed by comparing the pCLE diagnosis with the pathological reports. All pCLE 
procedures were performed successfully and safely, and no adverse reactions were observed following 
fluorescein injection.

pCLE optical biopsy
In total, 43 patients underwent pCLE examination, including 21 patients who underwent neoadjuvant 
chemoradiotherapy. Representative pCLE images and matched images of hematoxylin and eosin-
stained rectal tissues are shown in Figure 2. In normal rectal tissues, pCLE images presented normal 
round crypt structures with regular luminal openings, covered by a homogeneous single-cell-layered 
epithelium with dark goblet cells, and regular narrow vessels with hexagonal, honeycomb appearance 
surrounding crypts (Figure 2A). In rectal neoplastic tissues, pCLE images presented dark and ir-
regularly thickened epithelium with decreased volume of lamina propria and dilated, distorted vessels 
with elevated leakage (Figure 2C). We analyzed the tissue features in 86 pCLE videos and made relative 
diagnoses. The intraoperative real-time pCLE imaging correctly diagnosed 36 tumor lesions and 40 
normal lesions in 40 pathological tumor lesions and 46 pathological normal lesions.

In 21 patients who underwent neoadjuvant chemoradiotherapy, 3 patients had a complete response, 
while 18 had a partial response after neoadjuvant chemoradiotherapy according to the pathological 
reports after surgery. Representative endoscopic images and corresponding pCLE images are shown 
Figure 3. All patients received endoscopic examination before surgery to evaluate the residual lesions. 
Seven patients’ endoscopic reports showed a complete response, presenting a residual scar (Figure 3A). 
Fourteen patients’ endoscopic reports showed a partial response, presenting a residual tumor lesion 
(Figure 3C). In complete response rectal tissues (no neoplastic features), the typical pCLE images 
showed regular crypts with thickening epithelium and enlarged vessels with fibrotic stroma (Figure 3B). 
The pCLE images of residual neoplasia showed atypical glands with dark and irregular crypts and 
enlarged twisty vessels (Figure 3D). The pCLE imaging correctly diagnosed 15 cases of residual 
neoplasia (scored in range 2-6 points) in 18 cases of pathological partial response.

pCLE diagnostic accuracy
A total of 86 pCLE videos from 43 patients were included in the analyses. The sensitivity, specificity, 
PPV, and NPV of real-time pCLE examination (observer A) in distinguishing between cancerous and 
normal tissue were 90.00% (95%CI: 76.34%-97.21%), 86.96% (95%CI: 73.74%-95.06%), 85.71% (95%CI: 
71.46%-94.57%), and 90.91% (95%CI: 78.33%-97.47%), respectively (Table 2). The overall rate of accuracy 
was 88.37% (95%CI: 79.65%-94.28%). In the blinded pCLE reinterpretation after surgery (observer B), the 
sensitivity, specificity, PPV, NPV and accuracy of the pCLE examination were 87.50% (95%CI: 73.20%-
95.81%), 84.78% (95%CI: 71.13%-93.66%), 83.33% (95%CI: 68.64%-93.03%), 88.64% (95%CI: 75.44%-
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Table 1 Patient demographics and tumor characteristics

Variable n = 43

Age: Median (IQR), yr 57 (47-65)

Sex: Male/female, n 29/14

BMI: Median (IQR), kg/m2 22.40 (19.50-23.95)

ASA class, n (%)

1 8 (18.6)

2 30 (69.8)

3 5 (11.6)

4 0

Tumor size: Median (IQR), cm 2.5 (2.0-3.8)

Tumor height1: Median (IQR), cm 4.0 (3.6-4.6)

Histological subtype, n (%)

Adenocarcinoma 39 (90.7)

Mucinous adenocarcinoma/signet ring cell carcinoma 4 (9.3)

Differentiation grade, n (%)

Well 7 (16.3)

Moderate 32 (74.4)

Poor 4 (9.3)

Neoadjuvant chemoradiotherapy, n (%) 21 (48.8)

TRG2, n (%)

Grade 0 3 (7.0)

Grade 1 10 (23.3)

Grade 2 7 (14.0)

Grade 3 1 (2.3)

T stage, n (%)

T0 5 (11.6)

T1 4 (9.3)

T2 17 (39.5)

T3 13 (30.2)

T4 4 (9.3)

N stage, n (%)

N0 30 (69.8)

N1 10 (23.3)

N2 3 (7.0)

M stage, n (%)

M0 43 (100)

M1 0

1Height of the distal edge of the tumor from the anal verge.
2Tumor regression grade.
BMI: Body mass index; ASA: American Society of Anesthesiologists; TRG: Tumor Regression Grade; IQR: Interquartile range.
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Table 2 Probe-based confocal laser endomicroscopy diagnostic accuracy considering pathology as the standard reference

Observer A (real-time interpretation) Observer B (blinded interpretation)

% 95%CI % 95%CI

Sensitivity 90.00 76.34-97.21 87.50 73.20-95.81

Specificity 86.96 73.74-95.06 84.78 71.13-93.66

Accuracy 88.37 79.65-94.28 86.05 76.89-92.58

PPV 85.71 71.46-94.57 83.33 68.64-93.03

NPV 90.91 78.33-97.47 88.64 75.44-96.21

Interobserver agreement κ = 0.767, standard error = 0.069

CI: Confidence interval; PPV: Positive predictive value; NPV: Negative predictive value.

Figure 2 Representative probe-based confocal laser endomicroscopy images and corresponding hematoxylin and eosin-stained images 
of rectal tissues. A: Probe-based confocal laser endomicroscopy (pCLE) image of normal tissue presenting normal round crypt structures with regular luminal 
openings covered by a homogeneous single-cell-layered epithelium with dark goblet cells and regular narrow vessels with hexagonal, honeycomb appearance 
surrounding crypts; B: Corresponding image of normal rectal tissue stained by hematoxylin and eosin (H&E); C: pCLE image of rectal neoplastic tissues manifesting 
as dark and irregularly thickened epithelium with decreased volume of lamina propria and dilated, distorted vessels with elevated leakage. The epithelium was dark 
and irregularly thickened, and the vessels were dilated; D: Corresponding image of H&E-stained rectal adenocarcinoma tissue.

96.21%), and 86.05% (95%CI: 76.89%-92.58%), respectively (Table 2).
The neoadjuvant chemoradiotherapy group showed a lower sensitivity (83.33% vs 95.45%, P = 0.485), 

specificity (77.27% vs 95.83%, P = 0.153), accuracy (80.00% vs 95.65%, P = 0.055), and PPV (75.00% vs 
95.45%, P = 0.147) than the nonneoadjuvant treatment group (Table 3). In our study, the mean ICC was 
0.839 (95%CI: 0.763-0.892), which means that the intraobserver agreement was good. The interobserver 
agreement was substantial for the detection of rectal cancer, with a mean κ of 0.767 (standard error = 
0.069).

Surgical and functional outcomes
The surgical and functional outcomes are shown in Table 4. No positive DRMs were detected in our 
study. All TME specimens were evaluated by pathologists after surgery. There were 40 specimens 
defined as grade 3 and 3 specimens defined as grade 2. The median distance from the lowest edge of the 
tumor to the DRM was 7 mm (IQR = 5-10 mm). The median operative duration was 240 min (IQR = 202-
265 min), while the median intraoperative pCLE examination duration was 17 min (IQR = 15-18 min). 
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Table 3 Comparison of real-time probe-based confocal laser endomicroscopy diagnostic accuracy between the neoadjuvant group and 
the nonneoadjuvant group

Neoadjuvant group (n = 42) Nonneoadjuvant group (n = 44)

% 95%CI % 95%CI
P value

Sensitivity 83.33 58.58-96.42 95.45 77.16-99.88 0.458

Specificity 77.27 54.63-92.18 95.83 78.88-99.89 0.153

Accuracy 80.00 64.35-90.95 95.65 85.16-99.47 0.055

PPV 75.00 50.90-91.34 95.45 77.16-99.88 0.147

NPV 85.00 62.11-96.79 95.83 78.88-99.89 0.473

CI: Confidence interval; PPV: Positive predictive value; NPV: Negative predictive value.

Table 4 Surgical and functional outcomes

Variable

Operative duration: Median (IQR), min 240 (202-265)

pCLE examination duration: Median (IQR), min 17 (15-18)

Estimated blood loss: Median (IQR), mL 27 (20-50)

DRM distance: Median (IQR), mm 7.0 (5.0-10.0)

Anastomotic leakage, n (%) 2 (4.7)

Positive DRM, n (%) 0 (0)

Wexner score1, median (IQR) 5 (3-6)

Anastomotic stenosis, n (%) 1 (2.3)

Recurrence, n (%) 1 (2.3)

Metastasis, n (%) 2 (4.7)

1An incontinence score designed by Wexner, determined at 6 mo after stoma closure.
pCLE: Probe-based confocal laser endomicroscopy; DRM: Distal resection margin; IQR: Interquartile range.

The time required to select the DRM decreased over time.
The median Wexner score was 5 (IQR = 3-6), as evaluated at six months after stoma closure. The 

median follow-up period was 24 (range, 22-46) mo. One patient had anastomotic stenosis. Two patients 
had liver metastasis at 6 mo and 13 mo after surgery. One patient died one year after metastasis, and 
another died 18 mo after metastasis. Notably, one patient had cancer recurrence 18 mo after surgery.

DISCUSSION
Sphincter-saving low rectal cancer resection is technically challenging, especially in obese patients with 
large tumors. The narrow pelvis and the forward angle of the distal rectum restrict the laparoscopic 
view, making it difficult to perform laparoscopic procedures. TaTME provides an open approach from 
the anus to cancerous lesions and provides an excellent view of the surgical field, allowing the tumor to 
be seen directly from the bottom to the top. In our study, the transanal approach allowed the pCLE 
probe to directly contact the tissues without endoscopy. Therefore, pCLE can provide continuous and 
stable imaging of the tissue architecture and cellular morphology in the mucosal layer during TaTME. 
The pCLE analysis evaluated both epithelial and vascular patterns of malignancy, including the 
Cannizzaro-Spessotto scale, vessel/crypt ratio, stroma, dark crypts, budding, back-to-back glands and 
cribriform pattern[15]. To our knowledge, this is the first study of optical biopsy using pCLE to select 
the DRM in TaTME for low rectal cancer.

To date, surgeons only “experientially” determine the DRM using surgical instruments or 
macroscopic examination of the tumor margin, which may lead to an insufficient or excessive DRM. de 
Lacy et al[6] reported that patients with low rectal cancer treated with TaTME had a positive DRM rate 
of 7.8%. pCLE can provide in vivo microscopic imaging of the colorectal mucosa and submucosa, 
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Figure 3 Endoscopic images and corresponding probe-based confocal laser endomicroscopy images of rectal tissues after neoadjuvant 
chemoradiotherapy. A: Endoscopic image of rectal tissue with complete response, presenting a residual scar; B: Corresponding probe-based confocal laser 
endomicroscopy (pCLE) image showed regular crypts with thickening epithelium and enlarged vessels with fibrotic stroma; C: Endoscopic image of rectal tissue with 
partial response, presenting a residual tumor lesion; D: Corresponding pCLE image showed atypical glands with dark and irregular crypts and enlarged twisty 
vessels.

enabling the real-time histological diagnosis of superficial and submucosal cancer infiltration[8,10]. In 
some studies, pCLE showed high agreement with true histopathology, reaching an accuracy of 88%-
94.44%[8,10,16]. In our study, the accuracy of real-time pCLE examination was 88.37% (95%CI: 79.65%-
94.28%). A direct and stable plane can be provided in TaTME for pCLE examination without the use of 
endoscopy.

Our study demonstrates that pCLE examination can be useful for detecting cancer infiltration and 
selecting the DRM. In our study, the diagnosis made by pCLE showed a good correlation with that 
made by histopathology as the gold standard. Real-time pCLE examination could differentiate between 
cancerous and normal tissue with a favorable accuracy of 88.37%. In particular, the sensitivity (90.00%) 
and NPV (90.91%) were high, resulting in high accuracy in not selecting a positive DRM. Wijsmuller et 
al[17] reported that neoadjuvant chemoradiotherapy could significantly alter pCLE rendering due to 
subsequent inflammation, edema, fibrosis and crypt distortion. Our results show a lower sensitivity 
(83.33% vs 95.45%, P = 0.458), specificity (77.27% vs 95.83%, P = 0.153), accuracy (80.00% vs 95.65%, P = 
0.055), and PPV (75.00% vs 95.45%, P = 0.147) in the neoadjuvant chemoradiotherapy group than in the 
nonneoadjuvant treatment group. However, these differences between the two groups were not statist-
ically significant. Therefore, pCLE examination is suitable for patients with or without neoadjuvant 
chemoradiotherapy. It is undeniable that the response to neoadjuvant chemoradiotherapy may lead to 
crypt distortion with epithelial irregularities due to inflammation, edema and fibrosis (Figure 2C), and 
these may increase the incidence of diagnostic errors. Therefore, awareness of neoadjuvant chemoradio-
therapy before pCLE examination may be helpful to improve the diagnostic accuracy.

Several studies have reported that a DRM of 1 cm or less did not compromise oncological safety[18,
19]. Therefore, we were relatively liberal with the selection of the DRM as long as it was confirmed to be 
negative intraoperatively by pCLE. There were no positive DRMs in our study, confirming the 
feasibility of optical biopsy using pCLE as an accurate method to select a tumor-free DRM in TaTME. As 
reported in a recent study[20], the mean DRM distance of patients who underwent TaTME for the 
treatment of low rectal cancer was 17.7 mm, which was much longer than our result of 7 mm. Previous 
studies investigating anorectal function after anterior resection for rectal cancer have suggested that a 
shorter remaining rectum might contribute to more disordered postoperative anorectal function because 
the rectal anal inhibitory reflex is generally preserved with higher levels of anastomosis and a longer 
residual rectum[21,22]. In this study, the median Wexner score was 5 (range, 3-6) at 6 mo after stoma 
closure, which means that patients in our study had satisfactory anorectal function after surgery. In 
summary, real-time pCLE examination may help reduce the tumor-free DRM and potentially contribute 
to the postoperative restoration of anorectal function in patients with low rectal cancer.
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In this study, we first used pCLE to evaluate the tumor margin and select the DRM with satisfactory 
accuracy. We recommend pCLE examination as a routine test to help surgeons select the DRM in 
TaTME and perform “tailored surgery” for low rectal cancer patients. The limitation of this study was 
based on a single center, and the sample size was relatively small, which might limit the power of the 
study. Therefore, a large-scale multicenter, prospective, randomized controlled trial needs to be 
performed. The cancer cells sometimes crawl mainly submucosa rather than the mucosal layer, such as 
poorly differentiated adenocarcinomas. Due to the limitation of current technology, the pCLE imaging 
depth is restricted to 60 μm. Therefore, in our experience, patients who have been diagnosed with 
poorly differentiated adenocarcinoma preoperatively should receive submucosal intraoperative frozen 
biopsy to ensure distal margin safety.

CONCLUSION
In conclusion, real-time in vivo pCLE examination is feasible and safe for selecting the DRM during 
TaTME for low rectal cancer, with high accuracy and a particularly high NPV. The pCLE examination is 
convenient, timesaving and easy for surgeons to perform and could thus be promoted as a regular 
examination for selecting the DRM during TaTME for low rectal cancer.

ARTICLE HIGHLIGHTS
Research background
Transanal total mesorectal excision (TaTME) allows patients even with ultra-low rectal cancer to be 
treated with sphincter-saving surgery. However, accurate delineation of the distal resection margin 
(DRM), which is essential to achieve R0 resection for low rectal cancer in TaTME, is technically 
demanding. Probe-based confocal laser endomicroscopy (pCLE) enables the real-time, in vivo optical 
biopsy of living tissue, which means it might help making intraoperative real-time diagnosis for 
suspicious tumor lesions. Therefore, we investigated whether pCLE can provide optical biopsy for DRM 
selection and help tailored surgery in low rectal cancer.

Research motivation
No studies have investigated the feasibility of optical biopsy using pCLE in the real-time in vivo 
selection of the DRM during TaTME for low rectal cancer. This study aimed to explore whether real-
time in vivo pCLE examination can help surgeons select the DRM accurately and contribute to 
improving the surgical outcome and oncological and functional prognosis of low rectal cancer after 
treatment with TaTME. To our knowledge, this is the first study of optical biopsy using pCLE to select 
the DRM in TaTME for low rectal cancer.

Research objectives
This study investigated whether real-time in vivo pCLE examination is feasible and safe for selecting the 
DRM during TaTME for low rectal cancer.

Research methods
The pCLE exaination was used to determine the distal magin during surgery. The final pathological 
report was used as the gold standard. The diagnostic accuracy of pCLE examination was calculated.

Research results
Real-time in vivo pCLE examination is feasible and safe for selecting the DRM during TaTME for low 
rectal cancer, with high accuracy and a particularly high negative predictive value. The pCLE 
examination is convenient, timesaving and easy for surgeons to perform and could thus be promoted as 
a regular examination for selecting the DRM during TaTME for low rectal cancer.

Research conclusions
Real-time in vivo pCLE examination can provide optical biopsy for distal margin selecting in TaTME for 
low rectal cancer.

Research perspectives
Real-time in vivo pCLE can be used to determine the distal margin in TaTME surgical procedure for low 
rectal cancer.
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Abstract
BACKGROUND 
With the development of laparoscopic techniques, gallbladder cancer (GBC) is no 
longer a contraindication to laparoscopic surgery (LS). Although LS is recom-
mended for stage T1 GBC, the value of LS for stage T2 GBC is still controversial.

AIM 
To evaluate the short- and long-term outcomes of LS in comparison to those of 
open surgery (OS) for stage T2 GBC.

METHODS 
We searched the PubMed, Embase, Cochrane Library, Ovid, Google Scholar, and 
Web of Science databases for published studies comparing the efficacy of LS and 
OS in the treatment of stage T2 GBC, with a cutoff date of September 2022. The 
Stata 15 statistical software was used for analysis. Relative risk (RR) and weighted 
mean difference (WMD) were calculated to assess binary and continuous outcome 
indicators, respectively. Begg’s test and Egger’s test were used for detecting 
publication bias.

RESULTS 
A total of five studies were included, with a total of 297 patients, 153 in the LS 
group and 144 in the OS group. Meta-analysis results showed that the LS group 
was better than the OS group in terms of operative time [WMD = -41.29, 95% 
confidence interval (CI): -75.66 to -6.92, P = 0.02], estimated blood loss (WMD = -
261.96, 95%CI: -472.60 to -51.31, P = 0.01), and hospital stay (WMD = -5.67, 95%CI: 

https://www.f6publishing.com
https://dx.doi.org/10.4240/wjgs.v14.i12.1387
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-8.53 to -2.81, P = 0.0001), whereas there was no significant difference between the two groups in 
terms of blood transfusion (RR = 0.60, 95%CI: 0.31-1.15, P = 0.13), complications (RR = 0.72, 95%CI: 
0.39-1.33, P = 0.29), number of lymph nodes retrieved (WMD = –1.71, 95%CI: -4.27 to -0.84, P = 
0.19), recurrence (RR = 0.41, 95%CI: 0.06-2.84, P = 0.36), 3-year and 5-year overall survival (RR = 
0.99, 95%CI: 0.82-1.18, P = 0.89 and RR = 1.02, 95%CI: 0.68-1.53, P = 0.92; respectively), and 3-year 
and 5-year disease-free survival (RR = 1.01, 95%CI: 0.84-1.21, P = 0.93 and RR = 1.15, 95%CI: 0.90-
1.46, P = 0.26; respectively).

CONCLUSION 
The long-term outcomes of LS for T2 GBC are similar to those of OS, but LS is superior to OS in 
terms of operative time, intraoperative bleeding, and postoperative hospital stay. Nevertheless, 
these findings should be validated via high-quality randomized controlled trials and longer 
follow-ups.

Key Words: Gallbladder cancer; T2 stage; Laparoscopic cholecystectomy; Oncological outcome; Meta-
analysis

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This study evaluated the safety and efficacy of laparoscopic surgery in comparison to those of 
open surgery for stage T2 gallbladder cancer. A total of five studies were included after retrieving various 
literature databases, with a cutoff date of September 2022. Meta-analysis results showed that the laparo-
scopic surgery group was better than the open surgery group in terms of operative time, estimated blood 
loss, and hospital stay, whereas there was no significant difference between the two groups in terms of 
blood transfusion, complications, number of lymph nodes retrieved, recurrence, and 3-year and 5-year 
overall and disease-free survival rates.

Citation: Zhang W, Ouyang DL, Che X. Short- and long-term outcomes of laparoscopic vs open surgery for T2 
gallbladder cancer: A systematic review and meta-analysis. World J Gastrointest Surg 2022; 14(12): 1387-1396
URL: https://www.wjgnet.com/1948-9366/full/v14/i12/1387.htm
DOI: https://dx.doi.org/10.4240/wjgs.v14.i12.1387

INTRODUCTION
Gallbladder cancer (GBC) is one of the most common malignancies of the biliary system and has the 
sixth highest incidence among gastrointestinal tumors[1]. Radical resection is the only potentially 
curative treatment for GBC[2-4]. Traditional open extended cholecystectomy, including regional lymph 
node dissection and wedge resection of the gallbladder bed, is the standard radical surgery for stage T2 
GBC[5,6]. Since the late 1980s, laparoscopic surgery (LS) has been widely used to treat benign 
gallbladder disease, and GBC has been considered a contraindication to LS[7,8]. With the continuous 
improvement of devices and techniques in recent years, curative resection of gastrocolic cancer and liver 
cancer in difficult sites and even pancreaticoduodenectomy can be conducted laparoscopically. 
Additionally, LS is increasingly employed in radical resection of stage T1a GBC, and thus GBC is no 
longer a contraindication to LS[9]. However, the short- and long-term outcomes of LS for stage T2 GBC 
are still controversial.

Although there are still concerns about the efficacy of laparoscopic radical surgery of stage T2 GBC, 
LS has already been exploratively applied to treat patients with T2 GBC, and even T3 GBC, at several 
large medical institutes. There has been a rapid increase in incidental GBC with the widespread use of 
laparoscopic techniques in benign gallbladder disease, especially in patients with T2 GBC[10,11]. It has 
become a point of debate whether LS is safe for the treatment of T2 GBC and whether open surgery (OS) 
is required.

Previous studies on T2 GBC have been limited to case reports or small sample retrospective single 
arm case series on the technical feasibility, safety, and oncological outcomes. Several recent studies have 
reported long-term outcomes of laparoscopic treatment of stage T2 GBC[12-16]. As there is still a lack of 
evidence from high-quality multicenter randomized controlled trials (RCTs), we believe that it is 
necessary to conduct a meta-analysis to provide an evidence-based reference for laparoscopic radical 
surgery of T2 GBC.

https://www.wjgnet.com/1948-9366/full/v14/i12/1387.htm
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MATERIALS AND METHODS
This meta-analysis was reported according to the Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses[17]. The data used in this study were derived from published studies and are 
anonymous. This study did not need informed consent from patients or a review by an institutional 
ethics committee. This meta-analysis was registered under the registration number CRD42022367334 on 
the systematic review registration platform PROSPERO (https://www.crd.york.ac.uk/PROSPERO/). 
We also cited high-quality articles in Reference Citation Analysis (https://www.referencecitation-
analysis.com).

Search strategy
The PubMed, Medline, Cochrane Library, Ovid, Google Scholar, and Web of Science databases were 
searched with a cutoff date of September 2022. The search topics were “laparosco*”, “open”, “extended 
cholecystectomy”, “open surgery” and “T2 gallbladder cancer”. The search strategy for each database is 
described in the Supplementary material. We also conducted an expanded search based on the 
references of the retrieved publications. Table 1 lists the basic characteristics of the included studies.

Inclusion criteria
(1) Population: Stage T2 GBC; (2) Intervention: LS; (3) Comparison: OS; (4) Study sample size: 
Unlimited; (5) Type of studies: RCTs and prospective or retrospective cohort studies; (6) Follow-up time: 
Unlimited; (7) Language type of the publications: Unlimited; (8) Study type: Human studies; and (9) 
Primary outcomes: Overall survival, disease-free survival, recurrence, and the number of lymph nodes 
removed. Secondary outcomes: Operative time, intraoperative blood loss, hospital stay, and 
postoperative complications.

Exclusion criteria
(1) Studies with unknown follow-up times or incomplete data and no response from the contact author 
and those not peer-reviewed; (2) Single arm studies with LS or OS; and (3) Robots, reviews, case reports, 
and animal studies.

Quality assessment
The quality of the cohort studies (retrospective or prospective) was assessed using the Newcastle-
Ottawa Scale, which specifically included study population selection, comparability, and exposure 
evaluation or outcome evaluation. The RCTs were conducted for the risk assessment according to the 
“risk assessment tool” recommended by the Cochrane Collaboration Network[18-20].

Statistical analysis
The meta-analysis was performed using the STATA SE 13 software. Relative risk (RR) and weighted 
mean difference (WMD) were used to calculate the pooled statistics for binary and continuous data, 
respectively, and the 95% confidence interval (CI) was reported for each. Heterogeneity was assessed 
using the χ2 test, with the significance level set at P = 0.05. This meta-analysis was carried out using a 
random effects model. P < 0.05 was considered to indicate statistical significance[21]. Begg’s test and 
Egger’s test were performed using the Stata 15 software to quantitatively assess each outcome for 
publication bias. Funnel plots were drawn to qualitatively and visually assess the outcomes for 
publication bias.

RESULTS
Search results and study selection
After searching the publication databases and excluding duplications, 47 articles remained. We then 
excluded the reviews (including systematic reviews), case reports, and meta-analyses as well as the 
studies that were not relevant based on their titles or abstracts, finally leaving five publications to be 
employed in this meta-analysis. The detailed steps of the publication retrieval are shown in Figure 1. 
These five publications involved one study from Japan and four studies from South Korea. The basic 
characteristics of the included studies are shown in Table 1. The included studies were all cohort 
studies, and the quality was evaluated using the Newcastle-Ottawa Scale. The Newcastle-Ottawa Scale 
scores are attached to Supplementary Table 1.

Results of the meta-analysis
We compared LS and OS for T2 GBC in 11 postoperative outcomes, each of which was analyzed for 
sensitivity. The results of the meta-analysis are summarized in Table 2. Random effects models were 
used to obtain the effect sizes.

https://www.crd.york.ac.uk/PROSPERO/
https://www.referencecitationanalysis.com
https://www.referencecitationanalysis.com
https://f6publishing.blob.core.windows.net/d335de04-dc5a-4dd6-85d5-e80335f54cb9/WJGS-14-1387-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/d335de04-dc5a-4dd6-85d5-e80335f54cb9/WJGS-14-1387-supplementary-material.pdf
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Table 1 Basic characteristics of the included studies

Case Age Sex (M/F) Liver resection1 
Ref. Country Type Period

LS vs OS LS OS LS OS LS OS
Quality

Lee et al[12], 2022 Korea R 2011-2018 20 vs 24 71.85 ± 9.11 68.08 ± 10.64 5/15 11/13 1/4/15 1/13/10 7

Cho et al[13], 2022 Korea R (PSM) 2010-2017 19 vs 19 69.9 ± 9.1 66.7 ± 7.8 8/11 12/7 NA NA 6

Navarro et al[14], 2020 Korea R (PSM) 2005-2017 43 vs 43 66.7 ± 10.3 65.4 ± 7.6 25/18 28/15 38/5/0 23/12/8 6

Jang  et al[15], 2019 Korea R 2004-2017 55 vs 44 70.1 ± 8.1 65.5 ± 10.5 19/36 23/21 38/16/1 9/32/3 8

Itano et al[16], 2015 Japan R 2003-2013 16 vs 14 68.1 ± 19.9 71.5 ± 13.2 9/7 5/9 NA NA 7

1No/wedge/S4b or 5.
F: Female; R: Retrospective comparative studies; LS: Laparoscopic surgery; M: Male; NA: Not available; OS: Open surgery; PSM: Propensity score 
matching.

Table 2 Meta-analysis results of all available studies in measured outcomes

Heterogeneity test
Measured outcomes Studies, n

I2 (%) P value
Model RR/WMD 95%CI P value

Operative time 5 62 0.03 Random -41.29 -75.66, -6.92 0.02a

Intraoperative blood loss 4 86 0.0001 Random -261.96 -472.60, -51.31 0.01a

Hospital stays 5 76 0.002 Random -5.67 -8.53, -2.81 0.0001a

Lymph nodes retrieved 5 79 0.0008 Random -1.71 -4.27, 0.84 0.19

Transfusion 3 0 0.57 Random 0.60 0.31, 1.15 0.13

Complication 5 0 0.5 Random 0.72 0.39, 1.33 0.29

Recurrence 2 50 0.16 Random 0.41 0.06, 2.84 0.36

3-yr OS 3 40 0.19 Random 0.99 0.82, 1.18 0.89

5-yr OS 3 80 0.006 Random 1.02 0.68, 1.53 0.92

3-yr DFS 3 29 0.24 Random 1.01 0.84, 1.21 0.93

5-yr DFS 3 55 0.11 Random 1.15 0.90, 1.46 0.26

aIndicates statistical significance.
CI: Confidence interval; DFS: Disease-free survival; OS: Overall survival; RR/WMD: Relative risk/weighted mean difference.

Operative time, intraoperative blood loss, and hospital stay: Five studies reported the operative time 
with moderate heterogeneity (WMD = -41.29, 95%CI: -75.66 to -6.92, P = 0.02)[12-16]. Four studies 
reported the intraoperative blood loss with moderate heterogeneity (WMD = -261.96, 95%CI: -472.60 to 
-51.31, P = 0.01)[12,14-16]. Five studies reported the hospital stays with high heterogeneity (WMD = 
-5.67, 95%CI: -8.53 to -2.81, P = 0.0001)[12-16]. Operative time (min), intraoperative blood loss (mL), and 
length of hospital stay (d) were significantly lower in LS than in OS (Figure 2A and 2B).

Number of lymph nodes retrieved, recurrence, blood transfusion, and complications: Five studies 
reported the number of lymph nodes retrieved with high heterogeneity (WMD = -1.71, 95%CI: -4.27 to 
0.84, P = 0.19). Three studies reported the intraoperative blood transfusion with low heterogeneity (RR = 
0.56, 95%CI: 0.29-1.09, P = 0.09)[12,14,15]. Five studies reported the complication rate with low hetero-
geneity (RR = 0.72, 95%CI: 0.39-1.33, P = 0.29)[12-16]. Two studies reported the recurrence rate with 
moderate heterogeneity (RR = 0.41, 95%CI: 0.06-2.84, P = 0.36)[12,16]. There was no significant 
difference between the LS and OS groups in the number of lymph nodes retrieved, recurrence, blood 
transfusion, or complications (Figure 2B and 2C).

3-year and 5-year overall and disease-free survival rates: Three studies reported the 3-year overall 
survival rate with moderate heterogeneity (RR = 0.99, 95%CI: 0.82-1.18, P = 0.89)[12-14]. Three studies 
reported the 5-year overall survival rate with high heterogeneity (RR = 1.02, 95%CI: 0.68-1.53, P = 0.92)
[12,14,15]. Three studies reported the 3-year disease-free survival rate with low heterogeneity (RR = 
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Figure 1  Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram for the literature search.

1.01, 95%CI: 0.84-1.21, P = 0.93)[12-14]. Three studies reported the 5-year disease-free survival rate with 
moderate heterogeneity (RR = 1.15, 95%CI: 0.90-1.46, P = 0.26)[12,14,15]. There was no statistical 
difference between the LS and OS groups in terms of 3-year and 5-year overall and disease-free survival 
rates (Figure 2D).

Sensitivity analysis and publication bias
The sensitivity analysis showed that our meta-analysis was stable, and no reversal of the meta-analysis 
results was found. Publication bias was qualitatively assessed using funnel plots. The funnel plots were 
largely symmetrically distributed, with no significant extreme values (Supplementary Figure 1). Neither 
Begg’s test nor Egger’s test revealed any significant publication bias (Supplementary Table 2).

DISCUSSION
Recently, LS for patients with stage T2 GBC has become feasible in high-volume medical centers and has 
shown similar outcomes to those of OS[16,22-25]. However, the value of LS for T2 GBC remains contro-
versial. The current guidelines, such as those of the National Comprehensive Cancer Network and the 
Japanese Society of Hepatobiliary and Pancreatic Surgery, do not recommend LS for T2 GBC[9]. 
Previous studies referenced by the guidelines have shown that LS is associated with a higher risk of 
tumor spread and incisional recurrence than OS[7,26,27]. However, tumor spread is not a complication 
specific to LS and can also occur in OS[28]. Currently, since specimens are often intraoperatively 
obtained using plastic internal bags, which can prevent tumor spread and incision site recurrence in 
GBC[29,30], there is no statistically significant difference in the incidence of incisional implants between 
LS and OS[31].

LS follows the principles of OS. Lymph node dissection and R0 rate are two important indicators to 
evaluate radical surgery for GBC. Studies found that the rate of lymph node metastasis in stage T2 GBC 
was 46%[32,33]. It has been suggested that LS is superior to OS for lymph node dissection because of the 
unique magnified surgical field of view[22]. However, the results of this meta-analysis showed no 
significant difference between the two procedures. R0 resection is also an important prognostic factor 
for postoperative patients. Among the analyzed studies, only the study by Lee et al[12] reported the R0 
resection rate to be similar between the LS and OS groups, with no statistical difference.

https://f6publishing.blob.core.windows.net/d335de04-dc5a-4dd6-85d5-e80335f54cb9/WJGS-14-1387-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/d335de04-dc5a-4dd6-85d5-e80335f54cb9/WJGS-14-1387-supplementary-material.pdf
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Figure 2 Forest plot. A: Operative time and intraoperative blood loss; B: Hospital stay and number of lymph nodes retrieved; C: Blood transfusion, complications, 
and recurrence; D: 3-year overall survival, 5-year overall survival, 3-year overall survival, and 5-year overall survival. CI: Confidence interval; RR: Relative risk; WMD: 
Weighted mean difference.

Although oncological outcomes based on surgical procedures, such as R0 rates and number of lymph 
nodes removed, were not significantly different between the LS and OS groups, the therapeutic effect 
should be based on more direct clinical evidence, such as improved survival, improved quality of life, or 
reduced tumor-related symptoms. These clinical benefits sometimes cannot be assessed based on 
intraoperative or short-term outcomes. Therefore, we explored long-term survival and found that 
postoperative recurrence and 3-year and 5-year overall and disease-free survival rates are not 
significantly different between the LS and OS groups.

In addition, our findings suggest that LS is associated with lower operation time, intraoperative blood 
loss, and length of hospital stay than OS. Although a random effects model was used to combine the 
effect sizes, there was a high degree of heterogeneity in operative time, intraoperative bleeding, and 
length of hospital stay, which significantly weakens the explanatory effect of the results and may cause 
confounding bias. The high heterogeneity may be explained by the fact that surgeons are still at the 
learning curve stage. As these results are prone to bias, they need to be validated via high-quality RCTs.

CONCLUSION
LS for T2 GBC has similar long-term survival outcomes to those of OS but is superior to OS in terms of 
operative time, intraoperative bleeding, and length of hospital stay. Additional high-quality RCTs and 
long follow-ups are needed to further evaluate the effectiveness of LS for stage T2 GBC.

ARTICLE HIGHLIGHTS
Research background
Although laparoscopic surgery (LS) is recommended for stage T1 gallbladder cancer (GBC), the value of 
LS for stage T2 GBC is still controversial.

Research motivation
This study evaluated the short- and long-term outcomes of LS in comparison to those of open surgery 
(OS) for stage T2 GBC.
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Research objectives
As there is still a lack of evidence from high-quality multicenter randomized controlled trials, we 
believe that it is necessary to conduct a meta-analysis to provide an evidence-based reference for laparo-
scopic radical surgery of T2 GBC.

Research methods
We searched the PubMed, Embase, Cochrane Library, Ovid, Google Scholar, and Web of Science 
databases for published studies, with a cutoff date of September 2022.

Research results
A total of 5 studies were included with a total of 297 patients, 153 in the LS group and 144 in the OS 
group. Meta-analysis results showed that the LS group was better than the OS group in terms of 
operative time, estimated blood loss, and hospital stay, whereas there was no significant difference 
between the two groups in terms of blood transfusion, complications, number of lymph nodes retrieved, 
recurrence, and 3-year and 5-year overall and disease-free survival.

Research conclusions
The long-term outcomes of LS for T2 GBC are similar to those of OS, but LS is superior to OS in terms of 
operative time, intraoperative bleeding, and postoperative hospital stay.

Research perspectives
Our meta-analysis is the first to assess the efficacy of the laparoscopic approach in the treatment of stage 
T2 GBC and to provide a reference for clinical management.
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Abstract
BACKGROUND 
Achieving a clear resection margins for low rectal cancer is technically 
challenging. Transanal approach to total mesorectal excision (TME) was in-
troduced in order to address the challenges associated with the laparoscopic 
approach in treating low rectal cancers. However, previous meta-analyses have 
included mixed population with mid and low rectal tumours when comparing 
both approaches which has made the interpretation of the real differences 
between two approaches in treating low rectal cancer difficult.

AIM 
To investigate the outcomes of transanal TME (TaTME) and laparoscopic TME 
(LaTME) in patients with low rectal cancer.

METHODS 
A comprehensive systematic review of comparative studies was performed in line 
with Preferred Reporting Items for Systematic Reviews and Meta-Analyses 
standards. Intraoperative and postoperative complications, anastomotic leak, R0 
resection, completeness of mesorectal excision, circumferential resection margin 
(CRM), distal resection margin (DRM), harvested lymph nodes, and operation 
time were the investigated outcome measures.

RESULTS 

https://www.f6publishing.com
https://dx.doi.org/10.4240/wjgs.v14.i12.1397
mailto:shahin_hajibandeh@yahoo.com
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We included twelve comparative studies enrolling 969 patients comparing TaTME (n = 969) and 
LaTME (n = 476) in patients with low rectal tumours. TaTME was associated with significantly 
lower risk of postoperative complications (OR: 0.74, P = 0.04), anastomotic leak (OR: 0.59, P = 0.02), 
and conversion to an open procedure (OR: 0.29, P = 0.002) in comparison with LaTME. Moreover, 
the rate of R0 resection was significantly higher in the TaTME group (OR: 1.96, P = 0.03). 
Nevertheless, TaTME and LaTME were comparable in terms of rate of intraoperative complic-
ations (OR: 1.87; P = 0.23), completeness of mesoractal excision (OR: 1.57, P = 0.15), harvested 
lymph nodes (MD: -0.05, P = 0.96), DRM (MD: -0.94; P = 0.17), CRM (MD: 1.08, P = 0.17), positive 
CRM (OR: 0.64, P = 0.11) and procedure time (MD: -6.99 min, P = 0.45).

CONCLUSION 
Our findings indicated that for low rectal tumours, TaTME is associated with better clinical and 
short term oncological outcomes compared to LaTME. More randomised controlled trials are 
required to confirm these findings and to evaluate long term oncological and functional outcomes.

Key Words: Total mesorectal excision; Laparoscopic; Transanal; Rectal cancer

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The meta-analysis of best available evidence demonstrated that for low rectal tumours, Transanal 
total mesorectal excision (TaTME) is associated with better clinical and short term oncological outcomes 
compared to Laparoscopic TME. More randomised controlled trials with adequate power and high quality 
are required to not only confirm these findings, but also to evaluate long term oncological and functional 
outcomes.

Citation: Bhattacharya P, Patel I, Fazili N, Hajibandeh S, Hajibandeh S. Meta-analysis of transanal vs laparoscopic 
total mesorectal excision of low rectal cancer: Importance of appropriate patient selection. World J Gastrointest 
Surg 2022; 14(12): 1397-1410
URL: https://www.wjgnet.com/1948-9366/full/v14/i12/1397.htm
DOI: https://dx.doi.org/10.4240/wjgs.v14.i12.1397

INTRODUCTION
The incidence of rectal cancer is increasing making it one of the most common cancers worldwide[1]. 
Rapidly evolving use of total mesorectal excision (TME) and neoadjuvant chemotherapy have led to 
considerable improvements in the outcomes of rectal cancer surgery[2]. A clear resection margin 
associated with a high quality TME is important for an ideal oncological resection, reducing the 
incidence of local or regional recurrence, and increasing survival from cancer[3,4].

Achieving a negative resection margins during resection of low rectal tumours can be challenging 
due to existence of diminishing gap between the wall of the rectum and mesorectal fascia towards the 
anal canal[5]. This has resulted in worse oncological outcomes associated with resection of lower rectal 
tumours, in comparison with resection of middle or high rectal tumours, because of greater incidence of 
local recurrence and positive resection margin[6]. Transanal approach to TME was introduced in order 
to address the challenges associated with the laparoscopic and even open TME in surgical management 
of low rectal cancers[7].

In 2020, in a comprehensive meta-analysis of comparative studies, we reported that Transanal TME 
(TaTME) led to higher R0 resection rate and number of harvested lymph nodes while decreasing rates of 
positive circumferential resection margin (CRM) and conversion to open procedure when compared to 
laparoscopic TME (LaTME)[8]. Moreover, our findings indicated that TaTME and LaTME may have 
similar risk of perioperative morbidity[8]. Nevertheless, most of the evaluated studies in the aforemen-
tioned meta-analysis compared TaTME and LaTME in patients with middle and low rectal tumours 
subjecting the findings to bias. Considering the existence of new studies focusing on the clinical 
outcomes of TaTME and LaTME in management of low rectal cancer, conduction of another meta-
analysis is worthwhile in order to help defining more appropriate patient selection.

This study aimed to systematically evaluate the best available comparative evidence surrounding 
TaTME and LaTME in surgical management of low rectal cancer only and compare the outcome so both 
approaches using meta-analytical model.

https://www.wjgnet.com/1948-9366/full/v14/i12/1397.htm
https://dx.doi.org/10.4240/wjgs.v14.i12.1397
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MATERIALS AND METHODS
Study design and selection of eligible studies
In our review protocol, we highlighted the inclusion and exclusion criteria, our methodology, and 
evaluated outcome measures. This study was carried out in line with standards of Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses statement[9].

All comparative studies investigating the outcomes of transanal and laparoscopic TME in patients 
with low cancer were considered for inclusion. A rectal tumour within 6 cm of anal verge was 
considered as a low rectal tumour. We considered all adult (aged > 18 years) patients undergoing 
TaTME or LaTME for low rectal cancer. TaTME was the intervention of interest and LaTME was the 
comparison of interest.

The primary outcome measures were intraoperative and postoperative complications, and 
anastomotic leak. The investigated primary oncological outcome measures were R0 resection, CRM, 
positive CRM, distal resection margin (DRM), completeness of mesorectal excision, and number of 
harvested lymph nodes. Moreover, conversion to open and operative time were defined as secondary 
outcome measures.

Literature search strategy
Following sources: MEDLINE, Web of Science, and CENTRAL were searched by two independent 
authors. Appendix 1 outlines the used search strategy (Supplementary Table 1). The most recent 
literature search was carried out on 08 July, 2022. Moreover, we screened the reference lists of the 
included studies and previous review articles in order to identify more relevant articles.

Study selection
Two independent review authors screened the title and abstract of the identified studies. This was 
followed by retrieval of the full-texts of the related studies and their assessment in line with our 
inclusion and exclusion criteria. Discrepancies in this stage were addressed by discussion among the 
reviewers.

Extraction and management of data
We created a data extraction tool and extracted details of study-related data, data regarding 
demographic characteristics of the included patients in each study and outcome data. Two independent 
reviewers were involved in this process. Disagreements between the authors were resolved following 
discussion. In case of no resolution, an additional reviewer was consulted.

Assessment of risk of bias
The methodological quality of the included studies was assessed by 2 review authors who determined 
their associated risk of bias using the Newcastle-Ottawa scale[10] for observational studies and 
Cochrane’s tool[11] for randomized controlled trials (RCTs). We resolved disagreements in methodo-
logical quality assessment by discussion between the reviewers. However, if disagreement remained 
unresolved, a third reviewer was consulted as an adjudicator.

Summary measures and synthesis
For dichotomous outcome measures the odds ratio (OR) was calculated as the summary measures. For 
continuous outcome parameters, the mean difference (MD) between the two groups was calculated. If 
mean values were not reported, we extracted data on median and interquartile range and converted 
those to mean and standard deviation using Hozo et al[12]’s equation.

The unit of analysis for all of the analyzed outcome measures in this study was an individual 
participant. We did not require contacting the authors of the included studies to ask for any potential 
missing information.

Data analysis was carried out via Review Manager 5.4 software[11]. One author extracted and entered 
the data into the software and another author cross-checked the data. Random-effects modelling were 
used for analysis of all outcomes. We reported outcome of analyses in Forest plots with 95% confidence 
intervals (CIs).

The Cochran Q test (χ2) was used to assess between-study heterogeneity. We calculated I2 and used 
the following guide for interpreting the degree of heterogeneity: 0% to 50% might not be important; 50% 
to 75%: May represent moderate heterogeneity; 75% to 100% may represent substantial heterogeneity. 
Moreover, we constructed funnel plots for any outcome synthesis involving more than 10 studies.

We performed sensitivity analyses to assess for potential sources of heterogeneity and evaluate the 
robustness of our findings. Finally, we conducted leave-one-out sensitivity analysis to assess the effect 
of each study on the overall effect size and heterogeneity.

https://f6publishing.blob.core.windows.net/05cb2391-bfbb-4a61-85cf-222ce5737e2d/WJGS-14-1397-supplementary-material.pdf
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Figure 1 Study flow diagram.

RESULTS
The literature search resulted in 2120 articles. Following further assessment of the aforementioned 
articles, 12 comparative studies (2 randomised and 10 observational studies)[13-24] met the inclusion 
criteria (Figure 1). The included studies enrolled 969 patients of whom 493 underwent TaTME and the 
remaining 476 patients had LaTME for rectal cancer.

Table 1 presents the included studies related data. Table 2 presents baseline demographic and clinical 
characteristics of the included patients. The patients in the transanal and laparoscopic groups were of 
similar age (P = 0.53), gender (P = 0.19), and BMI (P = 0.68). No significant difference was found 
between the TaTME and LaTME groups in rectal cancer stages I (P = 0.29), II (P = 0.30) and III (P = 0.95). 
Furthermore, the mean distance of the tumour to the anal verge in the TaTME and LaTME groups were 
3.4 cm ± 1.4 cm and 3.6 cm ± 1.5 cm, respectively, which was not significantly different (P = 0.07). 
Neoadjuvant chemotherapy was carried our similarly between two groups (P = 0.22).

Methodological appraisal
The methodological assessment of 10 observational studies is presented in Table 3. In 7 studies, the risk 
of bias was low and in 3 studies it was moderate. Moreover, the outcome of methodological assessment 
of the included randomized controlled trials is demonstrated by Figure 2.

Data synthesis
Outcomes are summarised in Figures 3 and 4.

Intraoperative complications: Six studies (382 patients) reported intraoperative complications as an 
outcome. The rate of intraoperative complications in the TaTME and LaTME were 7.3% and 4.2%, 
respectively. There was no significant difference in intraoperative complications between TaTME and 
LaTME (OR: 1.87; 95%CI: 0.68-5.18, P = 0.23). There was low between-study heterogeneity (I2 = 6%, P = 
0.36).

Postoperative complications: Eleven studies (923 patients) reported postoperative complications as an 
outcome. The rate of overall postoperative complications in the TaTME and LaTME were 30.0% and 
35.9%, respectively. TaTME significantly reduced postoperative complications when compared to 
LaTME (OR: 0.74; 95%CI: 0.56-0.99, P = 0.04). There was moderate heterogeneity among the included 
studies (I2 = 2%, P = 0.42).

Anastomotic leak: This outcome was reported by eleven studies (896 patients). Anastomotic leak 
occurred in 10.1% and 15.5% of patients in the TaTME and LaTME groups, respectively. TaTME was 
associated with a significantly lower rate of anastomotic leak compared with LaTME (OR: 0.59; 95%CI: 
0.38-0.91, P = 0.02). Heterogeneity among the included studies was low (I2 = 0%, P = 0.49).

R0 resection: Nine studies (609 patients) reported R0 resection as an outcome. An R0 resection was 
achieved in 93.5% and 87.8% of patients in the TaTME and LaTME groups, respectively. The rate of R0 
resection was significantly higher in the TaTME group (OR: 1.96; 95%CI: 1.07-3.58, P = 0.03). Low 
between-study heterogeneity was detected (I2 = 0%, P = 0.51).
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Table 1 Included studies related data

Ref. Publication year Journal Country Study design TaTME LaTME

de’Angelis et al[13] 2015 Langenbecks Arch Surg France Retrospective observational study 32 32

Kanso et al[14] 2015 Dis Colon Rectum France Retrospective observational study 51 34

Pontallier et al[15] 2016 Surg Endosc France RCT 38 34

Marks et al[16] 2016 Tech. Coloproctol United States Retrospective observational study 17 17

Lelong et al[17] 2017 J Am Coll Surg France Retrospective observational study 34 38

Denost et al[18] 2018 Surg Endosc France RCT 50 50

Mege et al[19] 2018 Colorectal Dis France Retrospective observational study 34 34

Rubinkiewicz et al[20] 2018 Cancer Manag Res Poland Retrospective observational study 35 35

Roodbeen et al[21] 2019 Surg Endosc Netherlands Retrospective observational study 41 41

Rubinkiewicz et al[22] 2019 BMC Surg Poland Prospective observational study 23 23

Ren et al[23] 2021 Asian J Surg China Prospective observational study 32 32

Li et al[24] 2022 Gastroenterol Res Pract China Prospective observational study 106 106

TaTME: Transanal total mesorectal excision, LaTME: Laparoscopic total mesorectal excision; RCT: Randomised controlled trial.

Completeness of mesorectal excision: This outcome was reported by nine studies (766 patients). The 
rate of completeness of mesorectal excision in the TaTME and LaTME groups were 81.4% and 74.0%, 
respectively. The pooled analysis did not demonstrated similar rate of completeness of mesorectal 
excision between two groups (OR: 1.57; 95%CI: 0.85-2.90, P = 0.15). There was moderate between-study 
heterogeneity (I2 = 60%, P = 0.01).

Number of harvested lymph nodes: Eight studies (747 patients) reported the number of harvested 
lymph nodes in the TaTME and LaTME groups. The mean number of harvested lymph nodes in the 
TaTME was 16.1 ± 2.1, while it was 16.3 ± 3.2 in the LaTME group. The pooled analysis demonstrated no 
significant difference in the number of harvested lymph nodes between two groups (MD: -0.05; 95%CI: 
-1.98-1.89, P = 0.96). The between-study heterogeneity was moderate (I2 = 71%, P = 0.001).

DRM: Eight studies (745 patients) reported DRM in their study groups. The mean DRM in the TaTME 
group was 15.8 mm ± 3.9 mm whereas it was 17.6 mm ± 3.8 mm in the LaTME group. The pooled 
analysis found no significant difference in DRM between two groups (MD: -0.94; 95%CI: -2.26-0.39, P = 
0.17). There was low heterogeneity among the included studies (I2 = 0%, P = 0.53).

CRM:  Six studies (465 patients) reported CRM in their study groups. The mean CRM in the TaTME 
group was 8.5 mm ± 1.2 mm and it was 8.1 mm ± 2.9 mm in the LaTME group. The pooled analysis did 
not identify any significant difference in CRM between two groups (MD: 1.08; 95%CI: -0.46-2.61, P = 
0.17). There was moderate between-study heterogeneity (I2 = 71%, P = 0.004).

Positive CRM: Eight studies (717 patients) reported the rate of positive CRM in their study groups. The 
rate of positive CRM in the TaTME group was 9.0% and it was 13.3% in the LaTME group. There was no 
significant difference in the rate of positive CRM between two groups (OR: 0.64; 95%CI: 0.37-1.10, P = 
0.11). Between-study heterogeneity was low (I2 = 0%, P = 0.59).

Procedure time: Ten studies (889 patients) reported the procedure time as an outcome. The mean 
procedure time in the TaTME and LaTME groups were 274.1 min ± 91.8 min and 282.4 min ± 103.0 min, 
respectively. There was no significant difference in procedure time between two groups (MD: -6.99 min; 
95%CI: -25.28-11.30, P = 0.45). Heterogeneity among the studies was significant (I2 = 86%, P < 0.00001).

Conversion to open: This outcome was reported by eleven studies (923 patients). The rate of conversion 
to an open procedure in the TaTME group was 1.5% and it was 7.5% in the LaTME group. The 
conversion rate was significantly lower in the TaTME group compared to the LaTME group (OR: 0.29; 
95%CI: 0.13-0.64, P = 0.002). There was low between-study heterogeneity (I2 = 0%, P = 0.54).

Considering that the included study inadequately reported length of hospital stay as an outcome, we 
were unable to conduct an analysis on this outcome.

Sensitivity analysis
There was no change in the direction of pooled effect size when the risk ratio, or risk difference was 
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Table 2 Included studies related data

Ref. Publication 
year Age Gender BMI Neoadjuvant 

therapy Tumour stage Tumour 
location

Distance of 
tumour to anal 
verge

de’Angelis[13] 2015 64.91 ± 
10.05 vs 
67.16 ± 9.61

66% vs 
66%

25.19 ± 3.52 vs 
24.53 ± 3.19

100% vs 100% I: 65.6% vs 56.3%; II: 
31.3% vs 40.6%; III: 3.1% 
vs 3.1%

Low 
rectum

4 (2.5-5.0) vs 3.7 
(2.5-5.0)

Kanso et al[14] 2015 59 ± 11 (32-
79) vs 59 ± 
11 (33-82)

71% vs 
77%

24 ± 4 (17-32) 
vs 24 ± 4 (15-
34)

80% vs 79% NR Lower 
rectum

1.6 ± 0.8 (0-3.5) 
vs 1.8 ± 0.9 (0-
3.5)

Pontallier et al
[15]

2016 62 (39-81) 
vs 62 (35-
82)

68% vs 
62%

25.5 vs 24.8 79% vs 88% I: 21% vs 21%; II: 19% vs 
14%; III: 60% vs 65%

Low 
rectum

4 (2-6) vs 4 (2-6)

Marks et al[16] 2016 60 vs 59 NR 25.9 vs 26.4 NR I: 29.4% vs 23.5%; II: 
70.6% vs 76.5%

Low 
rectum

< 4 vs < 4

Lelong et al[17] 2017 NR 68% vs 
58%

24 (18.6-45.0) 
vs 24.2(17.7-
32.7)

88.2% vs 92.1% I: 17.6% vs 23.7%; II: 
70.6% vs 71.0%; III: 11.8% 
vs 5.3%

Low 
rectum

NR

Denost et al[18] 2018 64 (39-82) 
vs 63 (31-
90)

74% vs 
64%

25.1 (17.3-33.2) 
vs 25.6 (18.3-
38.3)

78% vs 84% NR Low 
rectum 

4 (2-6) vs 4 (2-6)

Mege et al[19] 2018 58 ± 14 vs 
59 ± 13

68% vs 
68%

25 ± 4 vs 25 ± 3 85% vs 85% I: 29.4% vs 11.8%; II: 
67.6% vs 82.3%; III: 43.5% 
vs 47.8%; IV: 2.9% vs 
5.9%

Low 
rectum

NR

Rubinkiewicz 
et al[20]

2018 64.3 ± 10.1 
vs 60.3 ± 
10.2

69% vs 
69%

26.10 ± 4.09 vs 
27.10 ± 4.71

88.6% vs 88.6% I: 42.9% vs 45.7%; II: 
57.1% vs 54.3%

Low 
rectum

2.90 ± 1.17 vs 
3.19 ± 1.47

Roodbeen et al
[21]

2019 62.5 ± 10.7 
vs 66.0 ± 9.2

82.9% vs 
78%

26.7 ± 1.9 vs 
26.1 ± 4.0

43.9% vs 43.9% I: 22.0% vs 19.5%; II: 
36.6% vs 39%; III: 31.7% 
vs 31.7%; IV: 9.8% vs 
9.8%

Low 
rectum

2.0 (0.0-4.0) vs 
1.5 (0.0-3.0)

Rubinkiewicz 
et al[22]

2019 60 (51-67) 
vs 64 (58-
67)

69% vs 
69%

26 (22.8-29.7) 
vs 26.5 (23.8-
30.6)

78.2% vs 82.6% NR Low 
rectum

3(2-4) vs 4 (3-5)

Ren et al[23] 2021 65.78 ± 
12.37 vs 
67.16 ± 
10.03

59.3% vs 
56.2%

22.87 ± 2.66 vs 
23.05 ± 2.70

71.8% vs 65.6% I: 34.3% vs 37.5%; II: 
28.1% vs 31.2%; III: 31.2% 
vs 21.8%

Low 
rectum

5.53 ± 0.98 vs 
5.78 ± 0.94

Li et al[24] 2022 55 ± 12 (23-
78) vs 56 ± 
12 (26-79)

100% vs 
100%

23:0 ± 2.9 vs 
22:9 ± 3.2

100% vs 100% NR Low 
rectum

3.6 ± 0.9 (2.0-5.0) 
vs 3.8 ± 0.9 (1.4-
5.0)

Transanal total mesorectal excision vs Laparoscopic total mesorectal excision. BMI: Body mass index; NR: Not reported.

calculated or during leave-one-out sensitivity analysis.

DISCUSSION
In view of ongoing debates regarding the best surgical approach for resection of low rectal cancer, we 
conducted a comprehensive systematic review and meta-analysis to evaluate comparative outcomes of 
transanal vs laparoscopic TME in management of low rectal cancer. We identified two RCTs and 10 
observational studies[13-24] enrolling 969 patients of whom 493 had TaTME and 476 patients had 
LaTME for low rectal tumour. The subsequent outcome synthesis showed that TaTME significantly 
reduced rate of postoperative complications, anastomotic leak, and conversion to open in comparison to 
LaTME. Moreover, TaTME resulted in significantly higher rate of R0 resection. However, no significant 
difference was found in intraoperative complications, completeness of mesoractal excision, harvested 
lymph nodes, DRM, CRM, positive CRM and procedure time between TaTME and LaTME

The between-study heterogeneity in the analyses of intraoperative and postoperative complications, 
anastomotic leak, R0 resection, DRM, positive CRM, and conversion to open were low suggesting that 
the reported findings with respect to these outcomes can be considered robust. Moderate heterogeneity 
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Table 3 Methodological quality of the observational studies assessed with the Newcastle-Ottawa scale

Author Representativeness of 
the exposed cohort

Selection of the 
non-exposed 
cohort

Ascertainment of 
exposure

Demonstration that outcome 
of interest was not present at 
start of study

Comparability of cohorts 
on the basis of the design 
or analysis

Assessment of 
outcome

Was follow-up long 
enough for 
outcomes to occur

Adequacy of 
follow up of 
cohorts

Total 
score

de’Angelis[13], 
2015

* * * * ** * * * 9

Kanso et al[14], 
2015

* * * * ** * * * 9

Marks et al[16], 
2016

* * * * - * * * 7

Lelong et al[17], 
2017

* * * * * * * * 8

Mege et al[19], 
2018

* * * * ** * * * 9

Rubinkiewicz et 
al[20], 2018

* * * * ** * * * 9

Roodbeen et al
[21], 2019

* * * * ** * * * 9

Rubinkiewicz et 
al[22], 2019

* * * * * * * * 8

Ren et al[23], 
2021

* * * * ** * * * 9

Li et al[24], 2022 * * * * ** * * * 9

among the included studies in the analyses of completeness of mesorectal excision, and number of 
harvested lymph nodes may suggest variation of reporting in the included studies on these outcomes. 
There was high between-study heterogeneity regarding procedure time suggesting that our findings 
about procedure time may be less robust.

The findings of our meta-analysis are not consistent with some of the findings of our previous meta-
analysis on this topic published in 2020[8]. The simple explanation for such disagreement is the 
difference in the inclusion criteria of the two studies with regards to the location of the rectal cancer. We 
only included low rectal cancer patients in this meta-analysis while previously we included both middle 
and low rectal cancer patients. In fact, as a direction for future research, in our previous meta-analysis 
we encouraged future studies to consider patients with low rectal cancer only when comparing TaTME 
and LaTME to evaluate a more realistic comparison between these two management approaches[8]. This 
is indeed reassuring to observe growing evidence in the context of comparative outcomes of TaTME and 
LaTME in management of low rectal cancer. The appropriate patient selection in this context is of great 
importance as inappropriate patient selection for TaTME has been demonstrated to result in 
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Figure 2 Risk of bias summary and graph showing authors’ judgments about each risk of bias item.

unfavourable outcomes of TaTME leading to suspension of TaTME in some countries. Wasmuth et al[25] 
reported high rate of anastomotic leak and local recurrence associated with TaTME, the findings that led 
to suspicion of TaTME in Norway. However, only 5% of their included patients had low rectal tumours 
with the remaining patients having middle or high rectal cancers. Moreover, the study lacked a control 
group, hence low level of evidence.

In the current meta-analysis, we independently evaluated the baseline characteristics of the study 
population to assess if the patients in the TaTME and LaTME groups were comparable. We found no 
significant difference in age, gender, BMI, rate of neoadjuvant chemotherapy, and stage of cancer 
between two groups. Moreover, we demonstrated similar distance between the distal tumour and anal 
verge between the TaTME and LaTME patients. This is of a cardinal importance as TaTME has been 
introduced to address the challenges associated with open and laparoscopic approaches in resecting 
very low rectal cancers, particularly in male patients with narrow pelvis[8]. Therefore, comparability of 
our included populations in both groups makes our findings more robust.

We were not able to conduct any analyses on comparative functional outcomes of TaTME and LaTME 
considering that only two of the included studies reported such outcomes. Lelong et al[17] compared 
functional outcomes of TaTME and LaTME and demonstrated no significant difference in urinary 
complications and faecal incontinence between two groups. Rubinkiewicz et al[22] also investigated 
functional outcomes in patients undergoing TaTME and LaTME for low rectal tumours and reported no 
significant differences in risk of low anterior resection syndrome between two groups and its severity. 
The authors found comparable median Wexner score in both groups[22]. Considering the current 
limited evidence in the context of functional outcomes of TaTME compared with LaTME, no definitive 
conclusions can be made.

Although we were not able to analyse long term oncological outcomes including disease recurrence, 
the findings of one of our included RCTs in this context is important. After 5 years follow-up, Denost et 
al[18] reported no significant differences in long-term outcomes between TaTME and LaTME. Although 
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Figure 3 Forest plots of comparison. A: Intraoperative complications; B: Postoperative complications; C: Anastomotic leak; D: R0 resection; E: Completeness 
of mesorectal excision; F: Number of harvested lymph nodes; G: Distal resection margin; H: Circumferential resection margin; I: Positive circumferential resection 
margin; J: Procedure time; K: Conversion to an open procedure. The solid squares denote the odds ratios or mean difference. The horizontal lines represent the 95% 
confidence intervals, and the diamond denotes the pooled effect size. M-H: Mantel Haenszel test.

the authors found a significant association between CRM involvement and local recurrence (P = 0.011), 
the 5-year local recurrence rate was similar between two groups (3% vs 5%, P = 0.30). Moreover, the 
authors reported similar 5-year disease-free survival between two groups (72% vs 74%, P = 0.351). The 
rate of local recurrence in the aforementioned RCT is comparable with the recurrence rate of 4% 
reported in a review by Deijen et al[26]. Undoubtedly, futures high quality randomized studies with 
adequate follow-up periods are required to investigate long term oncological outcomes of transanal and 
laparoscopic approaches to TME.

This study has a number of limitations. Only two of the considered studies were RCTs. Most of the 
included studies were observational studies with their inherited selection bias. Some of the included 
studies had small sample sizes which might have introduced Type 2 error to our findings. We were 
unable to conduct independent analyses on length of hospital stay, functional outcomes or long term 
oncological outcomes as the data provided by the included studies on such outcomes was inadequate. 
Finally, there was moderate risk of bias in 3 of our included studies.

CONCLUSION
Our meta-analysis demonstrated that for low rectal tumours, TaTME is associated with better clinical 
and short term oncological outcomes compared to LaTME. More randomised controlled trials with 
adequate power and high quality are required to not only confirm these findings, but also to evaluate 
long term oncological and functional outcomes.
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Figure 4 Funnel plots of comparison. A: Postoperative complications; B: Anastomotic leak; C: Procedure time; D: Conversion to open procedure.

ARTICLE HIGHLIGHTS
Research background
Achieving a clear resection margins for low rectal cancer is technically challenging. Transanal TME 
(TaTME) has been introduced in order to address the chalenges associated with the open and laparo-
scopic TME (LaTME) in resecting low rectal tumours.

Research motivation
Previous meta-analyses have included mixed patients with mid and low rectal tumours when 
comparing TaTME and LaTME which has made the interpretation of the real differences between two 
approaches in treating low rectal cancer difficult.

Research objectives
To investigate the outcomes of transanal TaTME and LaTME in patients with low rectal cancer.

Research methods
A comprehensive systematic review of comparative studies were conducted according to the standards 
of Preferred Reporting Items for Systematic Reviews and Meta-Analyses statement. Intraoperative and 
postoperative complications, anastomotic leak, completeness of mesorectal excision, R0 resection, distal 
(DRM) and circumferential resection margin (CRM), number of harvested lymph nodes, and procedure 
time were the evaluated outcome parameters.

Research results
We identified twelve comparative studies enrolling a total of 969 patients comparing the outcomes of 
TaTME (n = 969) and LaTME (n = 476) in patients with low rectal cancer. The meta-analysis 
demonstrated that TaTME was associated with significantly lower rate of postoperative complications 
(OR: 0.74, P = 0.04), anastomotic leak (OR: 0.59, P = 0.02), and conversion to an open procedure (OR: 
0.29, P = 0.002) compared with LaTME. Moreover, it was associated with significantly higher rate of R0 
resection (OR: 1.96, P = 0.03). However, there was no significant difference in intraoperative complic-
ations (OR: 1.87; P = 0.23), completeness of mesoractal excision (OR: 1.57, P = 0.15), harvested lymph 
nodes (MD: -0.05, P = 0.96), DRM (MD: -0.94; P = 0.17), CRM (MD: 1.08, P = 0.17), positive CRM (OR: 
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0.64, P = 0.11) and procedure time (MD: -6.99 minutes, P = 0.45) between TaTME and LaTME.

Research conclusions
Our findings indicated that for low rectal tumours, TaTME is associated with better clinical and short 
term oncological outcomes compared to LaTME.

Research perspectives
The available evidence does not allow evaluation of long term oncological and functional outcomes. 
More randomized controlled trials are required to confirm the findings of this meta-analysis regarding 
clinical and short term oncological outcomes and to evaluate long term oncological and functional 
outcomes.
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Abstract
BACKGROUND 
With the emergence of severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) in late 2019 in Wuhan, China, liver injury in patients with coronavirus 
disease 2019 (COVID-19) due to SARS-CoV-2 infection has been regularly 
reported in the literature. There are a growing number of publications describing 
the occurrence of secondary sclerosing cholangitis (SSC) after SARS-CoV-2 
infection in various cases. We present a case of sudden onset SSC in a critically ill 
patient (SSC-CIP) following COVID-19 infection who was previously healthy.

CASE SUMMARY 
A 33-year old female patient was admitted to our University Hospital due to 
increasing shortness of breath. A prior rapid antigen test showed a positive result 
for SARS-CoV-2. The patient had no known preexisting conditions. With rapidly 
increasing severe hypoxemia she required endotracheal intubation and developed 
the need for veno-venous extracorporeal membrane oxygenation in a setting of 
acute respiratory distress syndrome. During the patient´s 154-d stay in the 
intensive care unit and other hospital wards she underwent hemodialysis and 
extended polypharmaceutical treatment. With increasing liver enzymes and the 
development of signs of cholangiopathy on magnetic resonance cholangiopan-
creatography (MRCP) as well as endoscopic retrograde cholangiopancreato-
graphy (ERCP), the clinical setting was suggestive of SSC. At an interdisciplinary 
meeting, the possibility of orthotopic liver transplantation and additional kidney 
transplantation was discussed due to the constant need for hemodialysis. 
Following a deterioration in her general health and impaired respiratory function 
with a reduced chance of successful surgery and rehabilitation, the plan for 
transplantation was discarded. The patient passed away due to multiorgan 
failure.
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CONCLUSION 
SSC-CIP seems to be a rare but serious complication in patients with SARS-CoV-2 infection, of 
which treating physicians should be aware. Imaging with MRCP and/or ERCP seems to be 
indicated and a valid method for early diagnosis. Further studies on the effects of early and late 
SSC in (post-) COVID-19 patients needs to be performed.

Key Words: Secondary sclerosing cholangitis; COVID-19; Liver failure; Critically ill patients; Magnetic 
resonance cholangiopancreatography; Endoscopic retrograde cholangiopancreatography; Case report

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Secondary sclerosing cholangitis in critically ill patients is an important complication in patients 
requiring intensive care treatment. With the ongoing coronavirus disease 2019 pandemic we will see 
increasing complications regarding the liver and the biliary system. Our case report hopes to aid other 
surgeons, radiologists and intensive care physicians in their decision making.

Citation: Steiner J, Kaufmann-Bühler AK, Fuchsjäger M, Schemmer P, Talakić E. Secondary sclerosing cholangitis 
in a young COVID-19 patient resulting in death: A case report. World J Gastrointest Surg 2022; 14(12): 1411-
1417
URL: https://www.wjgnet.com/1948-9366/full/v14/i12/1411.htm
DOI: https://dx.doi.org/10.4240/wjgs.v14.i12.1411

INTRODUCTION
With the emergence of an unknown respiratory virus of the corona group in late 2019 in Wuhan, China, 
an undetected spread of the newly discovered severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) has been observed, which was declared a pandemic by the WHO in March 2020.

Common signs of SARS-CoV-2 infection include flu-like symptoms, dyspnea, fatigue, anosmia, 
headache and fever, with potentially life-threatening acute respiratory distress syndrome (ARDS) 
developing in some cases, requiring intensive medical care. During this ongoing crisis, and due to the 
nature of a novel virus infection, the scientific community has been able to identify a wide range of 
different symptoms and features attributable to the later and rarer hyperinflammatory phase in some 
cases. In particular, the diffuse inflammatory phase appears to be a multiorgan problem that is not 
limited to the lungs or upper respiratory tract[1,2].

Liver injury in patients with SARS-CoV-2 infection has been regularly reported in the literature 
during the course of the ongoing coronavirus disease 2019 (COVID-19) pandemic. The occurrence of 
elevated and abnormal liver parameters has been demonstrated in 14% to 76% of patients. Recent case 
reports and series have investigated and discussed the probability of increased risk for permanent 
damage to the hepatobiliary system[1-4].

There are a growing number of publications in the literature describing the occurrence of secondary 
sclerosing cholangitis (SSC) after SARS-CoV-2 infection in various cases, particularly after severe 
COVID-19-associated ARDS with a reported incidence of up to 2.6% of intensive care unit (ICU) patients
[5].

We report the sudden onset of SSC in a critically ill patient (SSC-CIP) following severe COVID-19 
infection ultimately resulting in death.

CASE PRESENTATION
Chief complaints
A 33-year-old female patient was admitted to our University Hospital by emergency medical services 
(EMS) due to shortness of breath.

History of present illness
According to her relatives, she had been feeling ill for a week, and her general health deteriorated 
rapidly and she developed a high fever. She had tested positive for the novel coronavirus (SARS-CoV-2) 
7 d prior to admission.

https://www.wjgnet.com/1948-9366/full/v14/i12/1411.htm
https://dx.doi.org/10.4240/wjgs.v14.i12.1411


Steiner J et al. SSC in COVID-19

WJGS https://www.wjgnet.com 1413 December 27, 2022 Volume 14 Issue 12

History of past illness
The patient had an elevated body mass index of 34 (1.68 m/95 kg), and was previously healthy with no 
preexisting conditions, particularly no known liver damage or respiratory problems.

Personal and family history
No relevant personal or family history was recorded.

Physical examination
On arrival of the EMS, respiratory function was already compromised by severe hypoxemia requiring 
endotracheal intubation and mechanical ventilation onsite, which did not improve on admission with 
high ventilation pressure and poor O2 saturation. Veno-venous extracorporeal membrane oxygenation 
(vvECMO) was administered, which provided acceptable oxygenation in the setting of severe acute 
respiratory distress syndrome (COVID-19-ARDS) with a persistent need of continuous catecholamines. 
During the patient´s 154-d stay in the ICU and other hospital wards, hemodialysis was initiated on day 
4, ECMO was removed on day 14, and successful weaning was achieved on day 15 (Figure 1).

Laboratory examinations
During the patient’s treatment for severe COVID-19-associated ARDS in the ICU, impaired liver 
function with elevated liver and cholestasis parameters (bilirubin, gamma-glutamyl transferase (GGT) 
and alkaline phosphatase (AP)) was detected. Due to the polypharmaceutical therapy regime with 
additional ECMO treatment, toxic/ischemic liver injury was initially suspected.

Following ECMO removal and reduction of sedation (particularly ketamine), elevated liver enzymes 
persisted indicating SSC-CIP. Laboratory parameters continued to show slightly elevated bilirubin (1.4 
mg/dL), GGT (1299 U/L), AP (1883 U/L), aspartate aminotransferase (AST) (162 U/L) and alanine 
aminotransferase (ALT) (119 U/L).

Treatment for SSC-CIP with Ursofalk® 1000 mg was initiated.

Imaging examinations
A computed tomography of the abdomen on day 10 showed no signs of parenchymal damage or 
cholestasis (Figure 2A).

After prolonged treatment in the ICU, the patient underwent magnetic resonance cholangiopan-
creatography (MRCP) on day 47 after admission, which revealed no signs of liver injury or intrahepatic 
cholestasis but mild stenosis of the distal common bile duct (CBD) and suspected stricture of 
prepapillary CBD main.

Endoscopic retrograde cholangiopancreatography (ERCP) was performed on day 60 and showed 
rarefication of intrahepatic bile ducts, suggesting SSC-CIP (Figure 2C). An additional MRCP follow-up 
on day 105 after the initial admission confirmed SSC-CIP with worsening of multiple diffuse stricture of 
the CBD and entire intrahepatic biliary tree compared to the initial MRCP. Round T2-signal changes 
with restricted diffusion were identified, suggestive of additional cholangetic abscess formation 
(Figure 2B and D).

Magnetic resonance imaging (MRI) follow-up on day 129 depicted progressive encapsulated 
intrahepatic fluid accumulation with restricted diffusion and rim-contrast enhancement, associated with 
progressive intrahepatic abscess.

MULTIDISCIPLINARY EXPERT CONSULTATION
In the following weeks, our patient suffered from persistent and undulating elevated inflammatory 
parameters [especially C-reactive protein (CRP), peak 217 mg/L] and overall worsening of her general 
condition. Due to renal failure, hemodialysis was performed three times a week. Liver parameters 
remained elevated (e.g., bilirubin peak 17.29 mg/dL on day 139).

At an interdisciplinary meeting, the possibility of orthotopic liver transplantation and additional 
kidney transplantation was discussed due the constant need for hemodialysis. As a result of a deteri-
oration in general health and impaired respiratory function with a reduced chance of successful surgery 
and rehabilitation, the plan for transplantation was discarded.

FINAL DIAGNOSIS
Due to the rapid acceleration and worsening of SSC-CIP, we strongly suspected the presence of post-
COVID-19 cholangiopathy with the development of SSC-CIP.
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Figure 1 The chart shows the chronological timeline of patient treatment with adjacent changes in laboratory parameters and imaging as 
well as intensive care unit interventions. MRCP: Magnetic resonance cholangiopancreatography; ERCP: Endoscopic retrograde cholangiopancreatography; 
SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2.

Figure 2 Imaging throughout the hospital treatment. A: The image shows early contrast enhanced computed tomography of the upper abdomen on day 10 
after admission without significant cholangetic stasis or narrowing of the common bile duct (CBD); B: A prepapillary narrowing of the CBD can be identified with at that 
point suspected CBD stricture (day 47); C: The image shows a rarefication of the peripheral bile ducts indicating early secondary sclerosing cholangitis on day 60; D: 
The image shows magnetic resonance cholangiopancreatography at day 105 after admission with classical appearance of secondary sclerosing cholangitis.

TREATMENT
Throughout the ICU period, she was treated according to guidelines, with additional remdesivir, a 
nucleotide analogue prodrug with broad-spectrum antiviral activity and Convalescent Plasma 
Transfusion as well as various treatments with additional antibiotics, including Noxafil®, Pi-
peracillin/Tazobactam®, Tygacil® and Curam® due to superinfection.
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OUTCOME AND FOLLOW-UP
On day 154, our patient passed away due to organ failure involving the respiratory system, kidneys and 
liver. No autopsy was performed.

DISCUSSION
SSC-CIP is a recently included form of cholestatic liver disease in a patient population undergoing 
prolonged intensive care for various reasons without known hepatic or biliary disease. It is usually the 
result of trauma, burn injuries, or major surgical procedures such as cardiothoracic surgery or 
transplantation procedures[6,7].

While up to 60% of SSC-CIP patients survive to ICU discharge, the need for later transplantation is 
high at up to 20%. One-year survival without transplantation has been reported to be 55%[8].

SSC-CIP is thought to be the result of direct damage to cholangiocytes, either by ischemia/hypoxia or 
by toxic bile with changes in bile composition or by infection. There is no single predisposing or 
causative factor for the development of SSC-CIP. Severe hypotension seems to directly cause ischemic 
bile duct damage and contribute to it by altering hepatobiliary transporters. Sepsis and microcirculatory 
disturbances have also been attributed to transporter alteration[9].

Liver damage resulting from SARS-CoV-2 infection has been described in the literature. Throughout 
the pandemic, many publications have described a close association between SARS-CoV-2 and elevated 
liver enzymes in the early stages of infection and liver parenchymal injury. Most authors theorize that 
increased angiotensin-converting enzyme 2 receptor expression in hepatocytes and even more in 
cholangiocytes leads to direct damage of cells by the virus, possibly causing cell destruction[2,10,11].

Additional changes in microvascular steatosis due to the thrombogenic characteristics of the novel 
coronavirus 19 appear to play a role in this parenchymal damage[10,11].

As described by Kaltschmidt et al[12], SARS-CoV-2 replicates in the liver parenchyma and is secreted 
into the bile ducts, which in combination with platelet activation and parenchymal injury appears to 
result in direct damage to the biliary system. The accompanying necrosis with the development of 
stenosis seem to directly promote the occurrence of sclerosing cholangitis[12].

SSC, as in our case, is usually diagnosed by imaging techniques such as ERCP and MRI. Distin-
guishing features include strictures and stenosis as well as newly developed dilations of intra- and 
extrahepatic bile ducts[13].

While ERCP offers the possibility of direct intervention such as stent placement, MRI, particularly 
MRCP, is a noninvasive modality for early diagnosis and follow-up, widely available in Western 
countries. With protocols starting at 15 min, it is also within a reasonable timeframe for monitoring 
intensive care patients.

Although our patient was ultimately not a candidate for transplantation, there are a growing number 
of case reports showing promising results with orthotopic liver transplantation for SSC-CIP following 
COVID-19[14,15].

As mentioned above SSC-CIP can occur due to various underlying conditions including pharmaco-
logical toxicity, prolonged intensive care treatment and interventions. In our case, the rapid onset of 
liver parameter changes with early elevated GGT/AST compared with relatively low bilirubin, followed 
by subsequent increasing bilirubin levels and textbook appearance on MRCP strongly suggest a close 
correlation between SSC-CIP and SARS-CoV-2 infection. In our case, this was most likely due to recently 
described post-COVID-19 cholangiopathy, in which early cholangiocytic injury leads to late stenosis and 
sclerosis, ultimately resulting in death. Differential diagnoses of the cause could include the mentioned 
prolonged intensive treatment, which seemed in our experience less likely.

Due to the lack of autopsy or biopsy, the major limitation in our case is the lack of confirmation of 
histopathological findings suggestive of SSC-CIP with liver parenchymal changes associated with viral 
damage, such as the presence of cytokeratin 7 metaplasia of periportal hepatocytes, compared with SCC 
with a possible other cause, most likely caused by drugs - due to prolonged mechanical ventilation and 
sedation.

CONCLUSION
Despite its limitations, our case fits other cases and case series in the current literature and demonstrates 
the importance of early and regular evaluation of cholestatic parameters. SSC-CIP seems to be a rare but 
serious complication in patients with SARS-CoV-2 infection, of which treating physicians should be 
aware.

Imaging with MRCP and/or ERCP seems to be indicated and a valid method for early diagnosis. 
Although our case resulted in death as the patient was unfit for transplantation, liver transplantation 
seems to be a promising treatment in severe cases.
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Given the still unknown long time span after complications in a post-pandemic medical world, the 
awareness of secondary liver injury and cholestatic damage should be monitored and further studies on 
the effects of early and late SSC in (post-) COVID-19 patients need to be performed.
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Abstract
BACKGROUND 
Differential diagnosis of colorectal intramucosal tumors from invasive adenocar-
cinoma is important in clinical practice due to the different risks of lymph node 
metastasis and different treatment options. The phenomenon of a colorectal 
adenoma with part of the gland entering the submucosa is known as pseudoin-
vasion of the adenoma, which is a major challenge for pathological diagnosis. It is 
essential to raise awareness of colorectal adenoma with submucosal pseudoin-
vasion clinically to avoid overtreatment.

CASE SUMMARY 
We describe a case of rectal adenoma with submucosal pseudoinvasion in a 48-
year-old man. The patient was admitted to Jinhua People's Hospital due to a 
change in stool habit for 5 d. We performed colonoscopy, and the results 
suggested a submucosal bulge approximately 1.0 cm × 1.0 cm in size in the rectum 
8 cm from the anal verge, with red surface erosion. Ultrasound colonoscopy was 
also performed and a homogeneous hypoechoic mass about 0.52 cm × 0.72 cm in 
size was seen at the lesion, protruding into the lumen with clear borders and 
invading the submucosa. Endoscopic surgery was then performed and the 
pathological specimen showed a tubular adenoma with high-grade intraepithelial 
neoplasia (intramucosal carcinoma) involving the adenolymphatic complex. In 
addition, we performed a literature review of rectal tubular adenoma with 
submucosal pseudoinvasion to obtain a deeper understanding of this disease.

CONCLUSION 
The aim of this study was to improve awareness of this lesion for clinicians and 
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pathologists to reduce misdiagnosis.

Key Words: Colorectal adenoma; Submucosal pseudoinvasion; Ultrasound endoscopy; Pathological 
diagnosis; Treatment; Case report
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Core Tip: Colorectal adenoma with submucosal pseudoinvasion has only been studied in a small number of 
small cases in the current national and international literature. At present, endoscopists diagnose our 
patient's lesion by electronic staining endoscopy (NBI), magnification endoscopy and ultrasound en-
teroscopy. A more accurate diagnosis of the depth of infiltration was obtained by pathological support. 
And if the pathologist misjudges, it will lead to overtreatment in clinical practice.

Citation: Chen D, Zhong DF, Zhang HY, Nie Y, Liu D. Rectal tubular adenoma with submucosal pseudoinvasion 
misdiagnosed as adenocarcinoma: A case report. World J Gastrointest Surg 2022; 14(12): 1418-1424
URL: https://www.wjgnet.com/1948-9366/full/v14/i12/1418.htm
DOI: https://dx.doi.org/10.4240/wjgs.v14.i12.1418

INTRODUCTION
Both neoplastic and non-neoplastic epithelium of the mucosa may enter the submucosa for some reason, 
a phenomenon known as pseudoinvasion or misplaced epithelium of the submucosa. When part of the 
gland of a colorectal adenoma mistakenly enters the submucosa, it is called pseudoinvasion of the 
adenoma[1]. The incidence of colorectal adenoma with submucosal pseudoinvasion is low, and those 
occurring in the rectal region are extremely rare, with few reports in the national and international 
literature. The definitive diagnosis relies mainly on pathological support[2]. If the pathologist 
misjudges, this will lead to overtreatment in clinical practice. Here we present a case of rectal adenoma 
with submucosa pseudoinvasionin order to benefit both patients andpractitioners.

CASE PRESENTATION
Chief complaints
A 48-year-old man was admitted to Jinhua People's Hospital on June 29, 2021 due to change in stool 
habit for 5 d.

History of present illness
His symptoms started 5 d previously and were accompanied by a change in stool habit (yellow, thin, 
pasty stools 3-5 times a day, without mucus and blood). No significant change in body weight was 
noted.

History of past illness
The patient had a history of surgery for hypofractionated adenocarcinoma of the stomach 6 mo ago. 
According to the World Health Organization (WHO) Classification of Digestive System Tumor, 
hypofractionated adenocarcinoma is defined as the cancer cells are short columnar or indefinite, 
arranged in small nests or strands, and basically without glandular tube structure.

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

Physical examination
On examination, his abdomen was soft, old surgical scars were visible in the upper abdomen, and no 
pressure pain, rebound pain, or masses were found.

Laboratory examinations
Laboratory examinationsshowed that routine blood, urine, stool, liver and kidney function, carcinoem-
bryonic antigen, alpha-fetoprotein and carbohydrate antigen 199 were all within the normal range.

https://www.wjgnet.com/1948-9366/full/v14/i12/1418.htm
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Imaging examinations
The patient was advised to undergo abdominal enhanced computed tomography (CT) and colonoscopy, 
and the results of colonoscopy on July 1, 2021 suggested a submucosal bulge approximately 1.0 cm × 1.0 
cm in the rectum 8 cm from the anal verge, with red surface erosion (Figure 1A). Narrow band imaging 
(NBI) and magnification colonoscopy showed uneven caliber and distribution of blood vessels. Type2B 
was considered according to JNET staging (Figure 1B).

MULTIDISCIPLINARY EXPERT CONSULTATION
Ultrasound colonoscopy was performed on July 1, 2021 and a homogeneous hypoechoic mass about 
0.52 cm × 0.72 cm in size was seen at the lesion, protruding into the lumen with clear borders and 
invading the submucosa (Figure 1C). CT on June 30, 2021 (enhancement of two sites) showed a nodule 
in the posterior rectal wall (Figure 1D and E).

FINAL DIAGNOSIS
Postoperative pathological results in our hospital [rectal endoscopic submucosal dissection (ESD) 
specimen] showed moderately differentiated adenocarcinoma with significant hyperplasia of lymphoid 
tissue, about 1.0 cm × 0.8 cm in size, infiltrated to the submucosa. No cancer thrombus was seen in the 
vasculature, and the surrounding cut edge was not involved approximately 200 µm from the basal cut 
edge. Immunohistochemical results were as follows: CD10 (-), CD56 (-), CDX2 (+), CgA (-), CK20 (+), 
CK7 (-), EGFR (1+), Ki67 (30%+), P53 (missense expression), and Syn (-).

In order to quickly improve the pathological understanding of early GI tumors in our hospital and 
better carry out our ESD surgery, the pathological specimen was sent to the Department of Pathology of 
the Second Affiliated Hospital of Zhejiang University School of Medicine and the results suggested 
(rectal ESD specimen) tubular adenoma with high-grade intraepithelial neoplasia (intramucosal 
carcinoma) involving the adenolymphatic complex. No clear vascular invasion was seen. The horizontal 
and vertical margins were negative (Figure 1F-I). Based on the above pathological findings, the patient 
was advised to undergo repeat colonoscopy. A follow-up colonoscopy on January 12, 2022 showed post-
rectal scar formation and no local recurrence. A repeat pelvic MRI on April 12, 2022 suggested post-
rectal changes and no lymphatic metastases were found.

TREATMENT
After full communication with the patient and obtaining his consent, ESD was performed on July 5, 
2021.

OUTCOME AND FOLLOW-UP
One year after ESD, colonoscopy showed a postoperative scar in the rectum without local recurrence 
(Figure 1J).

DISCUSSION
Pseudoinvasion or misplaced epithelium of the submucosa was first described by Muto et al[3] in 1972 
and its characteristic histological manifestation was defined as the mislocation of non-neoplastic or 
adenomatous epithelium into the submucosa for some reasons. Its predilection is in the sigmoid colon, 
accounting for about 85% of cases, followed by the descending colon, accounting for about 10%, and the 
rectum is relatively uncommon[2]. The average age of patients is 60 years for men and 56 years for 
women, similar to the average age of patients with common adenomatous polyps, with a male to female 
ratio of 3:1. Single lesion resection or local excision was effective, with no recurrence or metastasis at 
follow-up[3]. In 2006, a national colorectal cancer screening program was launched in the United 
Kingdom, and as the program progressed, an increasing number of difficult cases emerged, among 
which the differential diagnosis of epithelial malposition of colonic adenoma and adenocarcinoma was 
the most difficult. Therefore, an Expert Board was established to analyze and discuss the pathologies 
with diagnostic doubts. The percentage of misplaced epithelium diagnosed by the original pathologists 
increased from 30.6% to 80.3%, indicating that pathologists lack sufficient knowledge of this pathology 
and a number of misdiagnoses occurred[4]. This is undoubtedly a major challenge in clinical and 
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Figure 1 Clinical data of the patient with rectal tubular adenoma and submucosal pseudoinvasion. A: Normal colonoscopy showing Is-type lesion; 
B: Narrow band imaging magnification colonoscopy; C: Ultrasound colonoscopy image; D: Posterior rectal wall in the venous phase showing the lesion; E: Posterior 
rectal wall in the arterial phase showing the lesion; F: The epithelial tumors seen microscopically are glandular ductal and sieve shaped with a high-grade 
heterogeneous morphology. The tumors are located in the lymphatic interstitium rich in lymphoid follicles. The lymphoid interstitium is located in the deep mucosal 
and submucosal layers with smooth and well-defined borders, H&E × 200 magnification; G: Immunohistochemistry CK20 (+), magnification × 200; H: 
Immunohistochemistry CDX2 (+), magnification × 200; I: Immunohistochemistry Ki67 (30%+), magnification × 200; J: Colonoscopy results after the operation.

pathological diagnosis.
Colorectal adenoma with submucosal pseudoinvasion has only been studied in a small number of 

cases in the current national and international literature. The morphological patterns were sorted and 
categorized in a limited number of cases, and two patterns of pseudoinvasion were summarized[5,6]. 
One type is lobulated, defined as a submucosal neoplastic gland forming a lobulated or nested mass. 
This type is more prevalent in the sigmoid colon with leptomeningeal lesions. The mechanism of onset 
may be increased luminal pressure due to intestinal contractility and repeated physical injury due to 
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traction, or tip torsion due to intestinal peristalsis, impaired blood flow, and subsequent entry of the 
gland into the submucosa through a relaxed mucosal muscle gap or weak area. Therefore, this type of 
pseudoinvasion may occur with ruptured glandular necrosis and hemorrhage, causing an inflammatory 
reaction and fibrosis[1,2,5,7]. The other type is lymphoglandular complex-like, in which the adenoma 
participates in the formation of a lymphoglandular complex into the submucosa, which can mimic 
invasive adenocarcinoma with lymphatic metastasis, with broad-based elevated lesions being the most 
common[5]. The available case studies show that almost all adenomas with pseudoinvasion have a 
maximum diameter greater than 10 mm, which means that there is a correlation between the size of the 
adenoma and the presence of submucosal pseudoinvasion. It can be inferred that even in the absence of 
excessive pressure or mechanical force, adenomas can easily enter the submucosa through the mucosal 
weak zone when they exceed a certain size[1,4,5,8]. When diagnosing colorectal adenoma with 
submucosal pseudoinvasion, it is important to be alert to the possibility that both patterns of pseudoin-
vasion components may have direct true infiltration in the submucosa, which should be treated as 
invasive adenocarcinoma, and therefore the pathology report needs to reflect the presence or absence of 
true infiltration[9]. In addition to the pathomorphological features of interest, in a small number of case 
studies of submucosal pseudoinvasion[6], immunohistochemical testing was performed and a Ki-67 
positivity index of 25%-80% was found. P53 showed a wild-type pattern in positive cells within 
adenoma tissue and a missense mutation pattern in tumor tissue within a pooled lymph node that 
continued with a region of high-grade heterogeneous hyperplasia in one case.

The principles of the treatment options for colorectal adenoma with submucosal pseudoinvasion are 
consistent with those for colorectal intramucosal tumors, with endoscopic mucosal resection or ESD 
being the mainstay. Colorectal intramucosal tumors are defined as tumor infiltration confined to the 
mucosal layer (M-stage carcinoma). Those infiltrating into the submucosal layer without invading the 
intrinsic muscular layer are called submucosal carcinoma (SM-stage carcinoma)[10]. Those infiltrating 
into the upper 1/3, middle 1/3, and lower 1/3 of the submucosal layer are defined as SM1-stage 
carcinoma, SM2-stage carcinoma, and SM3-stage carcinoma, respectively[11]. The WHO classification of 
gastrointestinal tumors describes colorectal carcinoma as "epithelial malignant tumors originating from 
the colorectum which are diagnosed as cancer when they penetrate the mucosal muscle and infiltrate 
into the submucosa"[9]. Colorectal intramucosal tumors and invasive adenocarcinoma both have 
significantly different risks in terms of local recurrence and lymph node metastasis[12,13]. The absence 
of lymph node as well as vascular metastasis in intramucosal carcinoma is an absolute indication for 
endoscopic treatment. The percentage of lymph node metastasis from tumor infiltration to the 
superficial submucosa (SM1) is only 3.3%. Therefore, it can be a relative indication for endoscopic 
treatment. However, a rigorous pathological evaluation is required to determine whether lymphatic and 
vascular infiltration is present, and the need for additional surgical procedures will be determined on a 
situational basis. A previous report[14] showed no significant difference in the efficacy of endoscopic 
and surgical treatment for intramucosal and superficial submucosal carcinoma. For highly infiltrative 
submucosal lesions, additional surgery is required for submucosal infiltrations of 1000 µm or more[15].

Our patient's rectal lesion was diagnosed based on the morphology, vascular configuration, and 
surface structure in terms of pathological type by plain endoscopy, electronic staining endoscopy (NBI), 
and magnification endoscopy. A more direct diagnosis of the depth of infiltration was obtained 
vertically by ultrasound enteroscopy. Ultrasound can clearly display the structure of each layer of the 
colorectal wall and accurately determine the depth of lesion invasion and infiltration of surrounding 
organs[16-18]. Although crystal violet staining is suitable for the precise diagnosis of glandular duct 
openings in the pit pattern, it is currently not recommended in vivo due to its toxicity; therefore, it was 
not performed in this patient. After comprehensive evaluation, the preoperative lesion was considered 
to be superficial submucosal invasive carcinoma, and endoscopic ESD surgery is still indicated. 
Endoscopic surgery was performed after fully informing the patient of his condition and obtaining his 
consent. The postoperative pathological findings showed specific changes that led us to misdiagnose it 
as an invasive moderately differentiated adenocarcinoma. Fortunately, the pathological staging, basal 
cut margins, depth of submucosal invasion, and vascular invasion of this lesion did not suggest the 
need for additional surgery and did not result in overtreatment. The lesion was found to be a rare high-
grade tubular adenoma of the rectum with pseudoinvasion of the submucosa only after late review of 
the pathology. To date, no effective clinical adjuvant examination has been availableto confirm whether 
the lesion is pseudoinvasion or not[2,4,14,19], and the definitive diagnosis still relies to a great extent on 
the pathologists' knowledge of its pathology.

CONCLUSION
The aim of this study was to improve the awareness of clinicians and pathologists regarding this type of 
lesion, in order to reduce the probability of misdiagnosis as invasive adenocarcinoma and avoid 
overtreatment.



Chen D et al. Rectal tubular adenoma with submucosal pseudoinvasion 

WJGS https://www.wjgnet.com 1423 December 27, 2022 Volume 14 Issue 12

ACKNOWLEDGEMENTS
The authors sincerely thank the participants for their help and willingness to participate in this study.

FOOTNOTES
Author contributions: Chen D, Zhong DF, Zhang HY, Nie Y, and Liu D collected and analyzed the data; Chen D and 
Liu D drafted the manuscript; Liu D critically revised and gave nal approval for publication of the paper.

Informed consent statement: Informed written consent was obtained from the patient for publication of this report 
and any accompanying images.

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

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: Dan Chen 0000-0001-7910-9161; Dong Liu 0000-0002-7890-8209.

S-Editor: Gong ZM 
L-Editor: A 
P-Editor: Gong ZM

REFERENCES
Panarelli NC, Somarathna T, Samowitz WS, Kornacki S, Sanders SA, Novelli MR, Shepherd NA, Yantiss RK. Diagnostic 
Challenges Caused by Endoscopic Biopsy of Colonic Polyps: A Systematic Evaluation of Epithelial Misplacement With 
Review of Problematic Polyps From the Bowel Cancer Screening Program, United Kingdom. Am J Surg Pathol 2016; 40: 
1075-1083 [PMID: 26975041 DOI: 10.1097/PAS.0000000000000641]

1     

Shepherd NA, Griggs RK. Bowel cancer screening-generated diagnostic conundrum of the century: pseudoinvasion in 
sigmoid colonic polyps. Mod Pathol 2015; 28 Suppl 1: S88-S94 [PMID: 25560603 DOI: 10.1038/modpathol.2014.138]

2     

Muto T, Bussey HJ, Morson BC. Pseudo-carcinomatous invasion in adenomatous polyps of the colon and rectum. J Clin 
Pathol 1973; 26: 25-31 [PMID: 4540378 DOI: 10.1136/jcp.26.1.25]

3     

Griggs RK, Novelli MR, Sanders DS, Warren BF, Williams GT, Quirke P, Shepherd NA. Challenging diagnostic issues in 
adenomatous polyps with epithelial misplacement in bowel cancer screening: 5 years' experience of the Bowel Cancer 
Screening Programme Expert Board. Histopathology 2017; 70: 466-472 [PMID: 27676454 DOI: 10.1111/his.13092]

4     

Lee HE, Wu TT, Chandan VS, Torbenson MS, Mounajjed T. Colonic Adenomatous Polyps Involving Submucosal 
Lymphoglandular Complexes: A Diagnostic Pitfall. Am J Surg Pathol 2018; 42: 1083-1089 [PMID: 29738362 DOI: 
10.1097/PAS.0000000000001081]

5     

Hou WH, Song SJ, Hou WD, Shen MQ, Ma LJ, Niu JW, Zhang XL, Wang GW, Jin ML. [Pathological characteristics of 
colorectal adenoma with submucosal pseudoinvasion]. Zhonghua Bing Li Xue Za Zhi 2021; 50: 32-37 [PMID: 33396984 
DOI: 10.3760/cma.j.cn112151-20201021-00800]

6     

Yantiss RK, Goldman H, Odze RD. Hyperplastic polyp with epithelial misplacement (inverted hyperplastic polyp): a 
clinicopathologic and immunohistochemical study of 19 cases. Mod Pathol 2001; 14: 869-875 [PMID: 11557782 DOI: 
10.1038/modpathol.3880403]

7     

Zhou S, Ma Y, Chandrasoma P. Inverted lymphoglandular polyp in descending colon. Case Rep Pathol 2015; 2015: 
646270 [PMID: 25767731 DOI: 10.1155/2015/646270]

8     

WHO Classification of Tumours Editorial Board.   WHO classification of tumours. Digestive system tumours. 5th ed. 
Lyon: IARC Press 2019: 60-95

9     

Intestinal Study Group, Chinese Society of Digestive Endoscopy; Jiang B, Liu SD. Chinese consensus: endoscopic 
diagnosis and treatment of early large bowel cancer. Zhonghua Xiaohua Neijing Zazhi 2008; 25: 617-620 [DOI: 
10.3760/cma.j.issn.1007-5232.2008.12.001]

10     

Endoscopic Submucosal Dissection Experts’ Cooperation Group. Consensus: Endoscopic submucosal dissection of 
Gastrointestinal mucous membrane. Zhonghua Weichang Waike Zazhi  2012; 15: 1083-1086 [DOI: 
10.1016/j.gii.2012.09.001]

11     

Choi DH, Sohn DK, Chang HJ, Lim SB, Choi HS, Jeong SY. Indications for subsequent surgery after endoscopic resection 
of submucosally invasive colorectal carcinomas: a prospective cohort study. Dis Colon Rectum 2009; 52: 438-445 [PMID: 

12     

https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0000-0001-7910-9161
http://orcid.org/0000-0001-7910-9161
http://orcid.org/0000-0002-7890-8209
http://orcid.org/0000-0002-7890-8209
http://www.ncbi.nlm.nih.gov/pubmed/26975041
https://dx.doi.org/10.1097/PAS.0000000000000641
http://www.ncbi.nlm.nih.gov/pubmed/25560603
https://dx.doi.org/10.1038/modpathol.2014.138
http://www.ncbi.nlm.nih.gov/pubmed/4540378
https://dx.doi.org/10.1136/jcp.26.1.25
http://www.ncbi.nlm.nih.gov/pubmed/27676454
https://dx.doi.org/10.1111/his.13092
http://www.ncbi.nlm.nih.gov/pubmed/29738362
https://dx.doi.org/10.1097/PAS.0000000000001081
http://www.ncbi.nlm.nih.gov/pubmed/33396984
https://dx.doi.org/10.3760/cma.j.cn112151-20201021-00800
http://www.ncbi.nlm.nih.gov/pubmed/11557782
https://dx.doi.org/10.1038/modpathol.3880403
http://www.ncbi.nlm.nih.gov/pubmed/25767731
https://dx.doi.org/10.1155/2015/646270
https://dx.doi.org/10.3760/cma.j.issn.1007-5232.2008.12.001
https://dx.doi.org/10.1016/j.gii.2012.09.001


Chen D et al. Rectal tubular adenoma with submucosal pseudoinvasion 

WJGS https://www.wjgnet.com 1424 December 27, 2022 Volume 14 Issue 12

19333043 DOI: 10.1007/DCR.0b013e318197e37f]
Loughrey MB, Shepherd NA. Problematic Colorectal Polyps: Is It Cancer and What Do I Need to Do About It? Surg 
Pathol Clin 2017; 10: 947-960 [PMID: 29103541 DOI: 10.1016/j.path.2017.07.009]

13     

Zhang YH, Sheng JQ, Chen ZM, Yan W, Yu DL, Li AQ, Wang HH, Han Y, Li SR. Clinical Evaluation of Traetment on 
Early-Stage Colorectal Cancer by Endoscopic Resection. Weichangbing Xue 2007; 12: 5-8 [DOI: 10.3816/ccc.2011.n.005]

14     

Shinei K, Meng N.   Endoscopic treatment of neoplasms in colon and rectum. Liaoning Science and Technology Press 
2007: 31-38 [DOI: 10.3109/9781420017984-1]

15     

Zhou PH, Yao LQ, Xu MD, Liang Z, Qin XY. Endoscopic ultrasound diagnosis of colorectal cancer invasion depth and 
surrounding lymph nodes metastasis (with 60 cases report). Zhongguo Neijing Zazhi 2001; 7: 12-14 [DOI: 
10.3969/j.issn.1007-1989.2001.05.007]

16     

Zhou PH, Yao LQ. The value of ultrasonic mini probe in the diagnosis of lesions of lower digestive tract. Zhonghua 
Xiaohua Neijing Zazhi 2002; 19: 205-207 [DOI: 10.3760/cma.j.issn.1007-5232.2002.04.004]

17     

Xia L, Dai X, Liu HL, Lin MB, Yin L, Zhu Q. Endoscopic ultrasonography with combination of miniature probe and radial 
scanning in preoperative staging for rectal cancer. Zhonghua Xiaohua Neijing Zazhi  2009; 26: 175-179 [DOI: 
10.3760/cma.j.issn.1007-5232.2009.04.003]

18     

Kealy WF. Colonic lymphoid-glandular complex (microbursa): nature and morphology. J Clin Pathol 1976; 29: 241-244 
[PMID: 1270606 DOI: 10.1136/jcp.29.3.241]

19     

http://www.ncbi.nlm.nih.gov/pubmed/19333043
https://dx.doi.org/10.1007/DCR.0b013e318197e37f
http://www.ncbi.nlm.nih.gov/pubmed/29103541
https://dx.doi.org/10.1016/j.path.2017.07.009
https://dx.doi.org/10.3816/ccc.2011.n.005
https://dx.doi.org/10.3109/9781420017984-1
https://dx.doi.org/10.3969/j.issn.1007-1989.2001.05.007
https://dx.doi.org/10.3760/cma.j.issn.1007-5232.2002.04.004
https://dx.doi.org/10.3760/cma.j.issn.1007-5232.2009.04.003
http://www.ncbi.nlm.nih.gov/pubmed/1270606
https://dx.doi.org/10.1136/jcp.29.3.241


WJGS https://www.wjgnet.com 1425 December 27, 2022 Volume 14 Issue 12

World Journal of 

Gastrointestinal SurgeryW J G S
Submit a Manuscript: https://www.f6publishing.com World J Gastrointest Surg 2022 December 27; 14(12): 1425-1431

DOI: 10.4240/wjgs.v14.i12.1425 ISSN 1948-9366 (online)

CASE REPORT

Malignant transformation of perianal tailgut cyst: A case report

Yuan Fang, Yong Zhu, Wei-Zhen Liu, Xia-Qing Zhang, Yu Zhang, Kang Wang

Specialty type: Gastroenterology 
and hepatology

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): B, B 
Grade C (Good): C, C, C 
Grade D (Fair): D 
Grade E (Poor): 0

P-Reviewer: Jiang Y, China; 
Piltcher-da-Silva R, Brazil; Tajiri K, 
Japan; Tangsuwanaruk T, 
Thailand; Tsujinaka S, Japan;

Received: August 19, 2022 
Peer-review started: August 19, 
2022 
First decision: September 4, 2022 
Revised: September 17, 2022 
Accepted: October 25, 2022 
Article in press: October 25, 2022 
Published online: December 27, 
2022

Yuan Fang, Yong Zhu, Wei-Zhen Liu, Xia-Qing Zhang, Yu Zhang, Colorectal Surgery Center, 
Nanjing Hospital of Chinese Medicine Affiliated to Nanjing University of Chinese Medicine, 
Nanjing 210022, Jiangsu Province, China

Kang Wang, Department of Pathology, Nanjing Hospital of Chinese Medicine Affiliated to 
Nanjing University of Chinese Medicine, Nanjing 210022, Jiangsu Province, China

Corresponding author: Yong Zhu, MD, Doctor, Colorectal Surgery Center, Nanjing Hospital of 
Chinese Medicine Affiliated to Nanjing University of Chinese Medicine, No. 157 Daming 
Road, Nanjing 210022, Jiangsu Province, China. zhuyong839@sina.com

Abstract
BACKGROUND 
Tailgut cyst is a congenital enterogenous cyst that rarely undergoes malignant 
transformation. Its clinical manifestations mainly correlate to the mass effect 
caused by the development of cysts and the infections that originate from these. 
Furthermore, the complete resection of this cyst is curative. We report our 
diagnostic and treatment experience with one case of malignant transformation of 
a perianal tailgut cyst, which was initially misdiagnosed as perianal abscess.

CASE SUMMARY 
A 72-year-old woman visited our institution with complaints of a refractory 
nonhealing lesion on the right hip, which repeatedly broke and suppurated for 
more than 70 years, and aggravated in 4 mo. The patient was given a diagnosis of 
refractory perianal abscess with repeated incision and drainage procedures. 
Computed tomography of the pelvic cavity revealed a giant perianal cyst. 
Subsequent biopsy revealed a tumor with moderate-to-severe glandular epithelial 
dysplasia, and suggested that this was derived from the developmental cysts in 
the posterior rectal space. After further clarifying the nature and extent of the 
tumor by magnetic resonance imaging, total cystic resection was performed. 
Postoperative histopathological examination confirmed the malignancy, dictating 
the investigators to add postoperative chemotherapy to the treatment regimen.

CONCLUSION 
The malignant transformation of perianal tailgut cysts is very uncommon, and 
this should be differentiated from perianal abscess. Complete surgical removal is 
curative, and postoperative pathology may determine the necessity of additional 
postoperative chemotherapy or radiotherapy, which may be beneficial for 
preventing local recurrence and metastasis.

https://www.f6publishing.com
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Core Tip: We report our diagnostic and treatment experience with a unique case of malignant 
transformation of perianal tailgut cyst. Since perianal tailgut cysts are difficult to differentiate from other 
perianal diseases, the reported case was initially misdiagnosed as perianal abscess with repeated incision 
and drainage procedures. The patient underwent complete resection and received salvage chemotherapy 
for 3 mo after the surgery.

Citation: Fang Y, Zhu Y, Liu WZ, Zhang XQ, Zhang Y, Wang K. Malignant transformation of perianal tailgut cyst: 
A case report. World J Gastrointest Surg 2022; 14(12): 1425-1431
URL: https://www.wjgnet.com/1948-9366/full/v14/i12/1425.htm
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INTRODUCTION
Tailgut cysts are developmental congenital enterogenous cysts that mostly occur in the retrorectal or 
presacral space[1]. The clinical features include the mass effect caused by the development of cysts, and 
the infection that originates from these[2]. Magnetic resonance imaging (MRI) can display the typical 
cyst appearance, which is crucial for distinguishing the cyst from perianal abscess. Complete resection 
of the cyst is curative and clinically preferred[3]. Postoperative histopathological analysis is routinely 
performed to pathologically confirm the diagnosis and mainly rule out the chance of malignancy. 
Clinically, this entity is not complicated in its diagnosis and treatment. We report a case of malignant 
transformation after the perianal tailgut cyst was misdiagnosed as perianal abscess, in which total 
resection was performed and postoperative chemotherapy was added.

CASE PRESENTATION
Chief complaints
A 72-year-old woman was transferred to our hospital with complaints of a tumor on the right hip, 
which repeatedly broke and suppurated for more than 70 years, and aggravated in 4 mo.

History of present illness
The patient was born with a 5 mm × 5 mm mass under the right hip, which covered the skin. Perianal 
distending pain and discomfort were experienced by the patient with the gradual increase of the tumor. 
At a local hospital, the patient was diagnosed with perianal abscess due to its fluctuating feature. 
During the incision and drainage procedures, copious brownish pus was repeatedly drained out from 
the mass. In particular, during the recent 4 mo, the mass progressively become larger, with multiple 
ulcers on its surface, cauliflower-like objects at its base, and jelly-like liquid inside.

History of past illness
The patient had a history of hypertension, and her daily blood pressure was maintained at approx-
imately 120/60 mmHg with regular oral medication.

Personal and family history
The patient denied any family history of malignancy.

Physical examination
The physical examination did not unveil any significant finding, except for the 5 cm ulcerative mass 
under the right hip.

Laboratory examinations
The patient had a slightly elevated carbohydrate antigen 7-24 of 23.04 U/mL, but no abnormalities were 
detected in other blood and urine analyses.

https://www.wjgnet.com/1948-9366/full/v14/i12/1425.htm
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Imaging examinations
Computed tomography (CT) revealed a multilocular cystic soft tissue mass in the right hip, which 
extended into the sacrococcygeal region, with an enhanced edge and a size of 6.0 cm × 5.8 cm × 9.5 cm 
(Figure 1A and B). In order to establish a diagnosis, biopsy was performed on the cystic mass. The 
results revealed a tumor with moderate-to-severe glandular epithelial dysplasia, and suggested the 
origin of developmental cysts in the posterior rectal space (Figure 2A). After the patient was transferred 
to our hospital, intestinal lesions were further excluded by proctoscopy. Endorectal ultrasonography 
further revealed multiple hypoechoic areas (diameter: 1.0-2.5 cm), with clear boundaries in the sacrococ-
cygeal region, and uneven echo areas in the right hip with unclear boundaries (Figure 1C and D). MRI 
revealed an abnormal hypointense T1 and hyperintense T2 signal shadow in irregular quasi-circular 
lesion, and diffusion-weighted imaging (DWI) revealed a size of 107 mm in the sagittal position with 
wall enhancement (Figure 1E-H).

MULTIDISCIPLINARY EXPERT CONSULTATION
Through the discussion of the multidisciplinary team, enterogenous cyst with malignant transformation 
was suggested as the preliminary diagnosis. The patient underwent a transperineal operation, during 
which the tailgut cyst was identified to extend into the posterior rectal space, and reach the sacral 
vertebrae at the 4th-5th levels above the tip of the coccyx. Since the sacrococcyx fascia was considered to 
be the origin of the cyst and attached to the coccyx, a part of this was resected to expose the surgical 
field. After radically resecting the cystic lesion with the surrounding tissues without injuring the 
posterior rectal wall, endorectal ultrasonography was performed to confirm that no cystic remnants 
were present, and a free-flap procedure to reconstruct the extensive resection site was performed by co-
operating with the plastic surgery team (Figure 3). The operation lasted for approximately 270 min, with 
an unexpected intraoperative blood loss of more than 600 mL. The patient was hospitalized for 36 d for 
postoperative recovery.

Postoperatively, pathological examination revealed a diagnosis of malignant transformation of the 
perianal tailgut cyst, and this was identified as mucinous adenocarcinoma, with a size of 6.5 cm × 4.0 cm 
× 6.0 cm, without local infiltration (Figure 2B). Histologically, tumorous cells were found 0.2 cm away 
from the resection margin, confirming a pathological R0 resection. Further immune-histological examin-
ations were paneled, as follows: MLH1 (+), MSH2 (+), MSH6 (+), PMS2 (+), P53S100 (-), CD34 (-), D2-40 
(-), Ki-67 (70%), CDH-17 (+), CDX-2 (+), CK7 (+), CK20 (+), and SATB-2 (+).

FINAL DIAGNOSIS
Pathologically, the patient was given a final diagnosis of malignant transformation of the perianal 
tailgut cyst.

TREATMENT
Three months after the surgery, MRI revealed a small cyst under the right levator ani (Figure 1I), and 
the carbohydrate antigen 7-24 decreased to normal. According to the postoperative pathology, oral 
salvage chemotherapy with capecitabine 1000 mg, twice per day, for eight cycles, was added, and an 
MRI examination was recommend every 3 mo to monitor the change in size of the cyst.

OUTCOME AND FOLLOW-UP
After the 3rd cycle of chemotherapy with capecitabin, the patient did not have any special complaints or 
discomfort.

DISCUSSION
As a rare congenital disease, tailgut cyst originates from the tailgut and neurenteric canal[4], and most 
likely occurs in the retrorectal or presacral space[1]. Clinically, this disease is more commonly observed 
in middle-aged females with the presentation of a mass lesion, with or without infection[2]. Malignancy 
infrequently occurs in presacral tailgut cysts, at a rate of less than 8%, and when this occurs, it may most 
likely be adenocarcinoma or carcinoid[3]. For the present case, the patient presented with an infected 
and inflammatory mass, with the dissemination of cells from the cyst wall as the result of repeated 
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Figure 1 Computed tomography and magnetic resonance imaging. A: A soft tissue mass and cystic density shadow were observed in the right hip and 
sacrococcygeal region (*), and the largest range was approximately 6.0 cm × 5.8 cm × 9.5 cm; B: The cyst was uneven, and the edge and septal of the focus were 
enhanced (↑); C and D: Multiple hypoechoic areas with a clear boundary (1.0–2.5 cm) were observed in the sacral region (∆) (C), and uneven echo areas in the right 
hip (▲) (D); E and F: The lesion had low-attenuation on T1 (*) (E) and high-attenuation on T2 (*) (F); G: Diffusion weighted image (↑). The longest diameter of the 
sagittal position was approximately 107 mm; H: The edge of the lesion was obviously enhanced (↑); I: Magnetic resonance imaging (T2) revealed a small cyst (▲) 
under the right levator ani.

Figure 2 Histopathological analysis. A: Moderate (▲)-to-severe (↑) dysplasia of the glandular epithelium; B: The columnar epithelial lining of the cyst wall had 
a large amount of mucus secretion, some of the epithelium had moderate dysplasia, and deranged smooth muscle bundles could be observed in the cyst wall (↑).

incision, and this might have been the main cause of the local recurrence that contributed to the 
malignant transformation[5].

The present report emphasizes the differentiation of a perianal tailgut cyst from a perianal abscess. 
For perianal abscess in the retrorectal space, when it exhibits the reluctance to complete healing due to 
the discharge of residual pus, when no anal fistula is found, or when this recurs multiple times after 
repeated surgical treatment, tailgut cyst should be suspected and completely resected for further 
pathological diagnosis. Since the specimens obtained from the biopsy often contain merely the inflamed 
fibrous tissue without the epithelia, or merely one type of epithelium, which may not consequently 
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Figure 3 Macroscopic examination. A: A 13 cm × 12 cm lesion was found on the right hip, with obvious fluctuation, reddish skin on the surface, multiple 
ruptures, jelly-like fluid outflow, and cauliflower-like objects attached to the base; B: Gross examination of the specimen revealed brown and jelly-like fluid in the cyst; 
C: The orthopedists assisted with the free skin flap, and closed the incision.

support any diagnosis[6], the biopsy of the cystic lesion is not recommended.
Pathohistologically, the cyst would be filled with brown and jelly-like fluid from the wall of the 

tailgut cyst[6], which would be partially or completely covered with intestinal epithelium, and this may 
contain columnar cells, squamous cells, and transitional cells with mucus secretion function[2], while 
the smooth muscle fibers in the cyst wall would be disorganized without the nerve plexus[7]. The 
canceration of caudal cysts is mostly focal, allowing for a thorough postoperative histopathological 
analysis of the resected specimen to be mandated, in order to confirm the diagnosis and rule out 
malignant tumors. Unlike perianal abscesses, tailgut cysts possess a multilocular nature, which 
demands preoperative endorectal ultrasonography, or pelvic MRI or CT imaging studies[8]. MRI can 
reveal the typical cyst appearance as low attenuation on T1 and high-attenuation on T2, and DWI can 
allow for the tailgut cyst to be distinguished from a perianal abscess[9]. Furthermore, although the 
importance of MRI in the diagnosis of tailgut cysts has been emphasized, endorectal ultrasonography is 
more convenient and accessible than MRI, especially in operations for complete cyst resection[10].

For the risk of malignant transformation of a cyst, surgical resection is the first choice for the 
treatment of tailgut cysts[3], and the surgical approach should be selected according to the location of 
the cyst shown in the imaging studies. Since the incidence of canceration of the tailgut cyst remains low, 
there is still a risk of local recurrence and distant metastasis. At present, three cases of local recurrence 
and two cases of distant metastasis have been reported[11-14]. Among these cases (Table 1), a patient 
with pseudomyxoma peritonei benefited from chemotherapy. After 3 mo, MRI revealed a small cyst 
under the right levator ani, which might putatively be correlated to the local implantation of cyst wall 
cells caused by the partial rupture of the cyst wall during the operation. Since the preoperative 
carbohydrate antigen 724 was also slightly elevated, with a Ki-67 index of 70%, oral capecitabine 
chemotherapy was given to the patient, who refused to undergo a reoperation for the relatively tiny 
lesion, as a salvage chemotherapy. In addition, close follow-up with MRI study was recommended. 
Indeed, a study suggested that postoperative adjuvant radiotherapy be recommended for patients with 
canceration of the tailgut cyst and remnant lesions for incomplete lesion resection, in order to achieve 
good outcomes, with or without chemotherapy[15].

CONCLUSION
In summary, perianal caudal cysts are difficult to differentiate from other perianal diseases, especially 
perianal abscesses. Due to the risk of cancerization of the cyst, multi-disciplinary treatment should be 
emphasized clinically.
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Table 1 Characteristics of patients with perianal tailgut cyst who accepted chemotherapy therapy

Ref. Gender Age 
(yr) Pathology Cause of 

chemotherapy Scheme Follow-
up PMID

Akira et al
[14], 1998

Female 66 Moderately differentiated 
adenocarcinoma

Elevated carcinoem-
bryonic antigen level

Oral tegafur, 200 mg daily 3.2 yr 9872560

Luis et al
[13], 2009

Female 37 Mucinous adenocar-
cinoma

Resection was complete, 
but not en bloc

Intraperitoneal mitomycin C and 
doxorubicin plus systemic 5-fluorouracil and 
leucovorin

3.0 yr 19856666

Zhao et al
[5], 2015

Female 44 Moderately differentiated 
adenocarcinoma

Elevated carcinoem-
bryonic antigen level

Intracapsular tumor necrosis factor and 
raltitrexed plus systemic oxaliplatin 3-cycles 
(130 mg/m2)

9.0 wk 26656372
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Abstract
BACKGROUND 
Common diseases after radical gastrectomy include cholecystitis and pancreatitis, 
but the sudden onset of acute appendicitis in a short period following radical 
gastrectomy is very rare, and its clinical symptoms are easily misdiagnosed as 
duodenal stump leakage.

CASE SUMMARY 
This is a case report of a 77-year-old woman with lower right abdominal pain 14 d 
after radical resection of gastric cancer. Her pain was not relieved by conservative 
treatment, and her inflammatory markers were elevated. Computed tomography 
showed effusion in the perihepatic and hepatorenal spaces, right paracolic sulcus 
and pelvis, as well as exudative changes in the right iliac fossa. Ultrasound-
guided puncture revealed a slightly turbid yellow-green fluid. Laparoscopic 
exploration showed a swollen appendix with surrounding pus moss and no 
abnormalities of the digestive anastomosis or stump; thus, laparoscopic app-
endectomy was performed. The patient recovered well after the operation. 
Postoperative pathology showed acute purulent appendicitis. The patient 
continued adjuvant chemotherapy after surgery, completing three cycles of 
oxaliplatin plus S-1 (SOX regimen).

CONCLUSION 
Acute appendicitis in the short term after radical gastrectomy needs to be differ-
entiated from duodenal stump leakage, and early diagnosis and surgery are the 
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most important means of treatment.
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Core Tip: Common forms of abdominal inflammation occurring after radical gastrectomy are cholecystitis 
and pancreatitis, of which cholecystitis has the highest incidence. In contrast, the incidence of appendicitis 
in the short term after radical gastrectomy is rare and has not been reported before. Herein, we present a 
case of acute appendicitis in the short term following radical total gastrectomy. We suggest that acute 
appendicitis in the short term after gastric cancer surgery needs to be differentiated from duodenal stump 
leakage and that early diagnosis and surgery are the most important means of treatment.

Citation: Ma J, Zha ZP, Zhou CP, Miao X, Duan SQ, Zhang YM. Acute appendicitis in the short term following 
radical total gastrectomy misdiagnosed as duodenal stump leakage: A case report. World J Gastrointest Surg 2022; 
14(12): 1432-1437
URL: https://www.wjgnet.com/1948-9366/full/v14/i12/1432.htm
DOI: https://dx.doi.org/10.4240/wjgs.v14.i12.1432

INTRODUCTION
Acute appendicitis is mainly caused by bacteria, fecal stones, and malformations, and the pathogenic 
condition must be mucosal damage and bacterial invasion[1]. Common forms of abdominal inflam-
mation occurring after radical gastrectomy are cholecystitis and pancreatitis, of which cholecystitis has 
the highest incidence[2]. In contrast, the incidence of appendicitis in the short term after radical 
resection of gastric cancer is rare and has not been reported. The lack of typical symptoms of metastatic 
lower right abdominal pain is attributed to resection of the stomach and greater omentum. The 
symptoms mainly manifest as persistently aggravated right-sided abdominal pain and a high 
perforation rate; therefore, the inflammation is not easily confined, and the clinical symptoms are easily 
misdiagnosed as duodenal stump leakage.

CASE PRESENTATION
Chief complaints
Durative pain in the lower right abdomen 14 d after radical total gastrectomy.

History of present illness
A 77-year-old woman was diagnosed with gastric cancer, and preoperative pathology showed 
adenocarcinoma, moderately differentiated, HP (-). On May 23, 2022, computed tomography (CT) 
showed that the cardia was thickened and reinforced (Figure 1A), and the appendix was normal 
(Figure 1B). Preoperative clinical staging showed cT4Nx; preoperative neoadjuvant therapy was 
recommended, but the patient refused due to advanced age, and "radical total gastrectomy (D2 lymph 
node dissection)" was performed under general anesthesia on May 26, 2022. Intraoperative exploration: 
The gallbladder had been removed; the omentum was adhered to the gallbladder bed, no ascites was 
seen, and no metastatic nodules were seen in the liver or peritoneum. Postoperative pathology indicated 
stage IIIB, moderately differentiated, intestinal-type adenocarcinoma with lymph node involvement 
(7/30) (Figure 2A). The resection margin was negative. The immunohistochemical marker results were 
as follows: CK (+), Her-2 (3+), MSH2 (+), MSH6 (+), PMS2 (+), MLH1 (+), and Ki-67 (approximately 
70%).

The patient recovered well after the operation; all inflammatory indexes gradually decreased, and her 
blood sugar was well controlled. On June 3, 2022, her D-dimer level was significantly elevated, and 
ultrasound showed intermuscular thrombosis located in the lower right extremity, which was treated 
with low-molecular-weight heparin. On June 4, 2022, CT showed no abnormalities around the 
anastomosis or stump, no leakage of oral pantothenic glucosamine into the abdominal cavity, no 
abnormalities in the ileocecal region or appendix, and no significant fluid accumulation in the abdomin-
opelvic cavity (Figure 3). On June 8, 2022, her blood count, calcitonin and C-reactive protein (CRP) 
levels were normal, and she was ready to be discharged. However, during the night of June 9, 2022, the 
patient complained of persistent pain on the right side of the abdomen, and the abdominal pain became 
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Figure 1 Imaging data of May 23, 2022. A: Computed tomography (CT) showed that the cardia was thickened and reinforced; B: CT showed that the appendix 
was normal.

Figure 2 Photomicrographs (hematoxylin and eosin, × 200 magnification). A: Moderately differentiated tubular adenocarcinoma; B: Acute purulent 
appendicitis and periapical inflammation.

Figure 3 Imaging data of June 4, 2022. A: Computed tomography showed no abnormalities around the anastomosis or stump, no leakage into the abdominal 
cavity from oral pantothenic glucosamine, no abnormalities in the ileocecal region or appendix, and no significant fluid accumulation in the abdominopelvic cavity; B: 
No abnormalities were found in the ileocecal region or duodenal stump; C: No abnormalities were found in the appendix.

significantly worse on the morning of June 10, 2022.

History of past illness
The patient had a previous history of diabetes, hypertension, cholecystectomy and no history of chronic 
appendicitis.

Personal and family history
There was no family history of tumors.

Physical examination
On June 6, the abdominal incision was healing well, and the patient reported tenderness in the lower 
right abdomen, muscle tension and rebound pain.
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Figure 4 Imaging data of June 10, 2022. A: Computed tomography showed that there was effusion in the perihepatic and hepatorenal interstitial areas; B: 
There was effusion in the right paracolic sulcus and exudative changes in the right iliac fossa; C: Effusion was seen in the pelvis.

Laboratory examinations
The patient’s leukocyte level was 17.18 × 109/L; neutrophil ratio, 88.4%; calcitonin level, 0.19 ng/mL; 
and CRP level, 65.20 mg/L.

Imaging examinations
On June 10, 2022, CT showed effusion in the perihepatic and hepatorenal spaces, right paracolic sulcus 
and pelvis and exudative changes in the right iliac fossa (Figure 4). Subsequent ultrasound-guided 
puncture revealed a slightly turbid yellow-green fluid.

FINAL DIAGNOSIS
Acute suppurative appendicitis after radical gastrectomy.

TREATMENT
On June 10, 2022, laparoscopic exploration revealed yellow-green fluid in the perihepatic and pelvic 
cavities (Figure 5A and B); the duodenal stump was wrapped in tissue and did not show leakage 
(Figure 5C), and there were no abnormalities in the esophageal-jejunal anastomosis or jejunal-jejunal 
anastomosis. A large amount of pus moss was seen in the ileocecal region, and the terminal ileum 
wrapped around the appendix (Figure 6A). A septic and swollen appendix was seen after careful 
laparoscopic separation of the adhesions (Figure 6B). The appendiceal mesentery was treated with 
harmonic scissors and absorbable clips, the root of the appendix was ligated with thread, and the 
appendiceal stump was cauterized (Figure 6C). A pelvic drainage tube was placed after aspiration of 
intra-abdominal fluid.

OUTCOME AND FOLLOW-UP
Postoperative pathology showed acute purulent appendicitis and periapical inflammation (Figure 2B). 
The patient recovered well after surgery and was successfully discharged two weeks later. Follow-up 
CT showed no significant abnormalities in the abdominal cavity (Figure 7). The patient continued 
adjuvant chemotherapy after surgery, completing three cycles of oxaliplatin and S-1 (SOX regimen).

DISCUSSION
Cholecystitis and pancreatitis are common diseases after radical resection of gastric cancer. Appendicitis 
occurs rarely, as early as several months later, and perioperative combined episodes of appendicitis are 
even rarer.

There were several reasons for misdiagnosis in this case. First, we usually used one etiology to 
explain all the symptoms of the patient; we would focus on postoperative complications but might 
ignore the possibility of common diseases. Second, the most common abdominal complication after 
radical gastrectomy is duodenal stump leakage[3]. The patient had a history of diabetes and presented 
with postoperative right abdominal pain. CT showed hepatorenal and pelvic effusion, and the puncture 
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Figure 5 laparoscopic exploration. A and B: Yellow-green fluid could be found in the perihepatic and pelvic cavities; C: The duodenal stump was wrapped in 
tissue and did not show leakage.

Figure 6 Surgical procedure. A: A large amount of pus moss was seen around the ileocecal region, and the terminal ileum wrapped around the appendix; B: A 
septic and swollen appendix was seen after careful laparoscopic separation of the adhesions (white arrow); C: Resected appendix (red arrow) and treated 
appendiceal stump and mesentery.

Figure 7 Imaging data of July 12, 2022. Computed tomography showed no significant abnormalities of the duodenal stump, appendiceal stump or pelvic. A: 
Duodenal stump; B: Appendiceal stump; C: Pelvic.

revealed yellow-green turbid fluid, which could not exclude the occurrence of duodenal stump leakage.
This is a successful case in which laparoscopic exploration was promptly performed to clarify the 

diagnosis. This case is enlightening for the following reasons: (1) For patients with a history of diabetes 
and postoperative lower right abdominal pain, the possibility of appendicitis must be considered, as 
diabetes is a high-risk factor for appendicitis[4]; (2) Patients with appendicitis following gastrectomy 
have atypical abdominal pain due to surgical removal of all or a large part of the stomach, and 
reconstruction of the digestive tract alters the original physiological structure; (3) The large omentum 
was removed and could no longer easily confine the acute inflammation of the appendix; thus, as the 
disease worsened, diffuse peritonitis developed; (4) The occurrence of appendicitis has been reported in 
conjunction with several other diseases, such as colon cancer, tuberculosis, herniation and gynecological 
diseases[5-8]; and (5) Gastric cancer combined with appendiceal metastasis would cause symptoms of 
acute appendicitis, but in this case, there was no peritoneal or appendiceal metastasis[9]. In conclusion, 
acute appendicitis occurring within a short period after radical gastrectomy has its own characteristics 
and is easily confused with postoperative complications of gastric cancer; thus, a clear diagnosis and 
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early surgical treatment are needed.

CONCLUSION
Acute appendicitis in the short term after gastric cancer is rare and easily ignored clinically and needs to 
be differentiated from duodenal stump leakage.
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