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Abstract: Background and Objectives: Checking and correctly preparing the patient for endoscopic
procedures is a mandatory step for the safety and quality of the interventions. The aim of this paper
is to emphasize the importance and necessity of a “team time out” as well as the implementation of a
customized “checklist” before the actual procedure. Material and Methods: We developed and imple-
mented a checklist for the safe conduct of endoscopies and for the entire team to thoroughly know
about the patient’s medical history. The subjects of this study were 15 physicians and 8 endoscopy
nurses who performed overall 572 consecutive GI endoscopic procedures during the study period.
Results: This is a prospective pilot study performed in the endoscopy unit of two tertiary referral
medical centers. We customized a safety checklist that includes the steps to be followed before, during
and after the examination. It brings together the whole team participating in the procedure in order
to check the key points during the following three vital phases: before the patient falls asleep, before
the endoscope is inserted and before the team leaves the examination room. The perception of team
communication and teamwork was improved after the introduction of the checklist. The checklist
completion rates, identity verification rates of patients by the endoscopist, adequate histological label-
ing management and explicit recording of follow-up recommendations are some of the parameters
that improved post-intervention. Conclusions: Using a checklist and adapting it to local conditions is
a high-level recommendation of the Romanian Ministry of Health. In a medical world where safety
and quality are essential, a checklist could prevent medical errors, and team time out can ensure
high-quality endoscopy, enhance teamwork and offer patients confidence in the medical team.

Keywords: GI endoscopy; safety checklist; team time out; patient safety

1. Introduction

Endoscopic procedures represent an important part of daily practice for both gastroen-
terologists and nurses, enabling the timely diagnosis and precise treatment of digestive
diseases. In the past 20 years, the possibilities of diagnosing and treating digestive diseases
have increased considerably; GI (gastro-intestinal) endoscopy procedures have become
more complicated and varied, hence, the concerns about the quality of medical care and
patient safety have increased [1]. In recent years, there has been a growing interest in
the possibilities of preventing errors in diagnostic and interventional endoscopy suites.
The knowledge about and awareness of patient safety risk factors are essential in order to
improve and enhance the GI endoscopy team, the working environment and, finally, the
endoscopic performance.

Medicina 2023, 59, 1160. https://doi.org/10.3390/medicina59061160 https://www.mdpi.com/journal/medicina
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The diversity of digestive pathology as well as the fast growth of the therapeutic
endoscopic opportunities led to more evolved and complex procedures. The practical chal-
lenges of advanced endoscopy are approaching the complexity of a surgery. An advanced
endoscopy is similar to surgery in terms of the technical complexity and invasiveness. This
contains a higher risk of adverse events associated with the therapeutic interventions [2].
The patients count on the endoscopy team to execute the GI endoscopy procedures in a
secure, rigorous and standardized manner. Given the growing number of GI endoscopic
procedures, many of which are technically complex, as well as the aging patient population
and its increased prevalence of comorbidities, the GI endoscopy safety checklists have
become more popular in recent years. Regardless of the wide acknowledgement of the
significance of GI endoscopy safety checklists, there is little information regarding the
actual implementation among the GI endoscopy units [3–5].

A modern endoscopy unit needs extremely competent leaders, supported by excellent
teams who can handle a high volume of procedures safely, efficiently and for the benefit of
the patient. In gastroenterology, quality and safety are crucial issues that are motivated by
a shared desire to advance best practices and make it easier for patients to receive evidence-
based care. Patient safety should not be compromised in light of the development of
endoscopic practice, and efforts to uphold and enhance GI endoscopy safety should always
be made [6,7]. Additionally, it is very important that the team understand and accept that
some of the endoscopic procedures, especially advanced GI endoscopic procedures, have a
higher risk of adverse events compared to regular endoscopies [1,8].

The advanced endoscopy team is part of a bigger service that provides access to
therapeutic intervention, and the staff should already have experience, planned strategies
and skills to deal with potential adverse events or failed procedures. If the adverse events
result from inadequate planning of the intervention rather than a lack of technical skills,
quality improvement initiatives may help to reduce such complications [9,10].

The results are determined not only by the skills of the endoscopist, but by the
effectiveness of the team.

An effective endoscopy service depends on the following [7]:

- The endoscopy team;
- Team leaders;
- The institution where the service operates;
- The political context.

The team itself consists of nurses, technical staff, administrative staff, anesthesiologists
and endoscopic physicians. Some of the endoscopists may spend half a day or one day
per week in the endoscopy department. The temporary nature of some team members can
affect the team dynamics, leading to an increased disruption in the workplace. As a result,
the team may not function efficiently. Providing a modern endoscopy service requires
effective leadership and teamwork [11,12].

Each endoscopy unit has the possibility to draw up its own checklist, either in a
printed or electronic version. Most checklists in digestive endoscopy do not specifically
address advanced procedures; therefore, they need to be nuanced/individualized [13,14].
According to the World Health Organization, the implementation of customized safety
checklists can improve procedural outcomes and reduce human errors [15]. Several studies
state that the implementation of a GI endoscopy safety checklist significantly improved
endoscopy team communication and teamwork. It is possible to extrapolate that with im-
proved team communication, medical errors may be reduced, thereby preventing adverse
events [2,14]. However, there is no guidance on how best to implement GI endoscopy
checklists or solid high-level data regarding any measure of their usefulness including
mortality rates, adverse event rates or endoscopy completion rates. Hence, there is a real
need for more studies centered on assessing not only the usefulness of an endoscopy safety
checklist, but also for identifying the best implementation strategies.

In this paper, we aim to formally evaluate the feasibility of successfully implementing
a customized safety checklist in our dual center GI endoscopy units, to identify strategies
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and address barriers for facilitating checklist compliance and to summarize the impact on
team communication and commitment to patients’ safety culture.

2. Material and Methods

This is a prospective pilot study performed in the endoscopy unit of two tertiary
referral medical centers (Research Center of Gastroenterology and Hepatology, Craiova,
Romania and Lotus Image Medical Center, Targu Mures, Romania).

This initiative was designed and approved as a quality improvement study, with the
study subjects set to be the endoscopy staff comprising gastroenterology and anesthesia
physicians and endoscopy nurses. The subjects from both endoscopy teams were enrolled at
the same time in October 2021. The endoscopy staff members were included in the present
study if they performed at least one endoscopy procedure and took part in each phase of
the study. No patient information was collected during this study, hence, the exempt of
approval from the Local Institutional Ethical Committee. The authors did not have access
to information that could identify individual participants during or after data collection.

The case diversity included elective inpatients and outpatients who underwent di-
agnostic and therapeutic endoscopies. All procedures were performed with the patients
under propofol sedation, administered by an anesthesiologist.

Real-time observation of each endoscopic procedure was performed by one designated
staff member, and data were collected from October 2021 to the end of September 2022,
as described in Figure 1. The observations were performed on random consecutive days,
with the aim of observing the widest range of physician–nurse combinations. There was
no established scale to rate the difficulty of the endoscopy procedures. Rather, it was a
personal evaluation made by each physician. The person responsible for completing the
checklist asked the physicians “Do you consider the procedure difficult?” and they had
the option to provide a Yes or No answer. The difficulty of the endoscopic procedure
was assessed by each physician according to their knowledge and experience. It took
into consideration factors such as poor bowel preparation; anatomical gastrointestinal
alterations; the existence of tumors challenging to be traversed with the endoscope; polyps,
which are hard to resect due to the size, number and location (characterized by using the
SMSA classification); chronic alcoholic patients requiring higher sedation doses and breaks
during the procedure due to the agitated status; etc.

Figure 1. Study timeline.

The observational studies were prospectively conducted and reported following the
STROBE statement. Initially, the baseline compliance rates were inspected during the first
2 months of the study. The final data were cross-checked by the multidisciplinary team
established in both institutions, and the final assessment was performed during the last
2 months. Pre- and post-intervention staff compliance rates were compared. Team satisfac-
tion and perception of the checklist was assessed by conducting a 5-question survey, after
the quality improvement interventions were applied. The staff was asked if the checklist
either caused time delay, improved patients’ safety, proved to be useful if they were to have
an endoscopy or if, overall, they were satisfied with the checklist implementation process.

3
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The framework for the implementation of the safety checklist is described in Figure 2.
Firstly, the scarce existing literature regarding the topic of this paper was consulted, and a
personalized checklist was developed in order to be used in our two centers. After reaching
an agreement regarding the final form of the checklist, we proceeded to the implementation
stage, all with the goals to safely conduct endoscopies and for the entire team to thoroughly
know the patient’s medical history.

Figure 2. Study design.

Intervention strategies for the implementation of our prospectively developed checklist
are as follows:

a. Development and adjustment of the endoscopy checklist;
b. Checklist introduction seminars;
c. Team training sessions mandatory for all endoscopy staff;
d. Physical reminders spread around the endoscopy department;
e. Printed paper-based checklists available in a clear designated area;
f. Advocating the use of a safety checklist as part of the endoscopy department policy;
g. Mandating a single individual (physician or nurse) to lead the checklist process;
h. Actively engaging the entire endoscopy team to contribute to all phases of the checklist.

Primary and secondary outcomes expected to be analyzed during the study included
the following: (a) checklist completion rate, (b) identity verifications of patients, (c) validity
of the endoscopy procedure appropriateness, (d) colonic preparation (Boston Bowel Prepa-
ration Scale—BBPS was used for the assessment of the colonic preparation), (e) colonoscopy
completion rate and adenoma detection rate, (f) staff satisfaction and perception about the
checklist, (g) peri-procedural complications (bleeding, perforation, cardiovascular events,
death), (h) adequate histological labeling management, (i) explicit recording of follow-up
recommendations (post-polypectomy surveillance, follow-up interval after colonoscopy
with inadequate preparation, colorectal cancer screening, follow-up endoscopy for varices
for patients with cirrhosis, follow-up after EUS for pancreatic lesions, etc.).

Statistical Analysis

As all collected data were categorical, comparisons between groups (nurses versus
physicians) were performed using chi-square test and, alternatively, Fisher’s exact test,
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when not all the parameters of the chi-square test were fulfilled. A p-value of <0.05 was
considered to be significant.

For the staff questionnaires, the frequencies and proportions of responses were com-
puted including only the response alternatives “Yes” and “No”, and ignoring the “Hesitant”
responses.

Data collection was performed using Microsoft Office Excel 2019, (Microsoft Corp.;
Redmond, WA, USA), while the statistical assessment was carried out using MATLAB
2021a (MathWorks Inc.; Natick, MA, USA).

3. Results

Based on the existing checklists published in the literature and the constant feedback
received during the study, we developed a personalized checklist that includes the steps
to be followed before, during and after the endoscopic examination (Figure 3). Although
only one designated person was responsible to physically tick the required information
and lead the process (either a physician or a nurse), the checklist drew together the whole
team participating in the procedure in order to check the key points during the following
three vital and equally important phases: before the patient falls asleep (‘’Sign in”), before
the endoscope is inserted (‘’Team out”) and before the team leaves the examination room
(‘’Sign out”).

Figure 3. Our customized endoscopy checklist.

The “Sign in” phase starts once the patient enters the endoscopy room and comprises
the following: (a) verification of patient’s identity, (b) completion of the informed consent
forms, (c) verification of patient’s relevant medical documents, (d) morbidity classification
according to the American Society of Anesthesiologists score, (e) assessment of relevant co-
morbidities (cardiopulmonary risks, presence of implantable medical devices, etc.), (f) any
known allergies (including medication or previous difficulties with sedation/anesthesia),
(g) usage of anticoagulant/antiplatelet medications, (h) a review of known infections (hep-
atitis, HIV, tuberculosis, COVID-19, etc.) and (i) confirmation of proper bowel preparation.

The “Time out” phase occurs before the endoscope is inserted and/or before the
induction of sedation/general anesthesia. It includes the following: (a) confirmation
that the patient is aware of the planned endoscopic procedure, (b) patient and procedure
validation, (c) confirmation of indications, aims, potential limitations and summary of each
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step of the procedure, (d) confirmation that all required endoscopy equipment, endoscope(s)
and accessories are available and properly functioning, (e) confirmation that the patient
monitoring equipment is prepared and operational (functioning intravenous access, pulse
oximetry, blood pressure, cardiac monitor), (f) inspection of any special aspects regarding
sedation or patient position and (g) assessment of whether the endoscopic procedure is
difficult and whether additional preparations are required.

The “Sign out” phase takes place in between the end of the endoscopic procedure
and prior to the team exiting the endoscopy lab. This phase includes the following:
(a) confirmation that the endoscopy report is accurate, including post-procedure instruc-
tions for patient’s recovery and eventual follow-up procedures that could be indicated,
(b) confirmation that all histological samples collected during the endoscopy procedure
are correctly labelled and documented, (c) documentation of patient’s post-procedure
status and if any problems occurred during the procedure and (d) confirmation that all the
necessary documents and information were passed on to the patient.

A mixed team dedicated to quality improvement reviewed both the local and already
published data in order to identify the barriers and facilitators which might influence the
checklist compliance (Table 1). In consequence, an implementation strategy was developed
for overcoming the potential barriers. Within the strategy, we established a target for the
checklist adherence rate (>75%). Supporting the team members who consistently used
the checklist and debriefing the non-cooperative staff were important parts of achieving
our target.

Table 1. Facilitators and barriers to the implementation of endoscopy safety checklist.

Facilitators Barriers

� Concise and specific safety checklist
� Rising awareness among the entire team

regarding quality control and safety in
endoscopy

� Senior physician/professor leadership
� Endoscopic procedures performed

during the first part of the working day
� Daily nomination of a team member

responsible for checklist
� The young age of the person nominated

to be responsible for the checklist
� Minimize distractions in the endoscopy

room
� Immediate targeted feedback
� Constant checklist reassessment and fast

adjustments in the daily practice

� Irrelevant safety checklist items
� The additional time required to complete

the checklist
� Fear that additional time spent per

procedure will lead to less funding
� Deficient patient safety culture
� Team resistance to change
� Loss of physician autonomy
� Lack of leadership
� Lack of a designated member responsible

for the checklist
� Fear of accentuating patient anxiety

The study’s outcome rates were calculated after completing 572 consecutive endo-
scopic procedures, including 126 procedures during the baseline period and 446 procedures
until the end of the study period. The assessment of the checklist implementation is pre-
sented in Table 2. There was a significant increase in the checklist completion rate (25%
to 89%) after the intervention procedures. The identity verification of patients by the
endoscopist also reached a significant increase (15% at baseline up to 90%) and remained
high among nurses (98% at baseline to 99% at the end of the study). The baseline adenoma
detection rate was 0.36, and the post-intervention rate was 0.39, hence, there was no sig-
nificant statistical difference. The adequate histological labeling management and explicit
recording of the follow-up recommendations are two parameters which had statistically
significant improvements post-intervention, similar with the documentation of the colonic
preparation and the assessment of the procedure validity.
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Table 2. Study outcome rates, n = numeric value; 126 baseline procedures, 446 post-intervention
procedures.

Study Outcomes
Baseline Rates

(Yes %)
Yes

n/126
No

n/126

Post-
Intervention
Rates (Yes%)

Yes
n/446

No
n/446

p-Value

Checklist completion
rate 24.60 31 95 89.01 397 49

The chi-square statistic is 216.37.
The p-value is <0.01. The result

is significant at p < 0.05.

Patient’s identity
verification (by nurse) 97.62 123 3 98.88 441 5

The chi-square statistic is 1.1308.
The p-value is 0.28. The result is

not significant at p < 0.05.

Patient’s identity
verification (by

endoscopist)
15.87 20 106 90.13 402 44

The chi-square statistic is 280.04.
The p-value is <0.01. The result

is significant at p < 0.05.

Validity of the
procedure

appropriateness
87.30 110 16 93.95 419 27

The chi-square statistic is 6.23.
The p-value is 0.012. The result

is significant at p < 0.05.

Documented proper
colonic preparation 76.98 97 29 90.81 405 41

The chi-square statistic is 17.47.
The p-value is <0.01. The result

is significant at p < 0.05.

Colonoscopy
completion rate 97.62 123 3 98.88 441 5

The chi-square statistic is 17.47.
The p-value is <0.01. The result

is significant at p < 0.05.

Peri-procedural
complications 0.79 1 125 0.45 2 444

The chi-square statistic is 0.22.
The p-value is 0.63. The result is

not significant at p < 0.05.

Adequate histological
labeling management 48.67 110 16 93.72 418 28

The chi-square statistic is 180.79.
The p-value is <0.01. The result

is significant at p < 0.05.

Explicit recording of
follow-up

recommendations
69.84 88 38 95.07 424 22

The chi-square statistic is 66.58.
The p-value is <0.01. The result

is significant at p < 0.05.

The subjects of this study were 15 physicians (gastroenterologists and anesthesiolo-
gists) and 8 endoscopy nurses who worked at the endoscopy units in varying degrees of
frequency and performed, overall, 572 consecutive GI endoscopic procedures during the
study period. When assessing the compliance rates of the physicians versus the nurses, at
baseline and post-intervention, an increase from 20% to 83% (p < 0.05) was noted among
the physicians, and from 42% to 91% (p < 0.05) among nurses (Figure 4).

The survey conducted to assess the team satisfaction and perception of the checklist,
after the quality improvement intervention, revealed that the perception of team communi-
cation and teamwork was improved after the checklist introduction; it denied the initial
fears that the checklist might cause an extensive time delay, all the staff agreed that the
checklist improves patient safety and the majority of the team would consider the checklist
useful if they were to have an endoscopic procedure (Table 3).
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Figure 4. Compliance rates among physicians versus nurses.

Table 3. Staff perception regarding the checklist implementation (physicians n = 15, nurses n = 8).

Yes
n (%)

No
n (%)

Hesitant
n (%) p-Value

Physicians Nurses Physicians Nurses Physicians Nurses

In your opinion, did the
checklist cause a time

delay?

2
(13.3%) 3 (37.5%) 10

(66.6%)
5

(62.5%)
3

(20%) 0

The chi-square statistic
is 1.11. The p-value is
0.29. The result is not
significant at p < 0.05.

In your opinion, did the
checklist improve team

communication and
teamwork?

11
(73.3%) 7 (87.5%) 1

(6.6%) 0 3
(20%) 1 (12.5%)

The Fisher’s exact test
statistic value is 1. The
result is not significant

at p < 0.05.

In your opinion, did the
checklist improve

patient safety?

13
(86.66%) 7 (87.5%) 1

(6.66%) 0 1
(6.66%) 1 (12.5%)

The Fisher’s exact test
statistic value is 1. The
result is not significant

at p < 0.05.

Would you consider the
checklist useful if you

were to have an
endoscopy?

14
(93.3%)

6
(75%) 0 1

(12.5%)
1

(6.6%) 1 (12.5%)

The Fisher’s exact test
statistic value is 0.33.

The result is not
significant at p < 0.05.

Would you declare
yourself satisfied with

the checklist
implementation

process?

10
(66.6%)

5
(62.5%)

3
(20%) 0 2

(13.3%)
3

(37.5%)

The Fisher’s exact test
statistic value is 0.52.

The result is not
significant at p < 0.05.

4. Discussions

With increasing indications and more technically advanced gastrointestinal endoscopy
techniques, finding strategies to prevent adverse events is an important aspect of the current
clinical practice. In many places, the endoscopy has developed in the ad hoc way, following
a variety of business models. Although an endoscopy team is a little unusual compared to
other diagnostic health services, the team members still need to work in a coordinated and
organized way, they must be trained to do their jobs, be motivated to excel, know what is
expected from them and know their responsibilities [16].
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Communication is important for both the safety and effectiveness of the GI endoscopic
procedure. Studies on communication remain limited even in the field of surgery, where
there is a much higher flow of complex procedures performed in teams [8,11,17]. An
advanced endoscopic intervention would benefit from strong leadership and teamwork
skills. One possible way to achieve this is for the endoscopist to adopt conscious verbal
competence. An experienced endoscopist could defuse the team by starting a good flow of
communication through a full team briefing even before the patient arrives, so that there is
no distraction when the procedure begins [18,19].

The concept of verbal conscious competence may be relevant to the expert endoscopist,
especially during the team time out process. The complexity of performing a polypectomy,
for example, can be classified using the parameters of size, morphology, site and access
(SMSA). Furthermore, SMSA classification can be used to estimate the time required to
perform an advanced polypectomy along with assessing the difficulty of the procedure as it
is mentioned in the Team Time Out phase of the endoscopy checklist. The following would
be an illustrative example of performing an endoscopic mucosal resection: Before starting,
the endoscopist describes their impression, whether they expect the polypectomy to be
simple, moderately challenging or difficult. This first impression may not be definitive
and may change during the treatment, at which point the endoscopist should provide an
update to the team. The planned technical approach is described, including where the
injection needle will be used for mucosal elevation, the intended effect and positioning
of the polyp after elevation, the size of the polypectomy loop and the electrical settings
for cutting and/or coagulation, etc. The endoscopist continues to discuss the likelihood
of adverse events (e.g., bleeding, perforation, or incomplete resection), how these will
be solved (e.g., adrenaline, clips, argon plasma, loop tip coagulation, additional cutting,
surgical consult, etc.) and once again, asks for team confirmation that all the equipment is
available and that the staff is competent and trained [20,21]. It is also recommended that
at this point, the endoscopist encourages the team members to state whether they agree
with the plan, to express their uncertainties and ask questions or to clearly articulate their
opinions. Once a consensus of the whole team is reached and the start is confirmed, the
endoscopist gives a verbal signal for the start of the therapy—“let us begin”. This is a
practical example of how the Team Time Out phase should progress during the process of
completing the endoscopy checklist.

Similar to the majority of previous published studies evaluating safety checklists in
the GI endoscopy setting [22–24], our study did not find a clear association between the
checklist implementation and the clinical outcomes. The staff members were worried that
the patients would grow anxious if they were repeatedly asked a lot of questions, but
this did not seem to be the case. This was just a secondary observation, considering that
the patients were not the subjects of this study, although a questionnaire addressing the
patients’ perspectives on the safety checklist would bring an added value to the study. As
revealed in other published materials, in our study, the compliance rates of the nurses
were higher than the physician compliance rates [12,22], but we noticed an increase in the
identity checks performed by the physicians, which is an important safety improvement.

Many factors must be taken into account when performing a safe procedure. Although
each endoscopy has its own precautions and preparations, many are common and can be
divided into the following three major procedural stages: pre-procedure, intra-procedure
and post-procedure. While initiating our study, during the baseline phase, it became
obvious that adding a checklist to the endoscopy unit’s current practices would result in
low compliance, hence, intervention methods were required for reaching the goal of a
minimum compliance of 75%. As the study continued, we noticed that immediate and
targeted feedback seems to be a useful tool for dealing with low compliance. Team feedback
in surgery was shown to improve technical performance and reduce adverse events. Post-
procedural team feedback is useful, especially in the case of a significant adverse event. In
our study, the feedback offered by all team members revealed that the improvement of the
checklist implementation is credited to the designated individual assuming ownership for
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the completion and being accountable for involving the entire multidisciplinary team at
each “time out” and “sign in” checklist completion. Even though the results of the staff
questionnaire were not statistically significant due to the small number of participants,
both physicians and nurses offered consistent and valuable responses, all supporting the
usefulness of the endoscopy safety checklist.

The following two main variables of interest were identified in our study: colonic
preparation–colonoscopy completion rate and colonic preparation–adenoma detection
rate. Both the colonoscopy completion rate and the adenoma detection rate are positively
influenced by a proper colonic preparation (Boston Bowel Preparation Scale 2 or 3 for
each colonic segment) and, on the other hand, a poor colonic preparation (Boston Bowel
Preparation Scale 0 or 1 for each colonic segment) will lead to a poor adenoma detection
rate and/or an incomplete colonoscopy evaluation.

Due to a relatively short study period, the compact and constant number of the subjects
involved in completing the safety checklist and the staff questionnaire associated with
the clear protocol regarding the data collection, we did not register any missing data,
which might represent one of the study strengths. A limitation of our study might be the
sample size, as the number of GI endoscopy procedures were restricted by the COVID-19
pandemic. An ongoing audit is necessary, ideally with a bigger sample size, to enable
subgroup analysis and reveal particular weak points or problematic practices. The baseline
measurements included 126 procedures, while post-intervention, 446 procedures were
assessed. To strengthen the validity of the findings, it would be advantageous to collect
comparable numbers at the study’s baseline and post-intervention periods if it were to
be conducted again. The “Hawthorne effect,” which occurs when team members become
aware that they are being watched, is an observation bias and another limitation of the
study’s scope, as the outcomes might not accurately reflect the everyday surveillance-free
practice in the endoscopy lab. The installation of cameras in the endoscopy rooms and
using remote video auditing, like in the study of Raphael et al. [22], can help to fight the
observation bias. Regarding the survey conducted for assessing the team satisfaction and
perception of the checklist, we could think about recall bias, as the questionnaire was
handed out to the staff members at the end period of the study. In this case, the memory of
the initial experiences with the checklist might be diluted or underestimated versus the
more recent and positive experiences after adapting to the checklist requirements. In order
to address the potential confirmation bias, the authors of this paper were not included in
the observational study as subjects of the GI endoscopy team.

Although the study achieved its objectives, there is still an opportunity for fur-
ther development. This ought to enable more focused initiatives to lessen the standard-
setting variation.

In the end, we acknowledge that a customized approach and patient involvement was
necessary for understanding the entire patient experience throughout the GI endoscopy
department and how the endoscopy unit performed. Although there were still some items
on the checklist that needed to be completed, overall, the compliance rates among the team
members increased during the study period, which is very encouraging.

5. Conclusions

Using a checklist and adapting it to local conditions is a high-level recommendation
of the Romanian Ministry of Health. In a medical world where safety and quality are
essential, a checklist could prevent medical errors, and team time out can ensure high-
quality endoscopies, enhance teamwork and offer patients confidence in the medical
team. The checklist implementation, in our labs, significantly strengthened the team,
flattened hierarchies and improved patient approach and team communication. In a
medical world where safety and quality are paramount, a checklist, implemented in all
endoscopy services, could prevent procedural errors, streamline teamwork, ensure high-
quality work and provide confidence to patients. Hence, standardized methods, such
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as checklists, promoting patient safety culture and encouraging patient involvement, are
strategies for augmented patient safety.
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Abstract: Obesity is a chronic relapsing disease of global pandemic proportions. In this context,
an increasing number of patients are undergoing bariatric surgery, which is considered the most
effective weight loss treatment for long-term improvement in obesity-related comorbidities. One
of the most popular bariatric surgeries is the Roux-en-Y gastric bypass (RYGB). Despite its proven
short- and long-term efficacy, progressive weight regain and dumping symptoms remain a challenge.
Revisional bariatric surgery is indicated when dietary and lifestyle modification, pharmaceutical
agents and/or psychological therapy fail to arrest weight regain or control dumping. However, these
re-interventions present greater technical difficulty and are accompanied by an increased risk of peri-
and postoperative complications with substantial morbidity and mortality. The endoscopic approach
to gastrojejunal anastomotic revision, transoral outlet reduction (TORe), is used as a minimally
invasive treatment that aims to reduce the diameter of the gastrojejunal anastomosis, delaying
gastric emptying and increasing satiety. With substantial published data supporting its use, TORe
is an effective and safe bariatric endoscopic technique for addressing weight regain and dumping
syndrome after RYGB.

Keywords: endoscopic transoral outlet reduction; bariatric endoscopy; obesity; gastric bypass;
dumping syndrome; weight regain

1. Introduction

Obesity is currently one of the greatest public health challenges, with substantial
economic implications. According to estimates published by the World Health Organization
(WHO) on 4 March 2022, more than one billion people worldwide suffer with obesity—
650 million adults, 340 million adolescents and 39 million children [1]. The WHO estimates
that by 2025, approximately 167 million people (adults and children) will become less
healthy due to overweight or obesity [1].

The measures implemented against obesity usually include conservative treatment,
such as lifestyle modification and drug therapy, as well as bariatric surgery; however, in
most patients, sustained weight loss is not achieved [2–4].

Pharmacologic treatments allow an average loss of 10% of body weight (BW), and
newer drugs under investigation seem even more promising [5]. However, weight regain
is universally observed upon discontinuation of treatment [6].

Contemporary guidelines on the management of morbid obesity recognize bariatric
surgery (BS) as the gold standard for weight loss and the improvement of obesity-related
comorbidities [7–9]. Patients with obesity are generally considered eligible for BS at a BMI
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greater than 40 kg/m2, or greater than 35 kg/m2 when accompanied by serious weight-
related comorbidities, such as type 2 diabetes mellitus, (T2DM) hypertension or obstructive
sleep apnea [9].

The two most commonly performed bariatric procedures worldwide are the Roux-en-
Y gastric bypass (RYGB) (39.6%) and the sleeve gastrectomy (SG) (45.9%) [9]. Compared to
SG, RYGB confers superior clinical efficacy in terms of weight loss and in the remission of
comorbidities, particularly T2DM [7,9,10].

2. Methods

A comprehensive search of several English-language databases and conference pro-
ceedings from 1990 to 2022 was conducted. The databases included PubMed, MEDLINE,
EMBASE, Web of Science databases, Google Scholar and SCOPUS, with PubMed being
the main database used. Secondary weight regain after gastric bypass surgery, dumping
syndrome after gastric bypass, transoral outlet reduction and endoscopic suturing were
used as keywords. Literature screening was independently performed by two authors (L.H.
and D.S.), with research focusing on studies with long-term outcomes (from 2 to 5 years
post-TORe).

3. TORe for Weight Regain after RYGB

Weight recidivism is a common complication following RYGB surgery. On average,
patients regain between 20 and 30 % of lost weight, and moreover, excessive weight gain
is experienced by over one third of patients [11,12]. Weight regain after gastric bypass
is often multifactorial and can be attributed to eating patterns, and psychological and
social factors. However, dilatation or enlargement of the gastrojejunal anastomosis of
>30 mm is a significant predictor of weight regain following RYGB [13–15]. Due to the
technical complexity of the anatomy, surgical re-intervention is accompanied by a high
risk of complications and an increase in postoperative morbidity and mortality [16]. As an
alternative, TORe was developed in 2013 as an endoscopic procedure focusing on reducing
the size of the gastrojejunal anastomosis (GJA) [17]. The first interventional study included
25 patients with an average weight regain of 24 kg after RYGB [17]. This study described
endoscopically reducing the diameter of the anastomosis by an average of 77.3% which was
associated with an average weight loss of 11.5 kg, 11.7 kg and 10.8 kg at 3, 6 and 12 months,
respectively [17].

Vargas et al. demonstrated in a multicenter study that TORe is a safe, reproducible and
effective approach to managing weight recidivism after RYGB [18]. The average weight
loss at 6, 12 and 18 months was 9.31 ± 6.7 kg, 7.75 ± 8.4 kg and 8 ± 8.8 kg, respectively,
and no serious adverse events were reported [18].

Recently, a five-year outcome study concluded that endoscopic revision of the GJA for
weight regain is a durable approach [12]. Total body weight loss (TBWL) of 8.5% at 1 year
(n = 276/331 patients), 6.9% at 3 years (n = 211/331), and 8.8% at 5 years after TORe was
shown [12]. In addition, the majority of the patients (77%) experienced complete cessation
of weight gain and 62% were able to maintain a TBWL of >5% at 5 years [12].

Furthermore, an American group assessed patients’ ability to lose weight after TORe
and the magnitude of the reduction of the GJA [19]. They demonstrated that patients
who had a larger reduction in diameter had a more significant TBWL. After 3 and 5 years
following TORe, TBWL was 5.3 ± 9.1 kg and 3.9 ± 13.1 kg, respectively [19].

4. TORe for Dumping Syndrome after RYGB

Dumping syndrome (DS) is a postprandial phenomenon in which patients present
with a constellation of gastrointestinal and vasomotor symptoms, including tachycardia,
fatigue, syncope, and occasionally, shock and seizures due to profound hypoglycemia [20].
Symptoms may occur early (within 1 h of a meal) or up to 3 h later, the latter being
associated with postprandial hypoglycemia. As the name suggests, DS occurs, in part, due
to rapid gastric emptying, leading to rapid passage of food into the small intestine [21,22].
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The patient’s typical history and blood sugar determination inform the diagnosis. The
Sigstad score (a score >7 is strongly suggestive of dumping) and questionnaires may also
be helpful [21].

A conservative stepwise approach is currently recommended, starting with dietary
changes in the form of more frequent meals with increased protein content and lower
overall carbohydrate content, favoring complex carbohydrates [23,24]. If dietary measures
prove unsuccessful, drug therapy can be initiated with acarbose, calcium antagonists or
GLP-1 analogues [25].

However, dietary restrictions and pharmacological treatments are often ineffective or
poorly tolerated [21,22]. In these cases, TORe provides a solution by reducing the speed of
gastric emptying, however there is no clear consensus in the literature regarding the place
of surgical re-intervention in treating dumping syndrome [21,26–28].

A large study involving 115 patients from two large academic centers in the United
States and Germany supported TORe as an effective and safe adjuvant therapy to lifestyle
and pharmacologic treatment of refractory DS [29]. The Sigstad score reduced significantly
after only 3 months post-TORe, with the mean sore changing from 17 ± 6.1 to 2.6 ± 1.9 [29].
Similarly, Brown et al. demonstrated a 90% rate of resolution of DS after only 3 months
of revision [30].

A recent retrospective study was published in October 2022, where 83% of the patients
had a long-term follow-up at a mean of 3.45 years [31]. This retrospective study also found
that the presence of gastro-esophageal reflux disease prior to TORe was a predictor of
the resolution of DS following the procedure. While the difference was small, it achieved
statistical significance (69% vs. 62%; p = 0.03) [31].

In this context, TORe is not only an effective approach to managing weight recidivism
after RYGB, but also to treating DS.

5. TORe Technique

TORe is currently the most frequently used technique for the reduction of a dilated
GJA (Figure 1A). The intervention is usually performed under general anesthesia. A double-
lumen gastroscope is passed through a proprietary overtube of 25 cm in length, and CO2
is used for insufflation. It can be carried out on an outpatient basis, and it is typically
performed with argon plasma coagulation (APC) combined with full-thickness suturing
achieved using the OverStitchTM device (Apollo Endosurgery, Austin, TX, USA) [15,32,33].
This combined technique allows for greater durability of anastomotic reduction by inducing
fibrosis of the GJA [34,35]. The first step of the procedure is to ablate the gastric rim of the
anastomosis via APC (forced APC, 0.8 L/min with 30–70 watts) (Figure 1B), followed by a
circumferential, transmural endoscopic suture (Figure 1C). Suturing is mainly performed
via the creation of a purse-string, or alternatively, by placing interrupted sutures at the
GJA [29]. The purse-string technique is, however, generally favored, as it results in more
significant weight loss at one year than interrupted suture patterns [36]. Ideally, a dilation
balloon (CRE balloon dilator, Boston Scientific, Marlborough, MA, USA) is introduced
through the second channel of the endoscope and inflated to a diameter of 8–10 mm
(Figure 1D) to size the GJA before the suture is tightened and cinched over the balloon,
allowing the GJA to be precisely sized (Figure 1E and Video S1).

There are several other TORe techniques described in the literature [35,37–40]. Initially,
some studies demonstrated efficacy using APC alone in the GJA, which was relatively
simple to perform, and even feasible with patients under conscious sedation [41–44].
Jaruvongvanich et al. reported a meta-analysis showing that both full-thickness suturing
plus APC (ft-TORe) and argon plasma mucosal coagulation alone (APMC-TORe) offer
comparable weight loss outcomes and safety profiles, but the AMPC-TORe technique
usually requires multiple endoscopic sessions [35].

Barola et al. performed a two-fold running suture TORe technique with a signif-
icant reduction in BMI (5.5 + 5.0%, p < 0.001 at mean follow-up of 113.2 ± 75.7 days
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(15.4%)); however, 15.4% of the patients developed a gastric stenosis that was treated with
balloon dilation [39].

  
(A) (B) 

  
(C) (D) 

 

 

(E)  

Figure 1. (A) Dilated GJA; (B) ablation of the gastric rim via APC; (C) suturing the anastomosis with
the Apollo Overstitch system; (D) suture size control using an 8 mm CRE balloon; (E) narrowed GJA
after TORe.

A new approach combining the restriction component of TORe followed by type 1
surgical distalization of the Roux limb may be another alternative for managing weight
regain in high-BMI patients after RYGB; however, this could result in greater malabsorption,
leading to greater deficiency syndrome [40].

More recently, we have seen the emergence of a novel, modified technique: first
performing an endoscopic submucosal dissection (ESD) before applying endoscopic su-
tures. This is known as ESD-TORe [37,38]. A retrospective study compared patients who
underwent modified ESD-TORe vs. APC -TORe. At 12 months, the ESD-TORe group
experienced greater weight loss compared with the traditional TORe group (12.1% ± 9.3%
vs. 7.5% ± 3.3% TBWL) [38]. However, this technique resulted in a higher rate of major
complications (21.1% for ESD-TORe vs. 8.77% for APC-TORe) which, combined with the
technical difficulty of ESD, limits its widespread adoption [34,38].
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On the other hand, the TORe procedure has demonstrated a high degree of safety,
with only minor intraprocedural adverse effects (AE) such as superficial lacerations of
the esophageal mucosa due to the use of the overtube [12,17–19,29–33,45–47]. Additional
postprocedural serious AEs include bleeding from marginal ulceration and GJA steno-
sis [20–22,25,30–34,40–42]. In general, AEs can be successfully managed endoscopically
without the need for surgery.

6. Discussion

Despite the efficacy and durability of RYGB, weight regain and the return of comor-
bid conditions, as well as DS, is of major concern [15,18,29,31,45,46,48]. The underlying
causes are multifactorial, and therefore, its management requires a multidisciplinary ap-
proach, in collaboration with general practitioners, surgeons, dietitians, endocrinologists,
psychiatrists or psychologists and gastroenterologists [49,50]. One of the most common
factors contributing to weight regain and DS after RYGB is a dilated GJA [15,18,19,32,33,46].
Initially, this was treated with revisional bariatric surgery such as pyloric reconstruction,
the conversion of Billroth II to Billroth I anastomoses, jejunal interposition and Roux-en-Y
conversion [51]. However, the surgical approach is associated with increased risk and
limited effectiveness [21,26–28].

The TORe technique has now repeatedly demonstrated its efficacy, safety and fa-
vorable long term results for up to 5 years in the management of weight regain after
RYGB [12,13,15,19,32,38]. Patients are able to maintain a TBWL of 12.5% at 5 years [19,38,45].
Recent studies have also shown that it can be used as a minimally invasive treatment for
refractory DS, demonstrating an 80% and 84% resolution of DS at 2- and 3.5-year follow-ups,
respectively [30,31]. Moreover, it has been illustrated that TORe is accompanied by a very
low risk of serious adverse events, and no deaths have been causally associated with the
procedure [12,19,31,52]. Given the very low risk of severe complications, TORe is easily
repeatable if necessary [29,45]. This growing body of evidence supports the role of TORe
as an emerging standard of care in the treatment of weight regain and DS in patients with
prior RYGB, now superseding surgical intervention.

7. Conclusions

TORe represents an endoscopic bariatric technique that has been proven to be safe and
durably efficacious in managing weight regain, as well as DS, post-RYGB. While first-line
treatment for these conditions remains lifestyle and pharmacologic therapies delivered in a
multidisciplinary setting, TORe has effectively replaced revisional surgery as a first-line
interventional therapy owing to its superior safety profile, lower resource requirement and
demonstrated clinically meaningful efficacy.
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Abstract: Hemostatic powder (HP) is a relatively recent addition to the arsenal of hemostatic endo-
scopic procedures (HEPs) for gastrointestinal bleeding (GIB) due to benign and malignant lesions.
Five types of HP are currently available: TC-325 (Hemospray™), EndoClot™, Ankaferd Blood
Stopper®, and, more recently, UI-EWD (NexpowderTM) and CEGP-003 (CGBio™). HP acts as a
mechanical barrier and/or promotes platelet activation and coagulation cascade. HP may be used
in combination with or as rescue therapy in case of failure of conventional HEPs (CHEPs) and also
as monotherapy in large, poorly accessible lesions with multiple bleeding sources. Although the
literature on HP is abundant, randomized controlled trials are scant, and some questions remain
open. While HP is highly effective in inducing immediate hemostasis in GIB, the rates of rebleeding
reported in different studies are very variable, and conditions affecting the stability of hemostasis
have not yet been fully elucidated. It is not established whether HP as monotherapy is appropriate in
severe GIB, such as spurting peptic ulcers, or should be used only as rescue or adjunctive therapy.
Finally, as it can be sprayed on large areas, HP could become the gold standard in malignancy-related
GIB, which is often nonresponsive or not amenable to treatment with CHEPs as a result of multiple
bleeding points and friable surfaces. This is a narrative review that provides an overview of currently
available data and the open questions regarding the use of HP in the management of non-variceal
upper GIB due to benign and malignant diseases.

Keywords: ankaferd blood stopper; CEGP-003; endoclot; gastrointestinal bleeding; hemospray;
hemostatic powders; hemostatic procedures; TC-325; UI-EWD; upper gastrointestinal bleeding

1. Introduction

Upper gastrointestinal bleeding (UGIB) is mostly of non-variceal origin and has an
annual incidence rate from 50 to 150 per 100,000 adults [1–3]. Peptic ulcer disease (PUD)
is the most common cause of non-variceal UGIB (NVUGIB) and accounts for at least 50%
of UGIB. Other frequent benign conditions underlying NVUGIB include gastroduodenal
erosions (8–15%), Mallory–Weiss tears (8–15%), and erosive esophagitis (5–15%) [1]. Malig-
nancy causes comprise 1–5% of all NVUGIB [4–6]. GIB is the initial presenting symptom of
malignancy in up to 70% of patients [4,5], and the disease is already metastatic in about
one-third of them [5]. Gastric cancer is the most common cause of malignancy-related
NVUGIB (MR-NVUGIB) [4–7], and about one-third is metastatic [4]; the duodenum is
the most frequent site of malignancy involving the small bowel [4,5], usually primary or
metastatic from a pancreatic or biliary malignancy. In all NVUGIB related to benign and ma-
lignant lesions, upper digestive endoscopy (EGDS) with hemostatic endoscopic procedure
(HEP) is the first-choice approach. Conventional HEPs (CHEPs) include injection agents
(epinephrine, ethanol, and cyanoacrylate), contact thermal devices (heater probes and
multipolar electrocautery probes), noncontact thermal devices (argon plasma coagulation),
and mechanical devices (hemostatic graspers, band ligators, clips, and loops) [3]. The use
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of one or more CHEP, often in combination, induces endoscopic hemostasis in 67–100% of
cases, although rebleeding occurs in up to about 25–30% of treated patients [2,3]. In recent
years, hemostatic powder (HP) has been proposed and tested for the treatment of acute
GIB, arousing growing interest among clinicians. The present narrative review provides an
overview of currently available data and the open questions regarding the use of HP in the
management of NVUGIB due to benign and malignant diseases.

2. Type, Modality of Action, and Application of Hemostatic Powder

To date, five HPs have been developed for the management of GIB (Table 1). The
most diffused agents are TC-325 (Hemospray™; Cook Medical, Winston-Salem, NC, USA),
EndoClot™ (EndoClot Plus, Santa Clara, CA, USA), and Ankaferd Blood Stopper® (ABS;
Ankaferd Health Products, Istanbul, Turkey); two more recent HPs are UI-EWD (NexPow-
der™; Nextbiomedical, Incheon, Republic of Korea) and CEGP-003 (CGBio, Seong-Nam,
Republic of Korea). All these products are applied using a delivery catheter passed through
the working channel of the endoscope to reach the bleeding site (Figures 1–3).

Table 1. Hemostatic powders available on the market.

Trade Name Market Area Composition Action

Hemospray Canada, Europe, USA inert mineral

absorption of water,
promotion of clotting,

coagulation cascade activation,
mechanical tamponade

Endoclot Turkey, Europe, Malaysia
Australia

starch-derived
polysaccharides

absorption of water
promotion of clotting,

coagulation cascade activation

Ankaferd Blood Stopper Turkey herbal ingredients
protein network promoting

erythrocyte aggregation
interaction with blood protein

Nexpowder South Korea, Europe, USA aldehyde dextran and succinic
acid modified ε-poly (l-lysine)

adhesive hydrogel with multiple
crosslinks within the hydrogel and
between the hydrogel and tissue

CGBio South Korea hydroxyethylcellulose, EGF adhesive seal in which the EGF
promotes wound healing

EGF: epidermal growth factor; TGF: transforming growth factor.

Figures 1–3: different lesions with active oozing bleeding and after hemostasis achieved
by application of hemostatic powder.

  
Figure 1. Duodenal cancer.
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Figure 2. Esophageal cancer.

  
Figure 3. Pancreatic cancer invading duodenum.

TC-325 is compounded by bentonite, a naturally sourced aluminum phyllosilicate clay.
This inert powder is propelled through a carbon dioxide pressurized catheter and sprayed
at a distance of 1–2 cm from the bleeding site, forming a coat covering the lesion. This coat
acts as a mechanical barrier and absorbs water, leading to a concentration of platelets and
clotting factors with the activation of platelets and the coagulation cascade [8]. Due to its
modality of action, TC-325 should be used in cases of active bleeding, as it is likely poorly
or not effective in nonbleeding lesions [9]. Once sprayed over the area of bleeding, TC-325
adheres over the lesion for a limited time: the HP sloughs off the mucosa and is eliminated
from the gastrointestinal tract within 24–72 h after application [8].

Endoclot is a starch-derived compound of hemostatic polysaccharides which, in
contact with blood, absorbs water, causes a high concentration of platelets, red blood cells,
and coagulation proteins at the bleeding site, and accelerates the physiological clotting
cascade [8]. An air compressor provides consistent air pressure to propel the HP to the
bleeding site. Endoclot also remains over the lesion for a limited time ranging from hours
to days [10].

ABS is a plant-based agent that rapidly forms an encapsulated protein network pro-
viding focal points for erythrocytes and activated leukocyte aggregation. This network
stems from interactions between ABS and blood proteins, such as fibrinogen, inducing pro-
tein agglutination. ABS also inhibits fibrinolysis and anticoagulant pathways, promoting
wound healing [8].

UI-EWD is a biocompatible natural polymer produced using aldehyde dextran and
succinic acid modified ε-poly (l-lysine). In the presence of water, the two compounds
of the polymer react together, forming a hydrogel with multiple crosslinks resulting in
high adhesiveness to the tissue. The hydrogel acts as a mechanical barrier and promotes
hemostasis. UI-EWD is delivered via a system based on a liquid coating technology
using a fluidized bed granulator. Since UI-EWD does not require clot formation to induce
hemostasis, active bleeding is not necessary for this HP to be effective [11].

CEGP-003 powder is a mix of hydroxyethylcellulose and epidermal growth factor
(EGF). Due to its adhesive and hygroscopic properties, hydroxyethylcellulose, in contact
with water, forms an adhesive gel that acts as a barrier, while the EGF, by binding to EGF
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receptors, activates the syntheses of hyaluronan and aquaporin-3, both promoting wound
healing [12,13].

2.1. Pros

HP is an attractive agent for endoscopic hemostasis in patients with GIB as it is
straightforward to use, does not require prolonged training, can be applied to sites poorly
accessible by endoscopy and hemostatic devices, can treat extensive areas with multiple
bleeding points, and does not need to be in direct contact with the bleeding lesion.

HP is generally safe and well tolerated. Some cases of embolization, bowel obstruc-
tion, and perforation have been reported in patients treated with Hemospray®, but, based
on an analysis of the literature, the Food and Drug Administration (FDA) declared that
Hemospray® is an endoscopic hemostat with a very low-risk profile, with no contraindi-
cation except for gastrointestinal endoscopy (active or risk of gastrointestinal perforation)
and gastrointestinal fistulas [14]. Endoclot also received a very low-risk profile statement
from the FDA [15].

2.2. Cons

• Clogging of the delivery catheter has been reported [16] during the release of TC-325,
as it coagulates when in contact with fresh blood. During an emergency endoscopy
with active GIB, it is necessary to aspirate blood from the lumen of the digestive tract,
and the presence of blood in the working channel may determine the coagulation of
HP, causing occlusion of the catheter. This issue may be overcome by a prolonged
insufflation following blood aspiration to dry the working channel immediately before
the spraying of HP [17]. Clogging seems to be infrequent (3.6%) with UI-EWD due to
the system of delivery adopted [18]. Following the application of HP, the visibility of
the target lesion is no longer guaranteed as the HP may obscure the endoscopic view.

• TC-325 has a high cost (US list price of USD 2500 in November 2020); this is the reason
guidelines suggest that, in countries such as the United States, TC-325 should not be
the initial modality used if other therapies can be readily applied [19].

3. Fields of Application of Hemostatic Powder in Nvugib and Evidence on Short- and
Long-Term Efficacy

HP is used to induce hemostasis following failure of rescue therapy or together with
CHEP (combination therapy) and also alone as a first-choice treatment (monotherapy) in
upper and lower GIB related to malignant and benign conditions, including postendoscopic
therapeutic procedures such as endoscopic submucosal dissection, sphincterotomy, and
polypectomy, as well as to less frequent conditions such as Dieulafoy lesions and lesions
due to graft-versus-host disease [17]. Although it has been used also in upper variceal
bleeding and lower gastrointestinal bleeding, this article will only address the use of HP
in NVUGIB.

Table 2 lists studies on HP published to date, most of which investigate TC-325,
likely because this agent is marketed more widely than the others; larger series have
been published in recent years. For example, in the French “GRAPHE” registry including
202 patients with UGIB—most commonly related to PUD (37.1%), malignancy (30.2%),
and postendoscopic therapy (17.3%)—TC-325 was used as rescue (53.5%) or first-line
therapy (46.5%) and achieved an immediate hemostasis rate of 96.5%, with rebleeding in
26.7% and 33.5% of cases at day 8 and day 30, respectively, and the definitive hemostasis
rate being 63% [20]. A retrospective nationwide study conducted in Spain involving
219 patients with UGIB—most frequently due to peptic ulcer (28%), malignancy (18.4%),
and postendoscopic therapeutic procedures (17.6%)—showed that TC-325 was effective
in inducing an immediate hemostasis rate of 93%, with rebleeding rates of 16.1%, 19.9%,
and 22.9% at 3, 7, and 30 days, respectively, and a definitive hemostasis rate of 77% [21].
A multicenter European registry of 314 patients with UGIB—mainly due to PUD (53%),
malignancy (16%), and postendoscopic procedures (16%)—treated with TC-325 reported
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immediate hemostasis in 89.5% of cases, with a rebleeding rate of 10.3% and a definitive
hemostasis rate of 79.2% [22]. A retrospective study including 86 patients treated with HP
as rescue therapy and monotherapy reported a high rate (88.4%) of immediate hemostasis
but a cumulative rebleeding rate of 33.7% [23]. Overall, current evidence shows that TC-325
and other HPs can achieve immediate hemostasis in about 80–100% of UGIB regardless
of etiology. In contrast, the rates of definitive hemostasis are more widely variable in
the different studies, ranging from 40% to 100%. There may be several reasons for this
discrepancy. Many published studies are retrospective analyses or case series, a small
number are prospective investigations often lacking controls, and there is a paucity of
randomized controlled trials (RCTs). Outcomes are variable: immediate hemostasis is
almost uniformly defined as the stop of bleeding immediately after application of HP,
whilst hemostasis is considered definitive (no relapse following application of HP) at
different follow-up times (from 1 to 180 days); some studies evaluated the impact of HP
on mortality rather than hemostasis. Lastly, the conditions underlying GIB in the study
populations are highly heterogeneous and include GIB related to different malignancies,
PUD with active bleeding (Forrest Ia and Ib) and with stigmata of recent but no-longer-
active bleeding (Forrest IIa and IIb), postendoscopic therapy (e.g., endoscopic submucosal
dissection and sphincterotomy), postsurgery bleeding, or other rarer lesions.

Table 2. Studies on hemostatic powders and outcomes in patients with upper gastrointestinal bleeding.

Author, Year
(Reference)

Country Design
Hemostatic

Powder Indication
Forrest

Ia/Ib (%) Application Hemostasis

Sung, 2011 [24] Hong Kong PC, N = 20 TC-325 PUD 5/95 Mono I: 95% D: 95%
(30 days)

Holster, 2013 [25] The Netherlands PC, N = 16 TC-325 MR-GIB, PUD,
Other 31/25 Mono, Rescue I: 81% D: 49.7%

(7 days)
Leblanc, 2013 [26] France CS, N = 17 TC-325 MR-GIB, Other NA Mono, Rescue I: 100% D: 88%

(7 days)

Smith, 2014 [27]

France, Denmark,
Germany Italy, Spain,

Sweden, UK,
The Netherlands

RC, N = 63 TC-325 MR-GIB, PUD,
Other 17/25 Mono, Combo I: 85% D: 70%

(7 days)

Sulz, 2014 [28] Switzerland CS, N = 16 TC-325 PUD, Other 0/25 Mono, Rescue I: 94% D: 81%
(7 days)

Yau, 2014 [29] Canada RC, N = 19 TC-325 UGIB 21/57 Mono, Rescue I: 93% D: 61%
(7 days)

Chen, 2015 [30] Canada RC, N = 66 TC-325 UGIB, LGIB 7/23 Mono, Rescue I: 99% D: 84%
(30 days)

Giles, 2016 [31] New Zealand CS, N = 36 TC-325 PUD, Other 20/60 Mono, Rescue I: 100% D: 89%
(7 days)

Haddara, 2016 [20] France PC, N = 202 TC-325 MR-GIB, PUD,
Other 7/21 Mono, Rescue I: 96.5% D: 63.2%

(30 days)
Sinha, 2016 [32] UK RC, N = 20 TC-325 PUD 60/40 Rescue, Combo I: 92–100% D:

75–83% (7 days)
Arena, 2017 [33] Italy RC, N = 15 TC-325 MR-UGIB NA Mono I: 93% D: 72%

(6 days)
Cahyadi, 2017 [34] Germany RC, N = 52 TC-325 MR-GIB, PUD,

Other 0/39 Mono, Rescue I: 98% D: 51%
(7 days)

Hagel, 2017 [35] Germany RC, N = 25 TC-325 MR-GIB, PUD,
Other ND Mono, Rescue I: 96% D: 60%

(30 days)
Pittayanon,

2018 [36] Canada RC, N = 86 TC-325 MR-GIB 1/94 Mono, Rescue I: 98% D: 72%
(30 days)

Ramírez-Polo,
2019 [37] Mexico RC, N = 81 TC-325 MR-GIB, PUD,

Other ND Mono, Combo I: 99% D: 79%
(5 days)

Rodriguez De
Santiago, 2019 [21] Spain RC, N = 261 TC-325 MR-GIB, PUD,

Other 25/64 Mono, Rescue I: 93% D: 73%
(30 days)

Meng, 2019 [38] Canada RC, N = 25 TC-325 MR-GIB 8/76 Mono, Rescue I: 88%, D: 50%
(14 days)

Alzoubaidi,
2020 [22]

France, Germany
UK PC, N = 314 TC-325 MR-GIB, PUD,

Other 17/60 Mono, Combo,
Rescue

I: 89% D:79%
(3 days)

Baracat, 2020 [39] Brazil RCT, N = 19
N = 20

TC-325
CHEP

MR-GIB, PUD,
Other

16/84
5/95 Mono, Combo

I: 100% D: 74%
(7 days)

I: 90% D: 75%
(7 days)

Chahal, 2020 [23] Canada RC, N = 86 TC-325 MR-GIB, PUD,
Other 14/53 Mono, Combo I: 88% D: 55%

(30 days)

Chen, 2020 [40] Canada RCT, N = 10
N = 10

TC-325
CHEP UGIB, LGIB NA Mono, Rescue

I: 90% D: 70%
(180 days)

I: 40% D: NA
Hussein, 2021 [41] France, Germany

UK, USA PC, N = 202 TC-325 PUD 19/58 Mono, Combo,
Rescue

I: 88% D: 71%
(30 days)
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Table 2. Cont.

Author, Year
(Reference)

Country Design
Hemostatic

Powder Indication
Forrest

Ia/Ib (%) Application Hemostasis

Becq, 2021 [42] France RC, N = 152 TC-325 UGIB, LGIB ND Mono, Rescue I: 79% D: 39%
(30 days)

Hussein, 2021 [43] France, Germany
Spain, UK, USA PC, N = 105 TC-325 MR-GIB NA Mono, Combo,

Rescue
I: 97% D: 82%

(30 days)

Kwek, 2017 [44] Singapore RCT, N = 20 TC-325
CHEP PUD 10/40

0/33 Mono
I: 90% D: 67%

(4 weeks)
I: 100% D: 90%

(4 weeks)

Vitali, 2019 [45] Germany PC, N = 154 TC-325
EndoClot

MR-GIB, PUD,
Other 11/66 Mono, Rescue

I: 81% D: 67%
(30 days)

I: 81% D: 56%
(30 days)

Paoluzi, 2021 [17] Italy PC, N = 43
TC-325,

Endoclot
CHEP

MR-GIB, PUD 16/84
22/78 Mono, Rescue

I: 86–100% D:
45–86% (30 days)

I: 42–78%; D:
33–69% (30 days)

Lau, 2022 [46] Hong Kong,
Thailand, Singapore

RCT,
N = 224

TC-325
CHEP

MR-GIB, PUD,
Other

8/92
11/89 Mono

I: 93%, D: 90%
(30 days)

I: 91% D: 81%
(30 days)

Sung, 2022 [47] Canada, Hong Kong,
The Netherlands, UK PC, N = 67 TC-325 PUD 16/84 Mono I: 91% D: 78%

(30 days)

Martins, 2022 [48] Brazil RCT, N = 59 TC-325
CHEP MR-UGIB NA Mono

I: 100% D: 68%
(30 days)

I: 100% D: 80%
(30 days)

Beg, 2015 [49] UK RC, N = 21 EndoClot PUD, Other 24/76 Rescue I: 100% D: 95%
(30 days)

Prei, 2016 [50] Germany PC, N = 70 EndoClot UGIB, LGIB 1/66 Mono, Rescue I: 83% D: 72%
(3 days)

Kim, 2018 [51] South Korea RC, N = 12 EndoClot MR-GIB NA Mono, Rescue I: 100% D: 84%
(3–5 days)

Park, 2018 [52] South Korea CC, N = 30 EndoClot UGIB 17/70 Mono, Combo I: 97% D: 94%
(30 days)

Hagel, 2020 [53] Germany RC, N = 43 EndoClot UGIB ND Mono, Rescue I: 100% D: 76%
(1 day)

Kurt, 2010 [54] Turkey CS, N = 10 ABS MR-GIB NA Mono I: 100% D: 100%
(7–48 days)

Karaman, 2012 [55] Turkey PC, N = 30 ABS UGIB ND Mono, Combo I: 87% D: 100%
(7 days)

Gungor, 2012 [56] Turkey PC, N = 26 ABS UGIB 15/85 Mono, Combo I: 73% D: 53%
(2 days)

Bang, 2018 [13] South Korea RCT, N = 35 CEGP-003
CHEP UGIB 0/86

0/81 Mono I: 89% D: 86%
(3 days)

Park, 2019 [18] South Korea PC, N = 17 UI-EWD UGIB 12/88 Rescue I: 94% D: 75%
(30 days)

Park, 2019 [11] South Korea RC, N = 56 UI-EWD UGIB 0/64 Mono I: 96% D: 92%
(7 days)

Shin, 2021 [57] South Korea RC, N = 41 UI-EWD MR-GIB 7l-93 Mono, Rescue I: 97% D: 67%
(28 days)

CS: case series; D: definitive; I: immediate; LGIB: lower gastrointestinal bleeding; MR-GIB: malignancy-related
gastrointestinal bleeding; PC: prospective cohort; PUD: peptic ulcer disease; RC: retrospective cohort; RCT:
randomized controlled trial; UGIB: upper gastrointestinal bleeding; NA: not applicable; ND: not defined.

To better determine the efficacy of HP in GIB, two systematic reviews with meta-
analysis were recently published. Facciorusso et al. [58] reviewed and included in a meta-
analysis 24 studies, 3 of which were RCTs and 21 of which were retrospective investigations;
19 studies used TC-325, 4 used Endoclot, and 1 used CGEP-003, with a total of 1063 patients.
Immediate hemostasis was achieved in 95.3% of patients, with a success rate of 91.9% in
spurting bleeding; the rebleeding rate was 17.9% and 16.9% at 7 and 30 days, respectively,
and, according to treatment strategy, the overall rebleeding rate was 13.5% and 24.8%
in monotherapy and combined/rescue therapy, respectively. Although useful, this first
meta-analysis has several limitations, such as the high heterogeneity of populations in
the different studies (sample size and geographic areas), source of bleeding (PUD, other
benign conditions, malignancies, and, in three studies, liver cirrhosis), study protocol
(retrospective/prospective and time of rebleeding), and type of HP applied. A subsequent
meta-analysis by Mutneja et al. [59] of 11 prospective studies (3 of which were RCTs)
investigating different etiologies of GIB (2 on PUD only, 3 on variceal bleeding only, 2 on
malignancies only, 3 on mixed benign and malignant tumors without variceal bleeding,
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and 1 on mixed conditions including variceal bleeding) in a total of 609 patients treated
with TC-325 reported a pooled immediate hemostasis rate of 93.0% regardless of etiology
and 95.3% in malignancy-related GIB (MR-GIB); the overall 12 h–30 days rebleeding rate
was 14.4%, and the MR rebleeding rate was 21.9%. A separate analysis of the three RCTs
on NVUGIB revealed that the probability of achieving immediate hemostasis was more
than three times higher with TC-325 than with CHEP. However, statistical significance
was not reached, likely due to the limited number of RCTs. Although the strength of this
meta-analysis lies in the selection of only prospective studies using the same type of HP,
the findings are to some extent underpowered by statistical and clinical heterogeneity
due to the different sources of GIB, different rebleeding times, selection biases, and lack
of controls.

A very recent noninferiority RCT compared the efficacy of TC-325 monotherapy versus
CHEP (thermocoagulation or clipping with/without epinephrine injection) in 224 adult
patients with NVUGIB due to malignancy and nonmalignant lesions [46]. The primary
endpoint was control of bleeding within 30 days, defined as endoscopic hemostasis by
the assigned treatment modality during the first endoscopy and no recurrent bleeding
after endoscopic hemostasis. Secondary endpoints included failure to control bleeding
during the first endoscopy and recurrent bleeding after hemostasis, combined with a lack of
recurrent bleeding, with secondary outcomes including further interventions, transfusion,
and death. Bleeding was controlled within 30 days in 90.1% of cases in the TC-325 group
and in 81.4% in the CHEP group. Recurrent bleeding within 30 days did not differ between
groups (8.1% versus 8.8%, respectively). Additional interventions, length of stay, and
death were similar between groups. The limitations of this study were the heterogeneity of
lesions, an unbalanced allocation of patients with malignancy, attending endoscopists not
blinded to study treatments, and a low rate of Forrest Ia lesions.

Despite the limitations described above, data currently available indicate that HP can
induce immediate hemostasis in the majority of treated patients, but rebleeding in the
following days should be kept in mind. It has not yet been fully established whether the
limited time of persistence of HP over the lesion may reduce long-term hemostasis and
contribute to the occurrence of a late (7–30 days) rebleeding. Taking into account the time
of elimination from the gastrointestinal tract, recent guidelines suggest the use of TC-325
as a temporizing intervention that should be followed by a second definitive HEP [60] in
patients with persistent bleeding refractory to CHEPs [61] or conditionally in peptic ulcer
bleeding [19].

4. Open Questions

4.1. Peptic-Ulcer-Related NVUGIB: HP Only as Rescue Therapy and Combination Therapy or
Also as Monotherapy?

The efficacy of HP in combination or rescue therapy is well demonstrated, and this
noncontact hemostatic technique should now be considered an indispensable part of the
standard therapeutic armamentarium in emergency endoscopy. However, the use of HP as
monotherapy means excluding CHEPs, which are routinely used in the endoscopy room
and well known to be effective in stopping NVUGIB in 85–95% of cases, reducing the need
for surgery and lowering mortality rates [47]. Therefore, before using HP as monotherapy
instead of CHEPs, it should be certain that HP is highly effective in bleeding PUD. An
early prospective single-arm pilot study by Sung et al. investigating the use of HP in
NVUGIB-related PUD in 20 patients with Forrest Ia (1 patient) or Forrest Ib (19 patients)
PUD revealed that TC-325 as monotherapy achieved immediate and definitive hemostasis
rates of 95% and 89.5%, respectively [24]. In another prospective study of 20 patients
with PUD, randomized to receive either TC-325 (10 patients) or CHEP (10 patients), Kwek
et al. reported immediate hemostasis rates of 90% and 100% and definitive hemostasis
rates of 67% and 90%, respectively [44]. However, only 8 (3 in the TC-325 arm and 5 in
the CHEP arm) out of 20 patients (40%) had Forrest Ia or Ib PUD, while the remaining
12 had nonbleeding Forrest IIa or IIb PUD. As TC-325 may be active only in cases of
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active bleeding, these findings are difficult to assess. Holster et al. prospectively treated
eight patients with PUD (four with Forrest Ia and four with Forrest Ib) with TC-325 as
monotherapy (six patients), achieving immediate and definitive hemostasis rates of 83%
and 67%, respectively [25]. The largest case series published to date is a prospective single-
arm multicenter study of 202 patients with PUD-related NVUGIB, 156 patients with active
bleeding (39 patients (19%) with Forrest Ia and 117 patients (58%) with Forrest Ib), and
46 patients with nonactive bleeding (25 patients (12%) with Forrest IIa and 21 patients (10%)
with Forrest IIb) treated with TC-325 as combination therapy (101 patients), rescue therapy
(51 patients), and monotherapy (50 patients), showing an overall immediate hemostasis
rate of 88% and a definitive hemostasis rate of 71% [41]. According to its application,
TC-325 achieved immediate and definitive hemostasis rates of 89% and 74% as combination
therapy, 86% and 64% as rescue therapy, and 88% and 72% as monotherapy. Taking into
account only patients with active bleeding, the immediate hemostasis rate was 85% in the
Forrest group (87% Forrest Ia and 85% Forrest Ib); however, only a small proportion of
these patients (≤25%) received TC-325 as monotherapy, and the outcome was not specified.

Two prospective studies on TC-325 administered as monotherapy in PUD-related
NVUGIB were very recently published. In a prospective, single-arm, multicenter study,
Sung et al. evaluated the efficacy of TC-325 as monotherapy in 67 patients with actively
bleeding PUD (11 patients (16%) with Forrest Ia and 55 patients (84%) with Forrest Ib)
who had not already undergone another HEP [47]. Patients received up to three canisters
of TC-325 (20 g per canister) and, if unresponsive, were treated with a CHEP according
to the physician’s preference. Persistent or recurrent bleeding within the first 72 h (early
rebleeding) was the primary endpoint; recurrent bleeding between 72 h and 30 days
(late rebleeding), adverse events, and mortality within 30 days were additional outcome
measures. In one patient, TC-325 was not administered due to the occlusion of two
consecutive catheters, and CHEP was performed. TC-325 achieved initial hemostasis in
60/66 (91%) treated patients, and early and late rebleeding were endoscopically confirmed
in 5 and 3 patients (7.6% and 4.5%), respectively, with an overall recurrent bleeding rate
of 12.1% and a definitive hemostasis rate of 79%. Two patients with Forrest Ia in whom
TC-325 achieved initial hemostasis died (mortality rate: 3%). Multiple logistic regression
revealed that Forrest classification was the only variable associated with recurrent bleeding,
where the highest risk was associated with Forrest Ia. In a noninferiority RCT by Lau et al.
including 224 patients with NVUGIB due to malignant and nonmalignant conditions, 68
patients with PUD (all Forrest Ia or Ib) were randomized to TC-325 versus a combination
of CHEPs (contact thermocoagulation or hemoclipping with or without prior injection of
diluted epinephrine), with immediate hemostasis rates of 95.6% and 83.8% and definitive
(30 days) hemostasis rates of 83.8% and 73.5%, respectively [46].

The latter two studies provide robust data in support of the efficacy of TC-325 when
used as monotherapy. HP may be considered as one of the first-choice techniques, in addi-
tion to being used in combination with CHEPs or as rescue therapy, in the management of
NVUGIB due to PUD-related oozing bleeding. In contrast, the efficacy of HP as monother-
apy in inducing definitive hemostasis in NVUGIB due to Forrest Ia PUD still seems to need
definitive validation by further research, as already suggested [19], ideally in RCTs includ-
ing large populations. Spurting active bleeding due to Forrest Ia PUD is much less common
than oozing [21,47,62]. However, it may be massive and life-threatening, especially in
patients with clinical conditions compromised by other comorbidities and hemodynamic
instability, and is likely the main reason for the recurrence of NVUGIB [21,47]. In this
context, in our opinion, CHEPs remain the gold standard approach to Forrest Ia PUD
except when the lesion is not easy to reach, the operator is not familiar with CHEPs, or
there is a risk of perforation in the case of contact-based thermal procedures. This risk
seems to be increased in patients with recurrent bleeding when treated with a second
consecutive thermal contact therapy, such as heater probe [19,63]. As alternative forms of
hemostatic therapy are suggested in the event of rebleeding if thermal contact was used
at the initial endoscopy [19], HP may be a possible choice. In the absence of conditions in

28



Medicina 2023, 59, 143

which HP seems a suitable approach, it is reasonable to question why HP should be used
to treat a bleeding lesion that can be controlled by a CHEP. Another reason to use HP only
when necessary is the high cost.

4.2. Is HP a Possible Gold Standard in Malignancy-Related NVUGIB?

There is currently no gold-standard treatment for MR-NVUGIB, and the choice of
CHEP depends on the characteristics of the tumor, such as location, size, consistency of
surface, and pathological angiogenesis. Malignant lesions often have a friable surface with
multiple bleeding points, negatively affecting the effectiveness of CHEPs, and mechanical
contact-based HEP carries the risk of worsening the bleed or perforation. Nonlesion-related
conditions influencing hemostasis include underlying coagulopathy, disease burden, and
severity of hemorrhage [6,61]. In these cases, the success of CHEPs in MR-NVUGIB is
variable, with immediate hemostasis achieved in about 30–40% of patients but with a
short-term rebleeding rate of about 40–80% and 90-day mortality of about 95%, mainly
due to the preterminal stage [36,64]. Based on the possibility of its application on large
surfaces, argon plasma coagulation is frequently used in clinical practice but with tempo-
rary efficacy and high recurrent bleeding rates in MR-NVUGIB [65,66]. HP could be the
ideal procedure of choice in the management of MR-NVUGIB, as it acts in the absence of
mechanical contact and can also be sprayed over a large surface, allowing the simultaneous
treatment of multiple bleeding points. To date, data regarding the use of HP in patients
with MR-UGIB derive mainly from retrospective studies analyzing heterogeneous series
(mixed lesions) and prospective studies lacking controls (Table 2). Hussein et al. [43] evalu-
ated the efficacy of TC-325 in a prospective study including 105 patients who received HP
either as monotherapy (67%) or in combination with or as rescue therapy after failure of
CHEPs (25%). The decision to use TC-325 was at the discretion of the endoscopist. Overall,
TC-325 achieved immediate hemostasis in 97% of patients, with a 30-day rebleeding rate
of 15% and a definitive hemostasis rate of 82%. Immediate and definitive hemostasis
rates were 100% and 85%, respectively, when TC-325 was used as monotherapy and 88%
and 70% when used as combination therapy. Regarding possible factors influencing re-
bleeding due to malignancy, a univariable analysis conducted by Pittayanon et al. found
that poor performance status, an Eastern Cooperative Oncology Group (ECOG) score ≥ 3,
and INR > 1.3 were significantly associated with increased early recurrent bleeding, while
definitive hemostatic treatment subsequent to TC-325 use was predictive of less delayed re-
current bleeding [36]. However, in a multivariable analysis, no significant prognostic factor
for delayed recurrent bleeding was identified [36]. In contrast, good performance status
(ECOG score 0–2), cancer stage 1–3, and achievement of definitive hemostatic treatment
(surgery, chemotherapy, radiotherapy, and embolization) were significantly associated
with greater survival. In a retrospective cohort of 41 patients with MR-UGIB, classified
as Forrest Ib in 93% of cases, Shin et al. evaluated the efficacy of UI-EWD (Nexpowder)
as monotherapy (23 patients, 56%) or rescue therapy (18 patients, 44%) [57]. In this study,
UI-EWD achieved overall immediate and definitive hemostasis rates of 97.5% and 67.5%,
respectively; as monotherapy only, the immediate and definitive success rates were 100%
and 73.9%, respectively. Our study of HP in MR-GIB involved 23 patients, 14 with primary
and 9 with metastatic cancer, in a series including other conditions, all treated with HP
or CHEPs [17]. The source of bleeding was the stomach in 15 patients, the duodenum
in 6 patients, and the colon/rectum in 2 patients; in all cases, the bleeding was oozing
from multiple sites. Considering only patients with UGIB, HP was used as monotherapy
in 9 patients and as rescue therapy in 7 patients (TC-325 in 14 patients and Endoclot in
2 patients), with immediate hemostasis rates of 100% and 85.7% and definitive hemostasis
rates of 50% and 100%, respectively, significantly higher than those in patients treated with
CHEPs (immediate hemostasis: 41.7%; definitive hemostasis: 33.3%). Of the 21 patients
with MR-UGIB, 16 had an advanced unresectable tumor, 11 were discharged for palliative
treatment, and 5 died from MR complications other than GIB, while the 5 remaining pa-
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tients underwent elective (4 patients) or emergency surgery (1 patient) due to failure of
hemostatic procedures.

To date, only two RCTs have been published on the use of TC-325 in MR-NVUGIB. In a
pilot RCT, Chen et al. compared the efficacy of TC-325 versus CHEPs in upper (17 patients)
and lower (3 patients) GIB, with 10 patients allocated to each group; crossover to the other
treatment was permitted in patients not responding to the assigned therapy [40]. TC-325
achieved immediate hemostasis in 9/10 patients (90%) when used as monotherapy and
in 4/5 patients (80%) unresponsive to CHEPs (rescue therapy); the definitive hemostasis
rate at 180 days was 70% and 40% in the TC-325 and CHEP group, respectively. In a very
recent RCT, Martins et al. compared the efficacy of TC-325 in monotherapy versus CHEPs
in 68 patients with NVUGIB due to primary or metastatic malignancy who had not already
undergone any HEPs [48]. In the control arm, a CHEP was not mandatory but could
be applied if the attending endoscopist judged that hemostatic treatment might benefit
the patient. TC-325 was always used in the presence of active bleeding; if bleeding was
nonactive but stigmata were present, endoscopic washing of the tumor surface with a water
jet was performed to remove the clot and reactivate bleeding or to induce brisk bleeding
so that TC-325 could adhere to the tumor surface and promote coagulation. Immediate
hemostasis was achieved in 100% of patients treated in both groups, with not-statistically-
different 30-day rebleeding rates (32.1% in the TC-325 group and 19.4% in the control group)
and 30-day mortality rates (28.6% in the TC-325 group and 19.4% in the control group).
The difference between long-term outcomes, specifically late rebleeding rates, in the two
groups was not statistically significant, likely because this study was underpowered due to
incomplete (62%) enrollment of the planned population. Nevertheless, this is the first RCT
with a very large series of patients evaluating the efficacy of HP in MR-NVUGIB, and the
findings support the hypothesis that HP is more effective than CHEPs.

Karna et al. very recently conducted a systematic review and meta-analysis of the
literature aimed at assessing the efficacy of topical hemostatic agents (TC-325, Endoclot,
ABS, and UI-EWD) in the management of MR-NVUGIB [67]. The authors excluded studies
reporting variceal bleeding or other nontumoral bleeding, studies performed in pediatric
populations, those reporting data in <10 patients, case reports, case series, letters to the editor,
review articles, and editorials. In the case of overlapping cohorts, the study providing the
most recent results and/or the study with the largest sample size was included. Due to
these strict selection criteria, from an initial pool of 355 investigations, the final analysis
included 16 studies, 2 RCTs [40,68], and 14 observational studies [20,21,30,33,36–38,42,43,
51,54,57,69,70]. In this meta-analysis, immediate hemostasis was achieved in 94.1% of
patients, early rebleeding was observed in 13.9%, and delayed rebleeding in 11.4%, with an
aggregate rebleeding of 24.2%. A subgroup analysis revealed similar immediate hemostasis
rates in the TC-325 and non-TC-325 cohorts (93.9% versus 96.7%, respectively). All-cause
mortality was 33.1%, while GIB-related mortality was 5.9%. Despite the large number of
patients included in the investigation, this meta-analysis has the limitation of including both
retrospective and prospective studies, some of which combine bleeding and nonbleeding
(adherent clot and visible vessel) lesions, and only two RCTs.

The paucity of studies comparing HP with CHEPs does not provide sufficient data
to draw a definitive conclusion as to whether HP may be considered a gold-standard
procedure in MR-NVUGIB. Multicenter comparative studies on larger populations are
necessary to confirm this potential role and to determine in which kind of malignant lesions
HP can be most effective. However, before further controlled findings are available, current
data allow us to make some observations regarding the use of HP as monotherapy in
MR-NVUGIB. First, as previously mentioned, HP can be used to simultaneously treat
multiple bleeding sites in large lesions often difficult to reach or to treat with no risk of
perforation as with the traumatic action of contact-based CHEPs. HP was highly effective
in inducing immediate hemostasis in the majority of cases of NVUGIB in which it was used
as monotherapy or rescue therapy. Second, it is possible that different types of HP, namely
TC-325 and non-TC-325, may have similar efficacy in the treatment of MR-NVUGIB [45,67].
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This hypothesis needs confirmation in comparative studies, particularly with newer types of
HP that do not require active bleeding to perform their action. Third, HP is a temporary and
palliative intervention in GIB related to advanced diseases, the so-called preterminal stage,
and cannot affect the outcome. In malignancies, progressive tissue destruction and necrosis
contribute to rebleeding GIB even following treatment with TC-325 [35]. However, HP
may play a bridging role toward a more definitive management of diseases still amenable
to treatment. Albeit for a short period, the achievement of hemostasis by HP, when used
as monotherapy and to a much greater extent as rescue therapy, provides valuable time
to stabilize the patient’s cardiovascular functions and/or recover coagulation parameters
when impaired, make blood transfusions, and carry out elective surgery, radiological
procedures, or other definitive interventions [35]. HP should therefore be considered a
first-choice hemostatic technique, as it is highly effective in MR-NVUGIB.

5. Conclusions

HP is highly effective in patients with NVUGIB when used either in combination with
or as rescue therapy in the event of failure of CHEPs. Recent robust evidence supports
the efficacy of TC-325 as monotherapy in NVUGIB due to spurting or oozing (Forrest Ia
and Ib) PUD, but it cannot be regarded as an alternative to CHEPs as first-line treatment.
Additional randomized comparative studies are necessary to define the role of HP as
monotherapy and to establish whether it may be considered a gold standard in MR-
NVUGIB. The potential role of new formulations, such as UI-EWD, in preventing bleeding
during postendoscopic procedures and rebleeding following an early HEP needs to be
confirmed by further investigations.
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Abstract: Background: Obesity is a chronic disease that impairs quality of life and leads to several
comorbidities. When conservative therapies fail, bariatric surgical options such as Roux-en-Y gastric
bypass (RYGB) and sleeve gastrectomy (SG) are the most effective therapies to induce persistent
weight loss. Over the last two decades, bariatric endoscopy has become a valid alternative to surgery
in specific settings. Primary bariatric endoscopic therapies: Restrictive gastric procedures, such as
intragastric balloons (IGBs) and endoscopic gastroplasty, have been shown to be effective in inducing
weight loss compared to diet modifications alone. Endoscopic gastroplasty is usually superior to
IGBs in maintaining weight loss in the long-term period, whereas IGBs have an established role
as a bridge-to-surgery approach in severely obese patients. IGBs in a minority of patients could
be poorly tolerated and require early removal. More recently, novel endoscopic systems have been
developed with the combined purpose of inducing weight loss and improving metabolic conditions.
Duodenal mucosal resurfacing demonstrated efficacy in this field in its early trials: significant
reduction from baseline of HbA1c values and a modest reduction of body weight were observed.
Other endoscopic malabsorptive have been developed but need more evidence. For example, a pivotal
trial on duodenojejunal bypasses was stopped due to the high rate of severe adverse events (hepatic
abscesses). Optimization of these more recent malabsorptive endoscopic procedures could expand
the plethora of bariatric patients that could be treated with the intention of improving their metabolic
conditions. Revisional bariatric therapies: Weight regain may occur in up to one third of patients after
bariatric surgery. Different endoscopic procedures are currently performed after both RYGB and SG
in order to modulate post-surgical anatomy. The application of argon plasma coagulation associated
with endoscopic full-thickness suturing systems (APC-TORe) and Re-EndoSleeve have shown to
be the most effective endoscopic treatments after RYGB and SG, respectively. Both procedures are
usually well tolerated and have a very low risk of stricture. However, APC-TORe may sometimes
require more than one session to obtain adequate final results. The aim of this review is to explore
all the currently available primary and revisional endoscopic bariatric therapies focusing on their
efficacy and safety and their potential application in clinical practice.

Keywords: endoscopic bariatric therapy; obesity; sleeve gastrectomy; intragastric balloons; endoscopic
sleeve gastrectomy; POSE; transoral outlet reduction; duodenal mucosal resurfacing

1. Introduction

Obesity is defined as a body mass index (BMI) equal to or higher than 30 kg/m2. It is a
pandemic disease that affects 650 million people throughout the world with a continuously
increasing incidence [1,2].

Genetic predisposition, unbalanced long-term diets, and sedentary habits are the
main factors contributing to the multifactorial etiology of this disease. Numerous illnesses
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result from obesity, mainly type 2 diabetes, arterial hypertension, liver steatosis, and
other cardiovascular complications [3]. Moreover, the social implications of this disease
significantly hamper everyday activities, contributing to the reduced quality of life of
bariatric patients [4].

The first-line treatment is based on diet regimens and modifications of lifestyle habits
to increase physical activities. In order to obtain valid results, patients’ compliance is
essential due to the long-lasting challenging process required [5]. However, these options
are frequently insufficient to reach adequate weight loss, and associated treatments are
necessary. Pharmacotherapy with medications mainly promoting satiety [3] can be associ-
ated with dietary measures, but their efficacy is limited, and their various side effects limit
long-term use [6]. Therefore, bariatric surgery has gained relevance in the field, becoming
by far the most effective and durable option for obesity treatment. Different types of
bariatric surgery have been developed over the years, among which Roux-en-Y gastric by-
pass (RYGB) and Sleeve gastrectomy (SG) are the most frequently performed [3]. Different
from medical and dietary approaches, bariatric surgery allows significant results in terms
of weight loss, up to 25–30% from basal weight, even during the long-term period [7,8].

The efficacy and safety of bariatric surgery are currently consolidated by a large num-
ber of publications [9,10]. As far as the safety profile is concerned, perioperative mortality
has dramatically improved since the early 2000s [10,11]. A recent meta-analysis showed an
early (<30 days) major adverse events rate of 0–1.6% with a mortality rate of 0–0.6% [12].
However, since obesity is continuously increasing in prevalence [2] and patients addressed
to bariatric surgery are often young and/or fragile with multiple comorbidities, less inva-
sive and safer options are desirable to treat this challenging benign disease.

With this purpose, over the years, bariatric endoscopic procedures have been devel-
oped in order to offer less invasive options, with an expected total body weight loss of at
least 10–20% [13] when associated with appropriate dietary restrictions [14–16]. They can
be classified as primary treatments or revisional procedures after surgery failure.

Primary bariatric endoscopic treatments, which are currently approved by the Food
and Drug Administration (FDA) or the European Community (CE), work by reducing
gastric volume by means of specific devices. The reduction of gastric volume can be either
achieved by placing space-occupying devices or by creating an endoscopic gastroplasty,
plicating the stomach walls in order to decrease gastric lumen [14]. In recent years, new
endoscopic devices and procedures that reduce the contact between food and the gas-
trointestinal wall have been developed, with the aim of mimicking surgical malabsorptive
procedures [17–19]. One of the main goals of these novel endoscopic treatments is to
combine the weight loss effect with an improvement of metabolic complications that are
the most common cause of morbidity in obese patients. Revisional bariatric endoscopic pro-
cedures have been developed to maximize patients’ outcomes after surgical treatments [15].
Indeed, weight regain after bariatric surgery potentially occurs in one third of patients, and
re-surgery in this category of patients is characterized by a high rate of complications [20].
After RYGB, dilation of the gastro-jejunal anastomosis and of the gastric pouch may occur,
reducing the satiety sensation. Similarly, afterward, SG, dilation of the gastric remnant
could lead to weight regain [15]. Endoscopic bariatric revisional procedures are aimed
to have a restrictive effect, suturing full-thickness procedures being the most commonly
performed after both RYGB and SG. The present review aims to detail the primary bariatric
endoscopic procedures currently performed in clinical practice focusing on their mech-
anisms of action, efficacy, and application in the clinical practice. Revisional bariatric
endoscopic procedures are detailed in the review focusing on endoscopic management
after RYGB and SG.
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2. Primary Bariatric Endoscopic Therapies

2.1. Restrictive Gastric Procedures
2.1.1. Intragastric Balloons

IGBs were the first endoscopic therapeutic option developed for obesity [21]. IGBs
carry out their action by occupying space in the stomach, thus reducing its volume, creating
a physical impediment to the ingestion of food, and slowing gastric emptying.

Most of the IGBs available today have a round or oval shape made of silicone, limiting
gastric mucosal injury (Figure 1).

Figure 1. Schematic representation and characteristics of commercially available space-occupying devices.

They are usually inflated with a fluid (saline solution, together with methylene blue)
or, less frequently, with a gas, to a volume of 500–700 mL. Larger volumes lead to greater
total body weight loss (TBWL), but smaller volumes are better tolerated by the patient.
IGBs are generally placed endoscopically under sedation; the majority remain implanted
for an average of six months and are subsequently removed endoscopically. The presence
of gastric, duodenal, and esophageal ulcers, irrespective of the presence of active bleed-
ing, a previous gastric surgery, gastric and esophageal varices, hiatal hernia >5 cm, and
anticoagulant use are absolute contraindications to implantation [22].

Although the placement of an IGB is generally well tolerated, some patients may
complain of adaptive symptoms or experience adverse events (AEs). The formers, such as
persistent nausea, vomiting, generalized abdominal pain and/or discomfort, and reflux
symptoms, are related to the space-occupying action in the gastric lumen and usually
appear immediately after the insertion of the IGB and are self-limiting. However, the
persistence of obstructive symptoms may require early IGB removal, which usually occurs
in less than 5% of patients limiting their efficacy [23]. Serious AEs (SAE) include mucosal
injury or perforation of the stomach or esophagus, gastrointestinal obstruction due to
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the migration of the balloon, gastric outflow obstruction, and infections due to bacterial
overgrowth in the fluid filling the balloon [23,24]. A meta-analysis by Trang et al. conducted
on a total of 938 patients who underwent the positioning of different types of IGBs, showed
that nausea and vomiting were very frequent after an IGB positioning (63.3%; 95%CI
61.5–65.2% and 55.3%; 95%CI 53.6–57% respectively) whereas the account rate of SAEs was
lower (5.2%; 95% CI 4.8–5.6%) [25].

IGBs are completely reversible, and once removed, the stomach returns to its pre-
implantation condition of anatomy and functioning. This kind of reversibility allows for
an application in different clinical situations. IGBs could be used as primary therapy in
patients who are overweight or have mild to moderate obesity, with a target of TBWL
around 10–12% [13]. A meta-analysis of nine RCTs showed that IGB implantation is
superior to diet modification alone in achieving BMI loss and EWL loss [26]. However,
after IGB removal, compliance with diet in the long-term period is essential in order to
prevent weight regain. A recent meta-analysis reported a decrease in %TBWL to 6.9 at
18–24 month follow-up after IGB removal, indicating weight regain [27,28]. Another well-
established indication is the implantation of IGB as a bridge to surgery. It is known that
surgery could be challenging and associated with increased morbidity in patients with
severe and very-severe obesity compared to patients with lower BMI [29,30]. For this
reason, bridging therapy has been proposed for weight reduction before bariatric surgery
to decrease operative difficulties and achieve better outcomes. IGBs efficacy as a bridge-to-
surgery therapy in very-severe obesity patients was shown in a recent meta-analysis that
reported a BMI reduction of 6.6 kg/m2 before surgery [31].

To date, three IGBs have been approved by the FDA in the US, whereas one more
device is available only in Europe.

The first balloon designed in accordance with the Tarpon Springs Directives of
1987 [32], which represented the first guidelines regarding IGBs, was the Bioenterics IGB
(now available as “Orbera”).

Orbera® (Apollo Endosurgery, Austin, TX, USA), commercially available since 1991
and approved by the FDA in 2005 and subsequently by CE, is a single spherical silicone
balloon of about 13 cm in maximum diameter. The device is positioned endoscopically.
Then the balloon is inflated with saline solution to a volume of 500–700 mL. After the phase
of filling, the infusion system is closed, and a self-sealing valve allows the safe release of
the filling tube, which is extracted through the mouth. The balloon is inflated in the gastric
fundus, and when released, it is free to float in the whole stomach. It remains in place for
6 months, and then it is removed in order to avoid mucosal injuries [33,34]. A systematic
review and meta-analysis conducted by the ASGE, including 1683 patients from 17 studies,
showed that Orbera® achieved 11.27% of TBWL (95% CI, 8.17–14.36%) at 12 months after
implantation and a significant weight loss compared to controls (+26.9% percent excess
weight loss (EWL); p, 0.01) [35]. Another large meta-analysis by Kumar et al. [36] showed
that the percentage of TBWL was 13.2% (95%CI: 12.3–14.0) at 6 months, with no differences
between balloon filling volumes (400 mL vs. 700 mL). The most frequent side effects,
similarly to other IGBs, are nausea and vomiting; the aforementioned meta-analysis by
Trang reported a nausea and vomiting rate slightly higher than other IGBs (82%;95% CI
77–87 and 72.2; 95% CI 66.7–77.7 respectively) [25].

An Obalon® (Obalon Therapeutics Inc, Carlsbad, CA, USA) balloon is compressed
into a gelatinous capsule attached to a thin 2 Fr catheter. Under fluoroscopic guidance, the
patient ingests the capsule, and once it reaches the stomach, the balloon is inflated with
a gas (mostly nitrogen) to a maximum volume of 250 mL. Finally, the inflation catheter
is removed. A maximum of 3 balloons can be placed in the stomach of a patient [37].
After a maximum of 6 months the balloons should be removed endoscopically [14,33,38].
Recently, the FDA approved the Obalon navigation system, that is, a portable console that
dynamically tracks the balloon during placement using magnetic resonance and does not
require X rays to confirm balloon positioning. The SMART trial, a comparative study of
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387 patients between Obalon and the placebo, showed at six months a TBWL of 7.1 ± 5.3 kg
in the Obalon group compared to 3.6 ± 5.1 kg in the placebo group (p < 0.0001) [39].

An interesting balloon is Elipse™ (Allurion, Natick, MA, USA), a swallowable bal-
loon liquid-filled that has a self-deflating valve mechanism that allows self emptying after
4 months and spontaneous expulsion without the need for an endoscopy [40]. A study
conducted on 112 patients showed a total weight loss of 10.9% at 6 months after implanta-
tion [41]. Spatz3® (Spatz, Fort Lauderdale, FL, USA) is a balloon filled with 400–700 mL
of saline solution that requires endoscopic positioning; its peculiarity is the guaranteed
duration of 12 months and the possibility to increase or reduce the volume of the balloon
endoscopically in case of low efficacy or intolerance respectively [42]. A recent study by
Fittipaldi-Fernandez et al. showed that after Spatz3® placement, mean BMI decreased from
39.5 to 32.8 kg/m2 (p < 0.0001) [43]. Another randomized trial on 288 patients evaluated the
efficacy of Spatz3® placement for 8 months compared with diet modification alone. Filling
volumes of IGB were modified during the implantation period according to its efficacy
or patients’ tolerance. TBWL was 15% (95%CI 13.9–16.1) in the IGB group compared to
3.3% (95%CI 2–4.6%) in the control group (p < 0.0001). At 6 months from IGB removal,
74% of patients had weight loss maintenance satisfying the endpoint (>50%) [44]. Spatz3®

received FDA approval in 2021, whereas Elipse™ is approved only by CE.
ReShape Duo was an approved integrated dual balloon system (ReShape Medical, Inc,

San Clemente, CA, USA) that consisted of two liquid-filled silicone spheres joined by a
flexible silicone shaft [45]. However, at the end of 2018, ReShape Medical was purchased
by Apollo Endosurgery (Apollo Endosurgery, Austin, TX, USA), which decided to stop the
production of ReShape Duo and provide Orbera only.

The recent Spanish Intragastric Balloon Consensus provided practical recommen-
dations for IGB implantation. The minimum BMI for balloon implantation is 25 kg/m2

after failed clinical treatment. Regarding patients with a BMI of 25–30 kg/m2, a 6-month
fluid-filled balloon is preferred, whereas in patients with BMI > 40 kg/m2, a 12-month
fluid-filled balloon is preferred (consensus > 75%). For patients with a BMI of 30–40 kg/m2,
which is the most common indication for IGBs implantation, there is a lower consensus to
use a 12-month fluid-filled balloon [23].

2.1.2. Transpyloric Shuttle

Transpyloric shuttle (TPS) (BARONova Inc, San Carlos, CA, USA) is an FDA-approved
device since 2019, indicated for obese patients with a body mass index (BMI) of 30 to
40 kg/m2. It consists of a large spherical bulb attached to a smaller cylindrical bulb
through a catheter. TPS is endoscopically released and fully assembled in the stomach,
and designed to remain in place for up to 12 months. After the release, peristalsis carries
the smaller sphere beyond the pylorus, causing intermittent gastric outlet obstruction and,
thus, delaying gastric emptying [46]. To date, few studies have evaluated its safety and
effectiveness. In a recent sham-controlled study conducted by Rothstein et al., 270 patients
were randomized to a 12-month treatment or sham procedure; the preliminary abstract-
based data showed a 30.9% excess weight loss (EWL) in the treatment group vs. 9.8% EWL
in controls (p < 0.0001). Early device removal was required in 10.3% of patients, and the
SAE rate was 2.5% [47].

2.1.3. Endoscopic Gastroplasties

Endoscopic gastroplasty is proposed as the endoluminal equivalent of surgical SG.
FDA- and CE-approved dedicated devices (the OverStitch™ by Apollo Endosurgery,
Austin, TX and Per-Oral Incisionless Operating Platform– IOP by USGI Medical, San
Clemente, CA, USA) are used in order to plicate the gastric wall and to reduce the volume
of the stomach inducing an early sensation of fullness. The procedure is performed under
general anesthesia.

39



Medicina 2023, 59, 636

Endoscopic sleeve gastroplasty (ESG) was first described in 2013 by Abu Dayyeh [48]
and is performed with the OverStich™ system. A suturing device is mounted on the tip
of a dual-channel endoscope and is equipped with a curved needle guide that allows for
either interrupted or continuous sutures. This system also uses an instrument to grasp the
tissue called a “tissue helix” that is inserted through one of the channels [49].

On the other hand, primary obesity surgery endoluminal (POSE) is performed with
the IOP system. It is a more complex device, equipped with a 54 Fr handle-controlled
tube (TransPort®) able to be maneuvered in four directions and with four channels that
house specialized instruments for grasping tissue folds (g-Lix™ and g-Prox EZ®) for
positioning tissue anchors (g-Cath EZ™), and for lumen visualization with an ultra-slim
endoscope [50,51].

The two procedures, as shown in Figure 2, result in two different types of gastroplasty.
During ESG, the plication generally starts from the incisura angularis and then rises towards
the gastric body along the greater curvature, shortening the distance between the anterior
and posterior walls.

Figure 2. Schematic representation of endoscopic gastroplasties: on the left, an ESG procedure
performed with Overstich™, and on the right, a POSE procedure performed with IOP. Blu and
green arrows indicate position of endoscopic sutures during ESG and during POSE respectively.
ESG, endoscopic sleeve gastroplasty; POSE, primary obesity surgery endoluminal; IOP, Incisionless
Operating Platform.

During the POSE procedure, the anchor points are usually positioned in the fundus
by creating eight to nine plications; three to four plications are usually placed in the distal
body near the mouth of the antrum opposite to the incisura angularis in order to disrupt
the gastric antral mill. A meta-analysis conducted by Gys et al., including 2475 patients,
compared ESG vs. POSE, showing that both procedures were effective and safe, with only
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25 patients experiencing major AEs but without the occurrence of deaths; however, ESG
seemed superior in terms of EWL (68.3% vs. 44.9% respectively at 12 months) [52].

An interesting meta-analysis by Mohan et al. [53] compared ESG with surgery, showing
that ESG had lower TBWL at 12 months compared to surgery (17% vs. 30.5%, p = 0.001) but
a significantly lower rate of AEs (2.9% vs. 11.8%, p = 0.001).

In their recent systematic review and meta-analyses, Hedjoudje et al. confirmed the
promising results of ESG in the long-term period, showing a mean TBWL of 15.1% (95%
CI, 14.3–16.0) at six months, of 16.5% (95% CI, 15.2–17.8) at 12 months, and 17.2% (95%
CI, 14.6–19.7) at 18–24 months. The procedure was also safe, with a pooled rate of severe
AEs of 2.2% (95% CI, 1.6–3.1%), including pain or nausea requiring hospitalization (1.1%),
upper gastrointestinal bleeding (0.6%), and peri-gastric leak or fluid collection (0.5%) [54].
A recent RCT comparing ESG with diet modifications alone (MERIT study) in patients with
obesity grade 1 and 2 showed significant TBWL (13.6%) at 52 weeks in the ESG group that
was maintained at 104 weeks in almost 70% of patients [55]. Few data are also present in
the literature about the application of ESG in super obese patients with contraindications
to surgery [56] or as a bridge-to-surgery procedure [57].

More recently, different plication technique variants have been proposed by leading
centers in order to optimize the efficacy of gastroplasty [58–60]. The group of Lopez-Nava
et al. modified the POSE technique performing the plication in the gastric body in order to
alter its motility (POSE-2) [58]. Their preliminary data on 73 patients have been encouraging,
showing a TBWL of 15.7% at 6 months with no AEs. Further studies are needed in order to
confirm the lower rate of AEs and their efficacy compared to other techniques.

Regarding the comparison between endoscopic gastroplasty and IGBs, several studies
showed that IGBs are less effective than gastroplasty. A retrospective study showed a
significantly lower percentage of TBWL at 6 months (15.0 vs. 19.5%) and 12 months
(13.9% vs. 21.3%) and higher AEs rates (17% vs. 5.2%, p < 0.048) in IGBs group compared
to endoscopic gastroplasty [61]. Interestingly, a higher AEs rate was found in the IGBs
group. A recent meta-analysis confirmed that IGB might be inferior to EGS in terms of WL;
IGB-related AEs were lower than those of EGS [27].

Endoscopic gastroplasty also appears to have a significant metabolic effect: an observa-
tional study by Sharaiha et al. showed that ESG induces favorable changes in metabolism
and obesity complications. In this study, patients had a significant reduction in liver
enzymes, HbA1c, triglyceride level, and systolic blood pressure at 12-month follow-up
following ESG [62]. The MERIT study also showed a significant improvement in metabolic
comorbidities in patients who underwent ESG compared to controls [55].

2.2. Aspiration Therapy

Aspiration therapy was a promising technique performed with AspireAssist® System
(Aspire Bariatrics, Inc. King of Prussia, PA, USA) for class II-III obesity approved by the
FDA. It consists of a customized percutaneous endoscopic gastrostomy tube associated
with an external device, which aspirates approximately 30% of the gastric content after a
meal. In a multicenter American study, 171 patients were randomized into two groups
(aspiration + lifestyle changes vs. lifestyle modification alone) and followed up for 4 years.
The average BMI of patients at the beginning of this study was 41.6 ± 4.5 kg/m2. After
12 months, the average BMI in the aspiration group (82 patients) was 34.1 ± 5.4 kg/m2

with a %TWL decreased of 18.3 ± 8.0%, and after 48 months, the %TWL in 58 patients was
18.7% [63]. Unfortunately, on February 2022, the AspireAssist system was withdrawn from
the market due to financial reasons [64].

3. Endoscopic Malabsorptive Interventions

3.1. Duodenal Mucosal Resurfacing

Duodenal mucosal resurfacing (DMR), better known by the brand name Revita®

(Fractyl Health, Lexington, MA USA), is a catheter-based technique that hydrothermally
ablates the duodenal mucosa, primarily designed for the treatment of T2DM. The Revita®
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DMR is introduced through the mouth into the duodenum and placed distally to the Am-
pulla of Vater over a guidewire using fluoroscopic guidance; once in place, the gastroscope
is re-inserted in order to control the procedure. The 2 cm balloon catheter is designed
to isolate the mucosa from the deeper layers of the duodenum by the injection of saline
solution and then hydrothermally ablate the mucosa between the Ampulla of Vater and the
Treitz ligament [65].

The theoretical basis of this technique derives from the assumption that the duodenal
mucosa of T2DM patients is abnormally hypertrophied with a higher concentration of en-
teroendocrine cells leading to a higher secretion of GIP that produces insulin hypersecretion
and insulin resistance.

In the first human study (proof-of-concept) [65], 39 patients with T2DM were treated
with DMR, with a baseline HbA1c of 9.6% ± 1.4 and a BMI of 30.8 ± 3.5 kg. HbA1c was
reduced by 1.2% at 6 months in the full cohort (p < 0.001), with more effects in the long
segment cohort, also accompanied by a modest weight reduction of 3.9 ± 0.5 kg at 3 months
(p < 0.001) and 2.5 ± 0.1 kg at 6 months (p < 0.05). In this study, no perforation, gastroin-
testinal bleeding, or evidence of malabsorption occurred, but three patients developed
duodenal stenosis.

A recent randomized, double-blind, sham-controlled trial (REVITA-2) included 56 pa-
tients from Europe and Brazil treated with Revita® DMR and 52 with a sham procedure [66].
The primary endpoint was the change of HbA1c, and one of the secondary endpoints was
the change of weight at 24 weeks compared to baseline. Statistical analysis of the groups
was stratified by region due to the statistical differences between sham groups. In particular,
in the European group treated with DMR (N = 39), the median reduction of HbA1c from
baseline at 24 weeks was –6.6 mmol/mol (2.8%), compared with –3.3 mmol/mol (2.5%) in
the sham procedure group (p = 0.033).

Considering the secondary endpoint, in the European DMR group, the median weight
reduction at 24 weeks was −2.4 kg, significantly greater than the −1.4 kg observed in the
sham group (p = 0.012).

The device appeared to be safe: the most common AEs in the first 30 days were tran-
sient and mild abdominal pain (17.9%) and hypoglycemia (7.7%). No severe complications
occurred in the European group, whereas one jejunal perforation repaired surgically was
observed in the Brazilian group. There were no episodes of pancreatitis nor infection
in either group, and follow-up endoscopies revealed complete healing of the duodenal
mucosa. Revita® is currently for investigational use only.

3.2. Duodenal-Jejunal Bypass

EndoBarrier® (GI Dynamics, Boston, MA USA) is a 60 cm thin and flexible Teflon-
coated tube that works as a duodenal-jejunal bypass liner. The device is placed endo-
scopically and anchored to the duodenal bulb like a self-expanding metal stent for up to
12 months. It is a malabsorptive device that works mimicking RYGB: it brings the food
to the proximal jejunum, bypassing the duodenum, preventing contact with the mucosa
and the absorption of food. EndoBarrier®, should not interact with the Ampulla of Vater,
allowing pancreatic and biliary fluids to flow down outside the tube and meet the chyme at
the end of the tube [67]. Different RCTs comparing EndoBarrier® to lifestyle modifications
were performed around 2010, showing interesting results in both weight loss and diabetes
control [35]. The first systematic review and meta-analyses conducted by Rohde et al., in-
cluding five RCTs with 235 subjects and ten observational studies with 211 subjects, showed
that EndoBarrier® was associated with significant differences in body weight (−5.1 kg;
95% CI −7.3, −3.0) and EWL (12.6%; 95% CI 9.0, 16.2) compared to diet modification
alone, even if the reduction of HbA1c and fasting plasma glucose did not reach statistical
significance [68]. A subsequent systematic review reported greater reductions in both
HbA1c (1.3% or 13.3 mmol/mol) and weight (TBWL 18.9%) [69]. However, the spread of
EndoBarrier® into clinical practice was deeply affected by the removal of the CE mark and
suspension of FDA approval during the pivotal trial (ENDO trial) [70] owing to the high
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incidence of liver abscess in the cohort of Endobarrier patients. However, after a review of
the relevant safety data, the FDA and Institutional Review Board approved the new STEP-1
pivotal trial (NCT04101669) on Endobarrier in the United States in February 2019, with
study closure expected in 2025 [71].

Recently, a multicenter RCT was performed in the UK on 170 adults with obesity
and uncontrolled T2DM [72]. The study did not achieve the primary outcome because
the reduction of HbA1c ≥ 20% at 12 months did not differ in the two groups [DJB 54.6%
(n = 30) vs. control 55.2% (n = 32); odds ratio (OR) 0.93, 95% CI 0.44–2.0; p = 0.85]. However,
the study demonstrated the superiority of DJB over intensive medical care alone to achieve
weight loss at 12 months: 24% (n = 16) of patients achieved ≥ 15% weight loss in the DJB
group compared to 4% (n = 2) in the control group (OR 8.3, 95% CI: 1.8–39; p = 0.007).

The weakness of these results was confirmed in a recent meta-analysis, where the
DJBL group showed superior excess weight loss (+ 11.4% [+ 7.75 to + 15.03%], p < 0.00001),
higher decrease in HbA1c compared to the control group (−2.73 ± 0.5 vs. −1.73 ± 0.4,
p = 0.0001), and a SAEs rate of 19.7%, criteria that were not sufficient to reach the ASGE
threshold for the treatment of obesity (i.e., ≥25% excess weight loss (%EWL) compared to
the control group and ≤5% SAEs) [73].

3.3. Gastroduodenojejunal Bypass

Gastroduodenojejunal Bypass (GDJB) (Endo Bypass System, ValenTx, Maple Grove,
MN, USA) is a 120 cm fluoropolymer sleeve anchored in the region of gastroesophageal
junction that leads the food into the small bowel with a combined endoscopic/laparoscopic
procedure. This liner induces weight loss by mimicking an RYGB for 12 months until
removal. In the first study evaluating the safety and efficacy of GDJB, 13 patients (mean
BMI 42 kg/m2) were prospectively enrolled for a 1-year trial [74]. Ten patients concluded
the study period, although four patients had a partial cuff detachment. At 12 months, the
average EWL was 35.9% and 54% in the fully-attached subgroup. The sleeve was safe and
well tolerated, with no esophageal leak, ulceration, or pancreatitis observed during the
follow-up period. Five of the six patients that elapsed a period of one year with a fully
attached device were followed up, and they had maintained an average EWL of 30% at the
14-month post-explant control (26 months from the beginning of the study). No further
studies were performed with this type of device. Endo Bypass System is not yet approved
by the FDA and CE for sale.

3.4. The Incisionless Magnetic Anastomotic System

The Incisionless Magnetic Anastomotic System (IMAS) (GI Windows, Westwood, MA,
USA) is a novel technique that creates an anastomosis without bowel incision by using
simultaneously two octagonal magnets. They are delivered into the proximal jejunum and
terminal ileum with a simultaneous enteroscopy and colonoscopy (even if laparoscopic
assistance is necessary), creating an anastomosis by causing local tissue necrosis. When the
anastomosis is completely created, the magnets usually fall into the stool within 2 weeks.
The anastomosis diverts nutrients and bile acids into the ileum, causing malabsorption.

The pilot study enrolled ten patients with an average BMI of 41 kg/m2 [75]. After
12 months, the average TBWL was 14.6% with an EWL% of 40.2%; moreover, in the
subgroup of diabetes patients, IMAS induced a reduction of HbA1c by 1.9% and by 1.0%
for prediabetic patients. All patients experienced diarrhea in the following days, and four
patients had frequent diarrhea. The anastomosis is not reversible, and no data are available
about long-term malabsorption consequences.

4. Revisional Endoscopy after Bariatric Surgery

Primary bariatric surgery, both restrictive and malabsorptive, has a notable efficacy,
inducing up to 20–50% of TBWL. However, up to 1/3 of patients undergoing bariatric
surgery have subsequent weight regain or insufficient weight loss. In the case of ESG,
weight regain could be higher, involving up to 75% of patients [76]. Different definitions of
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weight regain are available, but the most commonly used definitions in clinical practice
and in the literature are (1) BMI ≥ 35 kg/m2 after successful weight loss; (2) an increase
>25% EWL from nadir; (3) an increase >10 kg from nadir; and (4) maintaining <20% of
TWL [77]. The causes of weight regain are multifactorial, with the main contributing
factors being a lack of lifestyle changes (i.e., sedentary life) and a lack of change in eating
habits. Post-surgical anatomical factors also play an important role in weight regain. In
the case of RYGB, dilation of the gastro-jejunal anastomosis (GJA) is sometimes observed,
which induces a reduction of satiety and contributes to weight regain. Similarly, in ESG,
dilation of the gastric remnant can be observed, leading to pre-surgical treatment satiety
perception. In the past, lifestyle corrections and re-surgery were the only options available
in case of weight regain. However, they carried insufficient results or significant (15–50%)
post-surgical comorbidities, respectively [15]. Endoscopic therapies are attractive, as they
are more effective than lifestyle modification and are associated with lower AEs rates
compared with revision bariatric surgery. Below are detailed all the available endoscopic
techniques applied for revision after bariatric surgery.

4.1. Endoscopic Revision after Roux-en-Y Gastric Bypass

Argon plasma coagulation (APC) applied at the level of GJA is a commonly available
and easy-to-use treatment in the cases of endoscopic revision after RYGB. The rationale of
this type of treatment is that mucosal healing of GJA mucosa after APC application induces
an increase of tissue fibrosis and reduction of GJA size, thereby reducing the amount of
food passing through the anastomosis [78]. More recently, a similar rationale has been
exploited with the cryoablation technique commonly used for Barrett’s mucosal eradication.
Similarly to APC, a cryoablation balloon is applied at the level of GJA and could also be
extended at the gastric pouch leading to a fibrotic stricture and consequently to a reduction
of both size of GJA and pouch [79]. APC treatment requires more than one endoscopic
session (usually every 2–3 months) in order to reach the target of GJA diameter of 8–10 mm,
whereas cryoablation is a one-session technique. One limitation of cryoablation is that the
balloon requires a gastric pouch length of at least 4 cm. One retrospective study showed
that high-dose APC (70–80 W) compared to low-dose APC (45–55 W) induced higher
TBWL (10% vs. 5%) in the long term [80]. A recent RCT demonstrated the efficacy of
APC over the standard multidisciplinary diet approach in terms of significant weight loss
(9.73 vs. + 1.38) and improvement of quality of life after bariatric surgery [81]. Similar
results have been shown for cryoablation in the only available study: significant reduction
of the GJA diameter (24 to 17 mm, p < 0.001), pouch length (5 to 4 cm, p < 0.05), and
short-term TBWL (8% at two months). However, it is necessary to highlight that in this
study, three severe Aes (13.6%) occurred. One was GJA stenosis requiring endoscopic
dilation, and two involved bleeding from the treated area [79].

Another technique aimed at reducing the GJA size is the full-thickness suture, specifi-
cally named transoral outlet reduction endoscopically (TORe). The procedure consists of
the application of interrupted or purse-string stitches with the OverStich™ system at the
level of GJA in order to reduce its size. Several studies have demonstrated the efficacy of
TORe, showing a TBWL at one year between 6.6% and 8.6% [15,82,83]. The procedure is
usually safe, and the most common AE is stricture which occurs in 3.3–4.8% of patients,
whereas only one episode of severe bleeding has been described in a previous study [83].
A modified technique consists of the application of APC at the level of GJA before the
execution of the TORe (Figure 3).

A recent meta-analysis showed that APC-TORe is more effective than TORe alone,
showing a TBWL at 12 months of 9.5% (5.7–13.2) vs. 5.8% (4.3–7.1) [83].

Older studies described the application of sodium morrhuate at the level of GJA
for the treatment of weight regain after bariatric surgery. However, subsequent studies
demonstrated its inferiority when compared to other endoscopic procedures (i.e., APC and
suturing) [84]. A promising technique is the application of over-the-scope clips on two
sides of the GJA, which showed a significant decrease in BMI levels in one study [85].
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Figure 3. Endoscopic steps of the transoral outlet reduction endoscopic (TORe) procedure:
(a) visualization of the dilated GJA; (b) APC application at the level of GJA; (c) suturing perfor-
mance with OverStich™ system; and (d) final GJA at the end of the procedure. GJA, gastrojejunal
anastomosis; APC, argon plasma coagulation.

4.2. Endoscopic Revision after Sleeve Gastrectomy

Weight regains after SG is a major challenge considering that it afflicts up to 2/3 of
patients. RYGB or repeating SG are the most common surgical solutions for this relevant
clinical problem. However, revisional surgery carries a high rate of AEs, described in up
to 15% of patients [86]. In 2017 the first series of five patients was published, showing the
efficacy of Endosleeve after SG (R-EndoSleeve) [87]. The procedure is analogous to the one
performed as a primary intervention: each suture is started at the anterior wall of the sleeve,
with subsequent bites progressing along the “greater curvature/staple line” and to the more
proximal posterior wall. Approximately 6–10 bites per suture are performed. More recently,
the group of de Moura et al. published a larger retrospective series of 34 patients that
successfully underwent Endosleeve after SG. The study showed technical success in 100%
of cases with a TBWL > 10% at 1 year in 82.4% of patients [76]. The efficacy of R-Endosleeve
was confirmed in the recent prospective study by Maselli DB et al. on 82 patients who
experienced significant weight regain after SG. The performance of R-endosleeve allowed
a TBWL of 15.7% ± 7.6% at 12 months; ≥15% TBWL was achieved in 52.4% of patients
at 12 months. The procedure was also safe with only one moderate AE (stricture at the
level of the gastroesophageal junction) that was resolved with one session of endoscopic
dilation [88].
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Table 1 summarizes the results of the most relevant studies present in the literature for
all primary and revisional bariatric endoscopic procedures.

Table 1. Summary of the most relevant studies on the efficacy and safety of primary and revisional
endoscopic therapies.

Type of Study
Number of

Patients
Comparator

Group
Weight Loss

Outcome
AEs Outcome

Primary
endoscopic
therapies

Sp
ac

e
oc

cu
py

in
g

de
vi

ce
s Orbera® Meta-analysis [35] 1638 (17 studies) None EWL 25.44 (95% CI,

21.47–29.4) at 1 year

33.7% pain and
nausea

1.4% migration
0.1% gastric
perforation

Obalon® Double-blind RCT
with sham group [39] 387 Lifestyle therapy TBWL 7.1 ± 5.3 vs.

3.6 ± 5.1 kg

0.4% SAEs (one
bleeding and one
balloon deflation

Elipse™ Prospective
observational [41] 112 None TBWL 7.9% at 1 year

51% nausea and
vomiting

0% SAEs [25] *

Spatz3® RCT [44] 288 Lifestyle therapy
TBWL 15.0% vs. 3.3%

32 weeks at 32 wks
(p < 0.0001)

Seven SAEs (7%). No
deaths

Transpyloric
Shuttle® Observational [46] 20 None EWL 41% at 6 months 10% early removal for

gastric ulceration

En
do

sc
op

ic
ga

st
ro

pl
as

ti
es ESG Meta-analysis [53]

1815 (8 studies
on ESG)

2179 (7 studies
on LSG)

Laparoscopic
sleeve

gastrectomy

TBWL 17.1% vs.
30.5% (ESG vs. LSG)

at 1 year

Overall AEs 2.9%
(95% CI 1.8–4.4) vs.

11.8% (95% CI
8.4–16.4)

POSE Meta-analysis [52]

465 (5 studies on
POSE) and 1717

(8 studies on
ESG)

ESG
EWL 44.9 ± 2.1% vs.

68.3 ± 3.8% (POSE vs.
ESG) at 1 year

4 SAEs for POSE (3
bleeding and 1

hepatic abscess)

En
do

sc
op

ic
m

al
ab

so
pt

iv
e

pr
oc

ed
ur

es

DMR RCT [66] 108 Sham procedure
HbA1c reduction

from 8.5 ± 0.7% to
7.5 ± 0.8%

None

EndoBarrier® RCT [70] 80 Conventional
medical therapy

TBWL 9.7% vs. 2.1%
at 1 year

19 (39%) SAEs (11
re-intervention)

Endo
Bypass
System

Prospective
observational [74] 13 None EWL was 35.9% at

1 year None

IMAS Prospective
observational [75] 10 None

TBWL was 14.6%;
EWL% 40.2% at

1 year
Diarrhea

Revisional
Endoscopic

therapies

APC RCT with sham
group [81] 42 Diet −9.73 kg vs. + 1.38 kg

at 6 months
None in 1 year

follow-up period

Cryoablation Retrospective series
[79] 22 None TBWL 8.1% at

8 weeks
13.6% (one stenosis

and 2 bleeding)

TORe Meta-analysis [82] 850 (13 studies) None TBWL 8.55% at 1 year Total 11.4% ± 10.11
Severe 0.57% ± 1.35

TORe + APC Meta-analysis [83] 1625 (16 studies) TORe TBWL at 12 months
9.5% vs. 5.8%

Strictures in 4.8% of
patients

Sodium morrhuate Prospective
comparative [84] 43 TORe TBWL 2.7% ±5.5 vs.

10.4% ± 2.2 N/A

OTSC Observational [85] 94 None
BMI drop from 32.8
(±1.9) to 27.4 (±3.8)

at 1 year

Two stenoses
requiring endoscopic

dilation

R-Endosleeve Prospective [88] 82 None TBWL 15.7% (±7.6%)
at 1 year

One moderate
adverse event

IGBs, intragastric balloons; ESG, endoscopic sleeve gastroplasty; POSE, primary obesity surgical endoluminal;
APC, argon plasma coagulation; TORe, transoral outlet reduction endoscopically; OTSC, over-the-scope clip; LSG,
laparoscopic sleeve gastrectomy; TBWL, total body weight loss; EWL, excess of weight loss; AEs, adverse events;
SAEs, severe adverse events. * Data extracted from a meta-analysis on two studies with Elipse on 42 patients.

5. Conclusions

Bariatric patients are a complex category that requires a multidisciplinary approach.
Different professional figures, such as nutritionists, psychologists, and internal medicine
physicians, are involved in the initial evaluation of obese patients and their complica-
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tions [89]. These figures are essential in order to start the first-line therapeutic approach
consisting of dietary regimens and changes in lifestyle habits. However, in severely obese
patients and in those not compliant with conservative regimens, more invasive options
such as surgery or endoscopy are offered in order to maximize clinical results and improve
quality of life [3]. Both types of procedures are offered to obese patients that have failed diet
modifications and have no associated psychiatric conditions [90]. Bariatric surgery largely
demonstrated efficacy in terms of weight loss in the long-term period [7,10]. In the last
decades, several endoscopic options have been developed as a less invasive alternative for
the primary treatment of obesity. The availability of different options allows personalized
treatment for different clinical situations. IGBs are the most versatile endoscopic procedure
that does not alter gastric anatomy. This important feature allows its use both as a primary
therapy in patients with mild obesity and also in overweight patients in order to improve
metabolic complications [23,28]. Another application is the bridge-to-surgery implanta-
tion in severe and very-severe obesity patients in order to reduce intra and post-surgical
complications [31]. Different types of IGBs are available in clinical practice. However,
there is no evidence of superiority in the efficacy of a brand compared to another one. The
general rule is that the higher BMI, the higher volumes and longer times of implantation
are required [23].

Endoscopic gastroplasty obtained with both ESG and POSE is a well-established treat-
ment that maximizes efficacy in type 1 and 2 obesity. Endoscopic gastroplasty leads to
a lower percentage of TBWL than bariatric surgery but is superior to IGBs in inducing
persistent weight loss, and therefore, patients could be offered the option to refuse sur-
gical treatments [54,55,91]. More recently, other endoscopic procedures that have mainly
malabsorptive and metabolic-modulating actions have been developed in order to induce
weight loss and also to improve glycemic control (Figure 4). Revita® DMR demonstrated
encouraging results in pivotal trials, showing a significant reduction of HbA1c compared
to controls but associated with a modest weight loss [66]. This type of procedure could
be relevant to overweight and mild to moderately obese patients with difficult glycemic
control in order to prevent diabetic complications. However, DMR is not yet approved
by the bridFDA. An endobarrier is an ideal theoretical device that mimics malabsorptive
surgical procedures without altering the anatomy. Initial results were encouraging in terms
of weight loss and glycemic control [68]. However, its approval process was troublesome
for the occurrence of SAE (i.e., hepatic abscess), which led to the suspension of the pivotal
trial [70]. After the review of safety data, a new pivotal trial was started, and data about
efficacy and safety will be available in 2–3 years [71]. IMAS and GDJB were both devel-
oped with malabsorptive intentions, but evidence of their efficacy is still limited to a few
studies [74,75].

Figure 4. Schematic representation of the endoscopic malabsorptive procedures. IMAS, Incisionless
Magnetic Anastomotic System; DMR, duodenal mucosal resurfacing.
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The choice between the different endoscopic bariatric procedures and bariatric surgery
should be guided according to each specific clinical situation and should therefore be taken
according to multidisciplinary decisions aiming to reduce the potentially life-threatening
complications of obesity and to improve quality of life and life expectancy of these patients.

Considering patients who have already undergone bariatric surgery, insufficient re-
sults are reported in up to one third of cases. Endoscopy has proved efficacy in revisional
therapies, allowing for the optimization of surgical results and the avoidance of unaccept-
able rates of complications of redo-surgery [15]. In the case of RYGB, the application of
APC at the GJA in association with TORe has proven the most effective results [83]. Other
procedures, such as cryoablation and the application of OTSC at the level of GJA, have
shown promising results in recent studies [79,85]. In case of failed SG, bariatric endoscopy
could offer the R-EndoSleeve as an optimizing therapy [76,88].

In conclusion, bariatric endoscopy is a valid alternative to surgery for the treatment
of obesity, offering different options that can be tailored to the patient guaranteeing good
clinical results if associated with adequate diet control. As a minimally invasive technique,
bariatric endoscopy may also limit the burden of AEs. The continuous evolution of endo-
scopic bariatric procedures has also led to the development of techniques that have the
potential role of improving metabolic alterations.
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Abstract: Foreign body ingestion is a frequently encountered emergency in healthcare institutions. It
mostly affects pediatric populations, although it can also affect adults with developmental delays,
those with psychiatric diseases, drug abusers, and prisoners. Endoscopy is a diagnostic and treatment
method for suspected foreign body ingestion. In this article, we discuss a 45-year-old tailor who
swallowed a sewing pin while at work. The abdominal X-ray showed a needle-shaped metal shadow
in the stomach region. During an upper endoscopy, it was discovered that a sewing pin with a sharp
edge was stuck in the pylorus. The sewing pin was extracted endoscopically, and the patient was
discharged the same day in good condition. Since the estimated risk of complications of foreign
body ingestion in the adult population is about 35%, and the most common complications include
impaction, laceration, bleeding, or perforation of the gastrointestinal wall, endoscopic or surgical
removal is necessary. This also emphasizes the importance of a careful endoscopic evaluation of some
at-risk occupations for foreign body ingestion with or without gastrointestinal complaints.

Keywords: foreign body ingestion; sewing pin; stomach; endoscopy; tailor

1. Introduction

Foreign body (FB) ingestion is a frequently encountered emergency in healthcare
institutions. Although the majority of patients with FB ingestions are found in the pediatric
population, these emergencies also affect adults. In particular, impaction with meat or
fish bones while eating is the most common cause of FB ingestion in adults. Patients
with developmental delays, psychiatric diseases, abusers of illicit drugs or alcohol, and
prisoners are recognized as high-risk groups for accidental or intentional ingestion of FB [1].
While most of the FB pass spontaneously through the gastrointestinal tract, in 10% to 20%
of patients, endoscopic extraction is necessary, and in less than 1% of patients, surgical
intervention is required [2]. Swallowed objects, especially sharp ones, may cause serious
complications during their passage through the digestive tube [3,4]. Symptoms may vary
depending on the type of FB ingested and the time interval until diagnosis.

Swallowed sharp foreign objects cause 15–35% of intestinal perforations and should be
removed, especially if found in the esophagus or stomach [5]. Endoscopy is a well-known
diagnostic and treatment modality for suspected FB ingestion since it reduces the need for
surgery and makes it possible to diagnose other diseases at the same time [6,7].

Here we report a case of accidental sewing pin ingestion by a tailor.
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2. Case Presentation

A 45-year-old female tailor was admitted to the emergency department due to the
possible swallowing of a sewing pin. She reported that she had been holding several
sewing pins with her lips during work the day before when she accidentally coughed.
She did not know if she had swallowed a pin because she could not remember the exact
number of pins she was holding. Later that day, she felt slight discomfort in her upper
abdominal parts. Past medical and surgical history was not specific. Abdominal palpation
revealed a slight pain in the epigastrium. Other physical and laboratory findings were
unremarkable. The patient was immediately referred to a plain abdominal X-ray, which
showed a needle-shaped metal shadow, approximately 4 cm long, in the stomach region
(shown in Figure 1). Thereafter, an urgent upper endoscopy was performed, and a needle
was seen in the pyloric part of the stomach. The sharp point of the pin was stuck in the
pylorus with surrounding tissue reaction, while the blunt, rounded, purple-colored pinhead
was in the duodenal bulb (shown in Figure 2a). Alligator jaw forceps were used, and the
pin was gripped near its center, between the pinhead and the tip. Firstly, a gentle push was
applied towards the bulbus to disengage the pin from the pylorus. After that, the pin was
slowly pulled through the pylorus in the antrum. In the antrum grasp of alligator forceps
was relocated from the pin’s center towards the tip (shown in Figure 2b). After a firm grip
was obtained, the pin was gently extracted with the tip of the forceps about a centimeter
away from the endoscope tip to provide direct visualization during extubation. Protective
overtubes were not used because of the endoscopist’s certainty of the forceps grip, direct
visualization at all times, and the fact that the pinhead was rounded and not supposed to
damage the tissues by contact (shown in Figure 3). After the procedure, a control endoscopy
was performed, and since there was no mucosal laceration on the esophagus or stomach,
the patient was discharged in good condition.

 

Figure 1. A metal shadow in the stomach region shown in a plain abdominal X-ray image.

54



Medicina 2023, 59, 1566

  
(a) (b) 

Figure 2. Upper endoscopy findings. (a) A sewing pin stuck in the pylorus with surrounding tissue
reaction. (b) An alligator jaw forceps holding the sewing pin in the stomach.

 

Figure 3. An extracted sewing pin.

3. Discussion

The management of patients with FB ingestion requires different diagnostic and
therapeutic approaches due to the specificity of each individual case. The lack of specific
complaints that are clearly related to the localization of the FB and the need for timely
identification, as well as the treatment of complications, require the coordinated work of
radiologists, endoscopists, and surgeons [4,8].

In patients presenting with FB ingestion, symptoms may vary from asymptomatic
or mildly uncomfortable to dramatic and life-threatening. Most patients have symptoms,
and they vary depending on the type and location of the FB [9]. Usually, patients after FB
ingestion present with sensations of FB, dysphagia, chest or abdominal pain, nausea, or
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vomiting [10]. In symptomatic patients, FB are more likely to be located in the esophagus
and pharynx. By contrast, in asymptomatic patients, FBs are more frequently located in the
stomach or duodenum [9,11]. Moreover, sharp objects are more likely to cause symptoms
than blunt FBs. Furthermore, the absence of symptoms leads to a late diagnosis and
the development of complications [12]. Therefore, all patients suspected of FB ingestion
should undergo radiologic and/or laryngological examination to exclude oropharyngeal
location [10]. Since our patient had very mild symptoms and was not sure that she had
swallowed a needle, the decision to perform an X-ray and endoscopy proved to be very
useful. Endoscopic treatment can be challenging because the estimated risk of complications
is as high as 35%, especially if the FB is not removed at the right time [13]. The success
rate of endoscopic FB removal is 95%, while adverse events are rare and include mucosal
laceration, bleeding, infection, perforation, or aspiration [9,14]. According to the European
Society of Gastrointestinal Endoscopy, emergency upper endoscopy is recommended within
6 h in cases of esophageal obstruction or sharp objects in the esophagus and within 24 h in
cases of other FBs. An endoscopic examination is also recommended after removing the
FB [3]. A study by Liu et al. showed that a time interval of 6 h can reduce all complications,
while a time interval between 6 and 24 h can reduce major complications but not all of
them [15].

Complications of sharp object ingestion include impaction, laceration, bleeding, or
perforation of the gastrointestinal wall, especially in the anatomically narrow parts of the
gastrointestinal tract, such as the upper and lower esophageal sphincters, the pylorus,
the ileocecal valve, and, in rare cases, the appendiceal lumen [4]. In our case, the nee-
dle was impacted in the pylorus, so the risk of serious complications was high. Thus,
endoscopic treatment was performed immediately with great caution to avoid injury to
the gastrointestinal wall and potential aspiration. Endoscopic management of sharp FB
extraction includes various techniques and instruments. These techniques involve using
an overtube or a transparent cup, or fashioning a protective hood [4]. Shishido et al. [16]
described the successful extraction of a sewing needle that was grasped by biopsy forceps
and withdrawn together with the endoscope through a flexible overtube placed in the
duodenum. Instead, in our case, we were able to remove the pin safely only by grasping the
tip of the needle using endoscopic forceps, whereas a smooth pinhead should not be able to
cause complications. Similarly, Costa et al. [17] successfully removed thirteen needles from
the gastric body and one from the duodenum by grasping the sharp end of the needle with
continuous suction into the working channel of the endoscope. Thus, endoscopic extraction
of such objects is easier than that of objects with two pointed sides because there is low
risk of injury to the contralateral wall. Therefore, a detailed description of the swallowed
FB and an X-ray are necessary [18]. The possibility of spontaneous passage is affected by
several factors, including the size, shape, and composition of the ingested FB. The duration
of ingestion and the age of the patient also play a significant role in the management of
these patients [1].

Objects less than 2.5 cm in diameter can pass spontaneously [19], but cases of later
complications due to their migration have been described by some authors. Sharp objects
may reach the liver or pancreas in 1% of cases by penetrating the small intestine or stomach
wall. Considering the high possibility of unhindered passage through the gastrointestinal
tract, some authors still advocate conservative treatment in the case of sharp or pointed
FB, regardless of the potential risk. As a result, Bazabih and Getu [5] only used follow-up
and serial radiological exams to successfully treat a 23-year-old male who ingested a metal
nail. In contrast, Dal et al. [20] described an accidentally swallowed sewing needle in
a 23-year-old female that was revealed starting from the posterior of the small curvature
of the stomach and reaching the head and body of the pancreas. This patient required
laparoscopic surgery for the removal of the FB. In the literature, the most commonly
reported complications of an unextracted FB are intestinal perforation, abscess formation,
fistulae, and appendicitis [21,22]. In order to prevent complications, it is recommended
that sharp FBs be extracted whenever possible, and in the event of unsuccessful extraction,
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clinical follow-up and daily radiographs are necessary. If it is observed that the FB does not
progress within three days after ingestion, surgical intervention should be considered [3].

Several observational studies have shown that up to 80% of patients who ingest FBs
are children [21]. In adults, most FB ingestion or food bolus impaction occurs accidentally
during eating. It is important to emphasize that underlying esophageal pathology, such
as stricture or malignancy, is found in more than 75% of patients with food bolus im-
paction [23,24]. The rest of the patients marked as having a high risk of FB ingestion are the
geriatric population, adults with psychiatric illnesses, and individuals under the influence
of drugs or alcohol. A special group consists of patients who benefit from FB ingestion,
such as prisoners or drug couriers [3]. The most frequently found ingestions of sharp FBs
include meat bones, toothpicks, needles, safety pins, and dental appliances [25]. The type
of FB that is swallowed is influenced by various factors, including dietary habits, behavior,
and religion. For example, several studies have shown that the accidental ingestion of date
pits while eating is very common in China, while ingestion of hijab pins is common among
Muslim women [26,27]. Hijab pins provide a tiny but significant risk of catastrophic seque-
lae, especially in cases of needle impaction lasting longer than a few months, according
to a large cohort study by Yogev et al. that included 208 patients who swallowed a hijab
needle. [28] A CT scan should be done on patients who have ingested a needle in the last
several weeks or months to rule out infectious or mechanical issues [29]. However, there is
little information in the literature about the ingestion of FB in specific professions.

We performed a literature search in the PubMed database (Medline) using the key-
words “foreign body ingestion”, “sewing pin”, and “tailor” and identified only two related
publications. Ha et al. [30] reported the case of a 34-year-old tailor who swallowed a sewing
needle and, after an unsuccessful colonoscopy, underwent a laparoscopic appendectomy.
Another publication by Espin et al. [31] describes the case of a tailor who was diagnosed
with colonic perforation after swallowing a needle and was treated surgically with a la-
paroscopic approach. To our knowledge, this is the first case report found in the literature
of an endoscopic retraction of a sewing pin in a patient who is at occupational risk for
ingestion—a tailor. This further emphasizes that patients with specific occupations should
be noted as high-risk groups for FB ingestion.

4. Conclusions

An ingested sharp FB may cause serious complications in the gastrointestinal tract,
such as perforation or migration into other organs. An endoscopy ought to be performed
even when FB ingestion is suspected. The presence of a sharp FB requires endoscopic or
surgical removal. This therapeutic method must be performed with extreme caution to
avoid injury to the gastrointestinal wall and aspiration. A CT scan should be done if the
patient presents later than two to three weeks after ingesting. Even seasoned tailors who
hold pins with their lips while working, though this is a widespread technique throughout
the world, run the risk of ingesting them.
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Abstract: Anastomotic defects are deleterious complications after either oncologic or bariatric surgery,
leading to high morbidity and mortality. Besides surgical revision in early stages or instable patients,
endoscopic treatment has become the mainstay. To date, many options for endoscopic treatment
in this setting exist, including fully covered metal stent placement, endoscopic vacuum therapy
(EVT), endoscopic internal drainage with pigtail placement (EID), leak closure with through the
scope or over the scope clips, endoluminal suturing, fibrin glue sealing and a combination of all
these techniques. Current evidence is mostly based on retrospective single and multicenter studies.
No guidelines exist in this important field. Treatment options have to be chosen upon each case
individually, taking into account clinical and anatomic criteria, such as timing, size, infectious wound
complications and hemodynamic stability. Local expertise and availability of treatment devices need
to be taken into account whenever choosing a treatment strategy. This review aimed to present
current treatment options in terms of effectiveness, advantages and disadvantages in order to guide
the clinician for his decision making. Additionally, we aimed to provide a treatment algorithm.

Keywords: endoscopic treatment of anastomotic defects; esophageal fistula; perforation; esophageal leakage

1. Introduction

Leaks, fistulas and anastomotic defects after either oncologic or bariatric surgery
are feared complications. They occur in up to 13.1% of cases after esophagectomy [1,2]
and in up to 7.5% after gastrectomy in large patient cohorts [3,4]. Leakage sites may be
intrathoracic or intra-abdominal in these patients.

Patients undergoing bariatric surgery including sleeve gastrectomy and Roux en
Y bypass may also be subject to postoperative anastomotic defects, leakages or fistulas.
After gastric sleeve, they are reported in 1–3.9% [5–7] and after Roux en Y bypass, in
0.6–5.25% [8–10]. Leak site after sleeve gastrectomy typically is situated at the stapler line
whereas after bypass surgery the leak most commonly (in up to 50%) is situated at the
gastrojejunal anastomosis followed by the gastric pouch [11,12].

Classifications try to systemize clinical appearance and treatment decisions.
According to the ECCG (esophagectomy complications consensus group), postopera-

tive defects after esophageal surgery are defined as full thickness GI defects involving the
esophagus, anastomosis, staple line or conduit. They are subclassified into three groups:
type I local defect requiring no change in therapy; type II localized defect requiring interven-
tional but not surgical therapy and type III localized defect requiring surgical therapy [13].
Defects can also be classified by timing of occurrence, for which either surgical reinter-
vention or endoscopic management might be the treatment of choice. Here, a general
accepted subdivision at least for esophageal and post-gastrectomy defects is proposed by
Bludau et al.
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“Early leaks “are considered to occur within 72 h after operation, “classic leaks are
observed in a period from 4–10 days after operation and late leaks occur after postoperative
day 10 [14].

Besides conservative treatment, septic conditions frequently require surgical re-intervention
or application of endoscopic therapies.

For anastomotic defects after oncologic upper GI surgery (Ivor Lewis and gastrec-
tomy), early surgical reintervention in these conditions is favored during the first postoper-
ative days. Endoscopic therapies remain treatment of choice after the third postoperative
days [14–17].

After bariatric operations: surgical reintervention will normally be performed in early
leaks (<5 days postop) whereas non-surgical treatment is favored in patients with chronic
leaks [18].

Many options for the endoscopic treatment for any kind of anastomotic defect exist,
including fully covered metal stent placement, endoscopic vacuum therapy (EVT), endo-
scopic internal drainage with pigtail placement (EID), leak closure with through the scope
or over the scope clips, endoluminal suturing, fibrin glue sealing and a combination. Table 1
summarizes the main features of endoscopic closure techniques of upper GI fistula, leaks
and perforations.

Table 1. Comparison of endoscopic closure techniques of upper GI fistula, leaks and perforations.

Device Main Indication Pros Cons AEs

STENT

SEPS
FCSEMS
PCSEMS

BDs

Leaks
Fistula

Perforation > 2 cm

Easy placement
High technical and

clinical success
Avoid stenosis

Combined
approach with

clips

Expensive
High migration

rate
Possible multiple

sessions
Need of

percutaneous
drainage of
collection

Migration
Food impaction

Mucosal erosions
Bleeding

Perforation
Stent ruptures

Drooling, foreign
body sensation

CLIP

TTSc
Leaks or

perforations < 1 cm
Acute perforations

Large availability
Different shapes

and sizes available
Integration with
other techniques

Limited efficacy
Need of multiple

interventions
No full-thickness

closure
Need of

percutaneous
drainage of
collection

Failure
Migration

OTSc

Leaks or
perforations up to

2–3 cm
Acute and chronic

perforations

Full-thickness
closure

Single-step
procedure

Need of
percutaneous
drainage of
collection

Misdeployment

ENDOSUTURING Overstitch
Overstitch SX

Early
defects > 2 cm

Full thickness
closure

High clinical and
technical success

Expensive
Need of high

expertise
Challenging use in

angulated GI
regions
Need of

percutaneous
drainage of
collection

Bleeding
Strictures
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Table 1. Cont.

Device Main Indication Pros Cons AEs

ENDOSCOPIC
VACUUM

THERAPY (EVT)

Esosponge
Suprasorb

Leaks, fistula,
perforation with
associated cavity

High clinical and
technical success

rate
Simultaneous

drainage of
collection

Patient discomfort
due to external
tube drainage

Need of multiple
sessions

Bleeding
Sponge ingrowth

Strictures

ENDOSCOPIC
INTERNAL

DRAINAGE (EID)

Perforation and
leaks with

associated cavity

High clinical and
technical success

rate
Low cost

Oral feeding
feasible

Need odultiple
session

Bleeding
Migration

Splenic Hematoma

SEPS: self-expandable plastic stents; FCSEMS: fully covered self-expandable metallic stents; PCSEMS: partially
covered self-expandable metallic stents; BDs: biodegradable stents; TTSc: through the scope clip; OTSc: over the
scope clip.

Until now, no guidelines for endoscopic treatment for defects in the upper GI after
oncologic or bariatric surgery are available. Current ESGE guidelines only comprise
treatment suggestions for intestinal perforations (for any cause) [19]. Large quantitative
or qualitative data which could serve for guidelines are still scarce. The data published
mostly consist of retrospective single and multicenter studies. Most definitely, due to ethical
aspects, randomized controlled trials will hardly exist.

No leak/fistula or defect is anatomically the same and needs individual treatment
approaches, which might be changed during the course of treatment. Time of detection,
anatomy, size, presence of a wound cavity including presence of a drainage need to be
taken into account in order to choose the right endoscopic armamentarium.

In this narrative review, we look at the current literature comprising endoscopic
techniques for the management of upper GI anastomotic defects, their indications, con-
traindications, technical aspects, treatment algorithms and complications.

2. Endoscopic Techniques

2.1. Stenting

Endoluminal stent placement has been proven to be a safe and effective treatment
option for upper GI leaks and fistula. Once released under fluoroscopic or endoscopic
control or both, the meshes expand radially to its maximal diameter and the stent adheres to
the mucosal wall. The rationale of stent deployment is to seal the breach and divert luminal
content, allowing the closure of wall defect. Diversion therapy offers the advantages of
early oral intake and early discharge. In addition, stent placement prevents the onset of
gastric stenosis in patients affected by sleeve gastrectomy leak [20].

In two recent published guidelines, ESGE recommends that temporary stent placement
can be considered for the treatment of leaks, fistulas and perforations >2 cm in size,
but no specific type of stent can be recommended [19,21]. Indeed, different types of
stents are commercially available: self-expandable plastic stents (SEPS), self-expandable
metal stents (SEMS), both fully covered (FCSEMS) or partially covered (PCSEMS) and
biodegradable stents.

The most used self-expandable plastic stent (SEPS) is Polyflex (Boston Scientific, Natick,
MA, USA), made of polyester, completely covered with silicon. SEPSs guarantee an easy
removal and a low cost, but their use is burdened by a high rate of migration [22].

Self-expandable metal stents (SEMSs) are composed of various metal alloys, which
confer them a higher radial force compared to SEPSs. FCSEMSs have a plastic or silicone
rubber coating along its full length. PCSEMSs has uncovered distal and proximal ends.
These help for the optimal fitting and prevention of migration. On the other hand, un-
covered parts of the stent are exposed to mucosal in-growth. This could lead to increased
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risk of bleeding, mucosal stripping and perforation during stent removal. A recent multi-
center retrospective study showed that FCSEMSs were more successfully removed than
self-expandable plastic stents and PCSEMSs. However, esophageal stent removal in the
setting of benign disease was affected by a low rate of adverse events (2.1%) [23].

The results of three systematic reviews on the use of PCSEMSs, FCSEMSs, and SEPSs
reported a clinical success rate of esophageal stent placement of 81%–87%, with similar effi-
cacy between the different stents (SEPS 84%; FCSEMS 85%; PCSEMS 86%; p = 0.97) [24–26].
SEMSs are reported to perform better than SEPSs in leaks and perforations, with higher
technical success (95% vs. 91%; p = 0.03), and reduced risk of migration (16% vs. 24%;
p = 0.001) and stent repositioning (3% vs. 11%; p < 0.001) [26].

Freeman et al. identified four factors associated with failure of stenting therapy for
esophageal wall defects, such as location of the defect at the proximal cervical esophagus,
stent traversing the gastroesophageal junction, esophageal injury longer than 6 cm and
an anastomotic leak associated with a more distal conduit leak [27]. The presence of fluid
collection is another unfavorable factor in successful treatment with stents, especially when
the fluid collection is >5 cm, thus appropriate drainage of any pre-existing or concurrent
extra-luminal collection is mandatory [28].

The most frequently reported adverse event is stent migration, which is higher for FC-
SEMSs (26%) and SEPSs (31%) compared with PCSEMSs (12%), as might be expected [24].
Migration risk can be reduced by fixating the proximal flange of the stent to the esophageal
wall with TTSC, OTSC or endosuturing devices. Ngamruengphong et al. found no statis-
tically significant difference in stent migration rate between PCSEMS and FCSEMS fixed
with the OverStitch suturing device (Apollo Endosurgery, Austin, TX, United States) [29].
Moreover, fixation of FCSEMSs with a novel dedicated over-the-scope clip device, Stentfix
OTSC® (Ovesco Endoscopy, Tubingen, Germany) significantly reduced migration rate
compared with unfixed stents [30].

Other stent-related adverse events include stricture development, stent rupture, food
impaction, mucosal erosion with perforation or massive bleeding due to erosion into the
major vessel [24–26,31].

According to the ESGE guidelines, the timing of stent retrieval is still subject to
debate [21]. Stents are usually removed 6–8 weeks after insertion [24–26], but some authors
report success with only 2 weeks of deployment [32]. In order to avoid complications,
Van Heel et al. suggests stent indwelling within 6 weeks after insertion [33]. A survey
questionnaire, distributed among international expert interventional endoscopists, reported
the tendency to reduce the stent dwell time to 4–5 weeks in clinical practice [34].

Biodegradable stents (BDs) such as SX-Ella (Milady Horakrove, Hradc Kralove, Czech
Republic) are made of polydioxanone, an absorbable polymer which degrades after 3 to
4 months in a low ambient pH. Therefore, it is a potentially ideal solution for temporary
use in benign indications because BDs do not need to be removed, but data regarding their
use in clinical practice are still limited. Promising results were published by Cerna et al [35]
who reported a case series of five patients with esophageal perforation or anastomotic
leak treated with covered biodegradable stents. Technical success was achieved in 100%
of patients and clinical success was achieved in four out of five patients (80%), but stent
migration occurred in three patients (60%). Although biodegradable stents eliminate
complications involved in stent removal, they are more expensive. Additional side effects
reported in the literature include drooling, retrosternal pain, “foreign body”—sensation
and aversion to water for up to 2 months [36].

Customized SEMS have been recently designed for the treatment of leaks after bariatric
surgery, especially for sleeve gastrectomy leaks (SGL). Customized bariatric stents (CBS)
include Niti-S Mega [37,38] and Niti-S Beta [39,40] (TaeWoong Medical Industries, Seoul,
Republic of Korea), Hanaro GastroSeal [41] and Hanaro ECBB [42] (M.I. Tech, Seoul,
Republic of Korea). These stents have common characteristics: CBS are fully covered
SEMSs with a longer length (18–24 cm) that ensures the complete coverage of the leak area
and to bypass the wide gastric lumen. A large diameter ensures a complete seal and reduces
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the risk of migration. Significant flexibility allows to conform to the tortuous bariatric
surgery anatomy. Moreover, every CBS is equipped with a specific anti-migration system.

Hamid et al. has recently published a systematic review and meta-analysis aiming
to evaluate the cumulative efficacy and safety of CBS and to compare them with the
conventional esophageal stents (CES) [43]. In total, 12 studies (141 patients) used CBS
and 11 studies (167 patients) used CES. Treatment with CBS was associated with a similar
technical success rate, fewer stent insertions and endoscopic interventions, and shorter time
to leak closure compared to CES. Non-Niti-S Mega stents had a higher clinical success rate
(89%) than Niti-S Mega stents (66%), and a similar clinical success rate to CES (93%). Of
note, in the Niti-S Mega group, 11% of patients had combined sleeve leakage and stenosis,
which were reported to be associated with lower clinical success [7]. On the other hand,
non-Niti-S Mega stents had the highest migration rate (41%) compared to other types of
stents, including CES and Niti-S Mega stents (15–24%). Anyway, the overall quality of
evidence was very low and further studies, including randomized trials, are warranted.

2.2. Endoscopic Clip Placement (TTSC and OTSC)

Through-the-scope clips (TTSC) are available in different sizes and opening lengths.
TTSC are inserted and deployed through the operative channel. Multiple clips can be
applied in a parallel manner.

A recent updated ESGE position paper suggests the use of TTSC for upper GI leaks
or perforations <1 cm in size, in general due to small clip size and low tissue compression
force [19]. Their application is also limited by location of the defect and endoscopist
experience [44,45].

Clip application might be difficult and lead to suboptimal closure if the tissue sur-
rounding the defect is inflamed, necrotic or fibrotic.

A pooled analysis performed by Qadeer et al. demonstrated that TTSC can be effective
for closing both acute and chronic esophageal defects; however, there is a statistically
significant correlation between the duration of a perforation and the time of healing, which
is longer for chronic perforations than for acute perforations [46].

A retrospective study including 20 patients with anastomotic leak after gastric surgery,
published by Lee et al., reported a 95% technical and 100% clinical success rate after TTS
clip deployment [47].

Other than the TTSC, over-the-scope clips have demonstrated several advantages in
closing GI defects, including as the ability to capture larger area of tissue and applying
higher compression force. OTS clip can achieve full-thickness closure of GI defects up to
2–3 cm. In the recent published ESGE Position Paper, the use of OTSC is suggested for
upper GI leaks or perforations larger than 1 cm in size [19].

The first developed and most used OTS clip is the OTSC® (Ovesco Endoscopy AG,
Tübingen, Germany). The OTSC® has a bear-trap shape design made of Nitinol, a bio-
compatible, super-elastic, shape-memory material which firmly anchors the tissue and can
remain in the body as a long-term implant.

The edges of the wall defect can be approximated and pulled inside the application
cap mounted at the tip of the endoscope by simply applying suction. Otherwise, the edges
can be pulled actively into the cap using additional devices (twin grasper/tissue anchor).

Once the whole leak is engulfed into the cap, the clip is deployed by turning an
handwheel located in the endoscope handle, similar to a variceal band ligator. OTSC® are
available in different sizes and with different dental shapes (atraumatic/traumatic).

The traumatic Ovesco OTSC, equipped with spiked teeth, is the most used to close
fistula and perforations.

In a recent systematic review analyzing 381 patients with anastomotic leak, the overall
technical and clinical success rate for OTSCs closure was 86.7 and 72.6%, respectively [48]. A
large single center case series included in this review reported long-term clinical resolution
in 83% patients affected by post-operative leaks in the upper GI-tract [49].
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In 2021, Rogalski et al. published a systematic review and meta-analysis of 13 studies
including a total of 85 cases of leaks and fistulas after bariatric surgery [50]. Overall,
successful closure of a leak/fistula with the OTSC system was achieved in 57 of 85 patients
(67.1%). Only two studies reported complications related to the OTSC system including
clip migration (1 patient), mediogastric stenosis (1 patient) and one case of anchor blocked
within the clip during the deployment.

Another advantage of OTS over TTS clips is the ability to close long-term leakages
and fistulas even if the surrounding tissue is inflamed or fibrotic. Several studies suggest to
de-epithelialize the edges of the fistula with Argon Plasma Coagulation or with a cytology
brush before OTS clip placement in order to promote granulation tissue and obtain a
stronger grip of the tissues [20].

A large multicenter retrospective study was published in 2014 by Haito-Chavez et al.
including 188 patients undergoing OTSC placement for closure of GI defects, of which
62.8% were in the upper GI tract. The rate for the successful closure of perforations (90%)
and leaks (73.3%) was significantly higher than that of the fistulae (42.9%) (p < 0.05). Long-
term clinical success did not differ between all three defect types but was significantly
higher when OTSCs were applied as primary therapy as compared with rescue therapy
(69.1% vs. 46.9%, respectively; p = 0.004) [51].

If the fistula is in communication with an abscess cavity, OTSC is significantly more
efficient in the case of patients having a prior endoluminal drainage (88.2% healing in this
subgroup vs. 53.8%, p = 0.049) [52].

In conclusion, the use of OTS clips is suggested in the case of early detection, perfora-
tion diameter ranging from 10 to 20 mm and the absence of fluid collections [45].

A new OTSC device, the Padlock Clip (Aponos Medical, Kingston, NH, United States),
has been introduced [53]. It differs from Ovesco in the hexagonal shape and in the de-
ployment system. Clinical data are currently limited, but several case reports describe
the successful treatment of tracheoesophageal fistula [54], gastrocutaneous fistula [55] and
iatrogenic duodenal perforation [56].

2.3. Endoscopic Suturing

Recent development of endoscopic suturing techniques has allowed for the full-
thickness closure of large GI luminal defects. The OverStitch system (Apollo Endosurgery,
TX, USA) was first developed in 2009 and is currently the most common endoscopic su-
turing device [57]. The original OverStitch is a single operator, disposable platform that
requires a double-channel therapeutic endoscope. Instead, the newly introduced Over-
Stitch SX (Apollo Endosurgery, TX, United States) can be mounted on every single channel
endoscope commercially available. The device is composed of a handle attached to the en-
doscope controls, a metallic needle on the tip of the endoscope, devices for tissue retraction
and a specially designed non absorbable suture.

Endoscopic suturing is a complex technique, requiring specific training and a high
level of expertise, limiting its use to tertiary centers only. Due to its size and reduced ma-
neuverability, endoscopic suturing may be challenging in narrow or angulated GI locations,
such as the gastric fundus, duodenum or sigmoid colon. Similar to TTS clips, suturing
requires robust and healthy mucosa to hold the sutures when tissues are approximated and
is therefore adapted for early leakages in the absence of an associated wound cavity.

In a large multicenter retrospective study, including 122 patients undergoing endo-
scopic suturing, clinical success was 91.4% in stent anchorage, 93% in perforations, 80% in
fistulas, but only 27% in anastomotic leak closure [58]. Long-term clinical success was more
likely if the leak was closed within days of diagnosis, indicating its usefulness in mainly
treating acute and early leaks.

Chon et al. performed a retrospective, single-center study of 13 patients affected by
leaks in the upper gastrointestinal tract treated with OverStitch [59]. The mean size of the
leak was 22.31 ± 22.6 mm. Interventional success was achieved in all endoscopic attempts
(n = 16, 100%) with a mean closure time of 28.0 ± 12.36 min per patient. Clinical success
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was achieved in 8 of the 13 patients (61.5%). These eight patients had not received prior
treatment for the leak.

A recently published systematic review and meta-analysis showed a pooled techni-
cal success for any GI defect treated with Apollo OverStitch of 92.7% (95% [84.4–96.8]),
clinical success was 67.9% [59.2–75.5], and adverse events occurred in 6.9% [3.8–12.5] [60].
The pooled clinical success for perforations was higher when compared to fistulae/leaks
(respectively 89.5% [73.8–96.3] vs. 60.4% [50.1–69.9]).

Endoscopic suturing can also be used for esophageal stent fixation in order to prevent
migration [29]. In this regard, Granata et al. reported a recent case series of 20 patients
with post-operative leaks [61]. The therapeutic approach was stratified in three groups
according to the clinical scenario and structural condition of the wall defect layers: Pure
endoscopic direct suture (group A: healthy tissue and feasible suture), combined therapy
with endoscopic direct suture + FC-SEMS placement + anchoring (group B: unhealthy
tissue and feasible sutures) and FC-SEMS placement + anchoring (group C: unhealthy
tissue and suture not feasible). The overall long-term clinical success was 80%. The clinical
success rate for each group was 77% (7/9) in group A, 85% (6/7) in group B and 75% (3/4)
in group C. No evidence of migration was detected.

Endoscopic suturing is a well-accepted treatment option for long-term complications
after bariatric surgery such as dilation of the gastrojejunal anastomosis (TORE proce-
dure) [62]. There are few studies explicitly examining the effectiveness of endoscopic
suturing of anastomotic malformations and stapler line leaks after bariatric surgery. There-
fore, no conclusions or recommendations can be drawn for this indication.

2.4. Endoscopic Vacuum Therapy (EVT)

Endoscopic vacuum therapy has been applied for the treatment of various types of
defects in the gastrointestinal tract. First applied for anastomotic leakage after colonic
surgery with promising results, it was successfully used for the treatment of anastomotic
defects after upper GI oncologic surgery [63–66].

So far, EVT has mostly been used for defects (leaks, fistulas, but also perforations)
in the upper GI after oncologic surgery. Recent systematic reviews confirm high defect
closure rates (81.6–85%) for these indications [67,68]. Less frequently EVT has also been
proposed for the treatment of defects/leaks after bariatric surgery (staple line defects after
laparoscopic sleeve gastrectomy and anastomotic defects after Roux en Y bypass) showing
high healing rates up to 90% [69–72].

EVT consists of an open pore polyurethane sponge attached to a suction tube to which
negative pressure of −125 mmHg is applied (for example Eso-Sponge® Braun B Melsungen
Germany); see also Figure 1. The sponge and suction tube are inserted endoscopically via
an overtube, externalized transnasally and attached to a suction device which generates
negative pressure. EVT works through at least five different mechanisms: 1. wound
adaption; 2. cavitary collapse; 3. induction of angiogenesis; 4. wound granulation; and 5.
bacterial clearance.

Figure 1. (A–C) partial closure of anastomotic esophageal defect after Ivor Lewis esophagectomy:
(A) pleural drainage channel (yellow arrow); (B) EVT removal; (C) partial defect closure after EVT.
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Animal experiments showed the highest efficiency of negative pressure therapy
for inducing granulation, wound adaption and induction of angiogenesis at around
−125 mmHg [73]. Studies with negative pressure inferior to −125 mmHg exist but are
scarce. Here, EVT is considered to act by diverting possibly toxic fluids (bile, pancreatic en-
zymes, gastric acid) away from the anastomosis, and less through wound adaption/cavity
collapsion and aspiration of bacterial fluids. Nevertheless, administration of low nega-
tive pressure around −50 mmHg still proved to be efficient [74]. Loske et al. recently
described postoperative pre-emptive active drainage of reflux using negative pressure with
a 25 cm open pore film drainage esosponge device after Ivor Lewis esophagectomy to be
effective for anastomoses at risk with focal necrosis [75]. No randomized controlled trials
investigating the effect on different negative pressures exist.

Lately, a new form of EVT using an open pore film wrapped around the drainage tube
(Suprasorb CNP, Drainage Film; Lohmann & Rauscher International GmbH & Co. KG,
Rengsdorf, Germany) has been proposed by Loske et al. Its advantage lies in its capability
of being applied to cavities behind small defects (4–6 mm), where a classic polyurethan
sponge cannot be placed due to its diameter (1.5–3.2 cm) [76].

EVT can be applied either intracavitarily or intraluminally and is adapted for different
sizes of defects. When defects measure <10 mm, EVT is generally placed intraluminally
outside of the wound cavity. In defects >10 mm, EVT can be placed intracavitarily. In
patients with complete anastomotic dehiscence after for example Ivor Lewis operation, EVT
can still be placed, although it may not represent the ideal indication [15]. Defects with a
size of less than 10 mm can sometimes be dilated in order to fit in the Eso-Sponge® system.

In patients with large defects, EVT can be initiated intracavitarily and finished intra-
luminally. In case of two different defects, simultaneous intraluminal and intracavitary
application can be performed [77].

EVT can come with complications. In the literature, procedure-related bleeding,
sponge ingrowth and stricture development are described.

Minor bleeding can be addressed endoscopically, in general when it occurs directly
associated with the sponge change. Only a few bleedings associated with sponge change
have been described that led to fatal consequences. Laukoetter et al. described a case of
aortic rupture into the esophagus not manageable by endoscopic means [17].

Strictures associated with therapy are rare (ca. 7.6%) and can be managed by en-
doscopic pneumatic dilation [17,78]. Recently, stricture incidences up to 35% have been
presented in a smaller Korean study. This result must be interpreted carefully due to the
small cohort size [79].

Sponge ingrowth poses a serious issue when the sponge is left in place for over
4 days [80]. Then, difficulties in removing may occur resulting in detachment of the sponge
and the suction tube. Then, careful endoscopic resection of the ingrown sponge part
is necessary.

Timing of EVT after Upper GI Surgery

This subject has not been addressed in major studies or meta-analysis so far. It is
not clear whether late onset of therapy after diagnosis leads to longer treatment duration.
Risk factors for long treatment so far are patients with neoadjuvant treatment and larger
defect sizes >2 cm [79]. Another recent retrospective multicenter study by Hyun Jung et al.
investigates factors associated with treatment failure in patients with leaks and perforations.
Here, neoadjuvant treatment and interestingly, the intraluminal method, are independent
risk factors for treatment failure [81].

According to our own experience, it is important to initiate therapy early after defect
diagnosis. At this point, mucosal injury has not turned into fistulous or fibrotic tissue
which generally makes it more difficult for EVT to induce wound granulation. Otherwise,
risk of longer treatment duration is high. According to Bludau et al., EVT can generally
be initiated 3 days after defect diagnosis. Prior to this point, early surgical revision is
recommended [14].
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Instead, some studies have looked into the prophylactic use of EVT in patients with
at-risk anastomoses during upper GI surgery for those with high-risk comorbidities or
anastomosis ischemia [82,83]. In the study by Laukoetter et al., high “protection” rates
with a low incidence of defect development in anastomotic ischemia were observed (75%
of patients). When defects occurred (25% of patients treated pre-emptively), EVT was
continued until closure.

So far, no consensus was found to define the failing of EVT treatment. Treatment
failure is still a clinical decision comprising leak persistence and ongoing purulent secretion.

Whether SEMS placement or EVT should be preferred for patients with upper GI
defects after oncologic surgery is not clear.

By now there are no randomized controlled trials available comparing EVT treatment
to SEMS placement. Only retrospective studies on this subject exist. Two recent review
and metanalysis studies address this important comparison as these two therapies are
most frequently used for the treatment of upper GI defects [84,85]. Here, EVT seems to be
superior to SEMS therapy in terms of defect closure, mortality, hospital stay and adverse
events. A first phase 2 trial (ESOLEAK-Trial) by Tachezy et al. will try to shed some light on
this matter although the primary endpoint is “quality of life”. Group sizes in this protocol
will not contain more than 20 patients per group (EVT vs. SEMS) [86].

Additionally, patients with defects after bariatric surgery (in case of staple line leaks)
seem to profit from EVT compared to SEMS placement. In a study by Archid et al. in
24 patients either treated with EVT or SEMS for staple line leakage after sleeve gastrectomy,
EVT was shown to be superior in terms of defect closure, reducing adverse events, hospital
stay and duration of endoscopic treatment [87].

More studies using EVT for defects after bariatric surgery are needed.

2.5. Endoscopic Internal Drainage (EID)

Endoscopic internal drainage proves to be a valuable alternative to SEMS—and EVT
placement in the treatment of anastomotic defects. First introduced by Pequignot et al.
in 2012 and later by Donatelli et al., it was used for defects after bariatric and oncologic
esophageal surgery showing promising results [88–92]. From there, many other single
center studies showed that EID provides high healing rates up to 78–95% for defects
after either upper GI oncologic interventions or bariatric operations [92–96]. The largest
single center study by Donatelli et al. describes an experience of 617 EID cases for defects
following bariatric surgery demonstrating a cumulative efficacy of 84.7% [97].

Endoscopic internal drainage consists of endoscopically placing one or multiple double
pigtail plastic stents into the anastomotic defect and its associated cavity (see Figure 2).
When suspecting anastomotic defects, the local situation is being examined by normal
gastroscopy. Via fluoroscopy, the cavitary size behind the defect is evaluated. Then, defects
are intubated with a straight catheter and a guidewire over which pigtail are inserted
(normal pigtail size: 7–10 Fr, 3–5 cm).

EID works by at least two mechanisms. One is the passive drainage of purulent
material accumulated in the cavity behind the anastomotic defect, and the second is by
continuously irrigating the fistulous tract inducing wound granulation. In the studies
demonstrated so far, EID is changed every 3 weeks with no need for hospitalization during
treatment. Oral alimentation is generally possible during treatment. Whenever pigtail
exchange is performed, local wound situations are examined, and treatment modalities can
be adapted when necessary. So far, no clear treatment algorithms exist but it seems obvious
that EID most sufficiently might be working in patients with anastomotic defects up to 2 cm
of size. In defects greater than 2 cm, also when placing multiple stents, pigtails can easily
dislocate and therefore not induce wound granulation and clearance of purulent fluids.
Therefore, EID has no indication in patients with complete anastomotic dehiscence. More
studies investigating the success rates including complication rate of EID treatment are
necessary. Especially, direct comparative studies between SEMS placement and EID or EVT
and EID are needed to confirm treatment effects and define optimal treatment indications.
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Figure 2. (A,B): Stapler line dehiscence after sleeve gastrectomy: (A) orifice and gastric inlet,
(B) pigtail placement through the defect into the associated cavity.

A study by Lorenzo et al. compared the effect of EID vs. direct clip closure of defects
after sleeve gastrectomy in a cohort of 100 patients. Primary success rates of EID were 86%
whereas clip closure had an efficacy of only 63% [28].

A recent review and meta-analysis by Laopemathong et al. compared the effectiveness
of EVT and EID: EVT had slightly inferior healing success rates with 85.2% compared to
EID with 91.6% when used as first line treatment in patients with post-bariatric leaks [98].

A study by Hallit et al. compared effectiveness of endoscopic treatment with either EID
or SEMS placement in patients with oncologic upper GI surgery. Here, in 68 patients with
either prior Ivor Lewis esophagectomy, tr-incisional esophagectomy or total gastrectomy,
the healing success rate for patients with defects treated by SEMS placement was 77%,
whereas the healing success rate in EID was 95% [94].

A study by Jung et al. Comparing EID vs. EVT in defects after oncologic surgery
confirmed high healing success after EID with 100% vs. 85.2% after EVT [99].

Only a few complications with EID treatment are described. The most common are
ulcerations, upper gastrointestinal symptoms, splenic hematoma, stenosis, bleeding, stent
migration (into the spleen or peritoneum) and pneumoperitoneum [89,95,97].

Still, larger studies are needed to confirm the effect, advantages, disadvantages and
possible contraindications for EID treatment.

3. New Concepts

One of the new treatment concepts is the sponge over stent method, combining
wound fluid suction and defect coverage. It enables draining wound secretions of cavities
connected to anastomotic defects, whilst covering the defect itself and enabling liquid/food
oral intake.

Technically, either a specially conceived device (Vac Stent GI MicrotechTM Endoscopy,
Micro-Tech Europe GmbH) or a manually constructed device can be used [100,101].

The MicroTech Vac Stent can be used in defects up to 30 mm and consists of a nitinol
stent covered with a silicone membrane and a 10 mm thick sponge system fixed to the outer
layer of the stent. Either way, a sponge will be attached to a fully covered metal stent and
placed over the anastomotic defect and associated cavity.

Only limited data for this method are available so far. In the study by Valli et al., a
total of 12 patients with upper GI wall defects were treated with the stent over sponge
method, in 7 patients as a first line treatment with a success rate of 71.4% and in 5 patients
as a second line treatment with a success rate of 80%. No severe adverse events were
observed [101].

In a preliminary study using the Microtech stent by Lange et al., a total of three patients
with different types of defects were treated: one patient presenting a leak after subtotal
esophagectomy, one patient with acute Boerhaave syndrome and one patient with a full
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thickness defect caused by an anti-reflux device. In all patients, successful defect closure
was obtained.

An interesting feature of the SOS device is the necessity of changing the stent only
every 5 days as sponge ingrowth does not seem to occur as frequently as compared to
classic EVT.

A very promising new technique is described by Nachira/Boskoski et al. for leaks
that have failed prior classic endoscopic treatment or which may not be treated either
endoscopically or surgically for various reasons (e.g., anatomical difficulties). This new
innovative method was tested in five patients (two with upper and three with distal
esophageal fistulas). The method consists of the submucosal injection/delivery of the
stromal vascular fraction obtained by the mechanical emulsification of autologous adipose
tissue. The fluid comprises mesenchymal stem cells and fragments of the extracellular
matrix obtained by centrifugation of subcutaneous fat of the patient itself. The injection is
performed submucosally in each quadrant around the defect until obliteration of the defect.
Fistula closure was obtained in all five cases after 7 days of injection. Long-term follow-up
after a median of 8 months showed persistent defect closure [102]. These data should be
confirmed in larger prospective studies.

4. Treatment Logarithm Proposal

A flowchart for treatment choices according to the clinical situation is illustrated in
Figure 3 (modified after Loske et al. and Di Leo et al. [15,103]).

Diagnosis of mucosal defects
(leak, fistula, dehiscence, perfora on)

via CT scan and endoscopy

Associated wound cavity No associated wound cavity

Early defect (diagnosis <24h
a er ini al symptoms)

Surgical drainage in the cavity?

yes no Closure with TTSC Closure with OTSC
Endoscopic suturing

>1 cm<1 cm

>2 cm < 2 cm

EVT intraluminallyor EID
EVT intracavitarily

or EID

Leak diagnosis >24 h

EVT intraluminally
EVT or EID a er drain
removal, otherwise
SEMS placement if

Drain inplace

Timing: early <3 days: surgical re-interven on
intermediate4-10 d , >10 d : endoscopic treatment

Consider surgery for complete anastomo c dehiscence or instable pa ents

Figure 3. Flowchart treatment of mucosal defects in the upper GI tract, modified after Loschke and
Di Leo et al. [15,103].

There are several main parameters that need to be considered when choosing the right
treatment for defects after upper GI surgery (either after oncologic or bariatric surgery). This
includes timing, anatomical site, presence of an associated wound cavity and hemodynamic
stability of the patient.

First, the timing of diagnosis is of crucial interest. Timing of defect detection is divided
in “early” <3 d, “classic/intermediate” 4–10 d and “late” >10 d after either bariatric or
oncologic surgery [14,104]. Some authors consider early defects in patients after oncologic
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and bariatric surgery a classic indication for surgical re-intervention [5,14]. Otherwise, the
presence of an associated wound cavity is of crucial interest.

In case of an associated wound cavity and intermediate or late diagnosis, it depends
whether a surgical drain is still present in the wound cavity. If so, drain removal can be
performed enabling treatment with an endoscopic draining method (EVT/EID). Otherwise,
SEMS placement can be performed whilst leaving the drainage in place. When no drain
is in place, EVT can be placed intracavitarily when the defect size is equal or larger than
2 cm, otherwise the defect can be artificially amplified by dilation; 2 cm is normally the
minimal size allowing for EVT—overtube insertion into the defect associated cavity. If the
defect is smaller than 2 cm, either EVT can be placed intraluminally or EID placement can
be performed.

In patients where the defect has no associated wound cavity and defect diagnosis is
made in an early stage, direct defect closure either with TTSC (defect size up to 1 cm) or
OTSC (defect size between 1–2 cm) can be performed. The sizes and recommendations for
clip use are referred to in the latest ESGE recommendations for endoscopic treatment in
gastrointestinal perforations [19]. In selected cases with intact mucosal tissue, endoscopic
suturing could be an option for defect closure. If the defect is not amenable to clipping
or endoscopic suturing, intraluminal EVT can be performed. TTSC/OTSC placement or
endoscopic suturing should not be performed if local wound infection is suspected and no
drainages are in place.

Complete anastomotic dehiscence usually cannot be treated with EID. In these cases,
when diagnosed >3 days after surgery, a trial with SEMS placement or EVT can be per-
formed. If no wound granulation is observed, surgical reintervention might be necessary.

In general, EVT needs to be changed every 3–4 days. For EID, no clear change intervals
are defined. In most publications, EID exchange is performed every 3 weeks. SEMS are
generally exchanged every 4 weeks.

5. Discussion

SEMS, EVT and EID are the main treatment options for upper GI defect closure. In
2013, Schniewind et al. retrospectively compared mortality in patients treated with surgical
revision, EVT and SEMS placement for defects after upper GI oncologic surgery. Once
adjusted for APACHE II score, patients treated with surgical revision and SEMS patients
showed significantly higher mortality than patients treated with EVT [105]. This study
did not mention closure rates nor documents the postoperative timepoint of treatment
after defect diagnosis. Nevertheless, it shows a paradigm shift concerning treatment of
postoperative defects towards endoscopic approaches.

For a long time, SEMS placement was the mainstay of endoscopic treatment. With
the invention of EVT and clinical data showing slightly higher defect closure rates in
single center studies, a shift in first line treatment towards EVT was observed. Do Monte
Junior and Scognamiglio et al. addressed this important topic in their meta-analysis for
treatment efficacy between SEMS and EVT therapy. They included five studies retrospec-
tively comparing the efficacy of SEMS and EVT in patients with upper GI defects. They
found a significant 21% increase in successful defect closure in patients treated with EVT
compared to SEMS. Other observations were a significant 12% reduction in mortality for
patients treated with EVT compared to SEMS, an average reduction of treatment duration
by 14.22 days with EVT vs. SEMS and a 24% reduction in adverse events in patients treated
with EVT vs. SEMS [84,85]. Obviously, EVT therapy was associated with higher number of
endoscopic interventional sessions.

EID treatment seems to be a valid and less expensive alternative to EVT, needing
fewer interventions, leading to high closure rates. Comparative analyses for EVT and EID
are extremely scarce. Our literature research has evidenced one study comparing EVT vs.
EID in defects after oncologic upper GI surgery with higher treatment success rates in EID
treatment (100% overall treatment success in EID vs. 85.2% in EVT, p = 0.03) [99]. EID
also seems to be superior to EVT for defect closure after bariatric surgery, as outlined in
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the meta-analysis be Laopemathong et al. (91.6% EID vs. 85.2% EVT) [98]. One recent
multicenter retrospective analysis compared the treatment success of SEMS vs. EID in
upper GI defects after oncologic surgery, concluding in favor of a higher treatment success
after EID (95% EID vs. 77% SEMS, p = 0.06) [94].

The scarcity of data makes it difficult to draw final conclusions whether supporting
SEMS, EVT or EID as the first line treatment for defect closure either after upper GI
oncologic or bariatric surgery. Nevertheless, data published so far seem to favor EVT and
EID over SEMS placement as first line therapy. Nonetheless, whenever one treatment
technique does not show sufficient defect closure, treatment reevaluation needs to be
performed, not excluding device changes. One point not being addressed in studies is
local availability of treatment methods and the clinical experience of the endoscopist.
Our recommendation is to treat patients with defects in tertiary clinical centers or where
sufficient clinical endoscopic expertise in all main closure techniques and intensive care
are provided.

Larger prospective, comparative multicenter studies are clearly needed in order to
guide clinicians in their decision making. Upper GI defects remain very difficult to treat,
not only due to individual anatomic properties of the defect but also due to individual
patient comorbidities.

6. Conclusions

Upper GI anastomotic defects after either oncologic or bariatric surgery come along
with high morbidity and mortality. Multiple endoscopic treatment modalities exist and
they have to be applied looking at each case individually and upon multidisciplinary
agreement. The mainstay of therapy has been SEMS placement for over a decade leading to
healing success in up to 87% in these scenarios. Indications for SEMS placement range from
defects under 1 cm up to complete anastomotic dehiscence. If purulent wound cavities are
associated with defects, external drainage besides SEMS placement is necessary. TTSC and
OTSC placement can be performed in defects from 5 mm up to ca. 2 cm in early diagnosed
defects without wound cavities or as a final closure device when cavities behind defects
have been cleaned. Endoscopic vacuum therapy provides high healing rates >90% and
can be placed either intraluminally or intracavitarily. Defect size can range from 5 mm
to complete anastomotic dehiscence. Endoscopic internal drainage shows high healing
success rates up to 95% associated with low costs and few endoscopic interventions and
can be placed in defects ranging from 5 mm up to about 2 cm, even in association with
wound cavities and when internal drainage of purulent cavities is needed. EID has no rule
in complete anastomotic dehiscence as double pigtails cannot be anchored.

Suturing techniques should only be applied by expert hands and in patients with fresh
defects and aseptic wound conditions. New devices and methods such as the stent over
sponge method or submucosal mesenchymal stem cell injections are on the way but larger
clinical trials are needed in order to confirm the preliminary data.

Large-scale cohort studies comparing various treatment techniques for different defect
sizes are missing and endoscopic guidelines are not available yet. Optimal treatment
strategies according to defect type, size, anatomic characteristics and the presence of
wound cavities need to be developed.
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Abbreviations

BDS biodegradable stent
CBS customized bariatric stents
CES conventional esophageal stents
EID endoscopic internal drainage
EVT endoscopic vacuum therapy
ESGE European Society of Gastrointestinal Endoscopy
FCSEMS fully covered self-expandable metallic stents
OTSC over the scope clip
PCSEMSs partially covered self-expandable metallic stents
SEMS self-expandable metal stent
SEPS self-expandable plastic stents
SOS stent over sponge
TTSC through the scope clip
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Abstract: We present the case of a 62-year-old patient who developed melenas and in whom con-
ventional endoscopic tests could not detect any bleeding lesion. In our case, capsule endoscopy and
enteroscopy were the pivotal elements in establishing the diagnosis of a neuroendocrine tumour
with an atypical location. As a result, it was possible to surgically remove the lesions at an early
stage of the malignancy without metastatic disease and without the need for adjuvant therapy. Our
case demonstrates the need for these new techniques in tumours of atypical location and aggressive
course. Otherwise, this malignancy may be underdiagnosed until an advanced stage.

Keywords: NET; capsule endoscopy; enteroscopy; case report

1. Introduction

Gastrointestinal (GI) neuroendocrine tumours (NET) are rare neoplasms that arise
from specialized neuroendocrine cells. Generally, this malignancy can be found anywhere
along the gastrointestinal tract and has a poor outcome. They represent a diverse group
of neoplasms closely related to the presence of autoimmune atrophic gastritis [1,2]. These
tumours represent a therapeutic challenge where endoscopic studies are a fundamental
element for their diagnosis [1]. NETs have gained increasing recognition and attention
in recent years due to their unique characteristics, complex classification, and diverse
clinical presentations. Due to their atypical location, lesions located in the small intestine
and colon are usually identified at a late stage, when the disease is at an advanced stage
and with widespread dissemination [3]. The development of video capsule endoscopy
(VCE) and enteroscopy has facilitated the visualisation of otherwise inaccessible lesions [4].
Our case is a sample of this challenging scenario in which a 62-year-old patient with no
previous pathologies developed melenas and in whom previous conventional endoscopic
tests did not show any bleeding lesion. Enteroscopy was the decisive and final technique
to reach diagnosis.

2. Case Presentation

A 62-year-old male with no past medical history was admitted to hospital two months
prior to the current episode with obscure gastrointestinal bleeding (OGIB) in the form of
melena. The patient had been taking non-steroidal anti-inflammatory drugs for several
days without taking proton pump inhibitors. On arrival at the center of origin, the patient
had a hemoglobin of 100 g/L with a mean corpuscular volume of 67 fl.

An upper endoscopy was performed to rule out the presence of gastric lesions, show-
ing the presence of bulbitis with no other findings. Therefore, a colonoscopy was performed,
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in which only sigmoid diverticula were visualised, showing the presence of hematic debris
from the small intestine. No bleeding point was found in the colon.

However, having a strong suspicion that a bleeding lesion in the small intestine was
causing the melena, a VCE was performed, which showed a subepithelial lesion in the
middle jejunum of about 6–7 mm in size with no hematic debris. Upon remission of the
bleeding, the patient was discharged with treatment with oral iron and proton pump
inhibitors. After outpatient management with oral iron, hemoglobin improved to 115 g/L
one month later. In addition, an abdominal computed tomography scan was performed,
which failed to identify signs of active intestinal bleeding but showed mild changes related
to acute diverticulitis at the descending colon–sigmoid junction. For a more accurate
diagnosis, he was referred to our center for further study.

On arrival at our hospital, the patient showed normal hemoglobin levels of 130 g/L
with intense iron deficiency with a 2% iron saturation index, elevated transferrin of
413 mg/dL and ferritin of 14 ng/mL. Elevated circulating Chromogranin Alevels of
277.1 ng/mL were found. With the patient’s report and the previous results, it was decided
to optimize the diagnosis by performing an enteroscopy.

From proximal to distal ileum (respecting the last cm) around 10 umbilicated, yel-
lowish, submucosal nodular lesions of 3–12 mm, with superficial neovascularization,
suggestive of neuroendocrine tumours, were visualized (Figure 1).

Figure 1. (A,B): Endoscopic images of jejunum showing nodular, submucosal, umbilicated, yellowish
lesions with superficial neovascularization (denoted by arrows).

Multiple biopsies were taken, and the proximal (oral) edge of the first lesion was
marked with activated charcoal (Figure 2).

 
Figure 2. (A): arrow pointing at another lesion in the jejunum. (B): Same jejunal lesion marked with
activated charcoal.
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Enteroscopy allowed to advance along the entire length of the small bowel, even
achieving complete visualization of the ileocecal valve from a proximal view (Figure 3).

Figure 3. Endoscopic image of the ileocaecal valve (indicated with an arrow) from a proximal (oral)
approach reached by enteroscopy.

Pathologist reported the finding of a well-differentiated NET grade 1 with intense
and diffuse positivity for chromogranin and synaptophysin with low Ki67 (<3%). Full
body Positron Emission Tomography Computerized Tomography (PET-CT) scan, as well
as hormone blood tests, were performed for staging. The PET-CT scan was performed
using 68Ga-DOTATOC, (a somatostatin receptor-targeted ligand). The study showed
lesions along the entire length of the jejunum with several bowel segments involved
(Figure 4). After these findings, the case was presented to the Multidisciplinary Committee
of Digestive Neoplasms. The surgical management of the lesions was decided together
with the General Surgery Department. The patient was referred to them for excision of the
affected intestinal segment.

Figure 4. (A,B): PET-CT scan images showing radiotracer-targeted lesions pointed by arrows.

The surgeons performed a supra-infraumbilical midline laparotomy. Upon entry into
the cavity and after exploration of the entire abdomen, multiple lesions in the small intestine
(ileum) were evidenced. A segment of small bowel was resected (with distal border about
15 cm from the ileocecal valve) including all the suspicious lesions, and a manual latero-
lateral anastomosis was performed. The postoperative recovery was satisfactory and the
patient was discharged with oral tolerance and digestive transit.
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Due to the complete resection of the lesions and the absence of distant disease, the
use of adjuvant therapies was not necessary. The patient has not experienced any further
episodes of gastrointestinal bleeding with a 5-month follow-up.

3. Discussion

NETs exhibit a wide range of clinical presentations, largely dependent on their lo-
cation, size, functionality, and hormone production. Functional tumours often lead to
hormone-related symptoms, known as syndromes. Carcinoid syndrome, characterized by
flushing, diarrhea, and wheezing, is commonly associated with GI tract NETs. Insulinoma
syndrome arises from pancreatic NETs (pNETs) and manifests as hypoglycemia due to
excessive insulin secretion. Similarly, gastrinoma syndrome results from pNETs secreting
gastrin, leading to peptic ulcers and acid hypersecretion. Non-functional tumours, on the
other hand, may remain asymptomatic until they reach an advanced stage or cause local
symptoms due to mass effect. These can include abdominal pain, obstruction, and bleeding,
depending on the tumour’s location. The diverse clinical presentations of NETs contribute
to the diagnostic challenge they pose [5].

Therefore, the diagnosis of NETs is intricate and necessitates a combination of clinical
assessment, imaging studies, and laboratory tests. Imaging techniques play a pivotal role in
detecting and localizing NETs. Computed tomography (CT), magnetic resonance imaging
(MRI), and somatostatin receptor scintigraphy (SRS) are commonly employed to visualize
the tumours and assess their extent [6]. Laboratory tests measure specific biomarkers, such
as chromogranin A and 5-hydroxyindoleacetic acid (5-HIAA), which aid in diagnosing and
monitoring NETs. Chromogranin A, a protein released by neuroendocrine cells, serves as a
valuable marker for disease progression and treatment response. 5-HIAA, a breakdown
product of serotonin, is elevated in carcinoid syndrome and assists in diagnosing GI tract
NETs. A histopathological analysis of biopsy specimens is essential for confirming the
diagnosis and determining the tumour’s grade and stage. Immunohistochemical staining
can help identify neuroendocrine markers, further characterizing the tumour [7].

OGIB can be a challenge for clinical practice, causing a need for recurrent medical
procedures usually associated with chronic anemization, and serial tests without finding a
causal factor [8]. Furthermore, the use of advanced diagnostic techniques such as VCE and
enteroscopy has become essential for the management of these conditions, providing the
ability to diagnose lesions that were previously inaccessible by other techniques [9].

The small intestine constitutes approximately 90% of the entire gastrointestinal tract.
Despite this, tumours located in this region account for only 3% of all malignant gastroin-
testinal neoplasms. The most frequent malignancies are adenocarcinoma, representing
almost 60% of the total, and gastrointestinal stromal tumours, representing about 17%.
Sarcomas, lymphomas and NETs are less frequent entities [10,11].

Accordingly, and in line with the above, GI NETs are rare compared to other types
of gastrointestinal tumours. However, their incidence has increased in recent decades,
possibly due to better detection and diagnosis. It is estimated that GI NETs account for
approximately 2% of all gastrointestinal tumours. The average age at diagnosis is around
50 years, and no clear gender predilection is observed [12].

NETs exhibit a wide spectrum of behaviors, histological features, and hormone pro-
duction capabilities, leading to a complex classification system based on histology and
degree of cell proliferation. They are often characterized by their site of origin, such as
gastrointestinal (GI) tract NETs, pNETs, lung NETs, and others. Each of these subtypes
possesses unique features and behaviors, further emphasizing the complexity of NET
classification. The most commonly used classification is the World Health Organization
(WHO) classification [13], which divides NET-GI into three main categories: low-grade
well-differentiated neuroendocrine tumours (G1), intermediate-grade well-differentiated
neuroendocrine tumours (G2) and high-grade poorly differentiated neuroendocrine tu-
mours (G3). This classification helps to predict the biological behavior and prognosis of the
tumours. Additionally, NETs are categorized based on their functionality into functional
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and non-functional tumours. Functional tumours produce excessive amounts of hormones,
resulting in distinct clinical syndromes, whereas non-functional tumours do not exhibit
hormone-related symptoms [14].

The precise etiology of NETs remains enigmatic, although several factors have been
implicated in their development. Genetic predisposition, exposure to certain environmental
factors, and sporadic mutations may contribute to the initiation of NETs. In some cases,
NETs are associated with inherited syndromes, such as multiple endocrine neoplasia
type 1 (MEN1), von Hippel-Lindau (VHL) syndrome, and neurofibromatosis type 1 (NF1),
highlighting the role of genetic abnormalities in their pathogenesis [15].

The prognosis of NET-GI varies according to histologic grade, tumour stage, location,
and other clinical factors. Low-grade (G1) well-differentiated tumours generally have a
more indolent clinical course and a better prognosis compared to high-grade (G3) poorly
differentiated tumours. Accurate staging is crucial in determining prognosis and guiding
treatment [12,16]. Early diagnosis, accurate staging, and appropriate treatment selection
play crucial roles in determining prognosis. Regular surveillance and follow-up are essential
for monitoring disease progression, treatment response, and the emergence of any new
symptoms. Long-term follow-up is especially important given the potential for recurrence
and metastasis, even after successful treatment [17].

Nevertheless, the absence of symptoms until advanced stages means that, in many
cases, there is a delay in diagnosis. As a result, liver metastases are seen in 61–91% of cases
at diagnosis. In patients with hepatic involvement by malignancy, it is frequent to see, in
up to 10% of cases the association with carcinoid syndrome, with varied symptoms such as
facial flushing, diarrhea, abdominal cramps, heart valve disease, telangiectasia, wheezing
and edema [1,18]. In line with this and since no distant disease was found in our case, our
patient did not present any of these symptoms.

The management of NETs involves a multidisciplinary approach, with treatment
strategies tailored to the tumour’s grade, stage, functionality, and patient-specific factors.
Surgical resection is the primary treatment for localized NETs, aiming to remove the
tumour and prevent its progression. However, for metastatic or inoperable cases, a range of
therapeutic options is available [6]. Somatostatin analogs, such as octreotide and lanreotide,
are frequently used to control hormonal symptoms and slow tumour growth by binding
to somatostatin receptors on the tumour cells. Targeted therapies, including tyrosine
kinase inhibitors and mTOR inhibitors, have shown efficacy in certain cases by disrupting
pathways that are essential for tumour growth and survival. Peptide receptor radionuclide
therapy (PRRT) is an emerging treatment modality that combines a somatostatin analog
with a radioactive compound, selectively delivering radiation to neuroendocrine tumour
cells. PRRT has demonstrated promising results in managing advanced NETs, particularly
those expressing somatostatin receptors. For high-grade, poorly differentiated NETs,
chemotherapy and immunotherapy may be considered, although their efficacy is generally
limited. Clinical trials exploring novel therapeutic approaches, including immunotherapies
and combination therapies, are ongoing and hold potential for improving outcomes [1,19].

VCE is a non-invasive diagnostic procedure that utilizes a small, ingestible capsule
equipped with a miniature camera and a light source. As the capsule traverses the gastroin-
testinal tract, it captures high-resolution images, which are wirelessly transmitted to a data
recorder worn by the patient. These images provide a comprehensive view of the small
intestine’s mucosa, allowing for the detection of abnormalities, such as tumours, lesions,
and bleeding sources. VCE has meant a breakthrough in the evaluation of pathology
located in the small intestine. However, this technique does not allow for any type of
intervention, facilitating visualization but not biopsy of suspicious lesions. In addition,
the dependence of VCE on passive propulsion by peristalsis may result in variable transit
times and incomplete visualization [9].

On the other hand, enteroscopy involves the insertion of a flexible, thin tube equipped
with a camera and instruments through the mouth or rectum to directly visualize and
access the small intestine [4]. Enteroscopy plays a key role in the diagnosis of GI NETs due
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to its ability to visualize and obtain tissue samples in regions of the small bowel that are
difficult to reach with other examination methods. Nevertheless, it requires specialized
training and equipment and may not be feasible for all patients [20]. A distinctive point
in our case was the ability to reach the entire small intestine, even being able to visualize
the ileocecal valve from a proximal view, a differential fact with these new therapies that
provides a wide variety of possibilities.

NETs can be located anywhere in the digestive system, but approximately 50% are
found in the small intestine, making detection and adequate sampling difficult. Enteroscopy
has proven to be a valuable technique for evaluating the small bowel and detecting suspi-
cious lesions [21].

Regarding the diagnostic accuracy of the techniques described above, VCE and en-
teroscopy would have a diagnostic yield of 10% and 83%, respectively. In cases in which
the tumour is hidden in the small intestine, capsule endoscopy may be more sensitive than
enteroscopy, although it varies depending on the scope of the observer [1,22].

Due to the higher technical complexity compared to conventional endoscopy, en-
teroscopy may have a higher risk of complications such as intestinal perforations, pancre-
atitis and bronchoaspiration. In spite of this, these complications only correspond to 0.72%
of all interventions [23].

The utility of enteroscopy in the diagnosis of NET-GI has been supported by some
studies. For example, a study by Manguso et al. (2018) evaluated 85 patients with a
diagnosis of NET in the small bowel who underwent multiple imaging techniques including
CT, MRI, SRS, and enteroscopy. Enteroscopy was the technique that achieved the highest
sensitivity with 88% [24].

In addition to screening and diagnosis, enteroscopy also plays an important role in
the staging of NET-GI. Accurate staging is essential to determine prognosis and guide ap-
propriate treatment. Enteroscopy can help identify the presence of small bowel metastases
and assess the extent of the disease, which is crucial in determining the optimal therapeutic
approach [25].

Research in the field of NETs continues to expand our understanding of their molec-
ular mechanisms and potential therapeutic targets. Advances in genomic profiling have
provided insights into the genetic alterations driving NET development, enabling the explo-
ration of precision medicine approaches. Immunotherapies, which harness the body’s im-
mune system to target and destroy tumour cells, are a promising avenue for NET treatment.
Clinical trials investigating immune checkpoint inhibitors and other immunotherapeutic
strategies are shedding light on their potential role in managing NETs. Furthermore, the de-
velopment of patient-derived xenograft models and three-dimensional cell culture systems
is enhancing our ability to study NET biology and test new treatment regimens [26,27].

4. Conclusions

In conclusion, enteroscopy plays a pivotal role in the diagnosis of gastrointestinal
neuroendocrine tumours. It provides a direct and detailed visualization of lesions in the
small bowel, which facilitates the detection and sampling of neuroendocrine tumours.
In addition, it contributes to accurate staging of the disease, which aids in treatment
planning. Enteroscopy, along with other diagnostic and evaluation methods, is essential
to ensure the accurate diagnosis and optimal management of NET-GI, as described in our
case. Its ability to provide a complete visualization of the mucosa, contribute to accurate
diagnosis and facilitate therapeutic interventions offers substantial advantages to patients.
As these techniques continue to evolve, their role in improving patient outcomes and our
understanding of these complex tumours will expand further.
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Abstract: Introduction: The development of dedicated endoscopes and the technical evolution of
endoscopic ultrasound (EUS) have allowed a direct approach to pancreatic neoplastic lesions both for
diagnosis and treatment. Among the more promising targets are pancreatic neuroendocrine tumors
(Pan-NETs). Aim: to describe the evolution of endoscopic ultrasound-guided radiofrequency ablation
(EUS-RFA) with particular attention to the treatment of PanNETs, focusing on safety and clinical
efficacy of the technique. Methods: MEDLINE, Scopus, and Cochrane Library databases were searched
for studies reporting about EUS-RFA for the treatment of PanNETs. Studies with outcomes of interest
were selected and results were reported to describe clinical success, complications, fol-low-ups,
and electrodes used. Clinical success was defined as the disappearance of clinical symp-toms for
functional (F-) PanNETs and as complete ablation per nonfunctional (NF)-PanNETs. The pooled data
were analyzed by a random-effects model. Results: Nineteen studies were selected, including 183
patients (82 males, 44.8%) with 196 lesions (101 F-PanNETs and 95 NF-PanNETs). Pooled estimates
for the overall AE rates for the clinical efficacy were 17.8% (95% CI 9.1–26.4%) and 95.1% (95% CI
91.2–98.9%) for F-PanNETs and 24.6% (95% CI 7.4–41.8%) and 93.4% (95% CI 88.4–98.4%) for NF-
PanNETs. Conclusions: EUS-RFA appears to be a mini-invasive technique with a good safety and
efficacy profile for the treatment of F- and NF-PanNETs. EUS-RFA could be of-fered as possible
alternative to surgery for the treatment of low-grade NF- or F-PanNETs, especially for those patients
that are not eligible or are at high-risk for surgery.

Keywords: endoscopic ultrasound; pancreatic neuroendocrine tumors; insulinoma; radiofrequency ablation;
RFA; pancreas; EUS-guided ablation; PanNETs

1. Introduction

Radiofrequency ablation (RFA) has been used for years for the treatment of solid
malignancies, both with an intraoperative and percutaneous technique [1,2].

Pancreatic lesion ablation using thermal energy or through the injection of substances
under EUS guidance is one of the recent applications of EUS [3,4]. EUS-RFA includes
among the more promising targets PanNETs (others are pancreatic metastasis from renal
cancer and pancreatic adenocarcinoma in the appropriate setting) [5,6].

The use of RFA in medicine is ubiquitous and dates back over 75 years. Energy
produced from RFA has been used for the cautery of tissues or vessels and destruction of
tumors or hypertrophic tissues, as well to ablate accessory conduction pathways in the
heart to improve atrial fibrillation and other conditions. Ultrasound-guided percutaneous
RFA has become one of the mainstays in treatment of hepatocellular carcinoma since the
1990s, as stated by Barcelona Clinic Liver Cancer (BCLC) guidelines, and it is used also
for tumors of the lung, bone, prostate, and kidney [2]. Principles of RFA are explained in
the following Figure 1 reproducing the relation between the main variables during RFA:
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change in Time (Seconds) of Current (Ampere, A), red line, and Impedance (Ohm, Ω),
green line, at a constant Power (Watt, W), blue line.

Figure 1. Basic principles of RFA (Courtesy of L. Portella).

Approaches to the treatment of pancreatic neoplastic lesions have been delayed be-
cause of the pancreas anatomy and of unsatisfactory results obtained by surgical or percu-
taneous treatments [7,8].

The evolution of EUS devices with the development of linear-array technology ex-
panded the clinical utility of EUS. EUS guidance allows the precise placement of needles
within focal mass lesions, hence therapeutic interventions represent a logical and inevitable
advance in the development of EUS. The principal aim of this review is to provide a
comprehensive overview on the main outcomes (safety and efficacy) of EUS-RFA for
the treatment of pancreatic neuroendocrine tumors (PanNETs), both functional (F-) and
non-functional (NF-).

2. Materials and Methods

This systematic review and metanalysis was performed in agreement with PRISMA
guidelines [9]. MEDLINE, Scopus, and Cochrane Library databases were searched for
studies reporting about EUS-RFA for treatment of PanNETs. The literature search was
performed and verified by two independent reviewers (E.A. and A.F.) using the following
index terms: “pancreatic neuroendocrine neoplasms” OR “pancreatic neuroendocrine
tumors” OR “insulinoma” OR “PanNET” AND “endoscopic ultrasound-guided RFA” OR
“EUS-RFA”. The inclusion criteria for studies were as follows: (1) Study subjects were adult
(≥18 years old); (2) Prospective or retrospective study design, conference proceedings, case
reports, and abstracts; (3) Reporting on safety and efficacy of EUS-RFA for the treatment
of F- and NF-PanNETs; (4) The manuscript was written in English. The search included
reports published until November 2022. A manual search of the reference lists of all review
articles and primary studies retrieved was also performed. The flow-chart of the study is
shown in Figure 2.

Studies with outcomes of interest were selected and results are reported to describe
technical success, procedural details, adverse events (AEs) rate, and clinical efficacy.

Data were extracted independently and entered into standardized Excel spreadsheets
(Microsoft Inc., Redmond, WC, USA). The following data were extracted from each study:
first author; year of publication; number, gender, and age of patients; number of Pan-NETs;
type of PanNETs (F- or NF-); tumor size (mean size in mm) and location; number of RFA
sessions; clinical efficacy; occurrence and severity of AEs; and duration of follow-up.

Clinical success was defined as complete ablation (i.e., disappearance on cross-sectional
imaging during follow-up) for NF-PanNETs and as disappearance of clinical symptoms for
F-PanNETs. Safety was defined as the absence of AEs. AEs were defined and graded in
accordance with an international lexicon [10].

Crude rates were extracted as outcome measures. Pooled estimates were obtained
using a random-effects model because a high between-study variance in effect size was
expected. Heterogeneity was assessed with the Pearson χ2 test and the I2 statistic.
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Figure 2. Study flow-chart.

3. Results

Fifty-seven potentially relevant studies were retrieved from the databases. Subse-
quently, seven duplicates and thirty studies were excluded after reviewing the titles and
abstracts, as they were irrelevant articles and were not suitable for the research topic.
Finally, we included 20 studies [5,11–29].

Overall, 183 patients (82 males, 44.8%) with 196 lesions (101 F-PanNETs and 95 NF-
PanNETs) were included. Most of the cases were treated using a 18/19 G electrode-needle
(EUSRA RF-electrode coupled with the VIVA RF generator, by Starmed, Taewoong Medical,
South Korea) and a few cases were treated by a through-the-needle 1 Fr, monopolar,
electrode-catheter (EndoHPB, Emcision UK, London, UK).

Diameters of the tumors widely varied between 4.5 mm and 30 mm and all but one
F-PanNETs were insulinomas. Most of cases were treated by one single session; only
a minority required multiple sessions (up to three). Follow-up time ranged between 1
and 41 months. Demographics, lesion features and the technical procedural details of
F-PanNETs and NF-Pan NETs are summarized in Tables 1 and 2, respectively.

Table 1. Results from studies reporting the efficacy and safety of EUS-RFA for the treatment of
F-PanNETs included in the meta-analysis **.

Study,
Year

Study
Design

N of
Patients/

N of
F-PanNET

Male/
Female

Age
Tumor Size
(Mean, mm)

Location Device
N of RFA
Sessions
/Nodule

Efficacy *
Adverse
Events

Follow-
Up

Months

Lakhtakia [14],
2016 Retrospective 3/3 M 45 19 H 19 G,

Starmed 1 100 0 11.5

Waung [15],
2016 Retrospective 1/1 F 70 18 H Habib EUS

RFA 3 100 0 10

Bas-Cutrina
[16], 2017 Retrospective 1/1 F 63 10 NR Habib EUS

RFA 1 100 0 10

Choi [17], 2018 Prospective 1/1 M 34 12 H 19 G,
Starmed 1 100 0 13

Thosani [18],
2018 Retrospective 3/3 NR NR NR NR NR 1.6 ◦ 100 1 5

Gueneau de
Mussy [19],

2018
Retrospective 1/1 F 69 12 T 19 G,

Starmed 1 100 1 2

Klutz [20],
2019 Retrospective 1/1 M 40 9 H 19 G,

Starmed 1 100 1 6

Oleinikov [21],
2019 Retrospective 7/7 4M, 3F 60.4 14.9 H:7,

T:2
19 G,

Starmed 1 100 0 9.7
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Table 1. Cont.

Study,
Year

Study
Design

N of
Patients/

N of
F-PanNET

Male/
Female

Age
Tumor Size
(Mean, mm)

Location Device
N of RFA
Sessions
/Nodule

Efficacy *
Adverse
Events

Follow-
Up

Months

De Nucci [22],
2020 Prospective 5/5 2M, 3F 80 12.8 T 19 G,

Starmed 1 100 0 12

Brown [23],
2020 Retrospective 1/1 F 66 18 H 19 G,

Starmed 1 100 0 8

Marx [24],
2022 Retrospective 7/7 1M, 6F 66 13.3 H:1;

T:6
19 G,

Starmed 1 85.7 4 21

Rizzatti [25],
2022 Prospective 30/30 10M, 20F 61.9 11.9 H:12,

T:18
19 G,

Starmed
25:1, 4:2,

1:3 95.8 3 6

Lakhtakia [26] Retrospective 12/12 NR NR NR NR 19 G,
Starmed NR 100 NR 31.5

Nabi [27], 2022 Retrospective 12/15 7M, 8F 46.7 NR H:8,
T:7

19 G,
Starmed

1:10
>1:2 100 1 41

Borrelli
deAndreis [28]

in press
Retrospective 10/10 7M, 3F 11.9 11.9 H:3,

T:7
19 G,

Starmed 9:1, 1:2 100 3 3

Rossi [29],
2022 Retrospective 3/3 2M, 1F 82.7 12 H:1,

T:2
19 G,

Starmed 1:2, 2:1 100 1 24

* Clinical efficacy was defined as disappearance of symptoms. ** table legend. N: number, H: pancreatic head, T:
pancreatic tail, NR: not reported. ◦ in this case, a mean value was indicated.

Table 2. Results from studies reporting the efficacy and safety of EUS-RFA for the treatment of
NF-PanNETs included in the meta-analysis **.

Study, Year
Study

Design

N of
Patients/
N of NF-
PanNETs

Male/
Female

Age
Tumor Size
(Mean, mm)

Location Device

N of RFA
Sessions

per
Nodule

Efficacy *
N of

Adverse
Events

Follow-
Up

(Months)

Rossi [11],
2014 Retrospective 1/1 M 72 9 T Habib

EUS RFA 1 100 0 34

Armellini [13],
2015 Retrospective 1/1 M 76 20 T 18 G,

Starmed 1 100 0 1

Pai [12], 2015 Prospective 2/2 F 69.5 27.5 H Habib
EUS RFA 1:1, 1:2 100 2 6

Choi [17], 2018 Retrospective 7/7 3M, 4F 56.1 20 H:2, T:5 19 G,
Starmed

1:3, 2:2,
3:2 75 2 13

Barthet [5],
2018 Prospective 12/14 7M, 5F 59.9 13.1 H:3, T:11 19 G,

Starmed NR 86 2 12

Oleinikov [21],
2019 Retrospective 11/18 6M, 5F 65.8 14.2 H;11, T:7 19 G,

Starmed 1 94.5 2 8.7

De Nucci [22],
2020 Prospective 5/6 3M, 2F 77.2 14.2 H:3, T:3 19 G,

Starmed 1 100 2 12

Rizzatti [25],
2022 Prospective 32/32 22M,

10F 70.1 14.2 H:11, T:21 19 G,
Starmed

1:24, 2:7,
3:1 96.3 0 8

Lakthakia [26],
2022 Retrospective 14/14 NR NR NR NR 19 G,

Starmed NR 85.7 NR 31.5

* Clinical efficacy was defined as complete disappearance of the lesion upon cross-sectional imaging during
follow-up. ** table legend. N: number, H: pancreatic head, T: pancreatic tail, NR: not reported.

In the subgroups of F-PanNETs and NF-PanNETs, the pooled estimates for the over-
all AE rates were 17.8% (95% CI 9.1–26.4%) and 24.6% (95% CI 7.4–41.8%), respectively
(Figure 3a,b).

The most common AEs were mild pancreatitis and abdominal pain. Overall, mild AEs
were observed in 21/142 (14.7%) patients; moderate and severe AEs were observed in one
patient each (0.007%).

The pooled estimates for the clinical efficacy in the subgroups of F-PanNETs and
NF-PanNETs were 95.1% (95% CI 91.2–98.9%) and 93.4% (95% CI 88.4–98.4%), respectively
(Figure 4a,b).
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Figure 3. Forest plots reporting estimates for overall adverse event rates in F- (a) and NF- PanNETs
(b). The pooled AE rates were 17.8% (95% CI 9.1–26.4%) and 24.6% (95% CI 7.4–41.8%) in F- and NF-
PanNETs, respectively.

Figure 4. Forest plots reporting estimates for clinical efficacy of F- (a) and NF- PanNETs (b). The
pooled efficacy rates were 95.1% (95% CI 91.2–98.9%) and 93.4% (95% CI 88.4–98.4%) in F- (a) and NF-
PanNETs (b), respectively.

4. Discussion

The term “radiofrequency” originates from the frequency of the electricity used which
is like that of radio waves. RFA can be delivered by monopolar or bipolar electrodes.
Monopolar electrodes have an insulated electrode needle with an active tip in connection to
a grounding pad (passive electrode) placed on the patient’s body. It was the first developed
model and has the advantage of deep penetration in tissues.

Bipolar electrodes use two active electrodes, adjacent at the tip of the needle; this
characteristic implies less penetration and more limited volume of action. In both cases, the
radiofrequency current translates into ion agitation within the surrounding tissue, which is
converted by friction into heat and induces cellular death by means of coagulation necrosis.
Energy transfer is dictated by Ohm’s Law: energy (J) = I2 × R × T (where “I” is the current,
“R” is the tissue resistance (or properly impedance), and “T” is the time of application).
Electrical energy is converted to thermal energy as resistance in the tissue is met [30].

Impendence depends on tissue hydration, electrolyte composition, collagen content,
temperature, and other variables and becomes, in the end, the limiting step to the volume
of the induced lesion. While energy is applied and radiofrequency acts, the charred
tissue becomes an electrical insulator in the end, as shown by the rise in impedance. This
phenomenon indicates inefficiency in further ablation (i.e., energy delivery) and marks the
end of the procedure [30].

In 1999, Brugge et al. [31] reported the first experimental EUS-RFA in a pig model.
They could easily foresee the possible application of ultrasound-guided therapies: “the
development of endosonographically placed therapeutic devices may provide a unique
alternative for the management of premalignant pancreatic lesions (e.g., islet cell tumors and
cystic neoplasms) and potentially may offer palliative therapy for surgically unresectable
malignant pancreatic tumors”.
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These innovative ideas required ten years to come true. After Brugge’s first experi-
mental model, years were needed to develop efficient EUS endoscopes and RFA devices,
testing devices and accumulating experience on animal models in the meantime [32–34].

Finally, in 2008, a 2.2 mm needle-shaped bipolar hybrid cryotherm probe was used for
experimental protocols in animal models [35,36] and humans [37] (Hybrid-therm, ERBE,
Tubingen, Germany). These early experiences in patients with advanced pancreatic cancer
showed that EUS-RFA could be applied in 16 patients (72.8%); amylase arose in 3 of
16 patients, and none had clinical signs of pancreatitis. Late complications arose in four
cases: three were mostly related to tumor progression. A CT scan was performed on all
patients, but only in 6 of 16 it was possible to clearly define the tumor margins after ablation.

In 2014, an Italian group reported treatment of a 9 mm NF-PanNET by EUS-guided
monopolar RFA [11], preceding the description in 2015 by Pai et al. of the use of a monopolar
“trough the needle” electrode for the treatment of cystic and solid lesions [12]. The device
was the Habib EUS-guided RFA probe derived from the endovascular application concept:
the Habib EUS-guided RFA probe (EndoHPB, Emcision UK, London, UK) was a 220 cm
long, 1 Fr (0.33 mm), monopolar catheter that could be inserted through a regular 22-gauge
FNA needle (Figure 2) and used in combination with commonly available radiofrequency
generators. Its limitations are the limited penetration of energy and the small volume of
tissue ablation.

In the same year, a water-cooled monopolar RFA needle with an active tip with
different lengths was made commercially available after preliminary experiences on animal
models [38].

Early experiences conducted between 2015 and 2016 offered satisfactory results in dif-
ferent fields of application ranging from pancreatic adenocarcinoma [39] to PanNETs [13,14]
and extra-pancreatic solid lesions [40–42]. As we are writing this paper, the EUSRA RF
Electrode is the only one available on the market. The concept of monopolar RFA that
made the success of RFA in percutaneous ultrasound-guided procedure was translated into
an EUS device by Taewoong Medical that produced the EUSRA RF-electrode. The volume
of ablation corresponds to the length of the active needle, and the cooling system works to
avoid fast charring of the tissues.

The EUSRA system is a monopolar radiofrequency needle consisting of a 19-gauge nee-
dle (18-gauge was the diameter of the first electrode-needle) with a 140 cm-long electrode
lacking insulation over the terminal 5 to 20 mm tip, a dedicated RF current generator (VIVA
RF generator) which allows control of power and impedance, and an inner cooling system
intended to avoid fast tissue charring and to obtain large volume ablations circulating
chilled saline through the needle.

Focusing on EUS-RFA of PanNETs, in 2015, a case of non-functioning PanNET (G2,
diameter 20 mm, Ki 67 < 5%) fully ablated by a 10 mm EUSRA RF-electrode in one session
with no complications and complete radiological response was reported [13]. In 2016,
Lakhtakia et al. [14] treated three patients with symptomatic pancreatic insulinomas, not
eligible for surgery. All had rapid symptom relief with biochemical improvement and
remained symptom-free at 11–12 months of follow-up. There were no procedure-related
adverse events.

Barthet et al. [5] in 2018 published a French prospective multicenter study aiming
to assess the technical feasibility and safety of EUS-RFA for treatment of PanNETs and
pancreatic cystic lesions. The study population included 12 patients that had 14 PanNETs
(mean size 13.1 mm, range 10–20 mm). Among the 14 PanNETs, at 1-year follow-up, 12
had completely disappeared (86% tumor resolution), with three patients having a delayed
response. After three complications (two pancreatitis and one small bowel perforation),
a change in the original protocol reduced the complications rate: rectal diclofenac was
used as recommended before endoscopic retrograde cholangiopancreatography (ERCP) to
prevent post-endoscopic pancreatitis.
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Antibiotic prophylaxis (2 g of amoxicillin and clavulanic acid intravenously) was
used to prevent infection. At six months and one year, the success rates were 71.4 and
85.7, respectively.

J.A. Waung [15] in 2016 described successful treatment of an F-PanNET by the Habib
needle; the procedure required multiple sessions to achieve a substantial response. Again,
no complications were observed, and in 2017, Bas-Cutrina et al. [16] treated a small F-
PanNET similarly.

In 2018, Choi [17] reported a single-center prospective study of seven NF-PanNETs
and one insulinoma treated by EUSRA needle. Efficacy was reported in 75% after one year
with mild adverse events in 25%. In the same year, Thosani et al. [18] described successful
treatment of three F-PanNETs with 100% efficacy achieved at five months and Gueneau de
Mussy et al. [19] and Kluz et al. [20] reported, respectively, the successful treatment of a
12 mm and a 9 mm F-PanNET.

In 2019, Oleinikov et al. [21] published a large retrospective series of cases treated
in two tertiary centers in Israel to assess the feasibility, safety, and efficacy of EUS-RFA
in a cohort of patients with F- and NF-PanNETs. The cohort included eighteen adults
(eight women, ten men), aged 60.4 ± 14.4 years (mean ± SD), seven insulinoma patients,
and eleven patients with NF-PanNETs. Twenty-seven lesions with a mean diameter of
14.3 mm (range 4.5 to 30) were treated. Technical success, defined as typical post-ablative
changes on surveillance imaging, was achieved in 26 out of 27 lesions. Clinical response
with normalization of glucose levels was observed in all (seven of seven) insulinoma cases
within 24 h of treatment. Overall, there were no major complications 48 h post-procedure.
No clinically significant recurrences were observed during follow-up (range 2 to 21 months).

In 2020, de Nucci et al. [22] published a prospective study of 10 consecutive patients
with PanNETs ≤ 20 mm treated with EUS-RFA, and they were followed-up for at least
12 months. The mean size of the PanNETs was 14.5 mm (range 9–20 mm). Complete
ablation of PanNETs was reached using a single-session RFA with a mean of 2.3 treatment
applications per session. At both 6- and 12-month follow-ups, all lesions had disappeared
on the CT scan. No major complications were observed. Brown et al. described the
successful treatment of an 18 mm insulinoma in 2020 [23].

More recently, M. Marx et al. [24] analyzed the clinical course of patients with pan-
creatic insulinomas treated by EUS-RFA at two French tertiary referral centers. This study
included seven patients, with a mean age of 66 years. EUS-RFA was feasible in all patients
with immediate hypoglycemia relief after only one single treatment session; six of seven
achieved a complete response by cross-sectional imaging and remained asymptomatic.
Three patients had minor adverse events. One elderly patient developed a peripancreatic
fluid collections and died consequently. This was a retrospective series collected over three
years between 2017 and 2020, so it is difficult to ascertain if the significant complications
rate and the serious adverse event were due to changes in operators, in the technique, or to
other factors.

Finally, during the United European Gastroenterology Week 2022, the preliminary
results of RAPNEN study [25] were shown in poster format. This large multicenter study
included 62 patients treated from October 2019 to September 2022 at seven European
centers. The results show a high rate of technical success and a good safety profile of
the procedure.

In the same meeting, Lakhtakia et al. [26] reported a retrospective study of 26 patients,
(mean age 49.3 ± 13.8, 12 males), 29 nodules, affected by F- and NF-PanNETs that were
treated between 2014 and 2022 at the Asian Institute of Gastroenterology, Hyderabad,
India. They reported significant improvement in mean fasting serum insulin (pre-RFA
39.4 ± 8.9 vs. post-RFA 13.1 ± 5.1; p < 0.001) and fasting blood glucose (pre-RFA 30.3 ± 7.3
vs. post-RFA 78.2 ± 7.7; p < 0.001) after a median follow-up of 31.5 months, and clinical
response was seen in all the cases with insulinomas. In NF-PanNETs, significant responses
on imaging were seen in 12 (85.7%) cases. Moreover, the same group [27] described the
treatment of 12 patients affected by 15 insulinomas, obtaining a 100% clinical success.
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In 2022, two papers by Borrelli de Andreis [28] (in press) and Rossi et al. [29] described
the treatment of ten and three insulinomas, achieving complete clinical success with only
mild complications in four cases.

In the reported experiences, EUS-RFA was used to treat both F- and NF-PanNETs.
The WHO 2019 classification morphologically distinguishes two groups of pancreatic

neuroendocrine neoplasias (PanNENs): well-differentiated tumors or pancreatic neuroen-
docrine tumors (PanNETs) based on degree of differentiation and Ki67 index, further
divided into PanNETs-G1 (Ki67 index ≤ 3%), PanNETs-G2 (Ki67 index between 4% and
20%), PanNETs-G3 (Ki67 index above 20%), and poorly differentiated neoplasms, so called
neuroendocrine carcinomas (PanNECs) and mixed adenoneuroendocrine carcinomas (Mi-
Nen) [43].

The presence or absence of a hormonal hypersecretion syndrome further classifies
PanNETs into functional and nonfunctional, which require different therapeutic approaches.
However, which PanNETs should be treated by RFA and who should we treat? [44].

Most PanNETs (up to 70%) are nonfunctional, at least a half of which are asymptomatic
and discovered on cross-sectional imaging requested for other reasons. International guide-
lines [45] suggest active surveillance for NF-PanNETs that are <2 cm and well-differentiated.
Still, even in small PanNETs, the possibility of disease progression exists [46].

The traditional management of PanNETs has been surgical since excision of a poten-
tially resectable lesion appeared to be a curative option. This is the treatment of choice
in accordance with the Vienna Consensus Conference in 2016 [45], but limitations can be
found in patient performance status, comorbidities, rate of progression, tumor size and
grade, and in the non-negligible complication rate of the surgical option, even in cases
of parenchyma sparing procedure [47–51]. However, the same guidelines define “a grey
zone of hesitation” which encompasses patients affected by NF-PanNETs < 20 mm, G1-G2,
where the choice between surveillance and treatment is affected by doubts and by the
patient’s preference [52]. In these cases, the presence of disease may negatively affect the
emotional well-being and become a substantial reason to favor treatment.

Addressing this topic, a time trends analysis conducted in an Italian high-volume
center involving 587 patients from 1990 to 2015 showed that the number of resected
PanNETs has increased in recent years, while the size (from 25 to 20 mm) decreased during
the study period, but the G1 proportion (from 65% to 49%) still represented half of the
resected tumors. After a mean follow-up of 75 months, recurrence analysis revealed that
regardless of size, G1 NF-PanNETs with no nodal involvement and vascular invasion had
a negligible risk of recurrence at 5 years [53]. Another interesting multicenter analysis
showed how a surgical approach seems unnecessary for small G1 sporadic PanNETs [54].
Therefore, a mini-invasive option such as EUS-RFA appears desirable.

For F-PanNETs, the goal of EUS-RFA treatment is to reduce the hormonal hypersecre-
tion syndrome with cessation of symptoms. This can be achieved by inducing necrosis of
a sufficient amount of the secerning cells, and the complete ablation of the tumor is not
required because of their very low malignant potential, although it would be advisable.
On the contrary, for NF-PanNETs, the aim must be complete tumor ablation, with no vital
neoplastic tissue left. Therefore, the definition, evaluation, technique, and effectiveness of
the radiofrequency procedure vary in accordance with which type of PanNET is targeted.

This is a crucial aspect since the rate AEs may be influenced by the need to pursue
complete ablation or, otherwise, if a partial debulking of the lesion is sufficient (i.e., partial
ablation of a central area in a functioning tumor). In NF-PanNETs, the goal of complete ab-
lation compels us to treat the margins of the tumor, and proximity to the normal pancreatic
parenchyma potentially increases the risk of pancreatitis. In this setting, the availability of
an RFA needle with different length active tips (EUSRA 19G needle has active tips ranging
from 5 to 20 mm) and a careful selection based on pre-operative imaging and real time
visualization is imperative for the success of the procedure and for abating adverse events.

For non-metastatic NF-PanNETs, the definition by which patients can benefit the
most from RFA treatment is more complex than for F-PanNETs, as it is difficult to define
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which patients may benefit from careful follow-up or from surgical treatment, aiming to a
balance between overtreatment (RFA/surgery in incidentally discovered PanNETs < 2 cm,
that might not progress) and undertreatment (locoregional treatment in patients with
undetected metastases).

It is not the aim of this review to discuss staging and prognostic factors of PanNETs,
but exclusion of liver, lung, or lymph nodes metastases as well a careful evaluation of
tumor grading, the Ki-67 proliferation index, and other prognostic factors, which are of
paramount importance to indicate or rule out EUS-RFA [55–64].

A good guide for the selection of patients will probably be, in the future, the inclusion
criteria indicated by the RAPNEN study, especially for NF-PanNETs: diameter of the
lesion between 15 and 25 mm, ki-67 ≤ 5%, absence of distant metastases, symptoms, and
inner calcifications. Considering functional lesions, multiple F-PanNETs do not look like a
contraindication to EUS-RFA; on the contrary, treatment of multiple lesions in the same
session appears feasible and this might become a further indication for EUS-RFA.

Our metanalysis showed pooled estimates for EUS-RFA clinical efficacy in the sub-
groups of F-PanNETs and NF-PanNETs of 95.1% (95% CI 91.2–98.9%) and 93.4% (95% CI
88.4–98.4%), respectively, which are consistent with a high rate of success in both categories.
The subgroups of F-PanNETs and NF-PanNETs showed significant pooled estimate AE
rates of 17.8% (95% CI 9.1–26.4%) and 24.6% (95% CI 7.4–41.8%), respectively, but notably,
most of the AEs were mild (transient abdominal pain and mild pancreatitis) with a very
limited incidence of severe AEs, and some of these were recorded among the earliest proce-
dure of EUS-RFA. This should imply a good chance of improving these results in the future.
Moreover, the alternative surgical treatment shows non-negligible rates of complications,
even in cases of parenchyma sparing procedures, as reported in literature.

5. Conclusions

PanNETs are rare neoplasms with outcomes varying by stage, grade, and clinical
presentation. A growth of PanNET incidence has been observed in the last few decades,
with an increase in the low stage rate, as most patients are diagnosed at an initial stage of
the disease. Therefore, a rise of the number of patients entering the “grey zone of hesitation”
is expected.

About 70% of the PanNETs are nonfunctioning, and up to 50% are discovered in con-
sequence of diagnostic imaging performed for other reasons, as asymptomatic lesions. In-
ternational guidelines suggest active surveillance for small (1.5 to 2 cm), well-differentiated,
asymptomatic, and NF-PanNETs, although they still entail the possibility of disease progression.

The need of an alternative approach to standard surgical treatment is obvious if we
consider low-grade < 20 mm PanNETs, patients that are not eligible for surgery or are
at high perioperative risk, or when a functional tumor requires debulking of hormone
secreting cells. EUS-RFA appears to be a valuable alternative with high efficacy, a low
adverse events rate, and major advantages such as low invasiveness and repeatability.

Moreover, the availability of different treatment options requires the involvement
of different professional figures and shared decisions when therapeutic interventions
are tailored in accordance with disease pathology, overall prognosis, and individual pa-
tient wishes.

Ongoing studies are expected to contribute to the final proof of concept and, in the
long run, to define the appropriate indications for EUS-RFA.
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Abstract: Background and objectives: The safety of electrohydraulic lithotripsy (EHL) in older adults
remains unclear. We aimed to investigate the efficacy and safety of EHL using peroral cholangioscopy
(POCS) under endoscopic retrograde cholangiopancreatography (ERCP) guidance in older adults
aged ≥80 years. Materials and Methods: This retrospective clinical study was conducted at a single
center. Fifty patients with common bile duct stones who underwent EHL using POCS under ERCP
guidance at our institution, between April 2017 and September 2022, were enrolled in this study.
The eligible patients were divided into an elderly group (n = 21, age ≥80 years) and a non-elderly
group (n = 29, age ≤79 years), and were analyzed. Results: A total of 33 and 40 EHL procedures were
performed in the elderly and non-elderly groups, respectively. After excluding cases in which stone
removal was performed at other institutions, complete removal of common bile duct stones was
confirmed in 93.8% and 100% of the elderly and non-elderly groups, respectively (p = 0.20). The mean
number of ERCPs required for complete removal of bile duct stones was 2.9 and 4.3 in the elderly
and non-elderly groups, respectively (p = 0.17). In the EHL session, the overall occurrence of adverse
events was eight and seven in the elderly (24.2%) and non-elderly (17.5%) groups, respectively;
however, the difference was insignificant (p = 0.48). Conclusions: EHL using POCS under ERCP
guidance is effective in patients aged ≥80 years and there was no significant increase in adverse
event rates compared to those aged ≤79 years.

Keywords: common bile duct stone; elderly; electrohydraulic lithotripsy; endoscopic retrograde
cholangiopancreatography; safety

1. Introduction

Choledocholithiasis is often encountered in daily clinical practice and is a potential
risk factor for acute cholangitis, pancreatitis, or obstructive jaundice. The European Society
of Gastrointestinal Endoscopy recommends stone removal for patients with common bile
duct (CBD) stones, symptomatic or not, who are fit enough to tolerate the intervention [1].
Endoscopic retrograde cholangiopancreatography (ERCP) is the standard procedure used
for CBD stone removal. Various techniques have been developed for CBD stone dissolution,
including balloon extraction, basket extraction, papillary balloon dilatation, mechanical
lithotripsy, and stent insertion [2]. However, CBD stone removal remains challenging in
some cases. Difficult CBD stones often require multiple ERCP sessions, which increases the
risk of adverse events. Electrohydraulic lithotripsy (EHL) using peroral cholangioscopy
(POCS) under ERCP guidance is considered an option for the treatment of difficult CBD
stones. EHL is particularly effective in patients with large stones that are difficult to grasp
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due to breakup using a mechanical lithotripter or in those with bile duct strictures [3]. To
date, there have been several reports on the safety of ERCP in the elderly; however, there
are few comprehensive reports on the efficacy and safety of EHL using POCS under ERCP
guidance in the elderly. To investigate this issue, we retrospectively evaluated the clinical
outcomes and procedure-related adverse event rates of EHL using POCS under ERCP
guidance in an elderly group (age ≥80 years) and non-elderly group (age ≤79 years) at
our institution.

2. Patients and Methods

2.1. Study Design

This retrospective clinical study was conducted at a single center. Fifty consecutive
patients with CBD stones who underwent EHL using POCS under ERCP guidance at
our institution, between April 2017 and September 2022, were enrolled in this study. The
exclusion criteria were as follows: (1) patients aged <20 years; (2) patients with surgical
altered gastrointestinal anatomy, other than the distal gastrectomy Billroth I reconstruction;
(3) patients with unclear background and treatment information; and (4) patients judged as
inappropriate by the investigators.

The baseline characteristics of eligible patients included age, sex, Eastern Cooperative
Oncology Group performance status (ECOG-PS), Charlson comorbidity index, previously
attempted methods of stone removal, maximum CBD stone diameter, and presence of
multiple stones. Clinical outcomes included the total number of EHL per patient, confirma-
tion of complete removal of the CBD stone, procedure time, and adverse events. Patients
were retrospectively examined using their medical records and data from an endoscopic
database at our institution. The data were analyzed by patient and EHL session. Eligible
patients were then divided into an elderly group (aged ≥80 years) and a non-elderly group
(aged ≤79 years) and compared.

2.2. Definitions

The size and number of CBD stones were evaluated by cholangiography. The proce-
dure time from duodenoscope insertion to removal was measured. The complete removal
of CBD stones was defined as the confirmation of the absence of stones in the bile duct by
cholangiography. The definitions and severity of each adverse event were defined accord-
ing to the lexicon of the American Society for Gastrointestinal Endoscopy [4]. To explain the
details, an adverse event was defined as an event that caused a prolongation of the hospital
stay, medical consultation, or another procedure. Severity was defined as follows: an event
requiring unplanned transfusion, ventilation support, additional endoscopic or radiological
intervention, intensive care unit admission, or prolonged hospitalization for 4–10 days,
which was defined as moderate. An adverse event which required surgical intervention, an
intensive care unit stay of >1 day, or prolonged hospitalization for >10 nights was defined
as severe. If an adverse event did not correspond to any of these, it was defined as mild. The
ECOG-PS is a score that expresses the patient’s daily living abilities, and the key elements
of the ECOG-PS scale first appeared in the medical literature in 1960 [5]. The Charlson
comorbidity index, which was proposed in 1987, is an index that evaluates comorbidities
that contribute to death and is reported to be correlated with short-term mortality risk [6].
The ECOG-PS and Charlson comorbidity index were calculated from the patient’s status
records immediately prior to their first EHL.

2.3. Techniques

For patients with acute cholangitis, EHL was not performed in the state of cholangitis,
but was performed after it subsided by stent placement or nasobiliary drainage. All
patients fasted from the morning of the day of the treatment. EHL using POCS under
ERCP guidance was performed as follows: prophylactic intravenous antibiotics were
administered prior to the ERCP. Carbon dioxide insufflation was used during the procedure
unless contraindicated. All patients underwent conscious sedation with the administration
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of a combination of midazolam and pethidine hydrochloride, or fentanyl and propofol.
An oblique-viewing duodenoscope (TJF-260V, TJF-Q290V, Olympus Corporation, Tokyo,
Japan) was inserted orally to reach the duodenal papilla, and an ERCP catheter (PR-104Q-1,
Olympus, Tokyo, Japan; MTW ERCP catheter, ABIS, Hyogo, Japan) was inserted into
the bile duct followed by cholangiography. After imaging the bile duct with a contrast
medium, a 0.025-inch guidewire (VisiGlide2, Olympus Corporation, Tokyo, Japan; M-
Through, ASAHI INTECC, Aichi, Japan; EndoSelector; Boston Scientific, Marlborough, MA,
USA) was placed in the bile duct. Then, a cholangioscope (CHF-B260, CHF-B290, Olympus
Corporation, Tokyo, Japan; SpyScope DS, SpyScope DS II; Boston Scientific, Marlborough,
MA, USA) was inserted into the bile duct. An electrohydraulic shock wave generator
was used to generate shock waves. EHL was performed under POCS guidance using a
1.9 French gauge EHL probe. After fragmentation, CBD stone removal was performed
using ERCP techniques, such as a basket or balloon extraction (Figure 1). After treatment,
the patient rested in bed for 2 h, and a blood test was performed the following day. Imaging
tests, such as ultrasonography and computed tomography, were promptly performed if
procedure-related adverse events were suspected.

Figure 1. Electrohydraulic lithotripsy techniques using peroral cholangioscopy under endoscopic ret-
rograde cholangiopancreatography guidance. (a) Cholangiography image showing a large common
bile duct stone. (b) Stone removal is impossible using standard techniques. (c,d) A cholangioscope is
inserted into the bile duct. (e) Electrohydraulic lithotripsy was performed under cholangioscopic
guidance using an electrohydraulic lithotripsy probe. (f) Stone removal was performed using the
standard technique after fragmentation of the common bile duct stone.

2.4. Statistical Analysis

The data are presented as means with standard deviations or numbers with percent-
ages. Pearson’s chi-squared test was used to assess the categorical data, whereas the
Mann–Whitney U test was used to assess the quantitative data. Statistical significance was
set at p < 0.05. All statistical analyses were performed using the bell curve for Excel (Social
Survey Research Information Co., Ltd., Tokyo, Japan).

3. Results

Fifty eligible patients (28 men and 22 women) were included in this study. The age
range of the patients was 36–94 years, with a mean age of 75.1 years. All eligible patients
had previously attempted non-EHL stone removal, but it was unsuccessful. Endoscopic
sphincterotomy (EST) had been performed previously on all eligible patients. Table 1
shows the baseline characteristics of all the eligible patients. The mean ECOG-PS was
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1.0. The mean Charlson comorbidity index was 1.3. As previously attempted methods of
stone removal, removal by a basket catheter, balloon catheter, or both was performed in all
cases. Endoscopic papillary balloon dilatation was performed in 16.0% of patients, and an
endoscopic mechanical lithotripsy was attempted in 56.0% of patients. The mean maximum
diameter of the bile duct stones was 15.0 mm. The proportion of patients with multiple
stones was 70.0%. The mean number of EHL was 1.4 times. In 42 patients, excluding 8 who
underwent stone removal at another hospital after EHL, 41 patients (97.6%) had complete
CBD stone removal. The mean number of ERCP procedures performed prior to complete
stone removal was 3.5 times.

Table 1. Baseline characteristics of all eligible patients.

Variable n = 50

Age, year, mean (SD) 75.1 (11.5)
Sex, male, n (%) 28 (56)
ECOG-PS, mean (SD) 1.0 (1.1)
Charlson comorbidity index, mean (SD) 1.3 (1.1)
Previously attempted methods for stone removal, n (%)

Endoscopic papillary balloon dilatation 8 (16.0)
Endoscopic mechanical lithotripsy 28 (56.0)

Maximum diameter of bile duct stones, mm, mean (SD) 15.0 (4.8)
Multiple stones, n (%) 35 (70.0)
Total number of EHL per patient, mean (SD) 1.4 (1.0)
Number of cases in which complete stone removal was finally confirmed, n (%) 41/42 (97.6)
Number of ERCPs before complete stone removal, mean (SD) 3.5 (2.4)

SD: standard deviation; ECOG-PS: Eastern Cooperative Oncology Group performance status; EHL: electrohy-
draulic lithotripsy; ERCP: endoscopic retrograde cholangiopancreatography.

The procedure times and adverse events per EHL session are shown in Table 2. In
total, 73 EHL sessions were conducted. The mean procedure time was 57.7 min. Adverse
events occurred in 20.5% of all EHL procedures. Cholangitis occurred in 12 patients
(16.4%), and its severity was mild in all patients. Pancreatitis occurred in two patients
(2.7%) with mild severity. Peritonitis occurred in one patient (1.4%) with moderate severity.
Pneumonia occurred in one patient (1.4%) with mild severity. No procedure-related deaths
or sedation-related problems were reported.

Table 2. The procedure time and adverse events per electrohydraulic lithotripsy session.

Variable n = 73

Procedure time, minutes, mean (SD) 57.7 (17.0)
Adverse events, n (%) 15 (20.5)

Cholangitis 12 (16.4)
mild 12 (16.4)

Pancreatitis 2 (2.7)
mild 2 (2.7)

Peritonitis 1 (1.4)
moderate 1 (1.4)

Pneumonia 1 (1.4)
mild 1 (1.4)

SD: standard deviation.

All eligible patients were divided into an elderly group (age ≥80 years) and a non-
elderly group (age ≤79 years). Table 3 shows the results of the comparison of base-
line characteristics and final treatment results of the elderly and non-elderly groups.
There were 21 and 29 patients in the elderly and non-elderly groups, respectively. The
mean age was 84.6 and 68.2 years in the elderly and the non-elderly groups, respectively
(p < 0.001). The proportion of males was 57.1% and 55.2% in the elderly and non-elderly
groups, respectively (p = 0.89). The mean ECOG-PS was 1.7 and 1.0 in the elderly and
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non-elderly groups, respectively (p < 0.001). The mean Charlson comorbidity index was 1.5
and 1.3 in the elderly and non-elderly groups, respectively (p = 0.17). Regarding previously
attempted methods of stone removal, other than basket catheters and balloon catheters, the
proportion of attempted endoscopic papillary balloon dilatation was 23.8% and 10.3% in
the elderly and non-elderly groups, respectively (p = 0.20). The proportion of attempted
endoscopic mechanical lithotripsy was 47.6% and 62.1% in the elderly and non-elderly
groups, respectively (p = 0.31). The mean maximum diameter of the CBD stones was
16.1 mm and 14.1 mm in the elderly and non-elderly groups, respectively (p = 0.085). The
percentage of patients with multiple CBD stones was 61.9% and 75.9% in the elderly and
non-elderly groups, respectively (p = 0.29). A total of 33 and 40 EHL procedures were
performed in the elderly and non-elderly groups, respectively. The proportion of patients
who underwent stone removal at another hospital after EHL was 23.8% and 10.3% in
the elderly and non-elderly groups, respectively (p = 0.35). Complete removal of CBD
stones was confirmed in 15 of 16 cases (93.8%) and in all 26 cases (100%) in the elderly
and non-elderly groups, respectively (p = 0.20). The mean number of ERCPs required for
complete removal of bile duct stones was 2.9 and 4.3 in the elderly and non-elderly groups,
respectively (p = 0.17).

Table 3. Comparison of baseline characteristics and final treatment results between the elderly and
non-elderly groups.

Variable
Elderly Non-Elderly p-Value
n = 21 n = 29

Age, year, mean (SD) 84.6 (4.2) 68.2 (10.1) <0.001
Sex, male, n (%) 12 (57.1) 16 (55.2) 0.89
ECOG-PS, mean (SD) 1.7 (1.0) 1.0 (1.0) <0.001
Charlson comorbidity index, mean (SD) 1.5 (1.0) 1.3 (1.0) 0.17
Previously attempted methods for stone removal, n (%)

Endoscopic papillary balloon dilatation 5 (23.8) 3 (10.3) 0.20
Endoscopic mechanical lithotripsy 10 (47.6) 18 (62.1) 0.31

Maximum diameter of bile duct stones, mm, mean (SD) 16.1 (4.3) 14.1 (5.0) 0.085
Multiple stones, n (%) 13 (61.9) 22 (75.9) 0.29
Total number of performing EHL 33 40
Total number of performing EHL per patients, mean (SD) 1.3 (0.6) 1.5 (1.2) 0.86
Number of patients who underwent stone removal at another hospital after EHL, n (%) 5 (23.8) 3 (10.3) 0.35

Number of cases in which complete stone removal was finally confirmed, n (%) 15/16
(93.8) 26/26 (100) 0.20

Number of ERCPs before complete stone removal, mean (SD) 2.9 (1.4) 4.3 (2.9) 0.17

SD: standard deviation; ECOG-PS: Eastern Cooperative Oncology Group performance status; EHL: electrohy-
draulic lithotripsy; ERCP: endoscopic retrograde cholangiopancreatography.

The clinical outcomes for each EHL session are shown in Table 4. The mean procedure
time was 54.4 and 60.4 min in the elderly and non-elderly groups, respectively (p = 0.15).
The overall occurrence of adverse events was eight and seven in the elderly (24.2%) and non-
elderly (17.5%) groups, respectively, with no significant difference (p = 0.48). Cholangitis
occurred in both the elderly and non-elderly groups. Pancreatitis occurred only in the
non-elderly group, whereas peritonitis and pneumonia occurred only in the elderly group.
However, these differences were not statistically significant between the two groups.
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Table 4. Clinical outcomes per electrohydraulic lithotripsy session.

Variable
Elderly Non-Elderly

p-Value
n = 33 n = 40

Procedure time,
minutes, mean (SD) 54.4 (15.7) 60.4 (17.6) 0.15

Adverse events, n (%) 8 (24.2) 7 (17.5) 0.48
Cholangitis 6 (18.2) 6 (15.0) 0.72

mild 6 (18.2) 6 (15.0) 0.72
Pancreatitis 0 2 (5.0) 0.19

mild 0 2 (5.0) 0.19
Peritonitis 1 (3.0) 0 0.27

moderate 1 (3.0) 0 0.27
Pneumonia 1 (3.0) 0 0.27

mild 1 (3.0) 0 0.27
SD: standard deviation.

4. Discussion

The present study investigated the efficacy and safety of EHL using POCS under ERCP
guidance in patients aged ≥80 years. Even in patients in whom CBD stone removal was
impossible using ERCP without EHL, 97.6% of the CBD stones were completely removed,
finally. The adverse event rates were relatively high (20.5%), with mild cholangitis being
the most common adverse event. There were no significant differences in the adverse
event rates between patients aged >80 years and those aged ≤79 years. Furthermore, no
procedure-related deaths occurred.

In EHL, a cholangioscope is inserted into the bile duct using ERCP and then, a probe for
EHL is inserted into the bile duct to generate shock waves to crush the CBD stones. Because
EHL is relatively labor intensive and costly, it is typically performed only when stone
removal is difficult using other techniques. If the distal bile duct diameter is larger than that
of the CBD stone, it can be removed with endoscopic papillary balloon dilatation, and if the
CBD stone can be grasped with a mechanical lithotripter, it can be crushed and removed.
EHL is indicated for CBD stones that are difficult to remove using endoscopic papillary
balloon dilatation or endoscopic mechanical lithotripsy. In this study, EST was performed
in all eligible patients, and endoscopic papillary balloon dilatation was performed in a
small proportion of patients (16.0%); however, endoscopic mechanical lithotripsy was
attempted in more than half of the patients. The contents of the endoscopic treatment prior
to EHL depended on the environment of each facility where ERCP was performed. Some
facilities do not have the devices for endoscopic papillary balloon dilatation or endoscopic
mechanical lithotripsy. At our institution, EHL may be performed without endoscopic
papillary balloon dilatation or endoscopic mechanical lithotripsy in cases where the stone
is larger than the diameter of the distal bile duct or it is expected to be difficult to grasp
with a mechanical lithotripter.

In this study, the overall EHL-related adverse event rate was 20.5%, which was higher
than that of the conventional ERCP-related procedure. Among the adverse events, cholan-
gitis was the most common at 16.4%. Cholangitis is presumed to be caused by increasing
intraductal pressure of the bile duct due to washing the bile duct by injecting saline during
the EHL. In this study, all cases of EHL-related cholangitis were mild in severity and
improved rapidly without additional intervention. The pancreatitis was presumed to be
caused by temporary edema of the duodenal papilla, due to the stimulation by the inser-
tion of the cholangioscope and improved rapidly after the procedure without additional
treatment. Peritonitis occurred in one case. Although the cause was not clear, EHL was
performed within a short period after cholecystectomy in this case, and it was speculated
that this occurred because the severed part of the cystic duct was partially released due to
the increasing intraductal pressure of the bile duct. Pneumonia occurred in one case and
was considered to be caused by saliva or gastric juice entering the airway during EHL.
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Several reports have shown the efficacy of EHL using POCS under ERCP guidance for
the removal of CBD stones. Conventionally, reusable cholangioscopes were used for EHL.
Single-use cholangioscopes have recently been developed. A reusable cholangioscope can
be used repeatedly; therefore, it is cost-effective if it is not broken down. However, even
in facilities that have a reusable cholangioscope, most facilities have only one, and it is
necessary to interrupt or stop treatment if it breaks down. The disadvantage of single-use
cholangioscopes is their high cost. However, the risk of infection through the scope is very
low. In 2018, Kamiyama reported that the complete CBD stone removal rate was 98%,
with an adverse event rate of 12% for cholangitis and 2.4% for pancreatitis in EHL using
single-use cholangioscopes. [3]. In 2020, Murabayashi compared the clinical outcomes of
reusable cholangioscopy and single-use cholangioscopes in EHL and found no significant
difference in the rate of final stone removal and adverse events between both groups;
however, the procedure time was significantly shorter in the single-use cholangioscopy
group, and the mean number of endoscopic sessions was significantly lower in the single-
use cholangioscopy group [7].

Although there are few reports on the safety of EHL using POCS under ERCP guidance
in older adults, there are several reports on the safety of ERCP in older adults. In 2015,
a retrospective study showed that ERCP could be safely performed even in those aged
≥80 years, however the sedation-related adverse events increased in a retrospective analysis
of 758 patients who underwent ERCP [8]. In 2018, a retrospective study comparing patients
aged ≥80 years to those aged ≤65 years who underwent therapeutic ERCP, showed that
the rate of difficult cannulation was higher in the ≥80 years group, the mean procedure
time was longer in the aged ≥80 years group, and second ERCPs were performed more
frequently in the aged ≥80 years group. The overall success and adverse event rates
were not significantly different between the two groups [9]. In 2018, a retrospective study
comparing patients aged ≥85 years to those aged <85 years who underwent therapeutic
ERCP for CBD stones showed no difference in the recurrence rate of stones, adverse
event and mortality rates, and the length and cost of hospitalization between the two
groups [10]. In older adults, attention should be paid to post-procedural pneumonia. In
2023, a retrospective study showed that patients aged ≥90 years who underwent ERCP
for CBD stone removal had a higher incidence of post-ERCP pneumonia than those aged
65–89 years [11]. In addition, there is a report that patients aged ≥90 years require particular
attention among the elderly. In 2018, a retrospective study of 137 patients aged ≥85 years
who underwent therapeutic ERCP showed that the incidence of adverse events significantly
increased in those aged ≥90 years [12].

It is also characteristic of the elderly that the ECOG-PS is often lower than that of
the non-elderly. There are several reports on the effect of ECOG-PS on ERCP. In 2019, a
retrospective study showed that comparing 287 patients who underwent therapeutic ERCP
divided into ECOG-PS 3–4 group and ECOG-PS 0–2 group, the overall adverse events did
not significantly differ; however, aspiration pneumonia and heart failure were more likely
to occur among patients with ECOG-PS 3–4 [13]. In a retrospective study reported in 2021,
1845 patients who underwent ERCP were divided into two groups: ECOG-PS 0–3 patients
and ECOG-PS 4 patients. The pulmonary adverse event rate and severe adverse event rate
were significantly higher in the ECOG-PS 4 group [14]. In a retrospective study reported in
2022, 1343 native papillae who underwent therapeutic ERCP for CBDS were divided into
two groups: ECOG-PS 0–2 and those with ECOG-PS 3–4. No significant difference was
observed between the therapeutic success rates and the overall ERCP-related adverse event
rates; however, adverse events were significantly more severe in the ECOG-PS 3–4 group
than in the ECOG-PS 0–2 group [15].

In our study, although there was no significant difference in the Charlson comorbidity
index between the two groups, the ECOG-PS was significantly lower in the elderly group.
In addition, although there was no significant difference, the elderly group tended to
have multiple stones. However, there was no significant difference in clinical outcomes,
including the occurrence rate of adverse events, between the two groups, and there were
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no treatment-related deaths. No duodenal perforation or bleeding occurred in this study.
EHL does not require a large sphincterotomy because the CBD stones are crushed in the
bile duct before stone removal. In addition, EHL does not require excessive dilation of the
duodenal papilla, so it is a procedure with relatively little irritation to the duodenal papilla.
Therefore, even if mild cholangitis occurs relatively frequently, serious adverse events, such
as hemorrhage, perforation, and pancreatitis, may occur less frequently. Currently, EHL is
not the first choice for difficult stones because it is costlier and more complicated to prepare
than EML or EPBD. If it is resolved, depending on the case, EHL can be the first choice for
CBD stones that are difficult to remove with basket or balloon extraction.

In this study, CBD stones, which were difficult to remove using other methods, were
completely removed using EHL at a very high rate. The mean procedure time for EHL was
57.7 min, and the occurrence rates of post-procedure cholangitis were 16.4%. Compared to
other ERCP procedures, EHL has a relatively long procedure time and a relatively high
adverse event rate. However, EHL enables complete removal of difficult stones at a high
rate and can be said to be a very useful procedure. There was no significant difference in
the clinical outcomes and occurrence rates of adverse events in EHL between patients aged
≥80 years and those aged ≤79 years. EHL can be safely performed in individuals aged
>80 years. However, attention should be given to the onset of post-procedural pneumonia.

This study has several limitations. First, it is a retrospective study. Second, the sample
size of this study is small. Third, there are case-to-case differences in the endoscopic
treatment before EHL. Fourth, there is a difference in the background characteristics
between the elderly group and the non-elderly group because propensity score matching
was not performed. Finally, the long-term outcomes, such as the recurrence rate of CBD
stones after EHL treatment, are unclear.

5. Conclusions

In our study, we found that EHL using POCS under ERCP guidance enabled the
efficient removal of CBD stones in the elderly group aged ≥80 years, and there was no
significant increase in adverse event rates compared with those aged ≤79 years. Our
analysis suggests that EHL using POCS under ERCP guidance can be performed equally
effectively and safely in the elderly and non-elderly.
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Abstract: Background and Objectives: Acute cholecystitis is a frequent cause of admission to the
emergency department, especially in old and frail patients. Percutaneous drainage (PT-GBD) and
endosonographic guided drainage (EUS-GBD) could be an alternative option for relieving symptoms
or act as a definitive treatment instead of a laparoscopic or open cholecystectomy (LC, OC). The
aim of the present study was to compare different treatment groups. Materials and Methods: This is
a five-year monocentric retrospective study including patients ≥65 years old who underwent an
urgent operative procedure. A descriptive analysis was conducted comparing all treatment groups.
A propensity score was estimated based on the ACS score, incorporated into a predictive model,
and tested by recursive partitioning analysis. Results: 163 patients were included: 106 underwent
a cholecystectomy (81 laparoscopic (LC) and 25 Open (OC)), 33 a PT-GBD and 21 EUS-GBD. The
sample was categorized into three prognostic groups according to the adverse event occurrence rate.
All patients treated with EUS-GBD or LC resulted in the low risk group, and the adverse event rate
(AE) was 10/96 (10.4%). The AE was 4/28 (14.2%) and 21/36 (58.3%) in the middle- and high-risk
groups respectively (p < 0.001). These groups included all the patients who underwent an OC or a
PT-GBD. The PT-GBD group had a lower clinical success rate (55.5%) and higher RR (16,6%) when
compared with other groups. Conclusions: Surgery still represents the gold standard for AC treatment.
Nevertheless, EUS-GBD is a good alternative to PT-GBD in terms of clinical success, RR and AEs in
all kinds of patients.

Keywords: cholecystitis; percutaneous gallbladder drainage; endosonography-guided gallbladder
drainage; cholecystectomy; frailty; ACS score

1. Introduction

Acute cholecystitis (AC) is one of the common differential diagnoses for patients
presenting with abdominal pain in the emergency department. The risk of developing
symptomatic episodes of biliary colic and cholecystitis is higher in the older population.
Early cholecystectomy is the gold standard of treatment for AC [1,2]. However, in elderly,
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polymorbid and high-risk patients, alternative therapies should be considered such as
percutaneous gallbladder drainage (PT-GBD) or endoscopic ultrasound-guided gallbladder
drainage (EUS-GBD) [3]. Several studies reported comparisons between surgery and
alternatives techniques such as the CHOCOLATE trial [4] and more recently Teoh et al. [5,6].
Current guidelines do not provide definitive recommendations on how to manage high-
risk patients with AC who would not be considered for surgery [2,7]. Due to the lack of
evidence, we decided to investigate our series by comparing all treatment populations
for AC.

2. Materials and Methods

Data were collected from a prospectively maintained database at the Humanitas
Research Hospital, IRCCS, Rozzano, Italy (with approval of the Ethical Committee of the
IRCSS Humanitas Research Hospital of Rozzano – Milan; NCT02855151 (20 January 2016)).
All patients ≥65 years old accepted at the emergency department with AC who underwent
an urgent operative procedure (PT-GBD, EUS-GBD, LC or OC) between January 2015
and December 2020 were included. Data included: sociodemographic and preoperative
data and medical history (previous episodes of AC, nonoperative management (NOM)
failure, previous ERCP, anticoagulant medications, laboratory tests). The severity of the
disease was calculated according to the latest Tokyo guidelines (TG18) that state AC into
three severity grades. Each AC case was evaluated and its severity scored according to
TG18 [2]. The American College of Surgeons National Surgical Quality Improvement
Program Surgical Risk Calculator (ACS NSQIP score SRC) was used to estimate the serious
complication risk and the death risk compared with the average risk of the procedure [8].
We defined it as ACS score. The Clinical Frailty Scale Score (CFSS) was used to define the
fragility level [9]. The failure of nonoperative management (NOM) was reported even if
patients were included independent of the fact that a conservative treatment had been
previously attempted.

The therapeutic strategy was decided by a multidisciplinary group composed of
surgeons, endoscopists, and radiologists choosing for each patient the best procedure
according to the above-mentioned score and the best practice habits. If surgery was the
choice, the laparoscopic or open approach was chosen by the attending surgeon considering
the patient physiology, the TG18 score, the AAST score, and lastly the laparoscopy expertise
(although at our center, all the senior surgeons have good laparoscopy expertise, and if a
difficult LC was performed by a surgery resident, a further laparoscopic procedure was
attempted by the senior surgeon before converting to open surgery).

Ongoing anticoagulant therapy was considered a risk factor for complications.
Postoperative variables were classified as: adverse events (AE), technical success (TS),

clinical success (CS), need for rescue procedure, kind of rescue procedure, recurrence rate
(RR), length of hospital stay, 90-day mortality.

2.1. Outcomes Definitions

The first outcome was technical success (TS), and it was defined differently for each
technique: the ability to drain the gallbladder with the placement of a lumen-apposing
metal stent (LAMS) in the EUS-GBD group; performing a complete cholecystectomy,
laparoscopic or open; or placing a percutaneous catheter in the PT-GBD group.

The second outcome was the clinical success, considered the improvement of clinical
symptoms and laboratory tests within the first week after the procedure [5,10].

The third outcome was the recurrence rate (RR), considered a further AC episode
within one year from the first procedure or the immediate need of a rescue procedure due
to a lack of clinical improvement.

As a last but major outcome, we considered the adverse event (AE) rate and the serious
adverse event (SAE) rate. We registered AEs according to the Clavien Dindo scale (CD)
considering them severe if CD ≥3 [11]. We considered infective complications all cases that
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required antibiotics, both oral and intravenous; we defined septic shock according to the
last 2016 Sepsis-3 consensus [12].

Patients were followed up through both clinical visits and phone calls.

2.2. Procedures

LC or OC: In case of a laparoscopic approach, the procedure was performed using a
four-trocar technique [2], while the open technique was performed through subcostal inci-
sion [13]. The critical view of safety [7] was always required before the cystic duct and cystic
artery were transected after clipping them. The gallbladder was subsequently removed
from its bed by electrocautery. Preoperative antibiotic prophylaxis was administered (2 gr.
cefazolin e.v. or piperacilline-tazobactam in more severe grades of AC) [2].

PT-GBD: A percutaneous catheter was placed under image guidance (US or CT scan).
The puncture was performed transhepatic or transperitoneal, and the pigtail catheter
(8–10 Fr) was placed either with one-step using a trocar or with the Seldinger technique.
The drain would stay in place for almost three weeks and required an antegrade cholan-
giography before its removal [4–6,14].

EUS-GBD: This procedure provides a connection between the gastrointestinal lumen
and the gallbladder by placing a LAMS. Under EUS guidance, the gallbladder was studied
and drained from either the stomach or duodenum. It consisted in accessing the gallbladder
directly by puncturing it with the device on the pure-cut setting, followed by deployment
of a 8–8 mm or a 10–10 mm stent without any exchange of devices [10,15].

2.3. Statistical Analysis

Patient characteristics were summarized using median and interquartile range (IQR)
for continuous variables and absolute frequencies and percentages for categorical ones.
Variables were compared with chi square test in the case of categorical variables and
ANOVA in the case of continuous ones. To assess the prognostic role of the baseline
variables on AE rate and to rank the relevance of each predictor variable, we estimated
random-forest variable importance measures through the permutation of variable values.
To control for pretreatment imbalances on observed variables and better estimate the causal
effects of interventions, a propensity score was estimated with a generalized boosted
model on the following variables: age, sex, ACS, previous episode of AC, antithrombotic
therapy, WBC, and CRP. The propensity score was then incorporated into the predictive
model through inverse probability weighting [16–18]. The predictor variables were then
tested by recursive partitioning analysis (RPA) [19]. Once risk groups were identified in
the model, they were compared to determine whether sufficient divergences in terms of
adverse event rate and severe adverse event rate were present across identified risk classes,
by means of chi square test. The model was then internally validated using bootstrap
resampling and the performance validation was expressed through the area under the
receiver-operating characteristic curve (AUC, or c-statistic) [20]. Calibration was assessed
by means of a plot showing the correlation between the mean predicted AE probability
versus the mean observed AE rate in deciles of patients with increasing values of the
predicted probability. Differences between predicted probability and observed AE rate
were assessed by the Hosmer–Lemeshow test [21]. All statistical tests were 2-tailed, and
differences were considered significant at a p value < 0.05. The statistical analysis was run
using the rpart and performance packages in R Statistical Software 3.0.2 (Foundation for
Statistical Computing, Vienna, Austria).

3. Results

In this study, 163 patients were included. Surgery was performed in 106 patients (81 LC,
25 OC), PT-GBD on 33 cases and EUS-GBD on 21 cases. Among the group, 90 patients
(56%) were males, with significant difference in sex distribution amongst groups. Median
age was 77 (IQR 71–82) (p < 0.001). Patients who underwent surgery were younger. The
same was for the ACS score distribution: it was higher in the PT-GBD group and in the OC
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group (p < 0.001). The width range was 1.00–8.00, and the median CFSS was 3, but it was
higher in the PT-GBD groups, and its difference was statistically significant (p < 0.001).

Considering the pretreatment laboratory values, a significant difference was found
amongst groups for WBC count (p = 0.002) and CRP (p = 0.004). Differences in INR values
were not significant, but our study outlined relevant differences in distribution among
groups. A statistically significant distribution was observed for the anticoagulant therapy:
over half (57%) of the patients who underwent EUS-GBD were on active antithrombotic
therapy (p = 0.02) and the therapy wasn’t suspended before the procedure.

The failure of eventual nonoperative management was reported with a statistically
significant difference among groups: patients from PT-GBD group resulted in a higher rate
of NOM failure (51.5%).

The preoperative baseline characteristics of patients are outlined in Table 1.

Table 1. Baseline patients’ characteristics.

Variable Total (n = 163) PT-GBD (n = 33)
EUS-GBD

(n = 21)
LC

(n = 81)
OC

(n = 25)
p Value

Age
Median (IQR) 77 (71–82) 83 (75–87) 84 (81–89) 74 (70–79) 74 (69–80) <0.001

Male
No (%) 90 (56%) 12 (36%) 10 (48%) 51 (63%) 17 (68%) 0.03

BMI
Median (IQR) 26.2 (24.2–29.1) 26.7 (23.6–29.6) 25.8 (21.6–28) 25.8 (24.3–25.8) 27.3 (25.2–31.2) 0.24

Clinical Fraility
Scale Score

(median [range])
3.00 [1.00, 8.00] 6.00 [2.00, 8.00] 4.00 [2.00, 8.00] 3.00 [1.00, 8.00] 3.00 [2.00, 7.00] <0.001

ACS score
Median (IQR)

6.45
(3.88–17.02) 17.6 (16.4,23) 6.1 (5.3–7.3) 4 (2.8–6) 17.5 (12.9–20.6) <0.001

Non operative
management

(NOM) failure
36 (22.5) 17 (51.5) 4 (19.0) 11 (13.6) 4 (16.0) <0.001

Previous AC
No (%) 41 (26%) 12 (38%) 8 (38%) 17 (21%) 4 (16%) 0.10

Previous ERCP
No (%) 17 (11%) 3 (9%) 6 (29%) 7 (9%) 1 (4%) 0.12

Anticoagulant
therapy
No (%)

47 (29%) 10 (30%) 12 (57%) 18 (22%) 7 (28%) 0.02

WBC
No (×1000) 12 (8.5–16.5) 6.9 (0.7–16.1) 14.7 (7.5–17.1) 12.6 (10.4–17) 11.7 (10.7–14.4) 0.02

Hb [g/dl]
Median (IQR) 12.9 (10.3–13.4) NR NR 13.1 (10.3–14.2) 12.4 (11–14.3) 0.11

CRP [mg/dl]
Median (IQR) 11.5 (4–22.7) 15 (11.2–24) 6.15 (1.87–25) 8.32 (2.4–19.1) 13.5 (7.16–24.8) 0.04

Total Bilirubin
[mg/dl]

Median (IQR)
1.2 (0.73–2) 1.2 (0.7–2.4) 1.1 (0.62–1.53) 1.32 (0.88–2.08) 0.9 (0.68–1.87) 0.43

INR
Median (IQR) 1.21 (1.1–1.37) 1.32 (1.21–1.69) 1.23 (1.1–1.36) 1.15 (1.07–1.31) 1.2 (1.13–1.29) 0.008

Continuous variables were reported as median values and interquartile range. Comparisons were performed with
ANOVA for continuous variables and chi square test for categorical ones. Significances were reported in bold.
Previous AC: previous episode of acute cholecystitis; ERCP: Endoscopic retrograde cholangiopancreatography;
WBC: white blood cells; Hb: Hemoglobin; CPR: c-reactive protein; INR: International Normalized Ratio. Bold
values are statistically significant.

A detailed list of patient outcomes is reported in Table 2.
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Table 2. Postoperative Outcomes.

Total
(163 pts)

PT- GBD
(n = 33)

EUS-GBD
(n = 21)

LC
(n= 81)

OC
(n = 25)

Technical Success (TS)
No (%) 162 (99) 33 (100) 20 (95) 81 (100) 25 (100) 0.084

Clinical success (CS)
No (%) 124 (78) 21 (64) 18 (85) 69 (85) 16 (64) 0.02

Recurrence Rate (RR)
No (%) 11 (9) 7 (24) 3 (14) 0 1 (4) <0.001

Adverse event rate
No (%) 41 (26) 13 (9) 2 (10) 13 (16) 13 (52) <0.001

Severe Adverse Event rate
No (%) 17 (11) 9 (27) 0 2 (2) 4 (16) 0.001

Type of adverse event

Drainage Displacement
No (%) 6 (12) 5 (18) 0 - - NC

Sepsis/Septic Shock
No (%) 8 (19) 4 (12) 1 (5) 2 (2) 2 (8) NC

Cystic duct obstruction
No (%) 1 (2) 1 (3) - NC

.cBiliary leak
No (%) 6 (15) 1 * (3) - - 5 * (20) NC

Cholangitis
No (%) 1 (2) - - - 1 (4) NC

Medical complications
(cardiological, respiratory,

renal failure)
No (%)

17 (41) 1 (3) 1 (5) 6 (7) 4 (16) NC

Lenght of stay (day) (median
[range])

6.00
[1.00, 167.69]

15.26
[5.00, 57.53]

5.00
[1.00, 167.69]

4.61
[1.12, 70.90]

8.12
[3.00, 53.82] <0.001

90-Day mortality
No (%) 5 (4) 3 (27) - 2 (2) 0 (0) 0.004

* 1 secondary biliary duct. Bold values are statistically significant.

TS was reached in 100% of cases except in the EUS-GBD group, where in one case,
the device positioning was not feasible due to the migration of the device between the
gallbladder lumen and the stomach. A rescue surgery was performed with the repair of a
microscopic antral wall defect.

In the surgical group, four patients were converted from LC to OC, but all the surgeries
were completed successfully without cases of incomplete cholecystectomy. All the AC that
required a change of surgical plan had an AAST score of more than 3 and a TG18 score
of 2 or 3. Furthermore, during surgery they badly tolerated pneumoperitoneum, and the
surgical team finally decide to convert. One of them was a severely ill patient with a frailty
score of 8 who failed NOM and was surgically treated. He finally died during intensive
care hospitalization due to his extremely poor physiological status.

Overall CS rate was 124/163 (78%), and RR was 15/163 (9%). The overall AE rate
was 41/163 (26%). Of all AEs (41), only 17 were graded as severe and required invasive
treatment. We registered five cases of PT-GBD displacement managed by the repositioning
of the drain.

Six patients experienced a biliary leak (five in the OC group and one PT-GBD). Of
these, the one from the PT-GBD group was due to a Luschka duct and was surgically
treated, while the others resolved by leaving the drains in place. In five cases (all from
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the PT-GBD group), patients experienced severe septic shock. In one of them, a rescue
EUS-GBD was performed, and the others patients were surgically treated.

No bleeding complications occurred, and the EUS-GBD series patients on active anti-
coagulant therapy were not burdened by a higher number of AEs. Infective complications
occurred in 10 patients; 3 cholangitis and 7 severe septic shocks: 4 from the PT-GBD group,
1 from the EUS-GBD group, 2 from OC group and 1 from the LC. The 4 patients from the
PT-GBD group, underwent a rescue procedure: 2 surgeries, 1 repositioning of percutaneous
drainage and 1 EUS-GBD. The endoscopically treated patient and one of the two surgically
treated patients died due to medical complications (pneumonia and cardiac failure).

In the results, 90-day mortality was 5/163 (3%): 3 patients from the PT-GBD group
and 2 from the surgical group. Of the PT-GBD group, two patients died after a rescue chole-
cystectomy due to a serious septic status. The others died because of medical complications.
One case of cholangitis was reported after surgery, and it was treated with antibiotics.

Additional data about adverse events are presented in Supplementary Table S1.
Looking at the RR, 11 patients returned to the emergency department for a new AC

episode. Of these, 7 were from the PT-GBD group, 3 from the EUS-GBD group. Patients
from PT-GBD group were managed with EUS-GBD in 2 cases and LC in 2 cases, and the
others were treated non-operatively with antibiotics. Furthermore, a case of cholangitis
was described in the LC group causing readmission of the patient. It was managed with
antibiotics with no complications.

Patients from the EUS-GBD groups who developed a recurrent AC episode were all
treated non-operatively with good response.

The median LOS for PT-GBD patients was 15,26 days while it was 5 days for patients
who underwent EUS-GBD, 4.61 for LC and 8.12 for OC. All the hospitalization was con-
sidered and not only the time after the procedure. Most patients who underwent PT-GBD
were severely comorbid and frail, and they developed AC during the hospitalization for
other issues.

3.1. Recursive Partitioning Analysis

As reported in Figure 1, random forest analysis found that greater importance in
predicting AE occurrence was related to treatment used and ACS score. In fact, the greater
permutation accuracy importance was observed in the treatment (EUS-GBD, PC-GBD,
open surgery or VLS) and ACS score, followed by clinical frailty score and age. RPA of
prognostic factors demonstrated that the risk of AE was stratified according to treatment
used and ACS score, as in Figure 2. These factors split the series into three classes: low,
intermediate, and high risk. Patients treated with EUS-GBD and patients with ACS score
<17.4 treated with LC fall in the low-risk group (AE 10.4%, SAE 3.1%). Patients with ACS
score <17.4 treated with open surgery or PT-GBD are classified at intermediate risk (AE
14.2%, SAE 7.1%), whereas patients with ACS score >17.4 treated with surgical (either LC
or open) or percutaneous approach were at high risk of AE (AE 58.3%, SAE 25%). Of note,
patients in the high-risk group experienced also poorer efficacy outcomes, with a success
rate of 55.5% (versus 87.5% and 89.2% of low and intermediate risk groups; p < 0.001) and
RR of 16.6%, again significantly superiors (7.3% and 0%, respectively; p < 0.001). Higher
values of mean decrease in accuracy importance indicate variables that are more important
to the classification.
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Figure 1. Variable importance estimated by permutation-based mean decreased accuracy importance
considering adverse event rate as outcome.

Figure 2. Recursive partitioning classification tree for adverse event occurrence. The terminal nodes
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categorized the study sample into three prognostic groups according to the adverse event occurrence
rate. Adverse event rate was 10/96 (10.4%) in the low-risk group, 4/28 (14.2%) and 21/36 (58.3%) in
the middle and high-risk groups, respectively (p < 0.001). Abbreviations: VLS: Videolaparoscopy,
PT-GBD: Percutaneous Gallbladder drainage; EUS-GBD: Endoscopic ultrasound guided gallbladder
drainage; ACS: American College of Surgeons risk score; AE: Adverse Event; SAE: Severe adverse
event; Succ: Clinical success (CS); Rec: Recurrence (RR).

3.2. Performance of the Model and Validation

The model showed a c-index of 74.3% (95% CI: 71.1%-78.2%; Figure 3) and a proper
calibration (Hosmer–Lemeshow p value = 0.58 and mean error rate 3.3%) as shown by the
calibration plot (Wald test for calibration slope p = 0.55; Figure 4). The internal validation
of the model based on a bootstrap method (250 repetitions), showed a c-index of 72.5%
(95% CI 70.3%–75.4%) (Figure 3) thus excluding the risk of overfitting.

Figure 3. Receiver operating characteristic (ROC) curve and the corresponding area of the predictive
model. Red line corresponded to the analysis before internal validation and green line corresponded
to the analysis after bootstrapping-based internal validation.
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Figure 4. Calibration plot. Smoothed (loess) calibration plots reporting increasing predicted proba-
bility of adverse events by the assessed model. The diagonal line indicates the ideal line of perfect
correspondence of predicted to observed adverse event rate. Mean absolute error rate was 3.3%.

4. Discussion

The aim of the current study was to compare outcomes of EUS-GBD, PT-GBD and
surgery (both Laparoscopic and Open approach) considering and comparing technical and
clinical success, complications rate and recurrence [13,14,22–25]. In the last few years, an
increasing interest for alternative treatments of AC in frail patients was registered and
many studies focused on this topic [10,14,22,26–29].

From the baseline characteristics analysis, a different distribution amongst frailty
and age was outlined; patients treated with PT-GBD were older than patients submitted
to surgery and had a higher ACS score. CFS score was calculated for all patients and it
outlined, at first, an extremely heterogenous distribution of fragility among the population,
second, that patients undergoing PT-GBD resulted being frailer than others. Such a dif-
ference highlight, in our opinion, a good evaluation and treatment choice. In fact, these
PT-GBD patients would have been expected to have a poor surgery response due to their
frailty level. It must be noticed that patients undergoing EUS-GBD had a 2-point-lower
CFSS. This is probably due to the retrospective nature of the current study and the short-
time experience in EUS-GBD field. Patients with AC, candidate to an invasive procedure,
were evaluated by surgeon, endoscopist and radiologist and frail patients should have
been avoided from surgery and addressed to PT vs EUS guided drainage. However, the
short-time expertise could have compelled the multi-disciplinary team to avoid EUS-GBD
if not completely safe. In the end, the different distribution of treatments reflects the clinical
practice where surgical treatment continues to be considered the gold standard also thanks
to increased quality of anesthesiologic assistance [3,7]. The AE rate for the surgical branch
did not result in a higher severe complication rate when compared to PT-GBD. The in-
terim analysis of the CHOCOLATE trial recently demonstrated that patients who undergo
surgery have a lower rate of major complications (12%) when compared with PT-GBD (44%
of AE) [4]. In our series, 16% of the LC group had AEs vs 39% of the PT-GBD group [4]. A
higher number of AEs was observed in the OC group (52%). Revising the OC series many
cases of AC with high ASST and TG18 score were observed. Moreover, the ACS score was
usually higher in patients undergoing an open approach, either due to the inner risk of the
procedure and to the physio pathological state of the patient. The AE rate was quite high
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suggesting that these patients could have been good candidates to EUS-GBD instead of a
surgical approach.

We choose the ACS as score considering its widespread use in the surgical commu-
nity [8]. Patients with an ACS >17.4 had higher AE rate; all the patients treated with
PT-GBD were part of this group (high risk of AE). On the other hand, patients who under-
went LC had an ACS <17.4 and a lower AE rate. Considering this finding we may assume
that the therapeutic strategy was correct and based on a valid risk estimation. Recently,
Teoh et al., promoted EUS-GBD use, demonstrating that it may reduce the risk of gallstone-
related adverse events. They demonstrated, using a propensity score matching, an AE
rate of 13.3%, a RR of 10% with a clinical success of 93.3%. When compared to PT-GBD,
they found that EUS-GBD significantly reduced 1-year AEs (10 (25.6%) vs. 31 (77.5%),
p < 0.001) and 30-day AEs (5 (12.8%) vs. 19 (47.5%), p = 0.001). Based on our results we can
support their findings (AE 10.4% vs. 14.2% in patients with ACS <17.4 and 58.3 in patients
with ACS > 17.4) [5,6]. Similar were RR and CS (in our population respectively 7.3% and
87.5%). The main difference was the population selection, in Teoh’s series only patients
excluded from surgery with an AC grade 2 and 3 were considered for EUS-GBD. In our
study we considered all patients admitted with AC independently from the grade. This
way EUS-GBD represents a real alternative to surgery in frail patients and not a second
line procedure. In our center TS ranged almost 100% in all groups. However, multicentric
study may be desirable to compare these procedures, also pondering the lack of experience,
especially in EUS-GBD positioning [25–29].

CS was achieved in 64% of PT-GBDs, against 85% of both the EUS-GBD and LC
groups. It may be assumed that EUS-GBD and LC are the best strategies, when looking
at the first postoperative period. If we exclude the LC patients (RR = 0), the lower RR
was observed in the EUS-GBD group (RR = 14% vs. 24% in PT-GBD). This could be due
to the ease of displacement of the gallbladder drain or the higher risk of obstruction in a
small drain lumen. 5 cases of dislodgment were registered in PT-GBD series (vs only one
case in EUS-GBD group). This finding is in line with the current literature [22–25]. In a
recent retrospective study the cholecystostomy tube dislodgment was registered 17,8% [30].
In Teoh’s series PT-GBD resulted in a higher rate of dislodgement (35%) while no EUS-
GBD drain displaced. Another interesting finding is related to anticoagulant therapy did
not influence the AE rate: the safety of this strategy has already been described in our
center within a case series and it is confirmed in this setting [30]. Moreover, the device
could theoretically stay in place until stones and sludge are completely drained and then
removed or left in place lifelong if well tolerated by the patient. In our center no devices
have been removed and until now any issue or complication or affection to the QoL have
been reported. We are aware that a longer follow up could be desirable to better evaluate
the efficiency of the device, recurrence rate and lastly the possible technical difficulty in
performing future surgery. Our experience up to now provide results on the safety of
the EUS-GBD procedure, on the clinical improvement and in shortening hospitalization.
Future studies and the extension of the follow up on our patients will provide evidence on
long-term efficacy.

5. Conclusions

Surgery for AC remains the gold standard treatment with good outcomes in recurrence
rate, complications rate, safety and mortality. This paper evidence the emerging role of
EUS-GBD, particularly in patients not fit for surgery. EUS-GBD could be considered a good
alternative for treatment, long term results are promising even though still under study.
This EUS procedure could represent an innovation, especially facing old and frail patients.
Moreover, our results highlight the need for calculating scores and approaching patients in
a multidisciplinary way even in an emergency setting.
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Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/medicina58111647/s1, Table S1: Adverse events (Complications)
and Severe Adverse Events (CD > 3).
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Abstract: Background and Objectives: Bleeding is one of the most feared and frequent adverse events
in the case of EUS-guided drainage of WOPN using lumen-apposing metal stents (LAMSs) and
of direct endoscopic necrosectomy (DEN). When it occurs, its management is still controversial.
In the last few years, PuraStat, a novel hemostatic peptide gel has been introduced, expanding
the toolbox of the endoscopic hemostatic agents. The aim of this case series was to evaluate the
safety and efficacy of PuraStat in preventing and controlling bleeding of WOPN drainage using
LAMSs. Materials and Methods: This is a multicenter, retrospective pilot study from three high-volume
centers in Italy, including all consecutive patients treated with the novel hemostatic peptide gel
after LAMSs placement for the drainage of symptomatic WOPN between 2019 and 2022. Results: A
total of 10 patients were included. All patients underwent at least one session of DEN. Technical
success of PuraStat was achieved in 100% of patients. In seven cases PuraStat was placed for
post-DEN bleeding prevention, with one patient experiencing bleeding after DEN. In three cases,
on the other hand, PuraStat was placed to manage active bleeding: two cases of oozing were
successfully controlled with gel application, and a massive spurting from a retroperitoneal vessel
required subsequent angiography. No re-bleeding occurred. No PuraStat-related adverse events were
reported. Conclusions: This novel peptide gel could represent a promising hemostatic device, both in
preventing and managing active bleeding after EUS-guided drainage of WON. Further prospective
studies are needed to confirm its efficacy.

Keywords: PuraStat; walled-off pancreatic necrosis; pancreatic fluid collection; LAMS; EUS-guided
drainage; bleeding; endoscopic hemostasis; endoscopic hemostatic agents

1. Introduction

Walled-off necrosis (WON) is one of the possible local complications of acute necro-
tizing pancreatitis (ANP) that could be life-threatening when it becomes symptomatic
(e.g., signs of systemic infections, gastric or intestinal outflow obstruction, abdominal pain,
compression on major vessels, jaundice) [1]. The management of these collections has
been largely studied in the last years, and the paradigm of treatment has changed over
the years. The current international guidelines suggest adopting the so called “step-up
approach”, indicating a gradual increase from a less invasive procedure to a more invasive
one [2,3]. The endoscopic ultrasound (EUS)-guided drainage followed by direct endoscopic
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necrosectomy (DEN) nowadays represents the treatment of choice in the case of symp-
tomatic WON, especially after the introduction on the market of dedicated devices, such
as lumen-apposing metal stents (LAMSs) [2]. These stents have been demonstrated to be
very effective for the drainage of WON but are burdened by non-negligible rates of adverse
events (AEs), up to 20% [4].

Bleeding is one of the most common and feared AEs in the case of EUS-guided
drainage of WON using LAMSs and of DEN, and when it occurs, it usually requires
urgent interventions, such as endoscopy or radiological embolization or coiling. A large
international multicenter series published by Fugazza et al. [5] reported bleeding in 27.8%
of all LAMS-related AEs in the setting of pancreatic fluid collections (PFCs), with an overall
risk of 7.2% (22/304). In a retrospective analysis involving 30 Italian centers over a 5-year
period, including 269 WON, bleeding was reported as the most frequent AEs, occurred
in 6% of the patients [6]. When it occurs, the management of bleeding is still a dilemma,
mainly because of the difficulties in obtaining effective hemostasis and because of the
“extraluminal”/peritoneal location.

In the last few years, a novel hemostatic peptide gel has been introduced, expanding
the toolbox of the endoscopic hemostatic agents. PuraStat® (3-D Matrix Europe SAS,
Caluire et Cuire, France) is a synthetic hemostatic agent licensed as CE and marketed as a
surgical hemostatic agent. PuraStat is a liquid that when applied to a bleeding area acts
rapidly to form a gel coat, which induces hemostasis. It is a slightly viscous solution of
synthetic peptides. Contact between PuraStat and blood causes the acidic peptide solution
to be neutralized and exposed to ions, resulting in the formation of ß-sheets that then form
a three-dimensional scaffold structure. For this reason, it has both a role for the treatment
of active bleeding and the potential of enhancing endoscopic mucosal wound healing,
preventing delayed bleeding.

PuraStat is applied through a small catheter placed through the biopsy channel of the
endoscope and can be used in various small spaces. It is supplied in a pre-filled syringe
and is currently available in 1 mL, 3 mL, and 5 mL unit doses indicated for hemostasis in
several surgical circumstances. On application to tissues, PuraStat forms a fully transparent,
slightly viscous aqueous peptide (2.5%) solution over the bleeding or potentially bleeding
area. PuraStat has several unique features that distinguish it from existing products. As
advantages, it is an inert material with no risk of contamination from a biological source, it
is available in single prefilled and ready-to-use syringes, requiring no preparation, and can
be used repetitively. The transparent adherent barrier permits further endoscopic therapy
to be performed, and it can be applied in the general area of bleeding and does not require
precise application on the exact point of bleeding. Moreover, it can be removed easily if
desired, and it is applicable to narrow spaces.

For all these reasons, PuraStat could represent a promising hemostatic device for many
endoscopic procedures, including EUS-PFCs drainage. Therefore, the aim of this study
was to evaluate the safety and efficacy of this new hemostatic agent in preventing and
controlling bleeding after LAMSs drainage in the setting of WON.

2. Materials and Methods

The present case series is a multicenter, retrospective pilot study of a prospectively
maintained database from three tertiary Italian institutions, including all consecutive
patients treated with PuraStat after LAMSs placement for the drainage of symptomatic
WON between June 2019 and February 2022.

Mature pancreatic WON was defined as encapsulated collection containing necrotic
debris, as defined by the Atlanta classification [1]. Indications for drainage of WON
included infections and symptoms of obstruction and abdominal pain attributable to WON.

Baseline characteristics, including age, sex, etiology of pancreatitis, location, and size
of WON, percentage of estimated necrosis, and indication to WON intervention, were
collected. Preprocedural bleeding risk factors, such as antithrombotic or anticoagulant
therapy or presence of a vessel within the WON on cross-sectional imaging, were identified.
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2.1. Procedure

All patients signed adequate informed consent prior to any interventional proce-
dure [7]. All the initial drainage procedures were performed by experienced endoscopists
with a linear array echoendoscope under general anesthesia. Under EUS and fluoroscopic
guidance, the WON was drained from either the stomach or duodenum with the deploy-
ment of an electrocautery LAMS (Hot-AXIOS; Boston Scientific Corp, Marlborough, MA,
USA) (Figure 1). The optimal puncture site, avoiding vasculature, was confirmed under
EUS and Doppler flow guidance. All LAMSs were released using the free-hand tech-
nique, with direct access into the collection by puncture with the electrocautery system and
without a guidewire. The second flange of the stent was released with the intra-channel
stent release technique [8]. The 15 × 10 or 20 × 10 mm LAMSs were chosen according to
the size of the collection with the amount of necrosis at the discretion of the endoscopist.
Pneumatic dilation of the LAMSs, hydrogen peroxide irrigation of the cavity, placement of
double-pigtail stent through the LAMSs, and/or immediate extraction of necrotic debris at
the time of WON drainage were left at the discretion of the endoscopist. All patients were
under broad-spectrum antibiotic therapy at the moment of LAMS placement.

Then, DEN was performed through LAMS with a forward-viewing endoscope at
regular intervals. Endoscopic necrosectomy was performed with a combination of sucking
debris through the working channel, removing necrotic material with a removal device,
and applying irrigation. Endoscopists could use various accessories for fragmentation
and removal of necrotic debris, including conventional cold snares, baskets, roth nets, or
novel dedicated devices, such as the EndoRotor Powered Endoscopic Debridement (PED)
System® (Interscope Medical, Inc., Worcester, MA, USA) or Necrolit® (Meditalia s.a.s.,
Palermo, Italy). Finally, debris after copious lavage were aspirated, while hydrogen perox-
ide irrigation of the cavity was left at the discretion of the endoscopists. DEN sessions were
performed until complete debridement of necrotic material was achieved and granulation
of pink tissue in almost all walls of the cavity was seen.

PuraStat was then applied both for the treatment of active intraprocedural bleeding
and for the prevention of delayed bleeding at the end of the DEN sessions (Figure 1).
PuraStat was placed at the bleeding source, alone or in combination with other conventional
hemostatic techniques, for the control of intraprocedural active bleeding. Instead, after the
DEN sessions, the hemostatic gel was placed inside the WON cavity on the newly exposed
granulation tissue after removal of necrotic debris. Thus, PuraStat was applied on the most
vascularized areas of granulation tissue to prevent delayed bleeding from microscopic
vessels and to promote cystic wall healing.

2.2. Data Collections and Analysis

Intraprocedural bleeding was defined as visible bleeding within the WON cavity or
on the gastric wall, identified during the initial drainage procedure or subsequent DENs.
Delayed bleeding was defined as the occurrence of clinical signs of bleeding (hematemesis,
melena, or a drop in hemoglobin >2 g/dL) and the presence of fresh blood or stigmata of
recent bleeding on endoscopic investigation after the procedure when PuraStat was placed
to prevent a primary bleeding event. Rebleeding was defined as secondary bleeding event
when PuraStat was used alone or in combination with other hemostatic techniques in the
management of the primary active bleeding. Technical success of PuraStat application was
defined by the ability of gel deployment in the target area. Posology, time for application,
and PuraStat-related AEs were recorded. Additional endoscopic or radiological hemostatic
techniques were decided by the endoscopist according to severity of the hemorrhage.

The primary endpoints were to assess the clinical success of PuraStat, meaning its
ability to achieve immediate hemostasis in the treatment of active bleeding and to prevent
delayed bleeding and the rate of PuraStat-related AEs. The secondary outcomes assessed
were the severity of bleeding and type and number of additional interventions needed for
the management of bleeding in the setting of WON.
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(a) (b) 

 
(c) (d) 

Figure 1. (a) CT scan showing a large WON, involving the entire pancreatic gland; (b) EUS-WON
drainage using LAMS (red arrow); (c) CT scan showing LAMS placed between the gastric cavity and
the WON (blue arrow); (d) PuraStat application on WON walls to treat oozing bleeding from a small
intracavitary vessel during DEN.

Technical success of EUS-drainage was defined as placement of the LAMSs for PFC-
drainage. Necrotic tissue was debrided during one or more DEN session until complete
resolution. Clinical success of DEN was established as WON < 2 cm on cross-sectional
imaging and symptoms resolution without need for further interventional radiologic or
surgical procedures. All LAMSs were removed within 4 weeks after placement, and the
patients were followed up for at least 30 days after LAMS removal.

All AEs related to LAMS placement and DEN procedure, including bleeding, were
classified according to the ASGE Lexicon severity grading system [9], and time of occurrence
and their management were reported.

3. Results

3.1. Baseline Characteristics

During the study period, a total of ten patients (nine men, one woman) were enrolled
(Table 1), with a mean age of 65.7 years (range 24–89 years). The etiologies of acute
pancreatitis were 70% gallstones, 20% idiopathic, and 10% alcohol. Indications for EUS-
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WON were abdominal pain in six patients (60%), infected WON in six (60%), and gastric
outlet obstruction in five (50%), and early satiety in two (20%). At the onset of pancreatitis,
two patients were on anticoagulant therapy with Rivaroxaban, which was shifted to low
molecular weight heparin (LMWH) during their hospital stays; according to the recent
guidelines [10], LMWH was omitted the day of the procedure. Before drainage, all the
patients underwent contrast-enhanced abdominal CT-scan to assess WON characteristics.
WON was located in the head of the pancreas in two patients (20%), in the body-tail in
five (50%), while it affected the entire pancreatic gland in three cases (30%). The medium
WON diameter was 126.8 mm (range 82–180 mm). Pancreatic necrosis was estimated
to be greater than 50% in four patients (40%). Three patients had vessels within the
WON seen on cross-sectional imaging before LAMS placement; after a multidisciplinary
discussion with interventional radiologists and surgeons, prophylactic coil embolization of
the splenic artery was pursued in one case, while in another patient the DEN procedure
was performed in an angiographic room without the need of arterial embolization. The
third patient did not require any radiological treatment; thus, conventional EUS-guided
drainage and subsequent DEN were performed in the endoscopic room. None of these
patients experienced bleeding events during the study period.

Table 1. Baseline Characteristics.

Patients’ Characteristics 10 Patients

Gender
M 9
F 1

Mean Age 65.7 years (24–89)
Etiology of acute pancreatitis

Gallstones 7
Idiopathic 2
Alcohol 1

Indication for drainage
Abdominal pain 6
Infected WON 6
Gastric outlet obstruction 5
Early satiety 2

WON Characteristics 10 WON

WON location
Body and Tail 5
Entire Pancreas 3
Head 2

Max WON diameter 126.8 mm (82–180)
% of estimated necrosis

<50% of necrosis 6
>50% of necrosis 4

Evidence of vessel inside WON 3
Prophylactic Embolization 1
DEN performed in angiographic room 1
No need for radiological treatment 1

3.2. Procedure Details

Details of EUS-drainage, DEN and PuraStat application are shown in Table 2. Technical
success of WON drainage using LAMSs was 100%. The 20 × 10 mm LAMSs were used
in nine cases, while 15 × 10 mm LAMSs were deployed during three initial drainage
procedures. Two patients (20%) were treated with two LAMSs with a multiple gateway
drainage strategy, as previously reported [11]. In all cases, LAMSs were deployed through
the gastric wall. Pneumatic dilation of the LAMSs were performed in nine patients (90%),
while the WON cavity was irrigated with hydrogen peroxide in seven patients (70%).
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Table 2. Procedure Details.

EUS-Guided WON Drainage 10 Patients

Technical success 100%
LAMS size

20 × 10 mm 9
15 × 10 mm 3

Multiple Gateway Drainage 2
Trans-Gastric Drainage 10
LAMS dilation 9
Hydrogen peroxide irrigation 7

Direct Endoscopic Necrosectomy 10 Patients

Devices used for DEN
Snares 10
Dormia baskets 3
EndoRotor® 1
Necrolit® 1

Mean DEN sessions 1.6 (1–3)
Clinical success of DEN 10/10

PuraStat Application

Technical success 100%
Mean application time 4 min (2–6)
Mean volume 3 mL

DEN was subsequently performed using conventional accessories, including snares
and Dormia baskets, respectively, in ten and three cases. In addition, two patients were
treated with novel dedicated necrosectomy devices, such as EndoRotor® and Necrolit®.
Clinical success of DEN was obtained in 100% of the patients. The mean number of DEN
sessions needed to achieve the complete debridement of the WON was 1.6 (range 1–3), with
four patients that required more than one DEN session. Double pig-tail plastic stents were
placed through the LAMSs at the end of the DEN procedures in five cases (50%). Technical
success of PuraStat application was achieved in 100% of patients in the mean time of 4 min
(range 2–6 min). The mean posology of PuraStat applied after each DEN session was 3 mL.
In two cases, the novel hemostatic gel was used during two sessions.

3.3. Bleeding Management and Prevention with PuraStat

Outcomes of PuraStat application in the management and prevention of WON-related
bleeding are reported in Table 3. In three patients out of ten, PuraStat was used in the
management of WON-related active bleeding. None of these patients were previously
treated with PuraStat for prophylactic purpose. In one patient, blood oozing from the
gastric wall was seen during the drainage procedure immediately after LAMS deployment
and was successfully treated with PuraStat application after multiple unsuccessful attempts
with Trough-The-Scope Clips (TTSC). The second patient experienced blood oozing 12 h
after a DEN session from a minor WON vessel, which was effectively treated with PuraStat
without the need for additional conventional hemostatic techniques. The third patient
had massive spurting bleeding from a large retroperitoneal vessel during a DEN session.
Endoscopic hemostasis with clips was initially attempted, but the source of bleeding could
not be for certain identified because of the large amount of blood clots within the collection.
As hemodynamic instability succeeded, PuraStat was applied inside the cavity as a bridge
hemostatic treatment to the subsequent radiological embolization. Indeed, after fluid
resuscitation and blood transfusions, the patient was referred to the angiographic room,
but as no active bleeding was identified, embolization was not needed. The patient was
admitted to the intensive care unit, and no further hemorrhages occurred. No case of
re-bleeding occurred.
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Table 3. Bleeding Management and Prevention with PuraStat.

Outcomes Patients

PuraStat in management of active WON-related bleeding 3
Oozing bleedings successfully treated 2
Bridge to embolization in spurting bleeding 1

PuraStat in post-DEN bleeding prevention 7
Delayed Bleeding 1

PuraStat-related adverse events 0/10

In the other seven cases, PuraStat was placed on the WON walls to prevent post-DEN
bleeding. Of these seven patients, only one experienced delayed bleeding 36 h after DEN.
After blood transfusion, the patients underwent endoscopy examinations, which did not
show any active bleeding, without the need for additional hemostatic techniques. No
PuraStat-related AEs occurred.

However, two different procedure-related complications were also reported: a se-
vere periprocedural respiratory failure requiring ICU admission and a mild pneumonia
conservatively treated.

4. Discussion

The endoscopic management of intracystic bleeding is still a dilemma for the endo-
scopist because of the difficulties of obtaining adequate hemostasis with the available
devices and the lack of dedicated ones. Several endoscopic hemostatic techniques for
the management of PFC-related hemorrhage has been reported: epinephrine injection,
hemoclip placement, coagulation [12], balloon tamponade [13], fibrin glue injection [14],
hemostatic powder application [15], and covered SEMS placement [16,17]. However, there
is no consensus on the optimal endoscopic hemostasis.

The use of PuraStat in gastrointestinal endoscopy is approved for the management of
bleeding from small vessels and oozing from capillaries of the GI tract and the surrounding
tissues. Moreover, PuraStat application showed a reduction of delayed bleeding following
gastrointestinal endoscopic submucosal dissection (ESD) procedures in the colon [18,19].

In a recently published prospective multicenter study, Branchi et al. [20] investigated
the role of PuraStat in providing hemostasis in 111 patients with acute non-variceal gas-
trointestinal bleeding. When PuraStat was used as the primary therapy, initial hemostatic
success was reached in 94% of patients (74/79, 95% CI 88–99%). PuraStat induced hemosta-
sis in 75% of patients (24/32, 95% CI 59–91%) if used as a secondary treatment option after
failure of standard techniques. The volume of gel required to achieve hemostasis was 3 mL
in 59% of cases. Overall, the rebleeding rate at the 30-day follow-ups was 16% (18/111).
No adverse events due to application of PuraStat or technical failures were reported.

Soriani et al. [21] reported a successfully PuraStat-managed bleeding from intrahepatic
biliary ducts that occurred during cholangioscopy-guided lithotripsy. This case report
confirmed the opportunity of PuraStat placement also in bleeding sites that are inaccessible
using conventional endoscopic hemostatic devices as it could happen inside the necrotic
cavities during DEN.

First, in our case series, PuraStat was used in the management of three cases of
WON-related active bleeding. The two blood-oozing events, one from the gastric wall
and one from inside the cavity, were successfully controlled with PuraStat application. In
one case of massive blood spurting causing hemorrhagic shock, PuraStat was used as a
bridge hemostatic agent to temporarily control the blood loss, allowing the patient to be
referred to the angiographic room after hemodynamic resuscitation. These data are in
line with the results of previous studies, which demonstrated that PuraStat is much more
effective in achieving initial hemostasis in cases of oozing than for spurting bleeding. In
fact, Subramaniam et al. [19] reported that PuraStat could provide hemostasis in 72.6%
of oozing bleeding cases but only in 50.0% of spurting bleeding cases in gastrointestinal
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tract. Moreover, PuraStat can be used as a rescue hemostatic agent to achieve temporary
hemostasis of massive arterial bleeding. Likewise to what was reported in our cohort,
Branchi et al. [20] described five cases in which PuraStat was used a bridge to surgery in
the case of refractory severe bleeding.

The use of PuraStat in the treatment of acute bleeding inside a pseudocyst after EUS-
guided drainage using LAMS was anecdotally described for the first time by
De Nucci et al. [22]. In their cohort, PuraStat was applied into the pseudocyst cavity as the
primary hemostatic agent, and hemorrhage was controlled after the application of 6 mL of
gel. After 3 days, a second-look endoscopy revealed granulation tissue on the cyst cavity.
No rebleeding occurred, and the LAMS was removed 2 weeks later.

Secondarily, this is the first pilot study to investigate the role of PuraStat in the pre-
vention of WON-related delayed bleeding. In light of the reduction of delayed bleeding
following endoscopic resections in the gastrointestinal tract [18], we applied PuraStat on
the WON walls as a prophylactic hemostatic agent in seven cases, and only one patient
experienced moderate delayed bleeding with no need for subsequent additional endo-
scopic hemostasis. Heretofore, a technique described for the prevention of bleeding after
transmural drainage of PFC was the co-axial DPPSs placement within the LAMS lumen. It
has been hypothesized that the placement of the co-axial DPPS through the LAMS could
have a protective effect in preventing the impaction and the friction of the distal flange
against the adjacent wall of the cavity, which would reduce the risk of bleeding [8]. The
role of DPPS in preventing bleeding after LAMS drainage is still matter of debate. The
first single center study by Puga et al. [23] demonstrated that adjunctive placement of
DPPS resulted in decreased adverse events, particularly bleeding, while a subsequent large
multicenter study reported that deployment of pigtail stents across the LAMSs did not
significantly reduce overall adverse events (26% with DPPS (Group 1) versus 27% without
DPPS (Group 2); p = 0.88.) [24].

The rationale for the use of a hemostatic gel, both in prophylaxis and as treatment of
active bleeding, comes from the idea that WON bleeding has several mechanisms. Intra-
procedural bleeding, indeed, can originate at the puncture site from small missed venous
collaterals of the gastric or duodenal wall, from minor vessels within the cavity, or from
the large retroperitoneal vessel that may bleed after rapid collapse of the collection or
due to iatrogenic damage during necrosectomy [25]. In this setting, the hemostatic gel
can therefore be useful both to prevent bleeding, especially when originating from minor
vessels within the cavity, or to treat active bleeding of the gastric or duodenal wall or from
the vessel of the cystic wall.

Instead, delayed bleeding is usually caused by prolonged contact between the distal
flange of the indwelling LAMS and the walls that can lead to the erosion of intracavitary
vessels and promote the formation of a pseudoaneurysm [25]. Thus, LAMS removal within
4 weeks of deployment is recommended, especially if imaging shows resolution of the
cavity [26,27]. In the case of pseudoaneurysm, the role of Purastat may be marginal, although
it may be useful as a bridge to other definitive treatments, namely radiological ones.

Jiang et al. [28] proposed an algorithm for the management of WON-related bleeding
based on the stratification of bleeding severity (adapted in Figure 2). Mild bleeding
occurring either during initial drainage or during necrosectomy or caused by stent erosion
after the procedure could be treated endoscopically with interventional radiology (IR) or
surgery as a backup option. Intra- or post-procedural bleeding believed to come from a
pseudoaneurysm should be directly managed by IR embolization [28].

Moreover, in the presence of pseudoaneurysms [29] or arterial vessels [30,31] inside
the WON, prophylactic coil embolization could be performed to prevent massive arterial
bleeding during drainage or subsequent necrosectomy. Indeed, perigastric varices (OR 2.90,
1.31–6.42, p = 0.008) or pseudoaneurysm (OR 2.99, 1.75–11.93, p = 0.002) have been identified
as independent predictors of overall adverse event occurrences in a large multicenter
series [32], while the endoscopic identification of a vessel within the cavity has emerged
as a strong predictor of bleeding on multivariate analysis (OR 23.3, 4.0–135.1, p < 0.01)
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in a recent retrospective study by Holmes et al. [33]. In our cohort, prophylactic coil
embolization was performed in one of three patients who had evidence of major arterial
vessels inside the WON.

 

Figure 2. Algorithm for management of WON-related bleeding adapted from Jiang et al. [28] and
Rana et al. [25].

In addition to the known hemostatic effect, it has been hypothesized that the Purastat
3-D structure favors the tissue proliferative process during healing, thanks to its similar-
ity with the natural extracellular matrix. Indeed, PuraStat action in promoting mucosal
regeneration has been reported in some recent studies [34,35]. Based on this hypothetical
re-epithelizing property, PuraStat application on the walls of the cavity could promote
resurfacing, enhancing WON resolution.

Our case series does have limitations, mainly owing to the small cohort of patients
enrolled, its retrospective design, and the lack of a control group; thus, firm conclusions
cannot be drawn. Therefore, the potential role of PuraStat in managing and preventing
WON-related bleeding and in improving clinical success during necrosectomy must be
validated in larger prospective and comparative studies.

5. Conclusions

The promising results of our case series confirm that PuraStat expanded the toolbox
of the endoscopic hemostatic agents, even in the still debated management of WON-
related bleeding. This novel peptide gel is particularly effective in achieving hemostasis for
oozing-type bleeding but also plays a role in the management of spurting-type bleeding to
temporarily control the blood loss as a bridge hemostatic agent to subsequent radiological or
surgical treatments. Moreover, PuraStat can be easily and safely applied for the prevention
of delayed post-DEN bleeding and might promote cavity resurfacing, enhancing WON
resolution, although these hypotheses require confirmation with ad hoc designed trials.
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Abbreviations

AEs adverse events
ASGE American Society for Gastrointestinal Endoscopy
DEN direct endoscopic necrosectomy
DPPS double pigtail plastic stent
EUS endoscopic ultrasound
IR interventional radiology
LAMS lumen apposing metal stent
PFC pancreatic fluid collection
SEMS self-expandable metal stent
WON walled-off necrosis
WOPN walled-off pancreatic necrosis
SEMS self-expandable metal stent
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Abstract: Background: The aim of this study was to identify risk factors contributing to the malignancy
of colorectal polyps, as well as risk factors for recurrence after the successful endoscopic mucosal
resection of large colorectal polyps in a referral center. Materials and Methods: This retrospective cohort
study was performed in patients diagnosed with large (≥20 mm diameter) colorectal polyps and
treated in the period from January 2014 to December 2019 at the University Hospital Medical Center
Bezanijska Kosa, Belgrade, Serbia. Based on the endoscopic evaluation and classification of polyps,
the following procedures were performed: en bloc resection, piecemeal resection or surgical treatment.
Results: A total of 472 patients with large colorectal polyps were included in the study. The majority
of the study population were male (62.9%), with a mean age of 65.7 ± 10.8 years. The majority of
patients had one polyp (73.7%) less than 40 mm in size (74.6%) sessile morphology (46.4%), type IIA
polyps (88.2%) or polyps localized in the descending colon (52.5%). The accessibility of the polyp was
complicated in 17.4% of patients. En bloc resection was successfully performed in 61.0% of the patients,
while the rate of piecemeal resection was 26.1%. Due to incomplete endoscopic resection, surgery
was performed in 5.1% of the patients, while 7.8% of the patients were referred to surgery directly.
Hematochezia (p = 0.001), type IIB polyps (p < 0.001) and complicated polyp accessibility (p = 0.002)
were significant independent predictors of carcinoma presence in a multivariate logistic regression
analysis. Out of the 472 patients enrolled in the study, 364 were followed after endoscopic resection for
colorectal polyp recurrence, which was observed in 30 patients (8.2%) during follow-up. Piecemeal
resection (p = 0.048) and incomplete resection success (p = 0.013) were significant independent
predictors of polyp recurrence in the multivariate logistic regression analysis. Conclusions: Whenever
an endoscopist encounters a complex colorectal lesion (i.e., a polyp with complicated accessibility),
polyp size > 40 mm, the Laterally Spreading Tumor nongranular (LST-NG) morphological type, type
IIB polyps or the presence of hematochezia, malignancy risk should be considered before making the
decision to either resect, refer to an advanced endoscopist or perform surgery.

Keywords: colorectal polyp; endoscopic mucosal resection; malignancy; recurrence

1. Introduction

Colorectal cancer is the third most common cancer, as well as the second leading cause
in terms of cancer-related deaths worldwide [1]. With 5989 new cases and 3356 registered
deaths from colorectal cancer in 2020, data from the International Agency for Research
on Cancer (IARC) put Serbia in fifth place in the world in terms of the number of deaths
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caused by colorectal cancer [2]. Although every colorectal neoplasia has malignant poten-
tial, polyps classified as large colon polyps (≥2 cm) carry an even greater risk for carcinoma
development [3–7]. In order to avoid unnecessary surgery, many large colon polyps are
removed endoscopically, making endoscopic resection the most effective strategy for the
prevention and decline of colorectal cancer mortality, morbidity and cost [8]. Data from
the literature show that up to 11% of colorectal polyps that are endoscopically removed
are already malignant [9]. In addition, it was shown in one study that 15% of local recur-
rences of adenoma occurred after an endoscopic resection procedure and about 88% of
recurrences were detected after the first follow-up colonoscopy [10]. In most cases, these
local recurrences can be managed endoscopically [11]; however, rigorous surveillance is
needed in order to detect them early on. Therefore, the recognition of factors contributing
to malignancy as well as local recurrence predictive factors may enhance the prevention of
this disease, primarily through the stratification of patients according to their individual
risk profile and polyp-related characteristics.

The aim of this study was to identify risk factors contributing to the malignancy of
colorectal polyps, as well as risk factors for recurrence after the successful endoscopic
mucosal resection of large colorectal polyps in a referral center.

2. Materials and Methods

This retrospective cohort study was performed on patients diagnosed with large
(≥20 mm diameter) colorectal polyps and treated in the period from January 2014 to De-
cember 2019 by an expert endoscopist in the referral University Hospital Medical Center
Bezanijska Kosa, Belgrade, Serbia. Patients who were positive for fecal occult blood test
(FOBT) as a part of a National Screening Program were also assessed in the study. Basic
demographic and clinical data were obtained for all patients (age, gender, comorbidities,
previous history of carcinoma and indications for colonoscopy). In addition, polyp charac-
teristics, including number, size, morphology, pit pattern classification and location, were
documented. The accessibility of polyps was defined as complicated if the polyps were
located in difficult sites, such as the appendiceal orifice, ileocecal valve or anorectal junction,
or if they were located behind haustral folds. The Paris Classification System for Superficial
Neoplastic Lesions in the Digestive Tract and the classification for Laterally Spreading
Tumors (LST) were used to define polyp morphology. The Japan NBI Expert Team (JNET)
Classification was used to describe the characteristics of the mucosal surface. The inclusion
criteria were patients ≥ 18 years and the presence of one or more polyps, over 20 mm in
diameter. The absence of a pathological evaluation of the polyp was the exclusion criterion.

A colonoscopy was performed using an Olympus CF-H170L video colonoscope. Based
on the endoscopic evaluation and classification of polyps, the following procedures were
performed: en bloc resection, piecemeal resection or surgical treatment due to incomplete
endoscopic mucosal resection or the presence of a likely malignant alteration. While per-
forming the endoscopic mucosal resection, a saline solution of adrenaline at a concentration
of 1:10,000 was injected into the base of the polypoid change until an adequate elevation of
the change was achieved. After the elevation, the polypoid change was removed with a
hexagonal loop, en bloc or piece by piece, with the help of an electrocoagulation unit. The
evaluation of the endoscopic resectability was based on the presence of a “lifting” sign after
the submucosal injection.

The study was approved by the Institutional Research Ethic Committee and informed
consent was obtained from all patients.

Statistical Analysis

Numerical data were presented as mean values with standard deviation for numerical
variables, or as absolute numbers with percentages for categorical variables. Differences
according to the presence of carcinoma or polyp recurrence in patients’ sociodemographic
and polyp characteristics and were analyzed using Student’s t and Chi-square tests for the
numerical and categorical data, respectively. Univariate and multivariate logistic regression
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models were used to assess the predictors of carcinoma and polyp recurrence (as dependent
variables). In all analyses, the significance level was set at 0.05. Statistical analysis was
performed using the IBM SPSS statistical software (SPSS for Windows, release 25.0, SPSS,
Chicago, IL, USA).

3. Results

A total of 472 patients with endoscopically resected colorectal polyps were included
in the study. The majority of the study population were male (62.9%) with a mean age of
65.7 ± 10.8 years. The patient characteristics are summarized in Table 1.

Table 1. Characteristics of the study population.

Variable n (%)

Gender
Male 297 (62.9)

Female 175 (37.1)
Age, mean ± sd 65.7 ± 10.8

Comorbidities, yes 325 (68.9)
Previous history of carcinoma, yes 28 (5.9)

Indication for colonoscopy
Symptoms 131 (27.9)

Fecal occult blood test positive 113 (24.0)
Hematochezia 98 (20.9)
Family history 45 (9.6)

Polyp surveillance 33 (7.0)
Anemia 28 (6.0)

Combination of two or more indications 22 (4.7)

The majority of patients had one polyp (73.7%) less than 40 mm in size (74.6%), sessile
morphology (46.4%), IIA type (88.2%) and localized in the descending colon (52.5%). The
accessibility of the polyp was complicated in 17.4% of patients (Table 2).

Table 2. Polyp characteristics of the study population. Abbreviations: LST-NG, Laterally Spreading
Tumor nongranular; LST-G, Laterally Spreading Tumor granular).

Polyps n (%)

Number
One 240 (50.8)

More than one 232 (49.2)

Size

<40 mm 352 (74.6)
≥40 mm 120 (25.4)

Morphology

Sessile 219 (46.4)
LST-NG 100 (21.2)
LST-G 69 (14.6)

Pedunculated 44 (9.3)
Flat 39 (8.3)

Hyperplastic 1 (0.2)

Pit pattern classification according to JNET *

IIA 411 (88.2)
IIB 55 (11.8)
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Table 2. Cont.

Polyps n (%)

Location

Cecum 40 (8.5)
Ascending colon 57 (12.1)
Transverse colon 37 (7.8)
Descending colon 248 (52.5)

Rectum 90 (19.1)

Accessibility

Non-complicated 366 (82.6)
Complicated 77 (17.4)

* JNET—Japan NBI Expert Team Classification.

En bloc resection was successfully performed in 61.0% of the patients, while the rate
of piecemeal resections performed was 26.1%. Due to incomplete endoscopic resection,
surgery was performed in 5.1% of the patients, while 7.8% of the patients were referred to
surgery directly.

The characteristics of the study population and polyps according to carcinoma pres-
ence are presented in Table 3. Patients with hematochezia, polyps ≥ 40 mm in size, LST-NG
morphology, type IIB, localized in the cecum and polyps with complicated accessibility
were more frequently diagnosed with carcinoma, while patients with an FOBT-positive in-
dication, pedunculated polyps and polyps localized in the transverse colon were diagnosed
with carcinoma less frequently (Table 3).

Table 3. Characteristics of the study population and polyps according to carcinoma presence.

Variable

Carcinoma

pNo
(n = 404)

Yes
(n = 68)

Characteristics of the study population, n%
Gender

Male 258 (63.9) 39 (57.4)
0.304Female 146 (36.1) 29 (42.6)

Age, mean ± sd 65.5 ± 10.8 66.8 ± 10.6 0.357
Comorbidities, yes 273 (67.6) 52 (76.5) 0.143

Indication for colonoscopy

Symptoms 114 (28.2) 17 (25.0) 0.584
Fecal occult blood test positive 104 (25.7) 9 (13.2) 0.025

Hematochezia 73 (18.1) 25 (36.8) <0.001
Family history 42 (10.4) 3 (4.4) 0.120

Polyp surveillance 29 (7.2) 4 (5.9) 0.698
Anemia 24 (5.9) 4 (5.9) 0.985

Combination of two or more indications 16 (4.0) 6 (8.8) 0.078

Polyp characteristics, n%

Number
One 206 (51.0) 34 (50.0)

0.880More than one 198 (49.0) 34 (50.0)
Size

<40 mm 321 (79.5) 31 (45.6)
<0.001≥40 mm 83 (20.5) 37 (54.4)
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Table 3. Cont.

Variable

Carcinoma

pNo
(n = 404)

Yes
(n = 68)

Morphology

Sessile 190 (47.0) 29 (42.6) 0.503
LST-NG 79 (19.6) 21 (30.9) 0.034
LST-G 57 (14.1) 12 (17.6) 0.445

Pedunculated 44 (10.9) 0 (0.0) 0.004
Flat 33 (8.2) 6 (8.8) 0.856

Hyperplastic 1 (0.2) 0 (0.0) 0.681

Pit pattern classification according to JNET *

IIA 379 (95.2) 32 (47.1)
<0.001IIB 19 (4.8) 36 (52.9)

Location

Cecum 30 (7.4) 10 (14.7) 0.046
Ascending colon 53 (13.1) 4 (5.9) 0.090
Transverse colon 36 (8.9) 1 (1.5) 0.035
Descending colon 211 (52.2) 37 (54.4) 0.739

Rectum 74 (18.3) 16 (23.5) 0.311

Accessibility 0.311

Non-complicated 334 (85.9) 32 (59.3)
<0.001Complicated 55 (14.1) 22 (40.7)

* JNET—Japan NBI Expert Team Classification. Abbreviations: LST-NG, Laterally Spreading Tumor nongranular;
LST-G, Laterally Spreading Tumor granular).

The results from univariate and multivariate logistic regression analyses with car-
cinoma as the dependent variable are presented in Table 4. Hematochezia (p = 0.001),
polyp size over 40 mm (p < 0.001), morphological type LST-NG (p = 0.036), type IIB polyps
(p < 0.001) and complicated accessibility (p < 0.001) were significant predictors of carcinoma
presence in the univariate logistic regression analysis. Hematochezia (p = 0.001), type IIB
polyps (p < 0.001) and complicated accessibility (p = 0.002) were significant independent
predictors of carcinoma presence in the multivariate logistic regression analysis (Table 4).

Table 4. Univariate and multivariate logistic regression analyses with carcinoma presence as the
dependent variable.

Variable
Univariate Multivariate

p OR 95%CI for OR p OR 95%CI for OR

Hematochezia 0.001 2.636 1.514–4.589 0.001 3.173 1.578–6.377
Size of polyps <0.001 4.616 2.704–7.880
LST-NG 0.036 1.838 1.039–3.251
Pit pattern classification
according to JNET * <0.001 22.441 11.568–43.532 <0.001 12.505 5.710–27.386

Accessibility of polyp <0.001 4.175 2.261–7.708 0.002 3.020 1.478–6.169

* JNET—Japan NBI Expert Team Classification. Abbreviations: LST-NG, Laterally Spreading Tumor nongranular).

Out of the 472 patients enrolled in the study, 364 were followed after endoscopic
resection for colorectal polyp recurrence, which was observed in 30 patients (8.2%) during
follow-up. Patients who had polyp recurrence more often had previous surgery for col-
orectal carcinoma, had a single polyp over 40 mm in size, morphologically sessile polyps,
LST-NG and LST-G, type IIB, or had polyps localized in the rectum, descending colon or
ascending colon. In addition, patients who had polyp recurrence were more often treated
via piecemeal resection with incomplete resection success, had complicated accessibility,
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had a tubulovillous adenoma according to the pathological diagnosis, or were less likely to
have a clip placed than patients who did not have polyp recurrence (Table 5).

Table 5. Characteristics of the study population and polyps according to polyp recurrence.

Variable

Polyp Recurrence

pNo
(n = 334)

Yes
(n = 30)

Characteristics of the study population, n%

Gender

Male 219 (65.6) 20 (66.7)
0.903Female 115 (34.4) 10 (33.3)

Age, mean ± sd 65.40 ± 10.33 68.60 ± 9.82 0.104

Indication for colonoscopy

Symptoms 88 (26.3) 9 (30.0) 0.655
Fecal occult blood test positive 87 (26.0) 5 (16.7) 0.257

Hematochezia 60 (18.0) 5 (16.7) 0.859
Family history 33 (9.9) 3 (10.0) 0.983

Polyp surveillance 24 (7.2) 6 (20.0) 0.014
Anemia 23 (6.9) 1 (3.3) 0.453

Combination of two or more indications 18 (5.4) 1 (3.3) 0.628

Polyp characteristics, n%

Number

One 162 (48.5) 21 (70.0)
0.024More than one 172 (51.5) 9 (30.0)

Size
<40 mm 246 (73.7) 12 (40.0)

<0.001≥40 mm 88 (26.3) 18 (60.0)

Morphology

Sessile 215 (49.2) 4 (11.4) <0.001
LST-NG 83 (19.0) 17 (48.6) <0.001
LST-G 58 (13.3) 11 (31.4) 0.003

Pedunculated 43 (9.8) 1 (2.9) 0.172
Flat 37 (8.5) 2 (5.7) 0.569

Hyperplastic 1 (0.2) 0 (0.0) 0.777

Pit pattern classification according to JNET *

IIA 384 (89.1) 27 (77.1)
0.035IIB 47 (10.9) 8 (22.9)

Location

Cecum 77 (17.6) 13 (37.1) 0.005
Ascending colon 239 (54.7) 9 (25.7) 0.001
Transverse colon 36 (8.2) 1 (2.9) 0.254
Descending colon 49 (11.2) 8 (22.9) 0.042

Rectum 36 (8.2) 4 (11.4) 0.514

Accessibility

Non-complicated 346 (84.4) 20 (60.6)
0.001Complicated 64 (15.6) 13 (39.4)

Type of treatment

En bloc resection 205 (61.4) 2 (6.7)

<0.001
Piecemeal resection 79 (23.7) 25 (83.3)

Surgery due to incomplete
endoscopic resection 19 (5.7) 2 (6.7)

Patients referred directly to surgery 31 (9.3) 1 (3.3)
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Table 5. Cont.

Variable

Polyp Recurrence

pNo
(n = 334)

Yes
(n = 30)

Resection success

Complete 346 (84.4) 20 (60.6)
0.001Incomplete 64 (15.6) 13 (39.4)

Pathological diagnosis

Tubular adenoma 105 (31.4) 7 (23.3) 0.357
Tubulovillous adenoma 166 (49.7) 21 (70.0) 0.033

Hyperplastic 6 (1.8) 0 (0.0) 0.459
Villous adenoma 2 (0.6) 0 (0.0) 0.671

Peutz–Jeghers 1 (0.3) 0 (0.0) 0.764
Intramucosal carcinoma (Tis) 15 (4.5) 1 (3.3) 0.767
Submucosal carcinoma (T1) 34 (10.2) 0 (0.0) 0.066

Carcinoma T2 or more 7 (2.1) 1 (3.3) 0.658

Clip placement, yes 208 (62.3) 10 (33.3) 0.002

* JNET—Japan NBI Expert Team Classification. Abbreviations: LST-NG, Laterally Spreading Tumor nongranular;
LST-G, Laterally Spreading Tumor granular).

The results from univariate and multivariate logistic regression analyses with polyp
recurrence as the dependent variable are presented in Table 6. Single polyp (p = 0.028), size
over 40 mm (p < 0.001), morphological types LST-G (p = 0.003), LST-NG (p < 0.001), compli-
cated accessibility (p = 0.001), piecemeal resection (p < 0.001), incomplete resection success
(p < 0.001) and polyps localized in rectum (p = 0.003) and ascending colon (p = 0.014) were
significant predictors of polyp recurrence, while sessile polyp morphology (p = 0.001) and
polyps localized in the descending colon (p < 0.001) represented protective factors for polyp
recurrence in the univariate logistic regression analysis. Piecemeal resection (p = 0.048) and
incomplete resection success (p = 0.013) were significant independent predictors of polyp
recurrence in the multivariate logistic regression analysis (Table 6).

Table 6. Univariate and multivariate logistic regression analyses with polyp recurrence as the depen-
dent variable. Abbreviations: LST-NG, Laterally Spreading Tumor nongranular; LST-G, Laterally
Spreading Tumor granular).

Variable
Univariate Multivariate

p OR 95%CI for OR p OR 95%CI for OR

Number of polyps 0.028 0.404 0.180–0.907
Size of polyps <0.001 4.193 1.942–9.056

LST-G 0.003 3.367 1.510–7.510
LST-NG <0.001 4.302 1.999–9.257
Sessile <0.001 0.076 0.018–0.323

Accessibility of polyp 0.001 3.925 1.782–8.642
Piecemeal resection <0.001 16.139 5.980–43.556 0.048 3.870 1.011–14.819
Resection success <0.001 17.098 5.808–50.332 0.013 6.363 1.478–27.385

Location
(rectum) 0.003 3.240 1.479–7.096

Location
(descending colon) <0.001 0.159 0.059–0.426

Location (ascending colon) 0.014 3.010 1.249–7.257

4. Discussion

The results of our study showed that hematochezia, type IIB polyps, and compli-
cated accessibility were significant independent predictors of carcinoma development,
while piecemeal resection and incomplete resection success were significant independent

139



Medicina 2022, 58, 1440

predictors of polyp recurrence in a multivariate logistic regression analysis. Protective
factors for polyp recurrence were sessile polyp morphology and polyps localized in the
descending colon.

In 2021. Cazacu et al. [12] performed a retrospective study of patients with colono-
scopic polypectomy during a 13-year period; out of 905 patients with colonoscopic polyps,
pathological examination showed polyps with malignant cells in 109 patients. The results
of this study showed that the frequency of male patients with malignant polyps was similar
to the group of patients with benign polyps, and that the mean age of the patients was
62.6 years. In addition, the prevalence of the malignant polyps in male patients varies
across the literature, with 51 to 88% of male patients having carcinoma and a mean age
between 60 and 73 years [13–19]. These results are in agreement with our study results,
where 57.4% of male patients with mean age of 66.8 years had malignant polyps upon
pathological examination. No statistical significance was found between gender or age and
carcinoma diagnosis in our study; however, in the study by Cazacu et al. [12], older patients
(≥65 years) had a higher rate of carcinoma in comparison to the younger population.

In the study by Cazacu et al., statistical significance was reported for the mean diame-
ter between benign and malignant polyps [12], which is similar to our study results, where
patients with polyps ≥ 40 mm in size were more frequently diagnosed with carcinoma.
Our study results showed that most of the pathologically examined polyps were sessile,
LST-NG and LST-G in the group of patients with carcinoma. The predominance of ses-
sile polyps was found in other studies [12,17], in line with our study results. However, a
meta-analysis conducted by Hassan et al. [20] revealed the predominance of pedunculated
polyps in patients with colorectal polyps; in our study, only 9.3% of patients had peduncu-
lated polyps. Statistical significance was found for the frequency of pedunculated polyps
between the groups of patients with and without carcinoma, where patients with peduncu-
lated polyps were less frequently diagnosed with carcinoma. Traditionally, pedunculated
malignant polyps are considered to prevent recurrent disease and have a better prognosis
in comparison to sessile lesions [21,22].

The results reported by Cazacu et al. [12] showed that the rate of malignancy in
colorectal polyps was higher in patients with two or more polyps, patients with polyps
larger than 10 mm in size, in polyp types 0-Ip and 0-Isp (according to JNET classifica-
tion), in lateral spreading lesions (as compared with flat and sessile lesions) and polyps
localized on the left-side, as well as in the rectum. Our study results were similar, where
hematochezia, polyp size over 40 mm, morphological type LST-NG, type IIB polyps (ac-
cording to JNET classification) and complicated accessibility were significant predictors
of carcinoma development in the univariate logistic regression analysis. In addition, in
the multivariate logistic regression analysis, hematochezia, polyp type IIB (according to
JNET classification) and complicated accessibility were significant independent predictors
of carcinoma development.

In a study conducted by Nanda et al. [23], lesions considered to be challenging for
the technical success of EMR procedure were discussed. The results of their study showed
that polyps localized at the ileocecal valve were more challenging to position and access
for resection, making resection more complicated as well as the duration of the procedure
longer. Moss et al. [24] showed that 7.9% of their study cohort had polyps that were difficult
to reach and were located in a difficult position for resection. In addition, Moss et al. [24]
assessed risk factors for EMR failure, where the independent predictors in a multivariate
regression analysis were polyps located in the ileocecal valve and a difficult position of the
polyp. According to Sidhu et al. [25], polyp access may be considered difficult depending
on the location of the lesion or whether a stable position is unable to be maintained by
the endoscopist when performing EMR. In addition, the assessment of polyp access may
not be mentioned specifically by the referring endoscopist. However, Sidhu et al. [25]
found that short-term and procedural outcomes were significantly correlated with the size,
morphology, site and access (SMSA) score level, even with lesions marked as “easy access”.
The results of our study showed that complicated accessibility represented a significant
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predictor of carcinoma development in both univariate and multivariate regression analyses.
The complicated accessibility of polyps could affect their early and accurate morphological
evaluation, thus prolonging timely endoscopic mucosal resection and increasing the chance
of carcinoma development. Future studies concerning the relationship between polyp
accessibility and its malignant potential are needed in order to facilitate early identification,
better management and the provision of future directions for how to achieve the best
optimal outcome for patients with large polyps.

In the case of malignant colorectal polyps, a consensus was reached concerning several
carcinogenic factors contributing to colorectal polyps; however, it remains unclear which
factors contribute to the recurrence of colorectal polyps and whether these factors are similar
to the factors that contribute to carcinogenesis [9,26–28]. In 2017, the European Society of
Gastrointestinal Endoscopy (ESGE) Clinical Guideline by Ferlitsch et al. [29] recommended
that features related to the recurrence of polyps should include polyps over 40 mm in size,
polyps localized on the ileocecal valve, prior failed attempts at resection as well as size,
morphology, site and access (SMSA) level 4. Apart from the ESGE guidelines, SMSA score
was shown to predict the outcomes of endoscopic mucosal resection in the colon [25]. In a
study by Chlebowski et al., the rate of polyp recurrence was shown to be higher in male
patients than in female patients [30]. In another study conducted by Saiken A et al. [31],
patients over 60 years old had higher rates of colorectal recurrence in comparison to younger
patients. Gender and age were not found to be predictive risk factors of colorectal polyp
recurrence in the study by Chaoui et al. [32], which is in agreement with our study results.
In terms of polyp characteristics, several factors can contribute to local recurrence risk. A
greater tendency of recurrence was shown for colorectal polyps located in the proximal
and ascending colon in a study by Atkin et al. [33]. The results of our study showed that
polyps localized in the rectum and ascending colon were significant predictors of polyp
recurrence, while polyps localized in the descending colon represented protective factors
for polyp recurrence in the univariate logistic regression analysis. In addition, a potential
risk factor for the recurrence of adenoma is the size of colorectal polyp; the results of a
meta-analysis conducted in 2016 showed that endoscopic recurrence occurred in 13.8%
of patients with large colorectal polyps (≥20 mm in size) [34]. In the study conducted
by Zhan et al., polyp size was significantly associated with the risk for polyp recurrence
in a multivariable regression analysis [35]. Other studies have also demonstrated that a
predictor of polyp recurrence is large polyp size [24,36,37]; this is in agreement with our
study results, where polyp size over 40 mm was a significant predictor of polyp recurrence.

A growing number of studies have shown that although it is considered to be a safe
and effective endoscopic treatment for large colorectal polyps, recurrence after EMR has
been a point of contention since this technique emerged [11,34,38]. A meta-analysis con-
ducted by Belderbos et al. showed that after a piecemeal resection, the recurrence rate
of colorectal polyps was higher than after en bloc resection [10]. Additionally, the results
of a study conducted by Moss et al. [11] showed that en bloc resection was associated
with lower rates of recurrence than piecemeal resection. Our study results are in agree-
ment with the abovementioned findings, where piecemeal resection was shown to be a
significant predictor of polyp recurrence in both univariate and multivariate logistic regres-
sion analyses. In the last two decades, management strategies for colonic neoplasia have
evolved considerably, leading to a paradigm shift from surgery to endoscopic resection.
Due to an improved understanding of the pathophysiology of polyps, as well as ongoing
advancements in technology, such as the development of novel endoscopic techniques
and tools, clinical predictors of malignant colonic neoplasia have been well studied, yet
factors that contribute to improved clinical decision making are still lacking. Most large
(≥20 mm diameter) colorectal polyps can be removed with advanced endoscopist tech-
niques; however, these procedures require a center with the proper equipment and trained
staff, specifically an endoscopic expert in the field. Whenever an endoscopist encounters
a complex colorectal lesion (with complicated accessibility), a polyp size > 40 mm, the
morphological type LST-NG, a type IIB polyp or the presence of hematochezia, malignancy
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risk should be considered before making the decision to either resect, refer the patient to an
advanced endoscopist or perform surgery.

Our study has several limitations. Despite the prospective enrollment of the patients,
the data were collected and analyzed retrospectively. Second, the performed procedures
were supervised by experienced endoscopists, thus making the results non-generalizable to
centers where these procedures are performed by less advanced endoscopists. Furthermore,
considering the small number of patients with malignancy and the recurrence of disease,
as well as incomplete patient medical histories, any additional risk factors might not have
been detected. Therefore, future prospective studies with larger patient cohorts using a
longer surveillance period are needed in order to validate our findings.

5. Conclusions

In lesions without overt evidence of colorectal carcinoma, an evidence-based risk esti-
mation approach may be used to choose the correct resection modality for large colorectal
polyps. In order to optimize clinical outcomes and minimize the rate of adverse events,
endoscopic resection should be performed based on patient-specific characteristics, local
availability and expertise.
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12. Cazacu, S.M.; Săftoiu, A.; Iordache, S.; Ghiluşi, M.-C.; Georgescu, C.V.; Iovănescu, V.F.; Neagoe, C.D.; Streba, L.; Caliţa, M.;
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Abstract: Solitary rectal ulcer syndrome (SRUS) is a benign and chronic disorder well known in young
adults that is characterized by a series of symptoms such as rectal bleeding, copious mucus discharge,
prolonged excessive straining, perineal and abdominal pain, a feeling of incomplete defecation,
constipation and, rarely, rectal prolapse. The etiology of this syndrome remains obscure, and the
diagnosis is easily confused with that of other diseases, contributing to difficulties in treatment. We
present a case of a 37-year-old male with a nonulcerated rectal lesion grossly resembling a superficial
depressed rectal cancer misdiagnosed in another hospital and describe its appearance on endoscopy
and in the analysis of its pathological manifestations. The aim of this case report is to report an easily
misdiagnosed case of SRUS, which needs to be distinguished from superficial rectal cancer, which
should be educational for endoscopists.

Keywords: solitary rectal ulcer syndrome; endoscopy; magnifying narrow-band imaging (magnifying
NBI)

1. Introduction

Solitary rectal ulcer syndrome (SRUS) is a rare benign rectal disease that is character-
ized by a combination of symptoms, clinical findings and histological abnormalities [1].
However, SRUS is an infrequent disease that is easily underdiagnosed, with an estimated
annual prevalence of one in 100,000 persons. It occurs most commonly in the third decade
in men and in the fourth decade in women [2]. Patients mainly exhibit intestinal symp-
toms, such as constipation, feelings of incomplete defecation, bloody or purulent stools,
discomfort with a falling anus and rectal ulcers. Physical examination usually reveals some
thickening or a mass typically on the anterior rectal wall. Endoscopy often reveals a discrete,
punched-out ulcer. Analysis of the tissue biopsy can confirm the diagnosis. Meanwhile,
some medical treatments, including sucralfate, salicylate, corticosteroids, sulfasalazine,
mesalazine and topical fibrin sealant, have been reported to be effective [3]. Apart from
local medication, the treatment of SRUS also includes the improvement of bowel defecation
habits, biofeedback and surgical operation [4]. We report, herein, the case of a 37-year-old
male with a nonulcerated rectal lesion grossly resembling a superficial depressed rectal
cancer but microscopically proving to be an SRUS. The purpose of publishing this case is to
report and discuss the diagnosis of SRUS by magnifying narrow-band imaging endoscopy.

2. Case Report

A 37-year-old male had recurrent abdominal pain, diarrhea and hematochezia for
1 year. The patient had several bad habits such as tobacco use, alcohol consumption and
betel quid chewing, and had no previous family history of cancer or special sexual behavior.
This patient was recommended to receive endoscopy. Regrettably, he was diagnosed with
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superficial depressed rectal cancer in other two hospitals. He was then transferred to our
hospital in preparation for surgery. The preoperative endoscopy discovered a reddish
and irregular but well-defined 0-IIc lesion in the anterior wall of the rectum 4–6 cm from
the anal margin (Figure 1a). Magnifying narrow-band imaging revealed fine reticulated
vessels with a uniform thickness and distribution (Figure 1b,c). Some irregular pit patterns
were observed after crystal violet staining (Figure 1d). Endoscopic ultrasonography (EUS)
showed thickening of the mucosal layer at the lesion, and the submucosa was still intact
(Figure 1e). Although the morphology of the pit patterns was disordered (Figure 1d), we
suspected it not to be an infiltrative tumor, taking the magnifying endoscopic character-
istics into account. Thus, we suggested this patient undergo a re-biopsy. Interestingly,
histopathological examination at our hospital revealed that the lamina propria was filled
with muscle fibers (Figure 2d). However, when pathologists consulted the biopsy results
of the external hospital, they found that the glands were highly distorted and enlarged,
accompanied by atypical changes in glandular epithelial cells (Figure 2a–c). Therefore, the
diagnosis of the patient remained controversial after discussions among experts, with some
experts suggesting only inflammatory changes and others suggesting the possibility of
high-grade intraepithelial neoplasia. In light of the above situation, we advised the patient
to first receive conservative treatment such as a high-fiber diet, reducing irregular stool
habits and biofeedback training. The patient still strongly demanded endoscopic submu-
cosal dissection (ESD) for a definitive diagnosis. Finally, the postoperative pathological
results supported the diagnosis of SRUS (Figure 3). The wounds recovered well without
recurrence, and the symptoms of hematochezia disappeared (Figure 1f).

Figure 1. Endoscopic view of rectal lesion: (a) white-light endoscopy; (b) narrow-band imaging;
(c) magnified version of the image in (b); (d) magnified endoscopic view after crystal violet staining;
(e) the ultrasound image; (f) the white-light image of the scar.
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Figure 2. Histologic examination: (a–c) histologic biopsy in other hospitals: highly distorted and
expanded glandular bodies with atypical changes in glandular epithelial cells (magnification: ×100);
(d) histologic biopsy in our hospital: microvascular hyperplasia and musculomucosal hyperplasia.

 
Figure 3. Resection histology: microvascular hyperplasia and musculomucosal hyperplasia. (a) Mag-
nification: ×10; (b) magnification: ×200.

3. Discussion

SRUS is an unusual benign rectal disorder [4,5]. Several etiologies of SRUS have
been proposed. This syndrome may have various factors that simultaneously cause the
lesions, including rectal prolapse and chronic and severe constipation. Rectal ulcers are
frequently described as always being found as single or multiple ulcers located on the
anterior wall of the rectum within 10 cm of the anal margin [4]. A relevant study considered
that rectal intussusception could lead to localized vascular trauma and, consequently, the
onset of solitary local ulceration [6], while other studies showed that uncoordinated muscle
contraction in the puborectalis muscle may be associated with increased intra-rectum
pressure and pressure in the anal canal, which resulted in ulceration [7,8]. The clinical
symptoms include abdominal pain, bleeding, mucus discharge, and chronic and severe
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constipation, among others. The histological features of SRUS are characterized by a
thickening mucosal layer, fibromuscular obliteration, mucous cell proliferation, mucosal
gland distortion, etc. [5]. SRUS is easily misdiagnosed as rectal cancer, based on the
similarity in the symptomatic profiles and endoscopic features, which include bleeding,
mucus discharge, and chronic and severe constipation. To date, these histological features
have been helpful in distinguishing SRUS from malignancies. There are few reports about
the diagnosis of SRUS by magnifying narrow-band imaging endoscopy.

In this case, the lesion appeared as a nonulcerated rectal lesion, with a superficial
depressed area. The patient was misdiagnosed with superficial depressed rectal can-
cer in other two hospitals. Related studies reported that superficial depressed cancers
arose through the de novo pathogenic sequence and had a higher tendency for early in-
vasions [9,10]. As a result of the misdiagnosis, the patient came to our hospital seeking
surgery. However, we found that magnifying narrow-band imaging revealed fine retic-
ulated vessels with a uniform thickness and distribution, although some irregular and
disordered pit patterns were observed after crystal violet staining. We highly suspected it to
be SRUS according to the histopathological examination. We advised the patient to receive
conservative treatment, but the patient still strongly demanded endoscopic submucosal
dissection (ESD) for a definitive diagnosis. Finally, the postoperative pathological results
supported the diagnosis of SRUS.

SRUS is an already well-known but easily misdiagnosed condition; the proper diag-
nosis and treatment of SRUS remain important challenges. It is worth noting that its rare
occurrence usually leads to the fact that it is not properly diagnosed due to the lack of
knowledge or lack of experience of doctors. The diagnosis of SRUS can usually be per-
formed by a combination of symptomatology, endoscopy and histology. However, patients
sometimes have typical symptoms without typical endoscopic findings. As mentioned
above, this lesion did not present with typical ulcerative changes, but presented with
superficial depressed changes. We used magnifying NBI and chromoendoscopy to observe
this lesion and biopsied again, thus ruling out the possibility of rectal cancer, and finally
reached the correct diagnosis. Although there is a little regret due to the fact that the patient
strongly demanded ESD for a definitive diagnosis, we believe this is the most fortunate
outcome for the patient, as he avoided surgery or even the risk of a permanent fistula.

We consider this case to be a good learning opportunity for gastroenterologists, as
when they encounter similar cases, SRUS should be one of the options in the differential
diagnosis list.

4. Conclusions

Not all SRUS cases present ulcers. Patients with typical symptoms and nonulcerated
rectal lesions should be differentiated from those with superficial rectal cancer. Magnify-
ing NBI and chromoendoscopy are useful, and histopathological examination should be
performed to confirm the diagnosis.
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cence colonoscopy. Photodiagn. Photodyn. Ther. 2007, 4, 179–183. [CrossRef] [PubMed]
8. Morio, O.; Meurette, G.; Desfourneaux, V.; D’Halluin, P.N.; Bretagne, J.F.; Siproudhis, L. Anorectal physiology in solitary ulcer

syndrome: A case-matched series. Dis. Colon Rectum 2005, 48, 1917–1922. [CrossRef] [PubMed]
9. Mueller, J.D.; Bethke, B.; Stolte, M. Colorectal de novo carcinoma: A review of its diagnosis, histopathology, molecular biology,

and clinical relevance. Virchows Arch. Int. J. Pathol. 2002, 440, 453–460. [CrossRef] [PubMed]
10. Hurlstone, D.P.; Sanders, D.S.; Thomson, M. Detection and treatment of early flat and depressed colorectal cancer using high-

magnification chromoscopic colonoscopy: A change in paradigm for Western endoscopists? Dig. Dis. Sci. 2007, 52, 1387–1393.
[CrossRef] [PubMed]

149





MDPI
St. Alban-Anlage 66

4052 Basel
Switzerland

www.mdpi.com

Medicina Editorial Office
E-mail: medicina@mdpi.com

www.mdpi.com/journal/medicina

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are

solely those of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s).

MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from

any ideas, methods, instructions or products referred to in the content.





Academic Open 

Access Publishing

mdpi.com ISBN 978-3-0365-9685-3


