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Abstract
BACKGROUND 
Esophageal cancer has high incidence globally and is often diagnosed at an 
advanced stage. With the widespread application of endoscopic technologies, the 
need for early detection and diagnosis of esophageal cancer has gradually been 
realized. Endoscopic submucosal dissection (ESD) has become the standard of 
care for managing early tumors of the esophagus, stomach, and colon. However, 
due to the steep learning curve, difficult operation, and technically demanding 
nature of the procedure, ESD has currently been committed to the development of 
various assistive technologies.

AIM 
To explore the feasibility and applicability of magnetic anchor technique (MAT)-
assisted ESD for early esophageal cancer.

METHODS 
Isolated pig esophagi were used as the experimental model, and the magnetic 
anchor device was designed by us. The esophagi used were divided into two 
groups, namely the operational and control groups, and 10 endoscopists com-
pleted the procedure. The two groups were evaluated for the following aspects: 
The total operative time, perforation rate, rate of whole mucosal resection, diame-
ter of the peering mucosa, and scores of endoscopists’ feelings with the procedure, 
including the convenience, mucosal surface exposure degree, and tissue tension. 

https://www.f6publishing.com
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In addition, in the operational group, the soft tissue clip and the target magnet (TM) were connected by a thin wire 
through a small hole at the tail end of the TM. Under gastroscopic guidance, the soft tissue clip was clamped to the 
edge of the lesioned mucosa, which was marked in advance. By changing the position of the anchor magnet (AM) 
outside the esophagus, the pulling force and pulling direction of the TM could be changed, thus exposing the 
mucosal peeling surface and assisting the ESD.

RESULTS 
Herein, each of the two groups comprised 10 isolated esophageal putative mucosal lesions. The diameter of the 
peering mucosa did not significantly differ between the two groups (2.13 ± 0.06 vs 2.15 ± 0.06, P = 0.882). The total 
operative time was shorter in the operational group than in the control group (17.04 ± 0.22 min vs 21.94 ± 0.23 min, 
P < 0.001). During the entire experiment, the TM remained firmly connected with the soft tissue clip and did not 
affect the opening, closing, and release of the soft tissue clip. The interaction between the TM and AM could 
provide sufficient tissue tension and completely expose the mucosa, which greatly assists the surgeon with the 
operation. There was no avulsion of the mucosa, and mucosal lesions were intact when peeled. Therefore, the 
scores of endoscopists’ feelings were higher in the operational group than in the control group in terms of the 
convenience (9.22 ± 0.19 vs 8.34 ± 0.15, P = 0.002), mucosal surface exposure degree (9.11 ± 0.15 vs 8.25 ± 0.12, P < 
0.001), and tissue tension (9.35 ± 0.13 vs 8.02 ± 0.17, P < 0.001). The two groups did not significantly differ in the 
perforation rate and rate of whole mucosal resection.

CONCLUSION 
We found MAT-assisted ESD safe and feasible for early esophageal cancer. It could greatly improve the endoscopic 
operation experience and showed good clinical application prospects.

Key Words: Magnetic surgery; Magnetic anchor technique; Magnetic anchor device; Endoscopic submucosal dissection; Early 
esophageal cancer

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

Core Tip: Esophageal cancer has high incidence globally and is often diagnosed at an advanced stage. Owing to the increased 
adaptation of endoscopic submucosal dissection (ESD), early diagnosis and treatment of esophageal cancer have improved. 
However, there are some limitations of ESD, such as a steep learning curve, longer surgical time, higher risk, and more 
complications. Magnetic anchor technique is a brand new ESD assistance technique with great potential in shortening the 
surgical time, improving endoscopists’ satisfaction, and providing sufficient tissue tension and perfect mucosal exposure, 
indicating that it has good prospects for clinical application.

Citation: Pan M, Zhang MM, Xu SQ, Lyu Y, Yan XP. Magnetic anchor technique assisted endoscopic submucosal dissection for early 
esophageal cancer. World J Gastrointest Endosc 2023; 15(10): 584-592
URL: https://www.wjgnet.com/1948-5190/full/v15/i10/584.htm
DOI: https://dx.doi.org/10.4253/wjge.v15.i10.584

INTRODUCTION
According to GLOBOCAN 2020 data, esophageal cancer is among the most common cancers worldwide; it ranks seventh 
in terms of incidence and is the sixth leading cause of cancer deaths[1]. In most cases, early esophageal cancer and precan-
cerous lesions can be cured by minimally invasive endoscopic treatment, and the 5-year survival rate can reach 95%[2]. 
However, patients with advanced esophageal cancer have a low quality of life and poor prognosis, and their overall 5-
year survival rate is < 20%[3]. Because esophageal cancer is usually not diagnosed until an advanced stage, there are few 
options available to extend life expectancy beyond several months[4]. Therefore, it is very important to improve the 
screening methods for early esophageal cancer.

Endoscopic resection includes endoscopic mucosal resection (EMR) and endoscopic submucosal dissection (ESD). ESD 
was developed on the basis of EMR in Japan and has become the standard of care for managing early tumors of the 
esophagus, stomach, and colon[5]. Compared to EMR, ESD can offer better outcomes, lower morbidity, lower cost, higher 
curative resection rates, and lower recurrence rates[5,6]. ESD is performed using an endoscope, which makes the 
procedure technically challenging[7-11]. Consequently, ESD has a steep learning curve, longer surgical time, higher risk, 
and more complications (e.g., bleeding, pain, perforation, and stricture) than EMR[12]. In addition, for effective and safe 
dissection, adequate tissue tension and a clear anatomical plane are important[11-14]. To overcome these abovementioned 
challenges associated with the use of ESD, scholars have proposed several auxiliary methods of pulling mucosa, such as 
percutaneous traction-assisted method[15], sinker system traction-assisted method[16], mucosal forceps channel-assisted 
method[17], S-O clip traction-assisted method[18], “medical ring” traction-assisted method[19], a Master and Slave 

https://www.wjgnet.com/1948-5190/full/v15/i10/584.htm
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Transluminal Endoscopic Robot[20], a novel flexible endoscopic surgical platform[21], and dual-scope endoscopic 
dissection method[22]. Although these methods play a certain role in ESD operation, their flexibility in controlling 
mucosal traction direction and traction force is poor, and some endoscopic platforms are still difficult to be clinically used 
on large scale.

Magnetic anchor guided-ESD (MAG-ESD) is a new type of assistive technology that functions using a special traction 
force, which confers its potential advantages over other assistive technologies[5]. In 2004, Kobayashi et al[11] applied the 
principle of magnetic anchor technique (MAT) to ESD and reported that this technique significantly improved endoscopic 
operation. MAG-ESD provides dynamic tissue contraction independent of the endoscope, thus mimicking the surgeon’s 
two hands[5]. A magnetic anchor comprises three parts: A hand-made magnetic weight made up of magnetic stainless 
steel, micro forceps, and a connecting thread that connects a hand-made magnetic weight made up of magnetic stainless 
steel with micro forceps[19]. Two types of magnets can be used: Electromagnets and permanent magnets[23]. Presently, 
MAG-ESD is known to have achieved significant results in gastric cancer[24] and colorectal cancer[25], proving its safety 
and feasibility for promoting ESD of early cancer. In this article, we will elaborate on the use of MAT-assisted ESD in 
early esophageal cancer.

MATERIALS AND METHODS
Animals
This was an in vitro animal experiment performed on isolated esophagi of 20 pigs divided into two groups, namely the 
operational group and control group. The pigs were obtained from the Experimental Animal Center of Xi’an Jiaotong 
University. We used the pigs that were euthanized by a professional veterinarian after other experimental projects of our 
team. Notably, since these projects were not related to the digestive system, they had no effect on the physiological 
function and anatomical structure of the esophagus, and the pigs remained suitable for this present experiment. All pigs 
were Bama miniature pigs aged 1-2 years and weighed 20-25 kg. The male:female ratio of the pigs was 1:1. Besides, the 
experiment was approved by the animal experiment ethics committee of Xi’an Jiaotong University (No. XJTULAC2019-
1006). All animal experiments complied with the ARRIVE guidelines and were carried out in accordance with the 
National Institutes of Health Guide for the Care and Use of Laboratory Animals (eighth edition, 2011).

Magnetic anchor device
The magnetic anchor device used in this experiment was designed by us and fabricated by Shaanxi Jinshan Electric Co., 
Ltd. It comprises three parts: The target magnet (TM), the anchor magnet (AM), and the soft tissue clip. TM is a “passive 
force” part located in the esophagus, and its shape and size are limited by the digestive tract’s lumen. The surface field at 
both ends of the magnet is 3000 GS. The permalloy shell is U-shaped with a 1-mm wall thickness. The diameter of the 
cylindrical magnetic core is 4 mm, and the height is 5.5 mm. In addition, the tail end also has a tail hanging structure. A 
tail hanging structure with a 1-mm hole can be connected to the soft tissue clip using a silk wire. The AM is the “active 
force” part and is located outside the isolated esophagus; its shape and size are less limited since it is not placed inside the 
lumen. The AM is cylindrical with a diameter of 50 mm and a height of 140 mm, and the surface magnetic field intensity 
at both ends of the magnet is 6500 GS. In addition, to avoid mutual attraction between the AM and ferromagnetic objects 
during use, the AM is covered with a layer of a U-shaped resin shell with a thickness of 5 mm. The TM and AM are made 
of N48 sintered NdFeB permanent magnet material; they are nickel-plated on the surface. The soft tissue clip, also known 
as the harmony clip (Nanwei Medical Technology Co., LTD.), can be closed to fix the TM on the pathological mucosa 
(Figure 1). The variation of magnetic force with distance between AM and TM was measured using an electronic uni-
versal testing machine (UTM6202, Shenzhen Suns Technology Stock, Figure 2).

Operational process
The isolated pig esophagus was placed on the experimental platform, and the lower segment of the esophagus was 
clamped using an intestinal forceps. Then, a gastroscope (Xi’an Xichuan Medical Equipment Co., LTD.) was entered into 
the upper esophagus, and the esophagus was inflated properly to observe the air tightness and integrity of the eso-
phageal mucosa. The esophageal mucosal lesions located locations are all located 10-15 cm from the beginning of the 
esophagus were marked using an electric knife (Nanwei Medical Technology Co., LTD.) through the gastroscopic 
operation hole. Then, the electric knife was retracted, and a soft tissue clip was inserted into the gastroscope operating 
hole and extended from the front end of the gastroscope. In the operational group, the TM was fixed on the soft tissue clip 
with a thin wire through the small hole at the end of the TM such that the opening and closing of the soft tissue clip were 
not affected. The gastroscope together with the soft tissue clip and the TM was delivered into the esophageal cavity, and 
the handle of the soft tissue clip was manipulated in a way that the TM and the soft tissue clip were fixed on the mucosa 
of the lesion. The AM was then slowly placed outside the esophagus on the other side of the mucosal lesion. Under 
gastroscopy, the TM was slowly sucked up by the AM. By changing the relative position of the magnets and the distance 
between the AM and TM, the traction direction of and the pulling force exerted on the TM can be adjusted to clearly 
display and assist the peeling of the pathological mucosa under endoscopy. The following parameters were evaluated in 
the two groups: The total operative time, perforation rate, rate of whole mucosal resection, diameter of the peering 
mucosa, and scores of endoscopists’ feelings with the procedure, including the convenience, mucosal surface exposure 
degree, and tissue tension. To ensure comparability between the two groups, all ESD procedures in the study were 
performed by the same endoscopy resident.
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Figure 1 Physical drawing of the magnetic anchor device by us. A: The anchor magnet; B: The soft tissue clip and target magnet, and the connection of 
the two parts. AM: Anchor magnet; TM: Target magnet.

Figure 2 Measurement of magnetic force-distance curve. A: The experiment of the measurement of the magnetic force-distance curve; B: The relationship 
between the separation of anchor magnet and target magnet and the magnetic force. AM: Anchor magnet; TM: Target magnet.

Statistical analysis
Qualitative data were expressed in terms of the number of actual cases (proportion, %), and comparisons of these data 
were performed using the χ2 test. Quantitative data with normal distribution were expressed as mean ± SD, and 
independent t-test was used to compare the two-group mean. Non-normally distributed data were expressed as median 
(interquartile interval), and a nonparametric test was used to compare the two groups. Statistical analysis was performed 
using IBM SPSS Statistics version 26.0 (IBM Corp., Armonk, NY), with P < 0.05 indicating statistical significance.

RESULTS
Operational process
The experiment involving the use of MAT-assisted ESD in isolated pig esophagi was successfully completed. After the 
gastroscope successfully entered the esophageal cavity before the operation, the isolated esophageal mucosa was visibly 
integral and light pink with good air tightness of the esophageal cavity (Figure 3A) and complete marking of the diseased 
mucosa (Figure 3B). In the operational group, with the help of gastroscopy, the soft tissue clip and the TM entered the 
isolated esophagus together. The connection between the two was firm, and the TM did not affect the opening, closing, or 
release of the soft tissue clip. At the same time, the soft tissue clip could smoothly clamp the esophageal mucosa without 
easily falling off (Figure 3C). When the AM was brought close to the other side of the pathological mucosa, the attraction 
between the AM and TM caused the TM to get pulled, thus exposing the mucosal dissection surface (Figure 3D). By 
slowly adjusting the position of the AM, the traction direction and tension of the TM could be changed to maintain good 
tissue tension on the surface of mucosal dissection and reduce the difficulty of mucosal dissection for the operator under 
the gastroscopy.

Operation time and operator score
The total operative times of the two groups were 17.04 and 21.94 min (P < 0.001), and the operational scores of endo-
scopists’ feelings about the convenience (9.22 ± 0.19 vs 8.34 ± 0.15, P = 0.002), mucosal surface exposure degree (9.11 ± 0.15 
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Figure 3 The operational process of magnetic anchor technique-assisted endoscopic submucosal dissection. A: Esophageal mucosa was 
examined by gastroscopy; B: The putative diseased mucosa was marked with the electric knife; C and D: The target magnet and mucous membrane were sucked up, 
the operating field was exposed, and the direction and tissue tension were changed as the anchor magnet position was changed; E: The marked mucosa was 
completely exfoliated; F: The mucous membrane that has been removed.

vs 8.25 ± 0.12, P < 0.001), and tissue tension (9.35 ± 0.13 vs 8.02 ± 0.17, P < 0.001) were higher in the operational group than 
in the control group, indicating that MAT-assisted ESD could significantly shorten the operative time and improve the 
operating experience of endoscopists (Table 1). Finally, the mucosal surface was completely exfoliated (Figures 3E and F), 
and the diameters of the peering mucosa were 2.13 and 2.15 cm in the operational and control groups (P = 0.882).

Operation effect
There was one case of perforation and one case of incomplete mucosal resection in the operational group, and there were 
four cases of perforation and two cases of incomplete mucosal resection in the control group. There were no significant 
differences in the peering mucosa size, perforation rate, and rate of whole mucosal resection between the two groups 
(Table 1).

DISCUSSION
In this study, we determined that MAT-assisted ESD is a feasible and safe technique in an in vitro model. A magnetic 
anchor device designed by us was used to assist endoscopic esophageal submucosal dissection with special traction 
between the AM and TM. During the entire operation, the TM remained firmly connected to the soft tissue clip without 
affecting the opening and closing of the soft tissue clip. The TM was manipulated using the AM to expose the mucosal 
dissection surface and maintained the tissue tension of the mucosa. Figures 3C and D showed that the direction and 
tissue tension of the lesion mucosa pulled by the TM were changed after the AM position was changed. This helped the 
surgeon complete the operation, and no shedding of soft tissue clips or mucosal tearing occurred in the entire process. 
This assistive technology can greatly improve the operator’s experience and shorten the operation time.

Magnetic surgery (MS) is an emerging surgical technique that uses the “non-contact” magnetic field force between 
magnets and uses specially designed magnetic devices to achieve several functions, such as cavity organ anastomosis and 
reconstruction as well as tissue and organ traction and exposure[26]. Currently, this is a clinical application system 
mainly comprising the magnetic compression technique, MAT, magnetic navigation technique, magnetic levitation tech-
nique, magnetic tracer technique, and magnetic drive technique[26]. MS has been implemented in gastrointestinal 
anastomosis reconstruction[27], vascular anastomosis reconstruction[28], and recanalization of biliary tract occlusion after 
liver transplantation[29]. Being one of the core clinical techniques of MS, MAT is a non-contact spatial anchor technique 
involving an AM and a TM which works via the magnetic attraction between magnets or of magnets with paramagnetic 
materials[26]. At present, MAT has been used in general surgery[30,31], gynecology[31,32], urology[33], and thoracic 
surgery[34]. In addition to the application of MAT in organ traction under laparoscopic and thoracoscopic surgeries, it 
has shown significant application in assisted endoscopic surgery as well[35].

A significant differentiating advantage of our research compared to other research on this subject is that we have 
optimized the structure of the TM. Because the TM is located in the digestive tract, the connection between the TM and 
the soft tissue clip needs to be considered in the design, and the volume of the TM should be minimized while ensuring it 
meets the magnetic requirements. In this study, we used magnetic shielding technology, wherein the magnetic attraction 
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Table 1 Comparison of results of the two groups

Operational group (n = 10) Control group (n = 10) P value

Total operative time (min) 17.04 ± 0.22 21.94 ± 0.23 < 0.001

Perforation rate (%) 90 60 0.302

Rate of whole mucosal resection (%) 90 80 -

Diameters of the peering mucosa (cm) 2.13 ± 0.06 2.15 ± 0.06 0.822

Scores of convenience1 9.22 ± 0.19 8.34 ± 0.15 0.002

Scores of mucosal surface exposure degree1 9.11 ± 0.15 8.25 ± 0.12 < 0.001

Scores of tissue tension1 9.35 ± 0.13 8.02 ± 0.17 < 0.001

1Endoscopist’s operational feeling scores which were limited from 0 to 10 reflect their feelings about convenience, mucosal surface exposure degree, and 
tissue tension with the surgical procedure. Higher scores indicate greater satisfaction.

of the non-working surface could be significantly reduced by adding a permalloy shell to the TM to eliminate the inter-
ference of the TM during endoscopic operation. In addition, the tail hanging structure of the permalloy shell allows for a 
connection of the TM with the soft tissue clip. According to different anchor positions, MAT can be divided into external 
anchor technology and internal anchor technology, with both having different applications. This study uses the internal 
anchor technology, which provides endoscope-independent traction by primarily creating an invisible hand for the 
operator. Unlike other auxiliary methods, MAT-assisted ESD does not interfere with ESD operation and provides 
dynamic traction. Herein, the AM can be moved to manipulate the TM such that it exposes the mucosal dissection surface 
and provides the tissue tension required for endoscopic resection.

As an in vitro experiment, the condition of this experiment is different from those of internal animal experiments and 
clinical experiments. We could not assess the risk of postoperative complications, such as bleeding, perforation, and 
stenosis. Nevertheless, we believe that the results of this study lay a solid foundation for internal animal experiments, 
particularly in terms of the operation process, the precise control of the pulling direction, and the pulling force between 
the AM and the TM.

This study has some limitations. First, the operational group and control group had small sample sizes. Second, the 
ESD operators in this study were trainees in endoscopy technology, thus resulting in a higher perforation rate. However, 
we believe that this does not affect the comparisons with the operational group as the same operator worked with both 
operational and control groups. In addition, in vitro and in vivo organs have a greater difference, and the difficulty of ESD 
operation is significantly increased in in vitro organs, which is also a reason for the high perforation rate.

In vitro experiments have upheld the advantages of MAT in ESD. However, the technology still needs further 
advancements before it is ready for clinical use. In future studies, animal experiments should be conducted, and besides 
intraoperative complications, long-term postoperative incidence should also be observed. In addition, ways to optimize 
the magnetic anchor device, particularly to increase the flexibility of the use of AM, should also be explored in further 
research.

CONCLUSION
This experiment showed that MAT has significant advantages and can be used for endoscopic esophageal submucosal 
dissection. With the development of further internal animal experiments and the accumulation of operational experience, 
this technique has broad clinical application prospects.

ARTICLE HIGHLIGHTS
Research background
Esophageal cancer has high incidence and poor prognosis globally. Endoscopic submucosal dissection (ESD) has become 
the standard therapy for managing early tumors of the esophagus, stomach, and colon. However, there are some 
deficiencies, such as a steep learning curve, difficult operation, and technically demanding nature of the procedure. 
Magnetic anchor technique (MAT) is a brand new ESD assistance technique to improve the procedure of ESD.

Research motivation
Although ESD has become the golden treatment for early esophageal cancer, some limitations such as a steep learning 
curve and plenty of complications can still significantly improve. It already had some assisted techniques, which had 
trouble in controlling and maintaining tissue tension. The magnetic anchor device designed by our own is aspired to 
solve the problems mentioned above.
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Research objectives
This study aims to testify the feasibility and safety of MAT-assisted ESD for early esophageal cancer.

Research methods
The experimental model used in this study was isolated pig esophagi, and the magnetic anchor device was designed by 
us, consisting of three parts: Target magnet (TM), anchor target (AM) and soft tissue clip. It was divided into two groups, 
namely the operational and control groups, and 10 endoscopists completed the procedure. In the operational group, the 
soft tissue clip together with the TM was connected by a thin wire through a small hole at the tail end of the TM, and was 
clamped to the edge of the lesioned mucosa, which was marked in advance. By changing the position of the AM outside 
the esophagus, the pulling force and pulling direction of the TM could be changed, thus exposing the mucosal peeling 
surface and assisting the ESD. The two groups were evaluated for the following aspects by SPSS: The total operative time, 
perforation rate, rate of whole mucosal resection, diameter of the peering mucosa, and scores of endoscopists’ feelings 
with the procedure, including the convenience, mucosal surface exposure degree, and tissue tension.

Research results
The two groups did not significantly differ in the diameter of the peering mucosa, perforation rate and rate of whole 
mucosal resection. In the operational group, the TM remained firmly connected with the soft tissue clip and did not affect 
the opening, closing, and release of the soft tissue clip. The interaction between the TM and AM could provide sufficient 
tissue tension and completely expose the mucosa, which greatly assisted the endoscopists’ feelings with the operation, 
which were higher in the operational group than in the control group in terms of the convenience (9.22 ± 0.19 vs 8.34 ± 
0.15, P = 0.002), mucosal surface exposure degree (9.11 ± 0.15 vs 8.25 ± 0.12, P < 0.001), and tissue tension (9.35 ± 0.13 vs 
8.02 ± 0.17, P < 0.001). In addition, the total operative time was shorter in the operational group than in the control group.

Research conclusions
The MAT-assisted ESD was safe and feasible for early esophageal cancer.

Research perspectives
With the development of further internal animal experiments and the accumulation of operational experience, this 
technique has broad clinical application prospects.
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Abstract
BACKGROUND 
Laparoscopic Heller myotomy (LHM) has been the traditional surgical treatment 
for achalasia. Recently, peroral endoscopic myotomy (POEM) has demonstrated 
similar clinical outcomes with shorter procedure times. Studies comparing the 
direct cost-effectiveness of POEM vs LHM are limited.

AIM 
To compare costs of POEM vs LHM.

METHODS 
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This retrospective chart review aimed to compare the outcomes and cost of clinical care between patients who 
underwent POEM and LHM procedures for achalasia. The study was conducted at a tertiary academic center from 
January 2019 to December 2020. Clinical outcomes, including post-operative Eckardt scores and adverse events, 
were assessed and compared between the two groups. Direct cost variance analysis was utilized to evaluate the 
cost of clinical care incurred by patients undergoing POEM in the year preceding the procedure, during the index 
admission, and one year post-procedure, in comparison to patients undergoing LHM.

RESULTS 
Of 30 patients were included (15 POEM and 15 LHM) in the study. Patients in the POEM group had a mean 
Eckardt score of 0.5 ± 0.5 post-procedure, which was no different from patients in the LHM group (0.7 ± 0.6, P = 
0.17) indicating comparative efficacy. However, the total costs of the admission for the procedure in the LHM 
group were on average $1827 more expensive than in the POEM group (P < 0.01). Total healthcare costs one year 
prior to index procedure were $7777 higher in the LHM group, but not statistically different (P = 0.34). The patients 
in the LHM group one year after the index procedure had accrued $19730.24 larger total cost, although this was not 
statistically different from POEM group (P = 0.68).

CONCLUSION 
Despite similar clinical outcomes, the cost of the index procedure admission for POEM was significantly lower than 
for LHM. The difference was primarily related to shorter time increments utilized in the operating room during the 
index procedure, and shorter length of hospital stay following POEM.

Key Words: Peroral endoscopic myotomy; Cost analysis; Laparoscopic Heller myotomy; Achalasia

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

Core Tip: This manuscript focuses on comparing the clinical outcomes and costs of laparoscopic Heller myotomy (LHM) and 
peroral endoscopic myotomy (POEM) as treatment options for achalasia, a rare esophageal motility disorder. Achalasia is 
characterized by impaired relaxation of the lower esophageal sphincter and abnormal peristalsis in the esophageal body, 
resulting in symptoms such as dysphagia, regurgitation, chest pain, and weight loss. The study aims to determine the clinical 
efficacy and cost-effectiveness of both procedures. By analyzing data from a tertiary-academic referral center, the resear-
chers investigate the clinical outcomes, costs prior to and following the procedure, and adverse events associated with LHM 
and POEM.

Citation: Haider SA, Bills GS, Gyawali CP, Laoveeravat P, Miller J, Softic S, Wagh MS, Gabr M. Direct cost variance analysis of 
peroral endoscopic myotomy vs heller myotomy for management of achalasia: A tertiary referral center experience. World J 
Gastrointest Endosc 2023; 15(10): 593-601
URL: https://www.wjgnet.com/1948-5190/full/v15/i10/593.htm
DOI: https://dx.doi.org/10.4253/wjge.v15.i10.593

INTRODUCTION
Achalasia is a rare, idiopathic esophageal motility disorder characterized by impaired relaxation of the lower esophageal 
sphincter (LES) and abnormal smooth muscle peristalsis in the esophageal body[1-3]. Typical symptoms consist of 
dysphagia, regurgitation of food from the esophagus, chest pain and weight loss, resulting from incomplete transfer of 
nutrients past the LES[2,4,5]. Definitive management requires disruption of the obstructive LES, traditionally performed 
endoscopically as pneumatic dilation (PD) or surgically as laparoscopic Heller myotomy (LHM)[2]. More recently, 
peroral endoscopic myotomy (POEM) has become available with increasing utilization in the last decade[3,6,7]. Clinical 
success was similar between patients undergoing either procedure at two years, however, serious adverse events were 
more frequent in patients undergoing LHM with acid reflux being a more common symptoms in patients undergoing 
POEM[6].

Considering that escalating healthcare costs represent a large economic burden to the patients and society, comparative 
cost-effectiveness may be the eventual driver of which management option is a preferred treatment option. The aim of 
this study was to compare clinical outcomes, costs one-year prior to the procedure, during the index admission, and one-
year after the procedure between LHM and POEM at a tertiary-academic referral center where both options were avai-
lable.

https://www.wjgnet.com/1948-5190/full/v15/i10/593.htm
https://dx.doi.org/10.4253/wjge.v15.i10.593
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MATERIALS AND METHODS
Data source and population
Clinical data was obtained retrospectively from chart review of the University of Kentucky Medical Center electronic 
medical record (EMR). Cases were identified by interrogating the EMR for adult patients (age > 18 years) with dysphagia 
and achalasia based on International Classification of Diseases-10 (ICD-10) codes (K22.0, R13.10), and abstracting all 
patients treated with POEM or LHM between January 2019 and December 2020. Patients with prior foregut surgery, 
patients without manometrically confirmed achalasia, and those without healthcare encounters at our hospital system 
one year before and after the index procedure were excluded. Sixteen patients underwent POEM and another sixteen 
subjects had LHM within the same timeframe (maximum 24-mo interval) to minimize cost variability over time. POEM 
was performed by a trained interventional endoscopist who performed at least 20 procedures prior to the study period 
and LHM was performed by a trained cardiothoracic surgeon who performed at least 20 procedures prior to the study 
period. The decision to undergo either POEM or LHM and thus allocation to either group was a function of insurance 
coverage, patient preference, and provider type (gastroenterologist or surgeon) and was performed without random-
ization. Given the retrospective nature of the study, the full logic behind allocation was influenced by various factors and 
could not be fully detailed due to the complexity and individualized nature of patient decision-making processes. The 
finance office at our institution provided cost data for each procedure.

The study protocol and data analysis described was approved by the University of Kentucky Institutional Review 
Board (IRB). A waiver of informed consent was granted as the study retrospectively evaluated de-identified data. All data 
security safeguards were strictly followed as per IRB policy.

LHM and POEM protocol
Pre-operative protocol for both LHM and POEM were similar. All patients in both groups underwent pre-procedural 
esophagram, esophagogastroduodenoscopy (EGD) to rule out pseudo-achalasia, diagnosis with manometry study, pre-
operative clinical visits with the performing endoscopist or surgeon, as well as a pre-operative anesthesia visit.

The procedure technique employed for both LHM and POEM have been described elsewhere[8,9]. All patients in the 
LHM group underwent Dor or Toupet fundoplication. General anesthesia was used for all cases, and all patients were 
subsequently admitted for at least one night for post-op recovery and observation. All POEM procedures were performed 
in the operating room (OR). Procedural technique for POEM involved a mix of anterior and posterior approaches. All 
patients were scheduled at the 1, 6, and 12 mo time points in clinic for follow up, and all were evaluated with post-ope-
rative gastrografin study to evaluate for leak. Follow up EGD, manometry and pH studies were performed dependent on 
patient symptomatology and recovery.

Variables and outcomes
For the patients in the study, clinical variables were extracted from review of EMR. Demographic information, disease 
characteristics (subtype of achalasia, duration of symptoms, symptomatology, previous therapies), and intervention-
related variables (efficacy: Pre- and post-intervention Eckardt score, length of stay for the index procedure, complications, 
readmission, time to last follow up visit) were extracted. Eckardt score was calculated as a total score of four symptom 
components: Dysphagia, regurgitation, chest pain, and weight loss, on 4 point Likert scales (0 = none, 3 = with every meal 
or severe)[10]. Costs incurred were reviewed from one year prior to index procedure, during index admission, and one-
year post-procedure. Clinical success was defined as Eckardt score < 3 after POEM or LHM. Procedure related adverse 
events were recorded and categorized per published American Society for Gastrointestinal Endoscopy criteria[11]. 
Adverse events were identified by chart review, including clinical encounters, index and subsequent hospitalizations, as 
well as ER visits at our institution within one year of the index admission.

Cost data collection
Due to variance in reimbursement rates, we elected to use healthcare charges as a surrogate for the cost for each patient. 
All achalasia-related charges billed by the institution’s hospital network system were obtained for one-year prior to the 
index admission, the index procedure admission, and one-year following the index admission. Costs derived from 
achalasia diagnosis and management were identified by manual review of each medical charge for both inpatient and 
outpatient encounters. This review was conducted by one of the study authors (Haider SA) for the period one-year prior 
and one year following the procedure. In addition to encounters with ICD-10 codes K22.0 “Achalasia of Esophagus” and 
R13.10 “Dysphagia Unspecified”, other medical encounters with diagnoses including to A41.9 “Sepsis, Unspecified 
Organism”, K22.5 “Diverticulum of Esophagus Acquired”, R11.10 “Vomiting Unspecified”, R07.89 “Other Chest Pain”, 
J18.9 “ pneumonia”, and J90.0 “pleural effusion” were reviewed to determine the relationship to the index procedure. 
ICD codes were selected based on previous literature, to capture costs of the most commonly encountered adverse events 
related to the index procedure[12]. Encounters included ER visits, pre-surgical anesthesia evaluations, gastroenterology 
clinic visits, subsequent testing for monitoring of symptoms, primary care visits, and inpatient admissions were 
independently reviewed to determine relationship to the index procedure. Temporality to the index procedure, existing 
medical comorbidities, laboratory/imaging data, and provider assessment notes were considered in determining whether 
each healthcare encounter was attributable to the index procedure. Encounters unrelated to achalasia or the index pro-
cedure were excluded from the analysis.

The admission charge categories included anesthesia, electrocardiographic/telemetry, laboratory, surgical supplies, 
OR services (labor), time spent in intensive care unit (ICU)/observation, ancillary services, cardiac services, other spe-
cialty diagnostic services, other surgical services, pharmacy and intravenous therapy, physical therapy, respiratory 
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therapy services, inpatient accommodations, and radiology. A detailed breakdown of each cost category and associated 
charges can be found in Supplementary Table 1.

Statistical analysis
Means and standard deviations (SD) are the main statistical parameters in the analysis. Pearson χ2 and Fisher’s exact tests 
were used as appropriate to analyze the association between categorical variables. Two sample t-tests were used to 
compare independent continuous variables. To apply the two-tailed t-test, F-test for comparing the variances of two 
groups was used to determine if the two groups had equal variances. Paired t-tests were used to compare dependent 
variables. Confidence intervals are described as means ± one standard error. Total direct cost variance was calculated by 
totaling each charge category and then calculating the difference between the POEM and LHM group. Average cost 
variance was determined by calculating the mean for each charge category in the POEM and LHM group and then 
calculating the difference. The level of statistical significance used was 0.05. All analyses pag were performed in R version 
3.6.3. The statistical methods of this study were reviewed Doaa Ali, MD, PhD, from the University of Kentucky.

RESULTS
Baseline characteristics
Of 30 patients, (mean age 54.2 and 52.6 in POEM and LHM group, respectively) were included in the study (15 under-
went POEM and 15 LHM). Two patients, one who underwent LHM and one who underwent POEM in the study period, 
were excluded due to a lack of follow up and having undergone previous foregut surgery. Baseline characteristics 
including age, gender and weight were similar in the LHM and POEM cohorts (P ≥ 0.7) (Table 1). Additionally, duration 
of symptoms (P = 0.78), achalasia subtypes (P = 0.7), proportions with prior botulinum toxin injection (P = 0.7) or PD (P = 
1.0) as well as symptom severity as measured by the Eckardt score (P = 0.24), and symptoms score >2 (P ≥ 0.7) were 
similar in both groups.

Clinical outcomes
Clinical success was seen in 15/15, 100% with POEM and in 14/15, 93% after LHM (P = 0.98). Post-procedure Eckardt 
score decreased from 7.0 (± 2.9) to 0.5 (± 0.5) in POEM group and from 5.8 (± 2.6) to 0.7 (± 0.6) in LHM group (Table 1). 
There was no statistically significant difference between the groups (P = 0.17) (Table 2), indicating that both procedures 
were equally effective in improving achalasia symptoms. Mean procedure time (range) was 82.3 min (66 min to 172 min) 
for POEM and 183 min (145 to 342 min) for LHM, P = 0.02. Adverse events occurred in 2/15, 13.3.% with POEM and in 4/
15, 26.6% after LHM, (P = 0.65). Severe (serious) adverse events were experienced in one patient in the POEM group, and 
in one patient in the LHM group. One patient in both groups required a subsequent ICU stay. Though numerically higher 
in the LHM group, adverse events and readmission rates were statistically similar (P ≥ 0.6) between the two groups. 
Adverse events in the LHM group (n = 4) included urinary retention, nausea and vomiting, unexplained diarrhea, aspi-
ration pneumonia with sepsis; one patient with sepsis succumbed to illness. Adverse events in the POEM group (n = 2) 
included pneumomediastinum, and aspiration pneumonia with resultant lung abscess requiring thoracotomy. The 
patient requiring thoracotomy and lung abscess required 2 d in the ICU, however, was able to go home on IV antibiotics 
and subsequently recovered. Length of stay was significantly longer in the LHM group (2.26 ± 0.6 d) compared to the 
POEM group (1.1 ± 0.3 d, P < 0.01), and this was partly driven by a prolonged hospital stay associated with aspiration 
pneumonia and sepsis in one patient.

Costs
The average admission cost following LHM was $1828 more expensive than for POEM group (P < 0.01, Table 3). The 
majority of the cost difference were accounted by OR services, which were $545 higher (P < 0.01) per case in the LHM 
group. The other significant areas of cost difference between LHM and POEM were time spent in ICU/observation 
($185), pharmacy and IV therapy ($124), and physical therapy ($15) (P ≤ 0.03 for each comparison). The X-ray costs were 
more expensive with POEM group (P < 0.01). Anesthesia costs tended to be $88 per case higher in the LHM group vs the 
POEM group (P = 0.05). The LHM group required 10.2 additional 15 min unit charges on average for anesthesia, while 
the POEM group required 5.2 additional 15 min unit charges (Supplementary Table 1). Other comparisons did not demon
-strate significant differences (Table 3). The patients had no difference in cost 1 year prior to index procedure (P = 0.34), 
and there was no difference in cost 1 year after the index procedure (P = 0.68).

DISCUSSION
Over the last decade numerous studies have shown the efficacy of POEM independently and in comparison to LHM for 
management of achalasia, with similar dysphagia improvement and patient-reported satisfaction[3,13,14]. Since cost of 
the therapy is another key metric when two therapies are assessed, we compared the index admission costs, as well as 
costs 1 year prior and 1 year following the procedure between patients undergoing LHM and POEM at a tertiary care 
center. We demonstrate that the cost of index admission for the procedure is significantly less expensive in patients 
undergoing POEM compared to LHM, despite similar costs during the year leading up to the procedure, as well as 
during the year following the procedure. The procedure related costs and duration of hospital stay also favored POEM 

https://f6publishing.blob.core.windows.net/be4e4c7d-7ac9-471b-8012-c7dc3f65b08e/WJGE-15-593-supplementary-material.pdf
http://
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Table 1 Baseline characteristics of peroral endoscopic myotomy and laparoscopic Heller myotomy patients at time of intervention

POEM (n = 15) LHM (n = 15) P value

Mean age in years (SD) 54.2 (8.6) 52.6 (7.3) 0.74

Gender (% female) 53 53 1.0

Mean weight (lbs, standard deviation) 183.3 (47) 188.4 (25.3) 0.26

Mean duration of symptoms (yr, SD) 7.1 (6.8) 7.3 (7.1) 0.78

Achalasia subtype1 4/7/3/1 4/8/1/2 0.70

Prior botulinum toxin 4 3 0.70

Pneumatic dilation 7 7 1.0

Mean Eckardt score (SD) 7.0 (2.9) 5.8 (2.6) 0.25

Symptom Score > 2, %

Weight loss 67 73 1

Dysphagia 73 73 1

Regurgitation 67 80 0.67

Chest pain 20 20 1

1Type 1/type 2/type 3/hypercontractile esophagus.
POEM: Peroral endoscopic myotomy; LHM: Laparoscopic Heller myotomy.

Table 2 Patient outcomes following peroral endoscopic myotomy and laparoscopic Heller myotomy

POEM (n = 15) LHM (n = 15) P value

Post-procedure Eckardt Scores mean (SD) 0.5 (0.5) 0.7 (0.6) 0.17

Adverse events (n, %) 2, 13.3% 4, 26.7% 0.65

Readmission rate (% of patients with readmission within one year) 6.7% 20.0% 0.59

LOS mean days (SD) 1.1 (0.3) 2.26 (0.6) < 0.01a

aDenotes statistical significance at P-value < 0.05.
LOS: Length of stay; POEM: Peroral endoscopic myotomy; LHM: Laparoscopic Heller myotomy.

over LHM, with similar symptom resolution and patient outcomes, further supporting use of POEM as a standard option 
in the management of achalasia. It is important to underscore that the primary objective of this study was to juxtapose 
short-term costs within the post-procedure timeframe, while acknowledging the need for subsequent research to delve 
into the divergence of costs over a longer-term horizon (exceeding 1 year).

Previous cost-effectiveness analyses have favored endoscopic management options, such as PD demonstrating lower 
costs and better cost-effectiveness compared to LHM[6,15]. Prior cost-effectiveness analysis demonstrated similar rates 
between LHM and POEM[15]. In this study, Miller et al[15] report that POEM costs 1.058 times the cost of LHM, primarily 
since POEM was assigned a higher cost per minute of OR and anesthesia time, despite the fact that POEM procedures are 
less complex for the OR team. The increased cost per minute of POEM was attributed to POEM being an investigational 
procedure in the study design requiring IRB approval[15]. In our study, POEM was not considered investigational which 
could explain the lower costs. Greenleaf et al[6] conducted a cost-utility analysis and found similar costs in the index 
admission of patients undergoing POEM vs LHM ($8630 ± $2653 vs $7604 ± $2091), with no difference in mean QALYs. 
However, at a willingness-to-pay threshold of $100000, there was a 68.31% probability that POEM was cost-effective 
relative to LHM[6]. Furthermore, a recent Brazilian cost-utility study performed utilizing a bottom-up cost analysis found 
POEM to cost twice as much in the interoperative period vs LHM[11]. This was explained by the authors to be secondary 
to the disposable nature of endoscopic materials, and the use of depreciated equipment[16]. However, institution-
dependent variables limit the generalizability of this evidence, hence comparisons incorporating non-operative costs and 
various institutional per unit costs was deemed necessary to further understand the cost differences and cost-effect-
iveness.

In our study, costs from procedure-related admission were on average $1828 less expensive with POEM compared to 
LHM (P < 0.01). This was mainly accounted by OR charge categories that were functions of time to complete both 
procedures app-eared to be the primary driver of this difference. For instance, OR labor costs, measured by activity-based 
costing, was $544 more expensive per case in the LHM group (P < 0.01 compared to POEM). Anesthesia costs, also 
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Table 3 Comparison of costs

Cost category Total direct cost variance (LHM - 
POEM) Average total direct cost variance P value

Total direct cost variance of index admission $27417 $1827.81 < 0.01

Anesthesia $1322 ± 14 $88.10 0.05

EKG/telemetry $5 ± 5 $0.3 ± 8 0.08

Laboratory $1047 ± 32 $70 ± 116 0.05

Medical surgical supplies $8297 ± 848 $553 ± 649 0.07

Pre-operative costs $67 ± 17 $5 ± 13 0.84

OR services $8169 ± 326 $545 ± 404 < 0.01

Time spent in ICU/observation $2781 ± 303 $185 ± 509 < 0.01

Ancillary services $166 ± 12 $11 ± 22 0.18

Cardiac services $107 ± 4 $7 ± 10 0.13

Specialty diagnostic services $25 ± 0.3 $2 ± 0.3 0.12

PACU costs $70 ± 78 $46 ± 49 0.74

Pharmacy and IV therapy $1860 ± 33 $124 ± 130 < 0.01

Physical therapy $223 ± 13 $15 ± 1 < 0.01

Respiratory $71 ± 71 $5 ± 65 0.76

Routine accommodations $4377 ± 431 $292 ± 461 0.75

X-Ray $1.117 ± 37 $75 ± 66 < 0.01

1 yr prior to index procedure $7777 $513 0.34

1 yr after index procedure $19730 $1315 0.68

Costs are rounded to the nearest dollar value whenever possible. POEM: Peroral endoscopic myotomy; LHM: Laparoscopic Heller myotomy; EKG: 
Electrocardiographic; OR: Operating room; ICU: Intensive care unit; PACU: Postanesthesia care unit.

measured by activity-based costing, were $88.10 higher (P = 0.05 compared to POEM). The units for each of these charge 
categories were functions of time, measured by incremental 15 min time blocks required to complete the procedure. Addi
-tionally, the procedure time was longer for LHM compared to POEM, thus requiring increased amount of variable cost 
resources such as labor utilization. Paradoxically, Miller et al[15] found the cost per minute for POEM procedures to be 
higher than LHM, further highlighting the variance in institutional charge/cost burden for these procedures. Additional 
charge categories that were higher in the LHM group included ICU costs, pharmacy costs, and laboratory costs, likely 
directly related to length of stay, which was significantly longer in the LHM group.

Our study reinforces the existing findings in terms of clinical effectiveness between POEM and LHM in the first year of 
follow up. Despite similar complication rates, patients undergoing LHM had accrued almost $20000 more total costs than 
those undergoing POEM in the year following the index procedure. Some of these costs related to prolonged hospital 
stays for management of complications, especially intensive care requirements in the LHM group.

The strength of our study lies in the detailed cost analysis performed, including assessment of time based OR and 
anesthesia costs, in addition to standard clinical outcomes and length of stay, in comparing cost-effectiveness between 
LHM and POEM. However, our study suffers from limitations that are inherent to retrospective studies. The procedures 
were performed based on the best clinical judgement, and individual patient characteristics could have impacted some of 
the clinical outcomes and cost metrics compared, thus introducing selection bias. Despite the patients having similar 
severity of achalasia symptoms, we are unsure if the patients with more severe medical complications were encouraged 
to have LHM vs POEM. However, we would suspect that the patients with more severe comorbidities would be advised 
to undergo less invasive endoscopic intervention, which could increase the cost associated with POEM. There was no 
matching between groups. It was coincidence that fifteen patients underwent POEM and fifteen underwent LHM in each 
group during the study time frame. Another limitation is that work-up and follow up performed outside of our insti-
tution may not have been uniformly captured. We did not have enough patients to compare cost differences between 
individual achalasia subtypes, as the longer myotomy needed for type 3 achalasia and esophageal body spastic disorders 
could generate longer procedure times for POEM, for instance. Additional research conducted across different insti-
tutions is essential to ascertain the applicability and broader relevance of our findings, considering the potential dispa-
rities in cost-charge ratios and charge valuations inherent to diverse institutions. Moreover, it is prudent to underscore 
the need for further studies, particularly those encompassing larger sample sizes and extended follow-up time frames. 
These studies would enable a comprehensive assessment of the lasting viability of our results, while also delving into the 
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potential variations in costs that emerge over the long term, especially concerning the heightened prevalence of gastric 
reflux among patients undergoing POEM.

CONCLUSION
In conclusion, we demonstrate similar effectiveness but lower costs for POEM vs LHM for the management of achalasia. 
The difference is primarily related to shorter time increments utilized in the OR during the index procedure, and shorter 
length of hospital stay following POEM. As POEM becomes more commonly performed in endoscopy suites vs OR, we 
speculate that costs will continue to decline. Further prospective studies are needed to determine whether POEM should 
be offered preferentially over LHM in the management of achalasia. Despite similar clinical outcomes, the cost of the 
index procedure admission for POEM was significantly lower than for LHM.

ARTICLE HIGHLIGHTS
Research background
Laparoscopic Heller myotomy (LHM) and peroral endoscopic myotomy (POEM) are two effective procedures for treating 
achalasia. Given the rising healthcare costs and their impact on patients and society, comparing their cost-effectiveness 
becomes crucial in determining the preferred management option. This research contrasts the initial procedure and short-
term (1-year) costs of both techniques at a tertiary academic care center.

Research motivation
This study focuses on comparing the clinical outcomes and costs of LHM and POEM as treatments for achalasia. The key 
issue addressed is the lack of direct cost-effectiveness comparisons between these procedures despite their similar clinical 
efficacy. By demonstrating that POEM is not only clinically effective but also economically favorable due to shorter pro-
cedure times and hospital stays, this research contributes valuable insights for guiding future decisions in the mana-
gement of achalasia, highlighting the importance of considering both clinical outcomes and cost factors in selecting 
treatment options.

Research objectives
This study’s primary aim was to compare clinical outcomes and costs between LHM and POEM for achalasia. The 
achieved objectives include demonstrating equivalent clinical efficacy and revealing cost advantages associated with 
POEM, attributed to shorter procedure times and hospital stays. These realized goals provide crucial insights for future 
research, emphasizing the need to consider both clinical effectiveness and economic implications when making treatment 
decisions for achalasia.

Research methods
The study employed a retrospective chart review method to achieve its objectives. Patient data from electronic medical 
records were analyzed to compare clinical outcomes and costs of LHM and POEM for achalasia. Novel aspects of the 
research methods included a detailed cost analysis that incorporated time-based operating room (OR) and anesthesia 
costs, along with a comprehensive examination of various cost categories. This approach provides a unique perspective 
on cost-effectiveness, highlighting the potential impact of shorter procedure times and hospital stays on overall costs.

Research results
The research findings underscored the comparable clinical efficacy of LHM and POEM for achalasia treatment, as 
evidenced by similar post-procedure Eckardt scores. Importantly, the study revealed a significant cost advantage of 
POEM over LHM, primarily attributed to shorter procedure times and hospital stays. This cost-effectiveness insight 
provides a valuable contribution to the field, highlighting the need for a holistic approach to treatment decisions. While 
the study addressed the immediate costs associated with the procedures, future research should delve into long-term cost 
patterns and their implications.

Research conclusions
The innovative aspect lies in its detailed cost analysis, incorporating time-based OR and anesthesia costs, and its 
emphasis on considering both clinical effectiveness and economic implications when making treatment decisions. While 
not introducing new methods, the study’s novelty comes from its comprehensive examination of cost categories and the 
recognition of the significance of shorter procedure times and hospital stays in influencing cost-effectiveness.

Research perspectives
The direction of future research in this field should encompass larger prospective studies with extended follow-up 
periods to validate the long-term cost-effectiveness and clinical outcomes of LHM and POEM procedures for achalasia. 
Additionally, investigating the evolving costs as POEM becomes more commonplace in endoscopy suites, as well as 
exploring variations in costs associated with individual achalasia subtypes, could provide valuable insights for informed 
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treatment decisions.
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Abstract
BACKGROUND 
Transoral outlet reduction (TORe) is a minimally invasive endoscopic revision of 
Roux-en-Y gastric bypass (RYGB) for weight recurrence; however, little has been 
published on its clinical implementation in the community setting.

AIM 
To characterize the safety and efficacy of TORe in the community setting for 
adults with weight recurrence after RYGB.

METHODS 
This is a retrospective cohort study of argon plasma coagulation and purse-string 
suturing for gastric outlet reduction in consecutive adults with weight recurrence 
after RYGB at a single community center from September 2020 to September 2022. 
Patients were provided longitudinal nutritional support via virtual visits. The 
primary outcome was total body weight loss (TBWL) at twelve months from 
TORe. Secondary outcomes included TBWL at three months and six months; 
excess weight loss (EWL) at three, six, and twelve months; twelve-month TBWL 
by obesity class; predictors of twelve-month TBWL; rates of post-TORe stenosis; 
and serious adverse events (SAE). Outcomes were reported with descriptive 
statistics.
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RESULTS 
Two hundred eighty-four adults (91.9% female, age 51.3 years, body mass index 39.3 kg/m2) underwent TORe an 
average of 13.3 years after RYGB. Median pre- and post-TORe outlet diameter was 35 mm and 8 mm, respectively. 
TBWL was 11.7% ± 4.6% at three months, 14.3% ± 6.3% at six months, and 17.3% ± 7.9% at twelve months. EWL 
was 38.4% ± 28.2% at three months, 46.5% ± 35.4% at six months, and 53.5% ± 39.2% at twelve months. The number 
of follow-up visits attended was the strongest predictor of TBWL at twelve months (R2 = 0.0139, P = 0.0005). Outlet 
stenosis occurred in 11 patients (3.9%) and was successfully managed with endoscopic dilation. There was one 
instance of post-procedural nausea requiring overnight observation (SAE rate 0.4%).

CONCLUSION 
When performed by an experienced endoscopist and combined with longitudinal nutritional support, purse-string 
TORe is safe and effective in the community setting for adults with weight recurrence after RYGB.

Key Words: Transoral outlet reduction; Purse-string; Roux-en-Y gastric bypass; Obesity; Endoscopic revision; Weight 
recurrence; Gastrojejunal anastomosis

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

Core Tip: Given the chronic, progressive nature of obesity, weight recurrence after Roux-en-Y gastric bypass (RYGB) is 
common. Transoral outlet reduction (TORe) is a minimally invasive, same-day, Food and Drug Administration-authorized 
endoscopic procedure that restricts the gastrojejunal anastomosis to facilitate safe and clinically meaningful weight loss in 
patients experiencing post-RYGB weight recurrence. To date, nearly all TORe literature has originated in the academic 
setting. Here, we show that TORe is safe, effective, and technically feasible in the community setting when performed by an 
experienced bariatric endoscopist and coupled with longitudinal aftercare.

Citation: Maselli DB, Chittajallu V, Wooley C, Waseem A, Lee D, Secic M, Donnangelo LL, Coan B, McGowan CE. Transoral outlet 
reduction: Outcomes of endoscopic Roux-en-Y gastric bypass revision in 284 patients at a community practice. World J Gastrointest 
Endosc 2023; 15(10): 602-613
URL: https://www.wjgnet.com/1948-5190/full/v15/i10/602.htm
DOI: https://dx.doi.org/10.4253/wjge.v15.i10.602

INTRODUCTION
The Roux-en-Y gastric bypass (RYGB), characterized by its restrictive and hypoabsorptive properties, is one of the most 
effective therapeutic interventions for obesity. Following RYGB, patients typically reach their weight nadir between 18-24 
mo, corresponding to an approximate 35% total body weight loss (TBWL). However, over the five subsequent years, there 
is a linear recurrence of 20%-30% of the maximal weight previously lost, thereby increasing risk for the exacerbation or 
recurrence of weight-associated medical conditions[1-3]. The incidence of post-RYGB weight recurrence ranges from 24%-
79%, depending on patient characteristics and assessment methodology[4-6], and greater than one-third of patients will 
have a clinically significant weight recurrence surpassing 25% of their initial weight lost[7]. One of the strongest 
predictors of weight recurrence is time from RYGB, underscoring obesity’s chronic, progressive nature, even after one of 
the most effective weight loss options currently available[8].

This natural history has led to a substantial increase in the number of revisional procedures after metabolic and 
bariatric surgeries—from 9480 cases in 2011 (6.0% of bariatric procedures) to 42881 cases in 2019 (16.7% of bariatric 
procedures)[9]. Weight recurrence after RYGB is multifactorial, and one component is dilation of the gastrojejunal 
anastomosis (GJA), which has been linked to a reduction in satiation from the RYGB and increased caloric intake[10]. 
While revisional surgery can include restriction of the gastric pouch and outlet, as well as other techniques, these 
interventions are associated with increased operative risk and are not widely offered after RYGB, leading to a 
management gap for individuals with weight recurrence[11,12].

The emergence of endobariatric therapies has provided a minimally invasive alternative for weight recurrence after 
metabolic and bariatric surgeries. Transoral outlet reduction (TORe) using the Apollo ReviseTM System (Apollo 
Endosurgery, Inc., Austin, TX, United States) is now the first and only United States Food and Drug Administration 
(FDA)-authorized device for reduction of the GJA to induce weight loss in adults with weight recurrence after RYGB with 
body mass index (BMI) between 30-50 kg/m2. TBWL after TORe ranges from 3.5%-8.6% at one year[13,14], with 
published durability of weight loss both after three years (TBWL 6.9% ± 10.1%) and five years (TBWL 8.8% ± 12.5%)[15].

While the principle behind TORe remains consistent—namely, reduction of the GJA—the technical approach is hetero-
geneous. Endoscopic suturing patterns for GJA reduction include interrupted, sequential, or purse-string suture closure, 
with greater efficacy at one year observed from the purse-string technique[14,15]. The GJA reduction may also take the 
form of argon plasma coagulation (APC) with or without full-thickness endoscopic suturing[16]. Furthermore, existing 
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publications of TORe nearly exclusively arise from tertiary hospital-affiliated centers, further limiting our understanding 
of how to successfully implement TORe in the community setting.

To address knowledge gaps surrounding the safety, efficacy, and feasibility of TORe for weight recurrence after RYGB 
in an ambulatory, community setting, we performed a retrospective review of prospectively collected data from 284 
consecutive adults who underwent purse-string TORe with longitudinal nutritional support at a single community 
practice with expertise in endoscopic bariatric therapies.

MATERIALS AND METHODS
The study was approved by an Institutional Review Board (WCG IRB, Puyallup, WA) and was performed in accordance 
with the ethical standards of the 1964 Declaration of Helsinki. Informed consent was obtained from all individual 
participants included in the study. This was a retrospective study of prospectively collected data from a single 
community practice with expertise in endoscopic weight loss procedures. Consecutive patients aged 21 years and older 
undergoing TORe by a single endoscopist (Christopher E McGowan) from September 2020 to September 2022 for weight 
recurrence after RYGB were included. Patients were excluded from this study for the following: anti-obesity medication 
use within the study duration following TORe; excess weight loss (EWL) from initial RYGB < 25%; time from RYGB < 2 
years; GJA diameter < 20 mm at time of TORe attempt; presence of a gastro-gastric fistula; and presence of a silastic ring 
at the GJA. In addition, all patients needed to describe diminished satiety from meals during their consultation to be a 
candidate for TORe. All subjects were self-pay. All patients underwent TORe as a same-day procedure with compre-
hensive virtual follow-up offered by licensed registered dieticians and scheduled visits with a medical team of physicians 
and nurse practitioners.

Procedural technique
All procedures were performed under general anesthesia. The steps of the TORe procedure are shown in Figure 1. First, 
an endoscopic evaluation with a single-channel gastroscope was performed to identify anatomy, including the gastric 
pouch, GJA, and blind and efferent limbs of the jejunum. TORe diameter was estimated by standard foreign body forceps, 
as implemented in guidelines and studies of TORe[17,18]. If present, visible surgical material was removed from the GJA 
with forceps and/or endoscopic scissors. If no contraindications to TORe were identified, gastric tissue surrounding the 
GJA was circumferentially ablated using APC (80 W, 1.2 L/min2) for a golden-brown effect approximately 5-10 mm in 
width. A dual-channel therapeutic gastroscope equipped with a full thickness endoscopic suturing system (Apollo 
Endosurgery, Inc., Austin, TX, United States) was then used to perform a purse-string outlet reduction as described 
previously[14]. Outlet reduction was performed with suture tightening over a through-the-scope fluid-filled balloon 
inserted through the GJA and into the efferent limb for a consistent final outlet diameter. For gastric pouches > 2 cm in 
length, full-thickness suturing of the gastric pouch from the anterior to posterior direction was performed to reinforce the 
outlet and reduce the size of the pouch. All reinforcement sutures were placed within the pouch distal to the level of 
gastroesophageal junction.

Outcomes
The primary outcome was TBWL at twelve months from TORe. Post-TORe TBWL was expressed as a percentage and was 
defined as follows: (weight at time point after TORe – weight at TORe)/ (weight at TORe) × 100. Thus, weight loss from 
original RYGB is not incorporated into post-TORe TBWL. Secondary outcomes included technical success; TBWL at three 
months and six months from TORe; TBWL at 12 mo from TORe by obesity classification; clinical response rates at 12 mo 
by TBWL category; EWL and body mass index (BMI) at three months, six months, and twelve months from TORe; and 
predictive factors of 12-mo TBWL after TORe that included age, sex, BMI, time from RYGB to TORe, percent weight 
recurrence from RYGB at time of TORe, procedure duration, number of sutures, post-TORe GJA diameter, and number of 
follow-up visits attended. Technical success was defined as the ability to perform circumferential ablation and purse-
string suture pattern (i.e. not resorting to interrupted or running suture patterns). Weight recurrence was expressed as a 
percentage of weight lost from RYGB and was calculated as (weight at time of TORe – lowest weight after RYGB)/
(weight at time of RYGB – lowest weight after RYGB) × 100. At 12 mo from TORe, TBWL < 5% was considered non-
response; < 10% was considered suboptimal response; ≥ 10% was considered clinically meaningful; and ≥ 15% was 
considered optimal response. Follow-up visits included those with either a registered dietician or medical team provider 
(physician or nurse practitioner). Serious adverse events were reported throughout the study and graded according to the 
lexicon[19]. Rates and resolution of post-TORe outlet stenosis were also reported.

Outlet stenosis and dilation
For patients who experienced post-TORe outlet stenosis, endoscopic dilations of the GJA were performed using a single-
channel gastroscope and a through-the-scope fluid-filled balloon to dilate the GJA, with the goal of dilation to 2 mm 
beyond the initial post-TORe outlet diameter.

Statistical analysis
A biomedical statistician performed the statistical analysis of this study. One-way ANOVA was used to evaluate 
differences in TBWL at 12 mo between obesity classes. The remaining study data were summarized with descriptive 
statistics. Continuous variables were summarized with means, standard deviations, medians, and ranges. Categorical 
variables were summarized with counts and percentages. Multiple linear regression was performed at the 12-mo visit to 
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Figure 1 Steps of transoral outlet reduction. A: Examination of the pouch, outlet, and jejunal limbs. Gastrojejunal anastomosis (GJA) appears dilated; B: 
Circumferential mucosal ablation with argon plasma coagulation of the gastric tissue of GJA; C: Purse-string suturing of the outlet using the Overstitch endoscopic 
suturing system; D: Cinching of the suture over a through-the-scope fluid-filled balloon positioned through the outlet into the efferent jejunal limb; E: Final view of GJA 
after transoral outlet reduction; F: Healed appearance of GJA 12 wk after transoral outlet reduction.

evaluate predictors of TBWL and included dependent variables of age, sex, BMI, time from original RYGB, percent 
weight recurrence, GJA diameter, or number of sutures used.

RESULTS
Patient and procedural characteristics
Patient characteristics are shown in Table 1. This study included 284 consecutive adult patients (91.9% female, mean age 
51.3 years, mean BMI 39.3 kg/m2) who underwent TORe from September 2020 to September 2022 for weight recurrence 
after RYGB, without use of anti-obesity medications in the 12 mo following TORe. At the time of TORe, eight subjects 
(2.8%) had pre-obesity (BMI 25.0-29.9 kg/m2), 74 (26.1%) had class I obesity (BMI 30.0-34.9 kg/m2), 90 (31.7%) had class II 
obesity (BMI 35.0-39.9 kg/m2), and 112 (39.4%) had class III obesity (BMI ≥ 40.0 kg/m2). 159 (56.0%) patients had at least 
one of the following comorbidities: hypertension, hyperlipidemia, type II diabetes, or obstructive sleep apnea. From time 
of RYGB to post-RYGB weight nadir, the cohort had experienced TBWL of 40.5% ± 10.0%. From post-RYGB weight nadir 
to time of TORe, the cohort had experienced weight recurrence of 35.4% (range 5.3%-128.0%). TORe was performed an 
average of 13.3 years from their RYGB, took a mean of 27.5 ± 5.8 min to perform, and involved outlet reinforcement/
pouch reduction sutures in 67.2% of the cases. Technical success for purse-string outlet reduction was 100%. The median 
pre-TORe GJA diameter was 35 mm (range 20-50 mm), and the median post-TORe GJA diameter was 8 mm (range 5-10 
mm). Procedural characteristics are summarized in Table 2.

Follow-up and subject accountability
Of the 284 patients in the patient cohort at the time of data evaluation, 234, 187, and 110 were eligible for follow-up at 
three, six, and twelve months, respectively. Of patients eligible for follow-up, follow-up rates were 84.2%, 79.7%, and 
77.3% at three, six, and twelve months, respectively. For those with 12 mo of follow-up, patients attended a median of 8 
follow-up visits after TORe (range 1-17 visits).

Efficacy
TBWL following TORe was 11.7% ± 4.6% at three months, 14.3% ± 6.3% at six months, and 17.3% ± 7.9% at twelve months 
(Figure 2). Clinical response rates for the overall cohort are shown in Figure 3. Weight loss was similar between obesity 
classes at twelve months, with mean TBWL of 12.6% ± 4.3% for pre-obesity; 17.4% ± 7.8% for class I obesity; 16.4% ± 8.4% 
for class II obesity; and 17.3% ± 8.0% for class III obesity (P = 0.36). TBWL was 18.2% ± 7.2% for those with BMI exceeding 
50 kg/m2 (n = 11). For the overall cohort, EWL was 38.4% ± 28.2% at three months, 46.5% ± 35.4% at six months, and 
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Table 1 Patient characteristics

Patient Characteristics Value

Weight at time of RYGB (kg)

mean ± SD 134.2 ± 26.0

Median, range 130.0, 72.7-231.8

Post-RYGB weight nadir (kg)

mean ± SD 79.0 ± 16.3

Median, range 75.0, 51.8-147.7

Weight recurrence from post-RYGB nadir to TORe (%)

mean ± SD 39.5 ± 19.8

Median, range 35.4, 5.3-128

Duration from RYGB to TORe (yr) 13.3 ± 5.8

Weight at time of TORe (kg)

mean ± SD 109.1 ± 20.7

Median, range 106.8, 72.7-171.4

BMI at time of TORe (kg/m2)

mean ± SD 39.3 ± 6.7

Median, range 38.3, 26.5-60.0

Class of obesity at time of TORe, n (%)

Pre-obesity (BMI 25.1-29.9 kg/m2) 8 (2.8)

Class I (BMI 30.0-34.9 kg/m2) 74 (26.1)

Class II (BMI 35.0-39.9 kg/m2) 90 (31.7)

Class III (BMI ≥ 40.0 kg/m2) 112 (39.4%)

No. of female subjects (%) 260 (91.9)

Age at time of TORe (yr)

mean ± SD 51.3 ± 7.9

Median, range 51, 32-72

Obesity-associated medical problems at time of TORe, n (%)

Hypertension 90 (31.7%)

Dyslipidemia 74 (26.1%)

Diabetes, type II 31 (10.9%)

Obstructive sleep apnea 18 (6.3%)

Data are represented as mean ± SD and/or median, range. RYGB: Roux-en-Y gastric bypass; TORe: Transoral outlet reduction; BMI: Body mass index.

53.5% ± 39.2% at twelve months. For the overall cohort, BMI was 39.3 ± 6.6 kg/m2 at baseline, 35.0 ± 6.4 kg/m2 at 3 mo, 
34.6 ± 7.0 kg/m2 at 6 mo, and 33.9 ± 6.9 kg/m2 at 12 mo. The number of follow-up visits attended was the strongest 
predictor of TBWL at 12 mo (R2 = 0.139, P = 0.0005). There was no association between TBWL at 12 mo and patient age, 
sex, BMI, time from original RYGB, percent weight recurrence, GJA diameter, or number of sutures used. Two patients 
(0.7%) underwent upper endoscopy to manage insufficient clinical response. One underwent a repeat TORe with APC + 
endoscopic purse-string suturing for GJA dilation, and one underwent APC alone for mild stomal dilation. The overall 
weight trajectory of the cohort from RYGB to 12 mo after TORe is illustrated in Figure 4.

Safety
There were no instances of death, gastrointestinal bleeding, gastrointestinal tract leak or perforation, infection/sepsis, or 
pulmonary embolism from TORe. 283 patients (99.6%) were discharged home same-day, and one subject (0.4%) required 
in-patient observation for persistent vomiting, which self-resolved, representing a serious adverse event rate of 0.4%.
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Table 2 Procedural characteristics of the transoral outlet reduction, n (%)

Procedural characteristics Value

Procedure duration (min) 27.5 ± 12.9

Procedure Technique

Purse-string of GJA only 93 (32.7)

Purse-string of GJA + 1 reinforcement suture in pouch 98 (34.5)

Purse-string of GJA + 2 reinforcement sutures in pouch 93 (32.7)

Pre-TORe GJA diameter estimation (mm)

mean ± SD 33.4 ± 6.5

Median, range 35, 20-50

Post-TORe GJA diameter (mm)

mean ± SD 7.6 ± 1.0

Median, range 8, 5-10

Data are represented as mean ± SD and/or median, range. GJA: Gastrojejunal anastomosis; TORe: Transoral outlet reduction.

Figure 2 Total body weight loss after transoral outlet reduction. Weight loss from time of transoral outlet reduction (TORe) is represented over the 
following year. Total body weight loss represents response to TORe and does not include initial weight loss to gastric bypass. TORe: transoral outlet reduction.

Outlet stenosis
Eleven patients (3.9%) developed post-TORe stenosis requiring GJA dilation. Components of outlet stenosis and 
management are shown in Table 3. Of the eleven patients with post-TORe stenosis, the majority (55.6%) had their GJA 
narrowed to 8 mm at the time of TORe. The average time from TORe to symptom onset suggestive of stenosis was 56.5 ± 
30.6 d, and average time from TORe to endoscopic dilation of stenosis was 87.7 ± 60.6 d. Nine patients (81.8%) responded 
to a single dilation, whereas two (18.2%) required two separate endoscopic procedures for resolution. While none of these 
eleven patients had a history of type II diabetes, non-steroidal anti-inflammatory drug use, or tobacco use, five (45.5%) 
had a history of GJA stenosis following RYGB.

DISCUSSION
This study demonstrates that purse-string TORe, when performed by an experienced bariatric endoscopist and supported 
in conjunction with longitudinal nutritional follow-up, is safe and effective in the community setting for the management 
of weight recurrence after RYGB. The weight loss and safety outcomes in this cohort satisfy the expert-level thresholds for 
clinical adoption of a novel endoscopic bariatric therapy[20]. Over 80% of the cohort achieved > 10% TBWL, a threshold 
observed to have a meaningful impact on weight related medical conditions[21].
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Table 3 Clinical features of stenosis of the gastrojejunal anastomosis after transoral outlet reduction, n (%)

No. of patients with stenosis 11 (3.9)

Post-TORe GJA diameter (mm)

5 1 (0.35)

6 57 (20)

7 39 (13.7)

8 158 (55.6)

9-10 25 (7.4)

Not reported 4 (1.4)

Post-Stenosis dilation diameter for resolution (mm)

10 6 (54.5)

11 1 (9.1)

12 2 (18.2)

13.5 1 (9.1)

15 1 (9.1)

Days from TORe to symptoms suggestive of stenosis 56.5 ± 30.6

Days from TORe to first endoscopic dilation for stenosis 87.7 ± 60.6

No. of endoscopic dilations to resolve stenosis

1 9 (82)

2 2 (18)

Medical history of patients who developed stenosis

Post-RYGB Stenosis 5 (45.5)

Diabetes, Type II 0

NSAID Use 0

Tobacco use 0

All data is present for the eleven patients who developed gastrojejunal anastomosis stenosis after transoral outlet reduction (TORe), except for days from 
TORe to symptoms suggestive of stenosis, which were available for ten patients. Data represented as mean ± SD, where appropriate. GJA: gastrojejunal 
anastomosis; RYGB: Roux-en-Y gastric bypass; NSAID: Non-steroidal anti-inflammatory drug; TORe: Transoral outlet reduction.

Notably, TORe appears safe and effective for a wide range of BMIs, including those above or below the FDA 
authorized ranges of 30-50 kg/m2. While further study is needed, we believe this shows TORe is a reasonable, minimally-
invasive option for patients with BMI exceeding 50 kg/m2, particularly given the risks of revisional surgery[12]. 
Additionally, obesity is a chronic, progressive disease, and increased weight recurrence attenuates the success of a 
revisional surgery and heightens the risk of weight-related medical conditions[22,23]. Therefore, our practice is to 
implement TORe for patients with weight recurrence after RYGB early, even for those with pre-obesity on a case-by-case 
basis, as was done here for eight subjects.

While our cohort’s rates and severity of weight recurrence comport with the existing literature[2,7], a 12-mo TBWL of 
17% from TORe is discordant with the published TORe experience[14,15,24]. In a systematic review and meta-analysis of 
thirteen studies and 850 patients, Dhindsa et al[25] noted a mean TBWL of 8.55% at 12 mo from TORe. While these studies 
also employed the same full-thickness suturing device and were predominantly female participants, major differences 
included the inclusion of only studies conducted at academic centers in both the inpatient and outpatient setting, 
inconsistent use of purse-string technique and ablation, and inclusion of patients on concomitant anti-obesity 
medications.

We suspect that this discrepancy is driven by two important factors within our cohort: first, consistent use of the purse-
string technique, which leads to superior weight loss outcomes compared to other suture patterns for TORe[14]; second, 
longitudinal and frequent follow-up with medical and nutritional support, which is a critical factor in weight loss and 
weight loss maintenance in endobariatric therapies[26,27]. In this cohort, attendance of follow-up visits was the strongest 
predictor of weight loss from TORe, a feature largely afforded by a dedicated team of registered dieticians and the 
transition to a telemedicine care model amid the coronavirus-19 pandemic. Regular outpatient follow-up with 
reinforcement of comprehensive lifestyle programming likely maximizes the therapeutic effect of the TORe procedure. 
Finally, this may also be a result of a self-pay model in our practice, which may confer a higher degree of patient 
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Figure 3 Clinical response rates at 12 mo from transoral outlet reduction. The percentage of the cohort achieving a total body weight loss response 
category at 12 mo is shown. Total body weight loss represents response to transoral outlet reduction and does not include initial weight loss to gastric bypass. TBWL: 
Total body weight loss.

Figure 4 Weight trajectory of cohort. The mean and standard errors for weight at Roux-en-Y gastric bypass (RYGB), post-RYGB weight nadir, transoral outlet 
reduction (TORe), and the year after TORe are depicted for the cohort. Time for post-RYGB weight nadir is not known or specified. This figure illustrates the 
importance of TORe to interrupt and reverse the post-RYGB weight recurrence trajectory. RYGB: Roux-en-Y gastric bypass; TORe: Transoral outlet reduction.

investment in weight loss efforts.
As such, we recommend that gastroenterologists or surgeons looking to incorporate TORe into their practice perform 

the purse-string technique and provide longitudinal aftercare. The purse-string technique is more challenging to master 
than alternative techniques[28]. While published data on the learning curve for TORe are sparse, our experience mirrors 
that of the endoscopic sleeve gastroplasty, for which 25-50 cases are needed, at minimum[29]. However, a novel 
endoscopic suturing simulator has shown promise in markedly reducing the number of cases needed for independence in 
TORe, including among novices[30].

Intriguingly, pouch reduction did not contribute to a greater weight loss at one year. This is suggestive of a few possib-
ilities: first, narrowing of the GJA disproportionately governs satiation signals compared to pouch restriction, and second, 
mucosal ablation and purse-string suturing of the GJA may lead to a durable construct that is not enhanced within the 
first year by additional reinforcement sutures. Mucosal ablation of the pouch in combination with endoscopic suturing 
was not performed in this study, and the effect of this is not known at this time. Other factors previously shown to be 
associated with greater weight loss after TORe—including degree of weight recurrence following RYGB, smaller GJA 
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post-TORe, greater change in pre- to post-TORe diameter, and number of pouch sutures— were not noted in our study
[16,31,32].

For those wishing to provide or undergo this procedure, it is important to be cognizant of post-TORe stenosis. This 
presents as a consistent inability to pass ingested meals with subsequent regurgitation and is not responsive to 
prolonging a liquid diet. From our cohort, post-TORe stenosis followed a predictable timeline, predominantly occurring 
within a few weeks of starting a regular diet (day 50 in our program). The major risk factor appears to be GJA stenosis 
after RYGB; thus, it is routine to ask about this during consultation for TORe at our center. In these patients, our approach 
is modified by narrowing the GJA to 10 mm rather than 8 mm, our current standard practice. The rate of post-TORe 
stenosis observed in this cohort is consistent with those published by Jaruvongvanich et al[16] but nearly ten times higher 
than those observed in Jirapinyo et al[31] and Dhindsa et al[25]. We suspect that this is driven by the high wattage (80 W) 
mucosal ablation—which is associated with a higher absolute rate of stenosis—plus the purse-string suture technique
[33]. The combination of these approaches may be more likely to induce an overly robust healing response beyond the 
original post-TORe diameter in a predisposed patient. Nevertheless, given that this combination technique offers superior 
weight loss outcomes, we contend this is an acceptable risk, provided patients are sufficiently counseled and aware that it 
typically resolves with one to two endoscopic dilations.

Adverse event rates in our cohort were otherwise lower than other published studies, with only one patient admitted 
for overnight observation of persistent nausea and vomiting with self-resolution[25]. Still, as with other endoscopic 
suturing procedures, TORe can be associated with a low but serious risk of gastrointestinal bleeding, intraabdominal 
infection, perigastric leak, and perforation[25,34]. It is therefore critical to inform patients about warning signs and 
symptoms and to ensure that they have direct access to an on-call physician for assessment and risk stratification should 
concerns arise. Though this study showed that TORe can be successfully and safely performed in a community 
ambulatory surgical center, these rare complications may require inpatient management. As such, community physicians 
performing TORe should have privileges at or at least a relationship with nearby hospitals.

Strengths of this study include a consistent TORe procedural technique and a high subject accountability rate over 
twelve months. Study limitations include its single-center, retrospective design, and procedural performance by a single 
experienced endoscopist with expertise in endobariatric procedures, as these limit the generalizability of our findings. 
Restricting the study duration to 12 mo was necessary due to loss of follow-up beyond this time point but precludes 
understanding of TORe durability beyond one year. Other limitations include lack of follow-up on comorbidity 
resolution and lack of capture of improvement of dumping syndrome, for which TORe is a proposed therapy[34,35]. 
Finally, the results here are, by definition, from those patients who continued with follow-up, and—given that follow-up 
support is linked to improved weight loss outcomes in endobariatrics—this cohort may over-represent weight loss 
response[26,27]. For this reason, we emphasize the importance of both TORe technique and aftercare in the interpretation 
of these data.

Ultimately, TORe provides a critically needed tool for addressing weight recurrence after metabolic and bariatric 
surgery for those wishing to avoid the risks of revisional surgery. While there are still challenges, including accessibility 
due to the lack of widespread insurance coverage in the United States and inconsistency regarding what constitutes 
sufficient training to obtain competency in TORe[36], the procedure nevertheless fits well within the model of obesity as a 
chronic, progressive, relapsing disease state, particularly as it has been shown to be safe to use with anti-obesity pharma-
cotherapy[15,37] and, as seen with two patients in our cohort, can be repeated to enhance weight loss effect.

CONCLUSION
When performed by a physician with experience in endoscopic bariatric therapies, TORe is a feasible, safe, and effective 
approach to weight recurrence after RYGB in a community-based practice. Successful TORe implementation should focus 
on mucosal ablation with purse-string technique and frequent, intensive aftercare. Patients and providers should be 
aware of the risk of post-TORe stenosis that responds well to non-urgent endoscopic balloon dilation.

ARTICLE HIGHLIGHTS
Research background
Given the chronic, progressive nature of obesity, recurrence of 20%-30% of weight lost is common in the decade following 
Roux-en-Y gastric bypass (RYGB).

Research motivation
Surgical interventions for weight recurrence after RYGB carry heightened risks. Patients may be more amenable to the 
minimally-invasive endoscopic revision known as transoral outlet reduction (TORe). Though United States Food and 
Drug Administration-authorized, very little data exists on the implementation of TORe in the community setting.

Research objectives
To clarify the safety, efficacy, and technically feasibility of purse-string TORe in the community setting.
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Research methods
This was a retrospective evaluation of a prospectively-maintained cohort of adult patients undergoing purse-string TORe 
in an ambulatory surgical center at a practice with expertise in endoscopic bariatric therapies. The primary outcome was 
total body weight loss at 12 mo. Secondary outcomes included excess weight loss within the first year, safety, predictors 
of total body weight loss (TBWL) response at 12 mo, and rates of post-TORe gastrojejunal anastomosis (GJA) stenosis.

Research results
In this cohort of 284 adults who underwent TORe in the community setting for weight recurrence following RYGB, 12-mo 
total body weight loss was 17.4%, and 81.2% achieved ≥ 10% TBWL. The number of follow up visits was the strongest 
predictor of 12-mo TBWL. Serious adverse events were rare and included one episode of post-operative nausea and 
vomiting requiring hospitalization (0.4%). Post-TORe stenosis occurred in 3.9% of subjects after an average of 57 d from 
TORe and was successfully managed with 1-2 endoscopic dilations. In this single largest cohort of patients undergoing 
TORe with a consistent purse-string technique, the procedure was shown to be safe and effective in the community 
setting.

Research conclusions
When performed by experienced endoscopists and supported by longitudinal nutritional aftercare, purse-string TORe is 
an effective, safe, and feasible tool in the community setting to address weight recurrence after RYGB.

Research perspectives
Further study of TORe should evaluate the impact of the procedure on weight related comorbidities, which are shown to 
reemerge with weight recurrence after RYGB. Investigation into application of TORe to other metabolic and bariatric 
surgeries with a GJA (such as the one-anastomosis gastric bypass) and other clinical entities in RYGB (such as dumping 
syndrome and bile acid reflux) will also be valuable to the field.
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Abstract
BACKGROUND 
Asparaginase (ASP) is an important drug in combined chemotherapy regimens 
for pediatric acute lymphoblastic leukemia (ALL); ASP-associated pancreatitis 
(AAP) is the main adverse reaction of ASP. Recurrent pancreatitis is a compli-
cation of AAP, for which medication is ineffective.

AIM 
To evaluate the efficacy and safety of endoscopic retrograde cholangiopancreato-
graphy (ERCP) in treating recurrent pancreatitis due to AAP.

METHODS 
From May 2018 to August 2021, ten children (five males and five females; age 
range: 4–13 years) with AAP were treated using ERCP due to recurrent pancre-
atitis. Clinical data of the ten children were collected, including their sex, age, 
weight, ALL risk grading, clinical symptoms at the onset of pancreatitis, time 
from the first pancreatitis onset to ERCP, ERCP operation status, and posto-
perative complications. The symptomatic relief, weight change, and number of 
pancreatitis onsets before and after ERCP were compared.

RESULTS 
The preoperative symptoms were abdominal pain, vomiting, inability to eat, 
weight loss of 2–7 kg, and 2–9 pancreatitis onsets. After the operation, nine of ten 
patients did not develop pancreatitis, had no abdominal pain, could eat normally; 
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the remaining patient developed three pancreatitis onsets due to the continuous administration of ASP, but eating 
was not affected. The postoperative weight gain was 1.5–8 kg. There was one case of post ERCP pancreatitis and 
two cases of postoperative infections; all recovered after medication.

CONCLUSION 
ERCP improved clinical symptoms and reduced the incidence of pancreatitis, and was shown to be a safe and 
effective method for improving the management of recurrent pancreatitis due to AAP.

Key Words: Acute lymphoblastic leukemia; Asparaginase; Endoscopic retrograde cholangiopancreatography; Pancreatic 
pseudocyst; Recurrent pancreatitis; Children

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

Core Tip: Recurrent pancreatitis is a complication of asparaginase-associated pancreatitis (AAP), and medications do not 
prevent recurrence. This study was conducted to evaluate the efficacy and safety of endoscopic retrograde cholangiopan-
creatography (ERCP) in treating recurrent pancreatitis due to AAP. Our research found that ERCP improved clinical 
symptoms and reduced the incidence of pancreatitis, and was shown to be a safe and effective method for improving the 
management of recurrent pancreatitis due to AAP.

Citation: Yang KH, Zeng JQ, Ding S, Zhang TA, Wang WY, Zhang JY, Wang L, Xiao J, Gong B, Deng ZH. Efficacy and safety of 
endoscopic retrograde cholangiopancreatography in recurrent pancreatitis of pediatric asparaginase-associated pancreatitis. World J 
Gastrointest Endosc 2023; 15(10): 614-622
URL: https://www.wjgnet.com/1948-5190/full/v15/i10/614.htm
DOI: https://dx.doi.org/10.4253/wjge.v15.i10.614

INTRODUCTION
Acute lymphoblastic leukemia (ALL) is a malignant tumor with a high incidence in children. One of the key drugs in the 
combined chemotherapy regimen to treat ALL is asparaginase (ASP). ASP is important for inducing remission and 
achieving long-term disease-free survival, but it has a high probability of inducing ASP-associated pancreatitis (AAP). 
The overall incidence of AAP is 2%–18%, with 7%–66% of cases classified as severe; the mortality rate due to AAP is as 
high as 2%[1-5]. Asparaginase-induced pancreatitis is often seen as acute toxicity with lasting issues such as recurrent 
pancreatitis, causing patients to be at risk for progressing to chronic pancreatitis over time. This may affect children's 
eating, weight, and quality of life[6-11]. Recurrent pancreatitis is the main complication of AAP, wherein children are 
unable to eat normally and lose weight, thus seriously affecting their quality of life[6-11]. If pancreatitis repeatedly recurs 
in AAP, the effects of medications such as somatostatin and its analog octreotide are not efficacious for preventing 
recurrent pancreatitis, which is a difficulty in clinical treatment.

Endoscopic retrograde cholangiopancreatography (ERCP) is a minimally invasive method for diagnosing and treating 
recurrent pancreatitis, and its efficacy and safety have been confirmed[12-17]. As patients with ALL are special, research 
has seldom focused on procedures for the complication of ASP. This study aimed to evaluate the efficacy and safety of 
ERCP in treating recurrent pancreatitis due to AAP.

MATERIALS AND METHODS
General information
This study was approved by the Institutional Review Board of Shanghai Children’s Medical Center (SCMCIRB-
K2019005). All the participants’ legal guardians provided written informed consent. From May 2018 to August 2021, ten 
children with AAP underwent ERCP due to recurrent pancreatitis that persisted for 3 mo and for which medication was 
ineffective. Their sex, age, ALL risk grading, clinical symptoms at the onset of pancreatitis, time from the first pancreatitis 
onset to ERCP, weight, ERCP operation status, and postoperative complications of ERCP were summarized. The status of 
symptomatic relief, number of pancreatitis onsets, and weight change before and after ERCP operation were compared. 
For all ten children, smoking, alcohol consumption, biliary pancreatitis, hyperlipidemia, hypercalcemia, tumor invasion, 
trauma, and autoimmune diseases were excluded.

Definitions
AAP was defined as acute pancreatitis after using ASP, and its diagnosis was based on a combination of clinical, 
biochemical (amylase, lipase), and imaging evidence. According to the diagnostic criteria put forward by the Toxicity 
Working Group established by the Ponte di Legno consortium in 2016, cases that meet two or more of the following 
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criteria can be diagnosed as having AAP[18,19]: (1) Acute pancreatitis-related abdominal pain; (2) blood amylase or blood 
lipase exceeding three times the upper limit of normal; and (3) imaging examination findings (ultrasonography, 
computed tomography, or magnetic resonance imaging) consistent with pancreatitis.

ERCP procedures
Prior to ERCP, each child’s guardian signed a written informed consent for the procedure. All procedures were 
performed by the same experienced endoscopist, who had, incidentally, performed more than 30000 ERCPs. The children 
underwent ERCP in the prone position under general anesthesia using a standard pediatric duodenoscope (JF-240, 
Olympus, Tokyo, Japan), and vital signs were continuously monitored. Therapeutic maneuvers were selected during the 
operation according to the pancreatic imaging results, including endoscopic pancreatography sphincterotomy, placement 
of pancreatic duct stent, balloon dilation, and stone extraction. Figure 1A and B show the most common ERCP procedures 
of stone extraction and placement of pancreatic duct stent. The uoroscopic view of the pancreatic duct is shown in 
Figure 1C. A fluoroscopic view of the pancreatic duct stricture dilation performed by balloon manipulation and huge 
pseudocyst is shown in Figure 1D. Post-ERCP complications were assessed by monitoring the child’s blood amylase and 
lipase levels, using pancreatic ultrasound images, and assessing postoperative abdominal pain, fever, and bleeding 24 h 
after ERCP. Post-ERCP complications were treated using the conventional treatment in internal medicine, and further 
evaluation and treatment were required for children with severe disease. The discharge criteria were absence of fever and 
abdominal pain along with a return of blood amylase levels to normal. Patients who did not meet the discharge criteria 
were evaluated for treatment.

Follow-up and evaluation indicators
Follow-up time: All patients were followed up for an average of 1.2 years, the shortest follow-up time was 1 year and the 
longest was 1.5 years.

Observation indicators: The primary observation indicators, including the number of acute pancreatitis onsets, 
symptoms related to acute pancreatitis such as abdominal pain, vomiting, normal eating habits, and body weight were 
evaluated every 3 mo. Those with pancreatic pseudocyst underwent reexaminations by B-ultrasonography.

The secondary observations were post-ERCP complications[20]. Post-ERCP pancreatitis (PEP), bleeding, infection, and 
perforation are the most common complications. PEP was defined as new or worsening abdominal pain with elevated 
blood amylase three times above the normal value and lasting longer than 24 h. Bleeding was defined as bleeding foci or 
persistent oozing of blood that was visible to the naked eye during the operation and vomiting of blood, blood in stool, or 
black stool with a progressive decrease in hemoglobin after the operation. Infection was defined as a postoperative 
temperature greater than 38°C and lasting for more than 24 h. Perforation was characterized by sudden abdominal pain 
and signs related to peritonitis during or after the operation. This included signs such as subdiaphragmatic free gas and 
retroperitoneal gas on imaging.

RESULTS
Basic clinical information
Among the ten children, there were five males and five females (age range: 4–13 years). There were nine cases at 
moderate risk and one case at low risk. All ten children showed recurrent abdominal pain and vomiting and were unable 
to eat. Among them, seven were fed through nasal jejunal tubes. The number of pancreatitis onsets before the operation 
was equal to or greater than two times. The weight loss before the operation was 2–7 kg. The time from the first AAP 
onset to ERCP was 3–8 mo (Table 1).

Status of ERCP operation
There were five cases of pseudocyst (5/10, 50%), six cases of pancreatic duct stones (6/10, 60%), and four cases of 
pancreatic duct stenosis (4/10, 40%). A total of seven cases (7/10, 70%) underwent pancreatic duct stent implantation; 
eight cases (8/10, 80%) underwent sphincterotomy; and five cases (5/10, 50%) had balloon manipulation. In total, two 
patients underwent ERCP operations twice for stent removal, while the remaining eight patients underwent only one 
operation (Table 2).

Status after ERCP
Among the five cases of pseudocyst, the cyst disappeared in four cases; no changes were observed in the cyst in one case 
even following the operation, but no pancreatitis occurred. After ERCP was performed, one patient developed three 
pancreatitis onsets due to continuous administration of ASP, but eating was not affected. The remaining nine patients did 
not develop pancreatitis after the operation and could eat normally. Weights increased by 1.5–8 kg across all patients.

After ERCP, one case developed mild pancreatitis, which recovered after medication. Moreover, two children 
developed postoperative infections but recovered after receiving anti-infective treatment (Table 3).
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Table 1 Preoperative data of ten children

Case Sex Age 
(yr)

Risk 
grading

Interval between first AAP 
onset and ERCP (mo) Clinical features Nasal 

jejunal tube
Number of AAP 
onsets (times)

Weight 
loss (kg)

1 Female 4 Medium 4 Abdominal pain, 
vomiting, inability to eat

Yes 6 2

2 Male 10 Medium 3 Abdominal pain, 
vomiting, inability to eat

Yes 4 6

3 Male 12 Medium 3 Abdominal pain, 
vomiting, inability to eat

Yes 7 7

4 Male 6 Low 6 Abdominal pain, 
vomiting, inability to eat

Yes 9 4

5 Female 13 Medium 3 Abdominal pain, 
vomiting, inability to eat

Yes 5 2

6 Male 4 Medium 3 Abdominal pain, 
vomiting, inability to eat

No 5 3

7 Female 4 Medium 6 Abdominal pain, 
vomiting, inability to eat

Yes 9 3

8 Male 7 Medium 3 Abdominal pain, inability 
to eat

Yes 2 7

9 Female 7 Medium 8 Abdominal pain, 
vomiting, inability to eat

No 9 3

10 Female 4 Medium 4 Abdominal pain, 
vomiting, inability to eat

No 5 3

AAP: Asparaginase-associated pancreatitis; ERCP: Endoscopic retrograde cholangiopancreatography.

Table 2 Status of endoscopic retrograde cholangiopancreatography operation

Case Presence of pseudocyst and its 
size (mm)

Pancreatic duct 
stenosis

Pancreatic duct 
stones ERCP operation mode ERCP operation 

times

1 40 × 15 No Yes EPS+ERPD 2

2 / No Yes EPS+balloon manipulation 1

3 81 × 41 Yes No Balloon manipulation +ERPD 1

4 / Yes Yes EPS+ERPD 2

5 68 × 40 Yes No Balloon 
manipulation+EPS+ERPD 

1

6 16 × 12 No No EST 1

7 / No Yes Balloon manipulation+ERPD 1

8 48 × 40 Yes No Balloon 
manipulation+EPS+ERPD 

1

9 / No Yes EPS 1

10 / No Yes EPS+ERPD 1

EPS: Endoscopic pancreatography sphincterotomy; EST: Endoscopic sphincterotomy; ERPD: Endoscopic retrograde pancreatic drainage; ERCP: 
Endoscopic retrograde cholangiopancreatography.

DISCUSSION
AAP is a serious adverse reaction to ASP and is the most common reason for interruption of ASP treatment[21-23]. AAP 
is defined as an acute inflammatory process within the pancreatic parenchyma following ASP treatment. The diagnosis is 
based on the presence of at least two of the following three criteria: Abdominal pain suggestive of pancreatitis, serum 
amylase or lipase three or more times the upper-normal level, and characteristic imaging findings suggestive of pancre-
atitis. The underlying pathophysiology is not fully understood, but is thought to involve the reduction of protein 
synthesis, especially in organs with high protein turnover, such as the liver and pancreas, and results from systemic 
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Table 3 Follow-up data of the seven children

Case Ultrasonography for pseudocyst
After ERCP acute 
pancreatitis onsets 
(times)

Clinical symptoms Postoperative 
complications

Weight 
gain/yr (kg)

1 At 6 mo after the operation, no pseudocyst was 
found by ultrasonography

0 Abdominal pain 
disappeared, able to eat

No 5

2 / 0 Abdominal pain 
disappeared, able to eat

Postoperative pancre-
atitis

5

3 At 3 mo after the operation, no pseudocyst was 
found by ultrasonography

0 Abdominal pain 
disappeared, able to eat

Infection 8

4 / 0 Abdominal pain 
disappeared, able to eat

Infection 7

5 At 4 mo after the operation, ultrasonography 
revealed that the pseudocyst had disappeared

0 Abdominal pain 
disappeared, able to eat

No 3

6 There was still a 16 mm × 12 mm pseudocyst 0 Abdominal pain 
disappeared, able to eat

No 7

7 / 0 Abdominal pain 
disappeared, able to eat

No 1.5

8 At 2 mo after the operation, no pseudocyst was 
found by ultrasonography 

0 Abdominal pain 
disappeared, able to eat

No 2

9 / 3 Abdominal pain, but 
did not affect eating

No 2

10 / 0 Abdominal pain 
disappeared, able to eat

No 3

ERCP: Endoscopic retrograde cholangiopancreatography.

depletion of asparagine[19,24]. The Ponte di Legno consortium classified AAP into three grades according to the degree 
of pancreatic injury[19]. On the basis of severe pancreatitis, repeated pancreatitis is a high-risk factor for chronic pancre-
atitis. In addition, recurrent onsets of pancreatitis lead to children’s inability to eat normally during chemotherapy, 
causing inadequate nutrition. Combined with the impact of chemotherapy drugs, this results in weight loss and 
insufficient immunity, seriously impacting children’s quality of life.

In our study, ten children with AAP experienced recurrent pancreatitis presenting as abdominal pain, vomiting, 
inability to eat normally, and weight loss. Although seven patients had been placed on nasal jejunal tube feeding, their 
weight was still below the ideal due to recurrent pancreatitis. Therefore, once recurrent pancreatitis appears in AAP, 
intervention is necessary as early as possible to improve the quality of life of children and prevent chronic pancreatitis in 
the long term. However, most human clinical studies have focused on how to treat acute pancreatitis rather than 
relapsing pancreatitis.

ERCP is an endoscopic technique that combines gastrointestinal endoscopy and fluoroscopy for the diagnosis and 
treatment of pancreatic and biliary diseases. The application of ERCP in children has been increasing in recent years and 
its efficacy and safety have been demonstrated in operations such as sphincterotomy, papillary dilation, and pancreatic 
duct stenting. ERCP can safely be performed in children with a pooled complication rate of approximately 1.2-10.9%, 
paralleling that observed with adults[25,26].

Recurrent pancreatitis is a therapeutic indication for ERCP. Our study was comprised of ten children with recurrent 
pancreatitis related to ASP. Five had pancreatic pseudocyst, four had pancreatic duct stenosis, and six had pancreatic 
duct stones, suggesting that pseudocyst and pancreatic duct lesions were the root causes of recurrent pancreatitis and 
might even be the pathological basis of chronic pancreatitis. For pseudocyst and pancreatic duct lesions, medication is 
ineffective. ERCP is a minimally invasive treatment for biliary and pancreatic diseases in children, and symptomatic 
pancreatic pseudocyst and pancreatic duct diseases (stenosis and stones) are indications for ERCP[27-29]. Through 
pancreatic duct stent implantation, dilatation, and sphincterotomy, four cases of pseudocyst were resolved. Pseudocyst 
remained in one case, but no pancreatitis occurred; therefore, an observation strategy was maintained for natural 
absorption. A total of nine cases did not develop pancreatitis after the operation and the patients could, therefore, eat 
normally. Pancreatitis was observed in one case three times due to continuous use of ASP; however, the abdominal pain 
was mild and did not affect eating. The patient recovered after medication. All ten children gained weight after the 
operation. Two of the children developed an infection but recovered after anti-infective treatment. This supports ERCP as 
an effective and safe intervention for AAP with recurrent pancreatitis.

Pancreatic duct stones (PDS) are stones formed in the main pancreatic duct and pancreatic duct branches. They are a 
manifestation of protein embolism or mineralization (caused by calcium carbonate or protein in the pancreas precip-
itating in the pancreatic ducts) and are characteristic pathological changes of chronic pancreatitis. PDS and pancreatitis 
are mutually causal. Recurrent pancreatitis leads to increased secretion of pancreatic juice and the activation and concen-
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Figure 1 Endoscopic retrograde cholangiopancreatography procedures. A: Endoscopic view of stone extraction; B: Endoscopic view showing that two 
pancreatic stents were placed after stone extraction; C: Fluoroscopic view of endoscopic retrograde cholangiopancreatography showing the dilated and tortuous 
pancreatic duct; D: Fluoroscopic view of pancreatic duct stricture dilation performed by balloon manipulation. White arrow shows the guide wire coiled inside the 
pseudocyst.

tration of a large amount of trypsinogen in the pancreatic ducts, leading to the formation of pancreatic stones. PDS block 
the pancreatic ducts, causing stenosis or dilation of the pancreatic ducts and subsequent recurrent pancreatitis[30]. In this 
study, six children were found to have PDS during the ERCP operation, and the cause of their formation might be related 
to the recurrence of pancreatitis after using ASP.

Approximately 23% of AAP episodes resulted in pancreatic pseudocyst, a markedly higher proportion than reported in 
a case series of pancreatitis due to all etiologies, which ranged from 2% to 16%[31]. Pancreatic pseudocyst is a common 
complication of pancreatitis that can manifest with abdominal symptoms of pain, nausea, and vomiting; it can also 
present without any clinical symptoms. Approximately 20%–60% of pancreatic pseudocysts naturally resolve within 6–12 
wk[32,33]; therefore, ERCP is not the first treatment choice. When pancreatic pseudocysts are symptomatic, endoscopic 
intervention should be the therapy of first choice. In this study, the five cases of pseudocysts presented with recurrent 
pancreatitis. We observed these for at least 3 mo during which time the pseudocysts were still not absorbed. Furthermore, 
the children lost weight while waiting for the pseudocysts to be naturally absorbed. Therefore, once pancreatic 
pseudocysts with recurrent pancreatitis are present, we recommend ERCP treatment as early as possible.

In one case (case 9), where AAP recurred even after the ASP dosage was reduced by half, ERCP operation was 
performed to enable subsequent ASP treatment. After the operation, the child continued to receive three injections of 
ASP. Although there were still onsets of pancreatitis, compared with that before the operation, the number of onsets was 
reduced, degree of abdominal pain was alleviated, and eating was not affected. We believe that the implantation of a 
pancreatic duct stent is the key to ensuring successful chemotherapy with ASP. Meta-analysis data of many clinical 
reports show that stent placement could effectively relieve the symptoms of abdominal pain, with immediate relief rates 
of 65%–95% and sustained relief rates of 32%–68%[34]. Moreover, pancreatic duct stents could prevent post-ERCP pancre-
atitis in high-risk patients. Therefore, in the majority of patients (seven out of ten) in the study, a pancreatic duct stent 
was implanted, effectively relieving abdominal pain and, in the ninth case, protecting the pancreas from the damage 
caused by repeated ASP use. Repeated use of ASP in severe AAP is not typically recommended because up to 63% of 
children had a second recurrence of pancreatitis[5]. Based on our experience of using ERCP treatment in the ninth case, 
we believe that ERCP can be attempted in children with AAP prior to resuming the use of ASP to ensure that patients can 
complete their ASP treatment course, thereby improving the event-free survival rate in cases of ALL where children’s 
ASP therapy is interrupted. To our knowledge, the efficacy and safety of ERCP in recurrent pancreatitis of ASP in 
children has not been reported to date. This is the largest number reported in China, with further detail than has 
previously been reported.

There are several limitations in the present study. First, this was a single-center and retrospective study with potential 
biases in inclusion criteria. Second, the sample size is notably limited due to the technically demanding and less 
commonly available nature of the ERCP procedure in most hospitals. The prevalent approach for cases of recurrent 
pancreatitis post-AAP prioritizes fluid replacement therapy, nutrition, and pain management. Additionally, it is 
important to note that ERCP is still in the process of development and refinement, especially concerning its application 
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for children with leukemia. Third, there was no control group in our study. Fourth, due to the underdeveloped nature of 
the rural area from which the patients originated, access to hospital resources is limited. This limitation could potentially 
contribute to the onset of pancreatitis, abdominal pain, vomiting, and weight gain among the patients. Finally, our study 
has a relatively short follow-up duration, averaging 1.2 years. This shorter duration may also impact the results of ERCP 
in AAP.

CONCLUSION
In summary, for AAP complicated by recurrent pancreatitis with pancreatic pseudocyst and pancreatic duct lesions 
(stones, pancreatic duct stenosis, or dilatation), ERCP appears to be an effective and safe intervention. Furthermore, ERCP 
seems to have a protective effect against pancreatic injury caused by repeated use of ASP. As a consequence, these 
patients can rapidly resume chemotherapy, which improves their outcome with regard to the underlying malignant 
disease.

ARTICLE HIGHLIGHTS
Research background
Asparaginase (ASP) is an important drug in combined chemotherapy regimens for pediatric acute lymphoblastic 
leukemia (ALL); ASP-associated pancreatitis (AAP) is the main adverse reaction of ASP. Recurrent pancreatitis is a 
complication of AAP, for which medication is ineffective.

Research motivation
As repeated occurrence of AAP limits the application of chemotherapy regimens for ALL, an effective, less invasive, and 
safe treatment strategy for AAP is desirable.

Research objectives
To evaluate the efficacy and safety of endoscopic retrograde cholangiopancreatography (ERCP) in treating recurrent 
pancreatitis due to AAP.

Research methods
From May 2018 to August 2021, ten children (five males and five females; age range: 4–13 years) with AAP were treated 
using ERCP due to recurrent pancreatitis. Clinical data of the ten children were collected, including their sex, age, weight, 
ALL risk grading, clinical symptoms at the onset of pancreatitis, time from the first pancreatitis onset to ERCP, ERCP 
operation status, and postoperative complications. The symptomatic relief, weight change, and number of pancreatitis 
onsets before and after ERCP were compared.

Research results
The preoperative symptoms were abdominal pain, vomiting, inability to eat, weight loss of 2–7 kg, and 2–9 pancreatitis 
onsets. After the operation, nine of ten patients did not develop pancreatitis, had no abdominal pain, could eat normally; 
the remaining patient developed three pancreatitis onsets due to continuous administration of ASP, but eating was not 
affected. The postoperative weight gain was 1.5–8 kg. There was one case of postoperative pancreatitis and two cases of 
postoperative infections; all recovered after medication.

Research conclusions
ERCP could improve clinical symptoms and reduce the incidence of pancreatitis, and was shown to be a safe and 
effective method for improving the management of recurrent pancreatitis of AAP.

Research perspectives
Based on our experience of using ERCP in treating recurrent pancreatitis due to AAP, we believe that ERCP can be 
attempted in children with AAP prior to resuming the use of ASP to ensure that patients can complete their ASP 
treatment course, thereby improving the event-free survival rate in cases of ALL where children’s ASP therapy is 
interrupted.
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Abstract
BACKGROUND 
Juvenile polyposis syndrome (JPS) is a rare hereditary polyposis disease freq-
uently associated with an autosomal-dominant variant of the SMAD4 or BMPR1A 
gene. It often manifests with symptoms in children and adolescents and is 
infrequently diagnosed in asymptomatic adults. Establishing the diagnosis is 
important as patients with JPS have a high risk of developing gastrointestinal 
cancer and require genetic counselling and close routine follow-up.

CASE SUMMARY 
We report on the case of a 56-year-old female diagnosed with JPS after genetic 
testing revealed a rare variant of the BMPR1A gene BMPR1A c.1409T>C 
(p.Met470Thr). She was initially referred for colonoscopy by her general practi-
tioner after testing positive on a screening faecal immunochemical test and 
subsequently found to have polyposis throughout the entire colorectum on her 
index screening colonoscopy. The patient was asymptomatic with a normal 
physical examination and no related medical or family history. Blood tests 
revealed only mild iron deficiency without anemia. To date, there has only been 
one other reported case of JPS with the same genetic variant. Subsequent colono-
scopies were organised for complete polyp clearance and the patient was returned 
for surveillance follow-up.

CONCLUSION 
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JPS patients can present with no prior symptoms or family history. Genetic testing plays an important diagnostic 
role guiding management.

Key Words: Juvenile polyposis syndrome; Polyps; Colorectal polyp; Hereditary polyposis; Cancer; Case report

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

Core Tip: Juvenile polyposis syndrome (JPS) is a hereditary autosomal dominant disease that phenotypically presents with 
polyposis throughout the colorectum. Detection and diagnosis is important as patients have a high risk of developing 
gastrointestinal cancer. Symptoms often manifest in childhood and adolescence with most having evidence of an associated 
family history. We report a case of polyposis found on index screening endoscopy in an asymptomatic female with no prior 
related family or medical history. Subsequent genetic testing led to the diagnosis of JPS after detecting a rare variant of the 
BMPR1A gene previously only reported in one other case of JPS.

Citation: Wu MY, Toon C, Field M, Wong M. Polyposis found on index colonoscopy in a 56-year-old female - BMPR1A variant in 
juvenile polyposis syndrome: A case report. World J Gastrointest Endosc 2023; 15(10): 623-628
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INTRODUCTION
Hereditary gastrointestinal polyposis syndromes are a rare group of diseases that account for up to approximately 5% of 
all colorectal cancers[1]. These polyposis syndromes are broadly categorised based on whether polyps demonstrate 
predominantly adenomatous or hamartomatous changes. Hamartomatous polyposis syndromes include Peutz-Jeghers 
syndrome, phosphatase and tensin homolog (PTEN) hamartomatous syndromes (Cowden syndrome and PTEN-related 
Proteus syndromes) and Juvenile Polyposis syndrome (JPS)[2]. Early recognition and detection of these hereditary 
diseases is important due to the lifetime risk of developing gastrointestinal cancer. JPS often manifests with gastroi-
ntestinal symptoms such as rectal bleeding, anemia, bowel habit changes and abdominal pain in childhood with an 
average age of diagnosis in the adolescent years[3,4]. We present a case of a patient with polyposis found on index 
screening endoscopy and discovery of a rare de novo variant of the BMPR1A gene on genetic testing leading to the 
subsequent diagnosis of JPS. This is a unique presentation of an asymptomatic adult with no related medical or family 
history and to date, there has been only one other reported case of JPS with the same genetic variant. This case highlights 
the importance of clinician vigilance as many individuals may present with no related history and emphasises the need 
for early genetic testing to guide appropriate management and surveillance intervals.

CASE PRESENTATION
Chief complaints
A 56-year-old female was referred in by her general practitioner after she tested positive on screening faecal immuno-
chemical test.

History of present illness
She reported some infrequent constipation but no acute bowel habit changes. Overall, she was constitutionally well with 
no history of abdominal pain, malaena, haematochezia, or weight loss.

History of past illness
She had a medical history of gastroesophageal reflux disease and asthma. Her only regular medication was a budesonide-
formoterol (200 mcg/6 mcg) inhaler.

Personal and family history
She had no history of smoking or alcohol use. There was no family history of colorectal cancer or other gastrointestinal 
diseases.

Physical examination
The patient was fit and well with normal vital signs. There were no significant findings on physical examination such as 
skin lesions commonly associated with Cowden and other PTEN hamartoma syndromes, mucosal pigmentation 
associated with Peutz-Jeghers syndrome and macrocephaly associated with JPS[5-7]. There were no features of alopecia, 
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onychodystrophy or hyperpigmentation that may be seen in Cronkhite-Canada syndrome[8]. She had no features of 
Hereditary Haemorrhagic Telangectasia typically seen in SMAD4 juvenile polyposis.

Laboratory examinations
The only abnormalities on her blood tests were a mild iron deficiency with ferritin level 25 µg/L (reference range 30–300 
µg/L) without anaemia.

Imaging examinations
The patient proceeded to a gastroscopy which found a single medium-sized fundic gland polyp and a colonoscopy 
demonstrating more than one hundred pedunculated polyps throughout the caecum, ascending colon, transverse colon, 
descending colon, sigmoid colon, rectosigmoid colon and rectum (Figure 1). Initial biopsies were taken throughout the 
gastrointestinal tract and several larger polyps were removed for histology. A computed tomography enterography of the 
small bowel did not show any small bowel polyps.

FURTHER DIAGNOSTIC WORK-UP
On histology, the polypoid colonic mucosa showed epithelial-stromal hamartomatous features with variable epithelial 
hyperplasia and subtle myofibroblastic proliferation in the lamina propria (Figure 2). Overall features were consistent 
with a hamartomatous polyposis syndrome. JPS, Peutz-Jegher syndrome, Cronkhite-Canada syndrome and Cowden 
syndrome were considered differential diagnoses however sub-classification proved difficult as there were no further 
distinguishing histological features[9,10].

The patient was referred for multi-gene panel testing which included STK11 associated with Peutz-Jeghers syndrome, 
PTEN associated with PTEN hamartoma syndromes (Cowden syndrome and PTEN-related Proteus syndromes) and 
SMAD4 and BMPR1A associated with JPS. Massively Parallel Sequencing of > 99% of the coding sequences including the 
exon/intron boundaries to a depth of > 200  was performed to generate this result. SOPHiA genetics DDM (Sophia 
Genetics, Saint-Sulpice, Switzerland) was used to generate aligned reads and call variants against the hg19 human 
reference genome. A rare variant of BMPR1A written as BMPR1A c.1409T>C (p.Met470Thr) was identified and JPS was 
diagnosed as the likely cause of her polyposis phenotype. The patient has three siblings and one surviving parent none of 
whom have a history of colorectal cancer or polyps. All bar one of these relatives lives overseas. The patient’s 35-year-old 
son subsequently underwent a colonoscopy which showed no polyps. Genetic testing was also offered to the son which 
returned negative for the BMPR1A variant.

FINAL DIAGNOSIS
The combination of colonoscopy findings, histopathology and multi-gene panel testing led to the diagnosis of JPS.

TREATMENT
Three subsequent colonoscopies were organised for complete polyp clearance and histopathology demonstrated similar 
hamartomatous polyps with some showing early adenomatous changes.

OUTCOME AND FOLLOW-UP
The patient was recommended to return for yearly colonoscopy surveillance given the initial polyp burden.

DISCUSSION
JPS is a rare autosomal dominant disease with an estimated incidence around 1/100000–1/160000 and a 39%-68% lifetime 
risk of colon cancer[11]. Polyp growth occurs primarily in the colorectum but can also appear in the stomach and small 
bowel. Macroscopically JPS polyps appear as pedunculated, exophytic, shiny and spherical growths[2,12]. Histologically, 
juvenile polyps typically demonstrate dilated thick mucin-filled glands with inflammatory infiltrates in the lamina 
propria. Despite these features, polyps in JPS can often still be indistinguishable from other polyposis syndromes. Clinical 
diagnostic criteria also exist in which a diagnosis can be made with the presence of any of the following: > 5 juvenile 
polyps in the colorectum, juvenile polyps in other parts of the gastrointestinal tract or any number of juvenile polyps and 
a positive family history[13]. Confirmatory genetic testing is recommended for all patients meeting clinical diagnostic 
criteria however the presence of germline mutations may only be present in 20%-60% of individuals[4,12]. Making an 
accurate diagnosis of JPS can remain a challenge for clinicians due to the similarity of features with other polyposis 
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Figure 1 Endoscopic view. A and B: White Light Endoscopy Transverse Colon (A) and Narrow Band Imaging Transverse colon (B) showing pedunculated 
polyps in the transverse colon with some grouped into grapelike clusters.

Figure 2  Histology of ascending colon polyp.

syndromes and a lack of a clear ‘gold standard’ diagnostic. In our case, a diagnosis was made on the basis of polyp 
morphology, histology and confirmatory genetic testing.

The heterozygous BMPR1A c.1409T>C (p.Met470Thr) variant is a missense mutation of Methionine to Threonine and 
identified only in one other patient with JPS[14]. In silico analysis predicted the variant affects protein function. Based on 
a lack of functional proof and biological information that the variant was damaging, the variant was classified as a variant 
of unclear significance (class 3) according to the American College of Medical Genetics and Genomics-Association for 
Molecular Pathology SHERLOC guidelines[15]. Whilst 45% to 60% of JPS cases are attributed to more common diease-
causing variants in either the BMPR1A or SMAD4 gene, there are still a number of cases without an identifiable 
pathogenic variant[16]. Since the variant is absent in a large population control group (gnomAD), has been previously 
reported in a patient with JPS and showed limited segregation with disease in this family, the BMPR1A c.1409T>C 
(p.Met470Thr) variant was considered by the authors to be the likely cause of the patients phenotype[17]. Given the rarity 
of disease, reporting on the polyposis features of this patient diagnosed with JPS contributes to the growing body of 
knowledge on the pathogenecity of BMPR1A variants.

The role of genetic counselling is invaluable in the management of a patient with JPS. Around 50% of individuals with 
JPS will have affected parents whilst the remaining half will have no prior family history of polyps and represent a de 
novo mutation[18]. Children of affected individuals have a 50% chance of inheritance. It is recommended that even 
asymptomatic relatives of individuals with JPS undergo evaluations with either genetic testing, if the gene variant is 
known, or endoscopic screening if the variant is unknown[18]. In the case of this patient, genetic screening was 
performed on the son to ensure early disease surveillance and monitoring.
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For patients with polyposis syndrome, current guidelines by the American College of Gastroenterology (ACG) 
recommend screening gastroscopy and colonoscopy from age 12 or earlier if individuals are symptomatic with repeat 
surveillance endoscopy every 1–3 years depending on polyp burden[4]. The European Society of Gastrointestinal 
Endoscopy (ESGE) outline similar colonoscopy age intervals however recommend gastroscopy in asymptomatic 
individuals start at 18 years for those with a SMAD4 mutation and at 25 years in those with BMPR1A mutation[19]. The 
ACG recommends removal of all polyps ≥ 5 mm whilst the ESGE recommends removal of those > 10 mm[4,19]. Periodic 
surveillance of the small bowel is recommended by the ACG however is not recommended by the ESGE given the rarity 
of small bowel involvement in JPS[4,19]. Surgical management with colectomy and ileo-rectal anastomosis is 
recommended if cancer, high-grade dysplasia or polyposis cannot be managed endoscopically[4]. In our patient, serial 
colonoscopies at 3 monthly intervals were adequate for complete polyp clearance and follow-up was organised for yearly 
surveillance given the significant polyp burden on initial colonoscopy. Current guidelines provide blanket recommend-
ations to all patients diagnosed with JPS regardless of the gene-phenotype. Therefore a better understanding of the 
pathogenecity of gene variants can provide information that may help individualise clinical surveillance intervals.

This case highlights the presentation of an asymptomatic female found to have a rare potentially de novo variant in the 
BMPR1A gene leading to the diagnosis of JPS. This case serves as a reminder that many patients may be asymptomatic 
with no related medical or family history. It demonstrates the importance of referral to a geneticist for multigene panel 
testing for confirmatory diagnosis, guidance on further management of the patient and cancer surveillance intervals.

CONCLUSION
JPS is a rare disease that can be a challenging diagnosis to be distinguished from other hereditary polyposis syndromes. 
This case demonstrates that some patients may present in adulthood with no related symptoms or prior history. We 
describe the second reported case in literature of a rare potentially de novo variant of the BMPR1A gene in a patient with 
JPS. This report contributes to the developing body of literature and understanding in the pathogenicity of variants in 
BMPR1A gene.
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Abstract
BACKGROUND 
Endoscopic sleeve gastroplasty (ESG) is a minimally invasive procedure used in 
the treatment of obesity, with a complication rate of less than 2% of cases. There 
have been only two reported cases worldwide of gallbladder injuries as a major 
complication of ESG.

CASE SUMMARY 
We present the case of a 34-year-old patient who developed a complication after 
ESG. The patient experienced epigastric and right hypochondrium pain 12 h after 
the procedure, and a positive Murphy’s sign was identified on physical exami-
nation. Laboratory results showed a leukocyte count of 17 × 103/µL, and 
computed tomography indicated the presence of free fluid in the pelvic cavity and 
perihepatic recesses as well as a possible suture in the wall of the Hartmann’s 
pouch toward the anterior surface of the stomach. A diagnostic laparoscopy was 
performed, revealing plication of the Hartmann’s pouch wall to the anterior 
stomach wall. Laparoscopic cholecystectomy and lavage were carried out. The 
patient had a stable recovery and was discharged 72 h after surgery, tolerating 
oral intake.

CONCLUSION 
Gallbladder plication should be suspected if signs and symptoms consistent with 
acute cholecystitis occur after ESG.
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Core Tip: Only two cases have been reported worldwide of gallbladder plication as a major complication of endoscopic 
sleeve gastrectomy. We present the case of a 34-year-old patient who experienced right hypochondrium pain after 
endoscopic sleeve gastrectomy with a positive Murphy’s sign. Laboratory and imaging studies revealed acute cholecystitis 
findings and a possible gallbladder plication. Diagnostic laparoscopy confirmed plication of the Hartmann’s pouch wall to 
the stomach. A cholecystectomy was performed with a favorable outcome.

Citation: Quiroz Guadarrama CD, Saenz Romero LA, Saucedo Moreno EM, Rojano Rodríguez ME. Gallbladder plication as a rare 
complication of endoscopic sleeve gastroplasty: A case report. World J Gastrointest Endosc 2023; 15(10): 629-633
URL: https://www.wjgnet.com/1948-5190/full/v15/i10/629.htm
DOI: https://dx.doi.org/10.4253/wjge.v15.i10.629

INTRODUCTION
Endoscopic sleeve gastroplasty (ESG) is performed using a suturing device placed at the tip of the endoscope, allowing 
for full-thickness suturing of the anterior, greater curvature, and posterior walls of the stomach[1-3]. While ESG is 
generally considered a safe procedure, some minor adverse effects have been observed, such as nausea, vomiting, and 
mild-to-moderate abdominal pain[4,5]. Only two cases have been reported worldwide of gallbladder plication as a major 
complication of ESG[6,7]. Due to its extreme rarity, there is no appropriate diagnostic and therapeutic protocol. Therefore, 
the relevance of this case report lies in identifying relevant clinical data in its presentation to develop a diagnostic strategy 
and potential treatments.

CASE PRESENTATION
Chief complaints
A 34-year-old female patient with a diagnosis of class I obesity (body mass index 30 kg/m2) was admitted for scheduled 
ESG as primary treatment for obesity. ESG was performed under balanced general anesthesia, with the patient in the left 
lateral decubitus position. A suturing device (Apollo EndoSurgery, Austin, TX, United States) was used attached to a 
dual-channel therapeutic endoscope (Olympus 190; Olympus, Tokyo, Japan). The gastric cavity was insufflated with 
carbon dioxide, and continuous “U” sutures were placed from the gastric body-antrum junction to the fundus. Four 
sutures were used, each consisting of eight stitches, creating the anterior, greater curvature, and posterior walls of the 
stomach. Immediately after the procedure, the patient experienced two episodes of hematemesis and drowsiness.

History of present illness
The patient had a surgical history of two previous cesarean sections and a hysterectomy more than 5 years ago. She also 
had trauma to both pelvic limbs due to an accident, which required multiple reconstructive surgeries on her left foot. 
There had no history of bariatric surgery or previous placement of an intragastric balloon.

History of past illness
The patient denied any personal history of illness.

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

Physical examination
Immediately after the endoscopic procedure, the abdominal examination revealed a depressible abdomen without signs 
of peritoneal irritation, with present bowel sounds. Six hours after the procedure, the patient experienced epigastric pain 
and right hypochondrium pain with an intensity of 4/10 on the visual analog scale (VAS). She was able to tolerate a 
liquid diet, and her vital signs were stable with a blood pressure of 120/80 mmHg, heart rate of 89 beats per minute, and 
respiratory rate of 18 breaths per minute. However, 12 h after the procedure, the pain increased to an intensity of 8/10 on 
the VAS. During the physical examination, the abdomen was soft, and there was deep tenderness on palpation in the 
epigastrium and right hypochondrium, with a positive Murphy’s sign.

Laboratory examinations
A complete blood count was requested, which showed white blood cell (WBC) count of 17.8 × 103/µL (normal range: 4.5-
10.5 × 103/µL), with 91.9% (normal range: 40.0%-63.6%) segmented neutrophils.

Imaging examinations
An abdominal computed tomography scan was performed, revealing the presence of free fluid in the pelvic cavity at the 
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https://dx.doi.org/10.4253/wjge.v15.i10.629


Quiroz Guadarrama CD et al. Gallbladder plication complication of endoscopic sleeve

WJGE https://www.wjgnet.com 631 October 16, 2023 Volume 15 Issue 10

level of the posterior sac and perihepatic recesses on the right anterior segments. Postsurgical changes in the stomach 
were also observed, and an image suggestive of a possible suture in the gallbladder wall was noted (Figure 1).

FINAL DIAGNOSIS
Gallbladder plication following ESG.

TREATMENT
After evaluating the results, a diagnostic laparoscopy with intraoperative panendoscopy was performed. During the 
procedure, omental adhesions were identified in the gallbladder, a limited amount of free bile fluid was present, and a 
suture was found folding the gastric wall with the Hartmann’s pouch of the gallbladder (Figure 2). Abdominal cavity 
lavage was performed with 2 L of 0.9% saline solution, followed by a routine cholecystectomy with a critical view of 
safety according to Strasberg’s criteria without removing the suture. Intraoperative endoscopy was performed to confirm 
the absence of leaks into the abdominal cavity. Finally, a closed drainage was placed, and the surgical procedure was 
concluded.

OUTCOME AND FOLLOW-UP
Prophylactic intravenous ceftriaxone (1 g) was administered. During the first 12 postoperative hours, nonsteroidal anti-
inflammatory drugs (intravenous parecoxib 40 mg every 12 h) and intravenous paracetamol (1 g every 8 h) were 
administered, and the patient continued fasting. At 24 h after surgery, the patient had stable vital signs, abdominal pain 
with an intensity of 3/10 on the VAS, and no nausea or vomiting with present peristalsis. The drainage output was less 
than 5 mL of serohematic fluid. Clear liquids were initiated orally 24 h after the surgical procedure, and a follow-up 
complete blood count was requested, which showed a decrease in WBC count to 13.0 × 103/µL (normal range: 4.5-10.5 × 
103/µL). At 72 postoperative hours, the patient advanced to a soft diet with good tolerance, the drainage was removed, 
and she was discharged to home. During the follow-up visit at 7 d, the patient’s recovery was satisfactory, without pain, 
tolerating a regular diet, and continuing with post-ESG nutritional management. At 30 d after surgery, the patient had a 
weight loss of 12 kg without complications.

DISCUSSION
Obese patients with a high surgical risk or contraindication for abdominal surgery can benefit from minimally invasive 
endoscopic procedures[1-3,8]. The potential side effects during or after percutaneous endoscopic gastrostomy can be 
classified as minor or major. According to Alqahtani et al[4], minor symptoms affect 92.2% of patients and may include 
nausea, vomiting, and mild abdominal pain. Hedjoudje et al[9] conducted a meta-analysis of eight articles and concluded 
that major adverse events accounted for 2.2% of cases and were primarily related to transmural punctures that can occur 
during endoscopic suturing. These complications included unresponsive pain or nausea (1.08%), upper gastrointestinal 
bleeding (0.56%), leakage or perigastric collections (0.48%), pulmonary embolism (0.06%), and pneumoperitoneum 
(0.06%).

In the published medical literature, there are two cases of biliary tract plication following an ESG[6,7]. In our case, we 
were able to detect atypical symptoms in the patient’s progression by considering the clinical suspicion and previous 
knowledge of this complication. Patients who experience epigastric pain radiating to the right hypochondrium and a 
positive Murphy’s sign after an ESG should be considered as alarm signs.

After a detailed review of this case, several factors that could have contributed to this adverse event were identified. 
The patient’s position during the procedure was left lateral decubitus, which could have caused the gallbladder to come 
into contact with the gastric antrum. It is suspected that the suture was initiated closer to the antrum than the gastric 
body, resulting in the plication of the gallbladder.

It is important to note that there is currently no standardized diagnostic protocol to detect complications following an 
ESG. However, in cases like the one described in this report where atypical symptoms and elevated leukocyte levels are 
present, a suggestive computed tomography scan showing biliary tract suture and a high clinical suspicion may be 
sufficient for a timely diagnosis.

Similarly, there is no standardized therapeutic approach defined for this complication. A surgical approach was chosen 
for our case upon consideration of the findings from computed tomography (which although inconclusive suggested the 
presence of free fluid in the abdominal cavity) as well as the possibility of suture in the biliary tract and the patient’s 
elevated levels of leukocytes. Ultimately, this decision was based on the recommendations of the diagnostic laparoscopy 
guideline, which indicates its primary application following an initial diagnostic evaluation in patients with unexplained 
acute abdominal pain (of less than 7 d) or as an alternative to observation in cases of nonspecific abdominal pain[10].
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Figure 1 Computed tomography revealed a possible suture in the wall of the gallbladder fundus. A: Sagittal view; B: Axial view.

Figure 2  Suture folding the gastric wall with the Hartmann’s pouch of the gallbladder in laparoscopic cholecystectomy.

It is important to note that this intervention has been shown to be safe in appropriately selected patients[10]. In this 
context, we believe that the best treatment option is to perform a diagnostic laparoscopy, which provides diagnostic 
accuracy and consequently results in earlier diagnoses, shorter hospital stays, and a reduction in morbidity.

CONCLUSION
In summary, although there are no standardized diagnostic protocols or treatments for biliary tract plication following 
ESG, we recommend a multidisciplinary approach to diagnosis. Its presence should be suspected based on signs and 
symptoms consistent with acute cholecystitis, suggestive findings on computed tomography indicating plication or 
inflammation of the gallbladder, and laboratory results showing leukocytosis. Based on our experience, we recommend 
that the appropriate treatment includes a diagnostic laparoscopy followed by conventional cholecystectomy.
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