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Abstract

Endoscopic vacuum therapy (EVT) is an increasingly popular treatment option for
wall defects in the upper gastrointestinal tract. After its initial description for the
treatment of anastomotic leaks after esophageal and gastric surgery, it was also
implemented for a wide range of defects, including acute perforations, duodenal
lesions, and postbariatric complications. Apart from the initially proposed hand-
made sponge inserted using the “piggyback” technique, further devices were
used, such as the commercially available EsoSponge and VAC-Stent as well as
open-pore film drainage. The reported pressure settings and intervals between the
subsequent endoscopic procedures vary greatly, but all available evidence
highlights the efficacy of EVT, with high success rates and low morbidity and
mortality, so that in many centers it is considered to be a first-line treatment,
especially for anastomotic leaks.

Key Words: Negative pressure therapy; Vacuum therapy; Anastomotic leak; Perforation;
Oesophagus; Stent

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

Core Tip: Endoscopic vacuum therapy (EVT) is a novel and effective endoscopic
treatment option for anastomotic leaks and perforations in the upper gastrointestinal
tract. Through the wide variety of available materials, EVT can be individually applied
in almost every part of the oesophagus, the stomach and the duodenum with a clinical
success rate of > 80% and low morbidity and mortality.
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INTRODUCTION

The endoscopic treatment of wall defects in the upper gastrointestinal tract, both postoperative and
acute/iatrogenic, is a challenging task for the endoscopist and requires a deep understanding of the
pathophysiologic mechanisms involved as well as a high degree of expertise. The surgical approach,
involving the closure of the defect and external drainage of the infected cavity, is technically challenging
and associated with high morbidity and mortality, especially in difficult anatomic areas such as the
intrathoracic esophagus and the duodenum([1,2]. The necessity of minimally invasive alternatives was
therefore evident very early and various endoscopic methods have been implemented throughout the
years, including endoscopic lavage, transmural drainage, and defect closure with clips, suturing, and
stents[3]. Endoscopic vacuum therapy (EVT) was recently added to the spectrum of minimally invasive
therapeutic options and quickly gained popularity, especially in Europe, mainly because of its tailored
approach and its very good outcomes in a wide range of situations[4].

In this narrative review, we discuss the indications, technical aspects, and outcomes of EVT based on
the current literature.

BASIC PRINCIPLES AND ESTABLISHMENT OF EVT

Vacuum therapy was initially introduced by plastic surgeons as a treatment option for chronic, infected,
and ischemic wounds[5]. Its basic principle is that negative pressure applied to a secondary healing
wound through a sealed system of a sponge applied onto the wound, with an airtight film covering it
and a suction pump connected to it by a tube, accelerates the healing process through multiple
mechanisms including: (1) Increased blood flow; (2) Local modulation of cytokines and chemoreceptor-
modulated cell signaling, leading to enhanced neoangiogenesis and increased formation of granulation
tissue; (3) Removal of debris and microorganisms; (4) Reduction of interstitial edema; (5) Continuous
drainage of wound secretions; and (6) Macrodeformation of the wound with approximation of its edges
and reduction of its volume[4-7].

After its initial application, the system needs to be changed regularly until adequate healing of the
wound is achieved. Vacuum therapy quickly became an established treatment option for external
wounds and in 2003 the first attempt was made to implement its principles for the treatment of an
anastomotic leak in the rectum, practically treating the infected mesorectal cavity behind the
anastomotic dehiscence as a chronic wound|[8]. For that purpose, the sponge was mounted to a drain
tube and then endoscopically inserted through the defect and into the cavity. Upon application of a
vacuum to the other end of the tube, the cavity collapsed around the sponge, thus sealing the system
without the need for a covering film. After the first successful implementation of EVT in the rectum, it
started becoming popular for the treatment of rectal anastomotic leaks, and in 2008 it was used for the
first time for similar defects in the upper gastrointestinal tract[9,10]. Initially, the method was only used
in German centers. After the encouraging results of the first case series were published in subsequent
years, EVT started to gain popularity and the first international reports from the United States and
Korea were published in 2016, thus paving the way for its worldwide acceptance as a viable treatment
option for defects of the gastrointestinal tract[11-14].

The main advantages of this novel approach in comparison to the already existing endoscopic
treatment options, such as clips and stents, are its ability to facilitate the secondary healing of the defect
without forcing an adaptation of the rigid, inflamed, and fibrotic edges and the possibility not only to
cover the defect but also to properly drain the cavity behind it without the need for further external
drainage. Disadvantages include the necessity of multiple endoscopic procedures, patient discomfort
due to the transnasal tube, and reduced or prohibited oral intake because of the occlusion of the
gastrointestinal tract, especially in the case of intraluminally placed devices.

INDICATIONS

EVT can be applied for all wall defects in the upper gastrointestinal tract as long as the following two
conditions are fulfilled: There is adequate blood perfusion around the defect to allow for the tissue to
react to the negative pressure, and there is a closed compartment that can collapse around the negative
pressure device[15]. Although the size of the defect and the cavity plays an important role in the
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planning of the initial application and the duration of the therapy, large cavities and defects are not
considered a contraindication. In one of the first published case series of Loske et al[11] in 2010 the size
of the cavity was 3-40 mm, however recently published data have proven the feasibility of EVT in
cavities > 7 cm and up to 15 cm, as long as they are closed and can collapse around the negative
pressure device[11,16]. A large defect is associated with more intraprocedural difficulties and an
increased number of procedures but also does not affect the outcomes of EVT[17].

Type of defect
The most common indications for EVT in the upper gastrointestinal tract are anastomotic leaks and
acute perforations[18].

Anastomotic leaks after upper gastrointestinal tract surgery were the first indications for EVT
described in the initial reports[9,10]. The incidence of anastomotic leaks after esophageal and gastric
resections, typically presenting 7-10 d postoperatively, ranges between 5%-30% and is associated with
increased morbidity and mortality rates of between 20%-50%[1,19,20]. In a Dutch cohort study including
1282 esophageal resections, an anastomotic leak was identified as the predominant specific complication
associated with 30-d and 90-d mortality[21]. Surgical revision after esophagectomy has been associated
with mortality of up to 64% and usually results in esophageal discontinuity[1,2]. Additionally, reversing
esophageal discontinuity is not possible in 30% of the patients and even if it is attempted, it is associated
with morbidity rates of up to 68%, long-term dysphagia in almost half of the patients, and sometimes
the necessity of multiple surgical revisions[22-24]. Therefore, various conservative and minimally
invasive regimes have been suggested, including thoracic drains and antibiotics, endoscopically placed
transnasal drains, transmural drains (double-pigtail stents), defect adaptation with clips and suturing
devices, and bridging of the leak with fully covered stents[25-29]. And yet, as Murphy pointed out in an
editorial in 2010, the increasing number of treatment options for anastomotic dehiscence after
esophagectomy reflects the difficulty in realizing a definitive therapy[3]. The introduction of EVT
offered a powerful tool in the hands of the endoscopists, since it combines coverage of the defect and
adequate drainage of the cavity behind the leak without the necessity of an additional, external drain
and presented success rates of between 78%-100%[11,30-32]. Initially, EVT was used as a rescue therapy
after failed surgical revision or stenting, but currently, it is being used as a first-line treatment for
anastomotic leaks in many high-volume centers for upper gastrointestinal tract surgery[9,10,32].
Nevertheless, the endoscopist must bear in mind that although EVT can be applied for most
anastomotic leaks, it is not suitable for very early leaks (within 4 d after surgery) with massive or
complete anastomotic rupture and excessive tissue necrosis, and these patients should undergo surgical
revision[30,32].

Acute perforations are nowadays usually iatrogenic and rarely spontaneous or traumatic. In contrast
with anastomotic leaks, the edges of acute perforations are usually clean and lack inflammatory and
fibrotic alterations, thus allowing for a better adaptation[33]. Additionally, no large cavity has been
formed yet behind the defect. Therefore, closure of the perforation should be the primary therapeutic
goal. Gomez-Esquivel suggested a therapeutic algorithm, according to which defects up to 2 cm should
be primarily closed using though-the-scope clips. For defects between 2-3 cm over-the-scope-clips could
be a better option and even larger defects should be covered by stents, as long as there is no cavity
formed behind the defect. In the presence of a cavity, EVT should be considered the primary therapeutic
option[34]. Early findings on the use of EVT for iatrogenic perforations and Boerhaave’s syndrome also
showed a very high success rate of up to 100% with a minimum duration of therapy, but they are mostly
based on small case series since in most centers EVT is considered a second-line treatment for acute
perforations and thus is not as commonly implemented[35-37].

Localisation

EVT has been reportedly used in all parts of the upper gastrointestinal tract and its feasibility and
outcomes are primarily tied to technical aspects, including correct positioning of the device and the
environment of the cavity.

The application of EVT for defects of the esophagus and intrathoracic anastomoses after esophageal
surgery is the most commonly reported use[11,30]. The defects are usually easily reachable, and the
associated cavities are restricted inside the mediastinum, thus facilitating the placement of the EVT
device. Additionally, the high risk associated with esophageal emergency surgery and redo surgery
further highlights the importance of EVT as a primary treatment in these cases[1]. Defects of the
proximal esophagus have been described to be particularly difficult to treat, since negative pressure is
more difficult to establish and maintain and the patient discomfort is maximized through the presence
of a foreign body so close to the upper esophageal sphincter[4]. Nevertheless, several reports have
demonstrated its feasibility, not only in the upper esophagus but also for pharyngeal defects after head
and neck surgery[38,39].

Intraperitoneal gastric defects communicating with the abdominal cavity are typically not suitable for
EVT and surgery should be preferred instead[4]. Additionally, intraluminal EVT is technically very
difficult in the stomach, since its volume does not allow for the precise positioning of the EVT device in
front of the defect and the complete collapse of the organ around it. Nevertheless, in the presence of a
well-defined abscess cavity around an anastomotic leak or perforation it can be implemented, especially
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for patients showing poor tissue healing or who are unsuitable for surgery[40,41].

A special subgroup of gastric defects is those occurring after bariatric surgery. Staple line leaks occur
in 1%-2% of patients after sleeve gastrectomy and 2%-5% of patients after Roux-en-Y gastric bypass[42,
43]. Especially in the case of sleeve gastrectomy, leaks mostly occur at the proximal end of the staple line
and are caused when the intragastric pressure exceeds the staple line resistance, whereas true ischemic
leaks are rare[44,45]. Such leaks are characterized by a late onset of mild symptoms with up to 50%
being asymptomatic, probably because of the amount of visceral fat restricting the leak and preventing
generalized peritonitis[46,47]. Revision surgery after the second postoperative day has been proven to
have insufficient results, thus shifting the focus toward endoscopic treatment options[46]. Several small
series have reported the feasibility of EVT in these cases since 2016 and a recent analysis of 31 patients
as well as a meta-analysis of 5 studies with a total of 55 patients showed high success rates of between
87%-90%[46,48].

Duodenal defects are technically more challenging and make the material selection more important.
The long distance of the defect from the teeth is the main restricting factor when using an overtube,
whereas the passage of the pyloric sphincter and the poor maneuverability of the endoscope inside the
duodenum makes the positioning of a sponge in the piggyback technique more difficult. The slenderer
variation of the open-pore film drainage (OFD), further explained below, can be placed more easily and
seems to be an adequate alternative[49,50]. If technically feasible, EVT has been reported to have equally
high success rates for duodenal defects, including perforations after endoscopic resections or endoscopic
retrograde cholangiopancreatography and leaks after suture of perforated ulcers and intraoperative
injuries, partially due to the additional benefit of removing the gastric and duodenal secretions from the
area of the defect, which could potentially inhibit the healing process[50-53].

The use of EVT for rare indications, such as esophagobronchial fistulas and pancreatic necrosis has
also been reported, but the evidence available is still insufficient[54,55].

TECHNICAL ASPECTS

Preprocedural preparation

A combination of endoscopy and imaging techniques - most commonly computed tomography (CT)
with oral contrast - is usually used to diagnose the defects and set the indication for EVT[4]. A careful
endoscopic examination and documentation of the defect, the cavity behind it, and the blood perfusion
around it are crucial for the planning of the initial procedure and the monitoring of the effects of EVT
during the treatment[11]. CT scan provides additional information regarding the size and geometry of
the cavity as well as its proximity to delicate anatomic structures, including the lung and large vessels.

Intracavitary or intraluminal?

The ideal placement of the EVT device has been thoroughly discussed in the literature. Traditional EVT
consists of placing a sponge through the defect of the wall and inside the extraluminal cavity. The
applied negative pressure causes the cavity to collapse, allows for sufficient drainage, and induces the
formation of granular tissue on the walls of the cavity. During the subsequent EVT system changes the
sponge is gradually retracted towards the lumen, thus leading to a downsizing of the cavity and finally
to a closure of the defect (Figure 1). Alternatively, if the defect is too small, the EVT device can be placed
intraluminally in front of it and the negative pressure is transferred to the cavity through the defect.
Most experts suggest that, whenever technically possible, intracavitary EVT should be preferred, since it
better reaches the entire cavity, thus enabling the healing from its most distal parts towards the lumen.
At the same time, it prevents a superficial closure of the defect prior to the obliteration of the cavity with
the formation of a closed, insufficiently drained space and ultimately an abscess[11,15,46,56-59]. Even in
case of small wall defects, a prior balloon dilatation should be performed to enable the intracavitary
placement of the EVT device, if a larger cavity is suspected[32]. A recent retrospective study with 119
patients also showed, that intraluminal placement of the EVT device is an independent risk factor for
treatment failure, further supporting this strategy[60]. A further disadvantage of the intraluminal
placement of the sponge is the complete occlusion of the lumen. As for the exact placement of the
sponge inside the cavity, Loske et al[11] suggested that a small sponge at the entrance of the cavity is
enough and can cause the entire cavity to collapse around it[11]. However, in this report, the maximum
size of the cavities was 4 cm. In the case of larger cavities, this positioning could lead to a collapse of the
proximal part of the cavity around the sponge with subsequent formation of granular tissue and
gradual closure, thus separating the most distal parts and forming a second, insufficiently drained
cavity. Therefore, we suggest the placement of a larger sponge up to the most distal part of the cavity
during the initial procedure and a gradual withdrawal towards the lumen in the subsequent changes, in
order to facilitate the gradual closure of the cavity from distal to proximal[16].

In case an intracavitary positioning is not possible and an intraluminal EVT has to be applied, a CT
scan should be performed to exclude the presence of an insufficiently drained cavity, especially if the
size of the defect does not allow for a thorough endoscopic exploration. A combination of both methods,
simultaneously or in succession according to the changing geometry of the defect, is also possible.
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Figure 1 Intracavitary endoscopic vacuum therapy for an anastomotic leak after Ivor-Lewis esophagectomy. A: 10 mm wide Anastomotic leak;
B: 6 cm deep cavity with necrotic tissue, debris, and fibrin; C: Intracavitary positioning of an EsoSponge (a nasojejunal feeding tube is visible inside the lumen to the
right); D: Downsizing of the defect after the first endoscopic vacuum therapy (EVT) session; E: Clean cavity with healthy granular tissue after the first EVT session; F:
Healed anastomotic leak after 4 EVT sessions.

Materials

The basic EVT system consists of the actual EVT device, usually a sponge or a drain, that is placed in the
area where the negative pressure should be applied, an external negative pressure source, which may be
a drain suction bottle or a pump, and tubing that connects these two elements and transfers the negative
pressure from the external source to the EVT device. Regarding the negative pressure source, drain
suction bottles are cheap and widely available, but the suction force they apply is unreliable and more
difficult to control. Electronic pumps offer better control of the applied negative pressure; however, it
has to be pointed out that most of the commercially available pumps are designed for and dedicated to
external vacuum therapy and small adaptations are usually necessary to make them compatible with
EVT devices[4].

Regarding the EVT device, a large variety of alternatives has been suggested and the selection is
usually based on the anatomic configuration of the defect, the availability of materials, and the
experience of the endoscopist. In the initial description of endoscopic negative pressure therapy an
individually prepared sponge was inserted using the “piggyback” technique[10]. According to this
technique, a piece of polyurethane sponge designed for external negative pressure therapy is cut to the
size of the cavity and attached around the perforated end of a surgical drain or a nasogastric tube
(Figure 2). Macroporous, low-density sponges are preferred because of their greater debriding capacity
and their stronger contraction under negative pressure, which leads to a more pronounced shrinkage of
the cavity, although this structure allows for more tissue ingrowth thus making removal more difficult
[4]. The distal end of the drain is shortened accordingly so that no perforations lie outside of the sponge.
An endoscopic forceps is inserted into the instrument channel of the endoscope and the tip of the
sponge or a loop attached to its distal end is grasped. The sponge is then inserted parallel to the
endoscope and placed, with the use of the forceps, in its proper position. This method is cheap and
versatile, allowing for the individual construction of the sponge according to the needs of every patient.
However, the “piggyback” technique is technically demanding and the parallel insertion of the sponge
and the endoscope restricts the field of view and might increase the risk of injury, especially in organs
with a narrow lumen, like the esophagus. This method was predominantly used in earlier studies and is
still being used in many centers with high success rates[32,57,58,60].

The EsoSponge System (B. Braun Medical Ltd, Sheffield, United Kingdom) became available in 2014
as a variation of the EndoSponge System designed for rectal EVT and is still the only commercially
available EVT sponge. It consists of a 55 mm long, 15 mm wide macroporous sponge fixed at the end of
a 100 cm drainage tube, an overtube, and a pusher (Figure 2). The endoscope is inserted into the
overtube and then inserted through the defect into the cavity. The overtube is slid over the endoscope
until its tip is inside the cavity and then the endoscope is removed, leaving the overtube in place. The
sponge is inserted into the overtube and pushed through it with the help of the pusher. When the entire
pusher is inside the overtube, the sponge has been completely released in front of the tip of the overtube
and inside the cavity. In the case of intraluminal EVT the tip of the overtube is placed inside the lumen,
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Figure 2 Endoscopic vacuum therapy materials. A: The necessary materials for a handmade endoscopic vacuum therapy (EVT) sponge: Suture, scissors,
needleholder, drain and polyurethane sponge; B: The components of the EsoSponge System: EVT sponge, pusher and overtube; C: A comparison of a handmade
EVT sponge (left) and an EsoSponge (right).
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directly proximal to the defect, and the sponge is released in the lumen, at the entrance of the cavity.
The position of the sponge is controlled endoscopically and corrected if necessary. This procedure is
standardized and technically easier to perform, while the overtube protects the esophageal wall from
potential injuries and separates the gastrointestinal tract from the airway, thus reducing the risk of
aspiration. The sponge can also be modified according to the geometry of each cavity and even
extended with the attachment of additional pieces of sponge if necessary[16]. Large retrospective studies
have shown high success rates with the use of the EsoSponge System, however, none compare it to the
“piggyback” technique, so the final decision lies at the discretion of the endoscopist[11,30,52,61,62].

In 2015 Loske et al[49] described the OFD tool, an alternative EVT device consisting of a nasogastric
tube with its distal, perforated end wrapped in a very thin, double-layered, open-pore drainage film
(Figure 3). The drainage film is fixed around the tube with a suture, the tube is inserted through the
nose like a normal nasogastric tube and the distal tip is positioned through the defect or in front of it
with the use of an endoscopic forceps[49]. This device is much smaller than the sponges, can be easily
placed through smaller defects or in difficult positions, like the duodenum, and can be left in place
longer, since it is not as prone to tissue ingrowth as other devices. The first reports on OFD have shown
encouraging results for various indications, including duodenal lesions and preemptive EVT after
esophageal resection[63-65].

A further development was the introduction of the VAC-Stent (MICRO-TECH Europe GmbH, Diis-
seldorf, Germany), a fully covered, 70 mm long and 14 mm wide self-expanding metal stent (SEMS)
with its central 50 mm part covered by a macroporous polyurethane sponge connected to a tube that can
be connected to a negative pressure source (Figure 4). This product combines the advantages of
intraluminal EVT with a lack of occlusion of the gastrointestinal lumen, thus allowing oral intake and
reducing patient discomfort. Since it can only be placed intraluminally, it is suitable for defects without
large associated cavities, although it can also be placed over an intracavitary sponge, combining both
methods. The first published series showed a success rate of 80%, although a prominent selection bias of
these studies has to be taken into consideration[66,67].
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Figure 3 Open-pore film drainage. A: The open-pore film drainage (OFD) system; B: Intraluminal application of OFD in the duodenum after a resection related
perforation (clips are visible at the resection site).

DOI: 10.4253/wjge.v15.i6.420 Copyright ©The Author(s) 2023.

Figure 4 VAC-Stent (MICRO-TECH Europe GmbH, Diisseldorf, Germany). A: The VAC-Stent system; B: The VAC-stent in place in the esophagus.

Postprocedural care, settings, and re-interventions

The initial placement of the EVT device and the subsequent procedures can be performed in the
endoscopy suite under sedation, provided that the patient’s condition supports that. The initial
procedure takes usually slightly longer than the following ones and the average procedure time is
between 30-60 min[68,69]. The partial or complete occlusion of the lumen is an important issue and the
placement of a feeding tube distal to the EVT device is generally advised. Especially in the case of Ivor-
Lewis esophagectomy with delayed gastric emptying the placement of a dual-lumen tube should be
considered, with the longer feeding tube positioned postpyloric and the proximal gastric tube in the
stomach to facilitate the evacuation of gastric secretions[30].
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There is no consensus regarding the settings of the negative pressure, mainly because of the complete
lack of evidence on this subject. Initially the pressure of -125 mmHg usually used in external negative
pressure therapy was also used for EVT and pressure settings between -100 and -125 mmHg have been
used in the largest published series to date[30,32,60]. Other authors suggest lower pressure settings of -
20 to -50 mmHg in order to prevent bleeding, injuries, and formation of fistulas, especially when the
EVT device lies in close proximity to delicate structures[70]. Still, the standard pressure settings vary
greatly from center to center and this was also depicted in an international survey published in 2019[59].

A further issue subject to a lot of debate is the ideal interval between changes of the EVT system. It is
known from external negative pressure therapy that the sponge becomes occluded by tissue ingrowth
and wound secretions and has to be changed regularly. Most of the experts suggest an interval of 3-5 d
[15,59,71]. However, the lack of further evidence has led to a wide spread of different strategies used in
different centers and this is also depicted in the literature, with some authors supporting a shorter
interval of 2-3 d so as to prevent excessive tissue ingrowth and others opting for an interval of 7 d,
aiming to reduce the number of procedures needed[60,61,72,73]. Intervals over 7 d are generally
discouraged, since the sponge might be embedded in the tissue thus making its removal difficult and
increasing the risk of injuries, but apart from that the decision is usually made according to center
standards and individual patient characteristics[7].

The negative pressure has to be relieved prior to any subsequent endoscopic procedure in order to
facilitate the removal of the sponge. If the device is firmly attached to the tissue, it may be rinsed with
water and then carefully dislodged from the surrounding tissue with the tip of the endoscope before
being pulled back[58]. The defect and the cavity should be carefully reevaluated every time so that the
therapy can be adapted accordingly. It has also been shown that the actual size of the defect or the
cavity might not be evident during initial endoscopy, being masked behind debris or necrotic tissue,
and only revealed in the subsequent procedures[16].

The main criterion for termination of EVT is the formation of a shallow cavity with a wide entrance
and adequate drainage into the lumen, covered by healthy granular tissue[13,16]. The exact maximum
cavity size required to end EVT varies between 0.5 and 3 cm from study to study, but geometry also
plays an important role[74]. Additional treatment of residual defects and fistulas with the use of clips or
fibrin glue has also been reported[32,75]. On the other hand, if no signs of tissue reaction and progress,
both endoscopic and clinical, are evident after 3 wk of EVT, an alternative treatment should be
considered[32].

OUTCOMES OF EVT

Published studies report success rates of EVT in the upper gastrointestinal tract ranging between 78%-
100%, although most of them are retrospective and based on very heterogenous populations[30-32,46,62,
76]. These findings have been verified in 3 meta-analyses with pooled success rates between 81%-87%
[48,77,78]. When applied in the esophagus, clinical success seems to be higher for more distal defects
and the results are better when applied as a first-line treatment in comparison to rescue treatment after
failed stenting or surgical revision[62,77]. The type of defect does not seem to affect the success rate,
although acute perforations tend to need fewer procedures and a shorter overall duration of treatment
[30,35].

The experience of the endoscopist is crucial for the technical and clinical success of EVT. A recent
study evaluated outcomes in one clinic over a period of 10 years and noticed an increase in success rates
from 80% to 91%, while therapy duration and the need for additional treatments and redo surgery
significantly decreased with accumulating experience[17]. Ward et al[69] argued that technical
proficiency can be achieved after the first 10 procedures, but this is largely dependent on the severity of
the case and the geometry and localization of the defect[69].

The duration of treatment and the number of necessary procedures vary greatly and depend on the
type of defect, the size of the defect and the associated cavity, and the healing potential of the patient.
Most studies report 3-6 subsequent endoscopic procedures in a period of 11-25 d, with a tendency
towards a shorter duration of treatment in cases of acute perforations and defects in the duodenum[14,
30,32,35,52,76].

The rate of immediate adverse events is generally low and reaches 10% for the entire course of
treatment[77]. These mostly include dislocation of the EVT device, mild bleeding after removal, and
aspiration pneumonia[60]. Some rare but potentially life-threatening complications have been reported
when the sponge came into close proximity to large vessels and eroded them, leading to uncontrolled
and sometimes fatal bleeding, but to our knowledge, only 5 such cases have been reported so far[32,61,
73]. Nevertheless, the severity of these complications points out the importance of careful evaluation of
the cavity and, when in doubt, of an additional CT scan to assess the relative position of the sponge to
delicate structures[32]. Bronchoesophageal fistulas have also been rarely reported, although in these
cases it is difficult to differentiate if they were caused by EVT or the initial leak itself[57,79]. On the other
hand, the most common long-term complications are strictures in the area affected by the EVT. The
stricture rate lies between 8%-20%, but almost all of them can be successfully treated by endoscopic
dilatation[60,61,77].
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EVT AND ALTERNATIVE METHODS

A wide range of alternative treatments have been described for the treatment of upper gastrointestinal
defects. Clips and suturing methods show high success rates in cases of acute perforations with small
defects and no associated cavity[33,80]. Transluminal drainage with the use of transnasal tubes or
pigtails has also been reported, but the evidence is still low and this method is mostly used in selected
patients[27,29,81]. Stents are the most common treatment alternative to EVT. Until the introduction of
EVT stenting was the primary treatment option for large defects and especially anastomotic leaks in the
upper gastrointestinal tract, with clinical success rates between 80%-90%[28,52-84]. SEMS were used in
most of the published studies and complications include stent migration, strictures, and aortoeso-
phageal fistulas with potentially fatal bleeding[83,85,86]. The main disadvantage of SEMS, though, is the
lack of drainage of the cavity behind the defect. Several retrospective studies and two metanalyses have
compared treatment outcomes between EVT and SEMS, generally showing higher success rates,
reduced duration of therapy, and lower rates of adverse events for EVT[57,75,87-90]. Only one study
found no difference between the two treatment options in any of the parameters mentioned above; the
cross-over between the two groups was however significant and might have influenced the results[91].
The protocol of the ESOLEAK study, a phase 2 randomized trial comparing EVT and SEMS in the upper
gastrointestinal tract, was published in 2021. The study is currently recruiting and to our knowledge, no
results have been published so far[92].

PREEMPTIVE EVT

Based on the fact that EVT facilitates healing, several efforts have been made to implement it prophy-
lactically on high-risk anastomoses in order to reduce the incidence of anastomotic leaks. The main
principle of preemptive EVT is that it can treat small, undetectable defects of the anastomosis and
prevent the contamination of the mediastinum, thus leading to their closure before they become
clinically evident[93]. In 2017 Neumann et al[94] suggested a scheduled endoscopic control of the
anastomosis several days after esophagectomy with the application of preemptive EVT if the tissue
showed any signs of ischemia. In this first series of 8 patients, the anastomotic leak rate was still 25%
and 3 patients developed strictures[94]. Four further studies evaluated the intraoperative placement of a
sponge or an OFD intraluminally at the area of the anastomosis and reevaluated 3-6 d later. In the case
of high-risk findings during control-endoscopy, including visible suture material, fibrin, and ischemia,
EVT was prolonged, otherwise it was terminated. The reported anastomotic leak rates varied between
0%-7.5%, which is lower than usually reported, but the series was small and there was no control group
to verify its positive effects[65,93,95,96]. Therefore, preemptive EVT still remains an attractive theory,
but further data is required to prove its efficacy and determine the patient groups that could profit from
it.

CONCLUSION

In summary, we can conclude that EVT is an adequate treatment option for wall defects in the upper
gastrointestinal tract, with high success rates and low morbidity. The available evidence has proved its
efficacy in different localizations and clinical settings for both acute perforations and anastomotic leaks
and especially for the latter it is considered a first-line treatment in many centers. However, the data
regarding the technical aspects, including choice of materials, pressure settings, and procedure interval,
are scarce, and further randomized trials are necessary to clarify those points.
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Abstract

Therapeutic flexible endoscopic robotic systems have been developed primarily as
a platform for endoscopic submucosal dissection (ESD) in the treatment of early-
stage gastrointestinal cancer. Since ESD can only be performed by highly skilled
endoscopists, the goal is to lower the technical hurdles to ESD by introducing a
robot. In some cases, such robots have already been used clinically, but they are
still in the research and development stage. This paper outlined the current status
of development, including a system by the author’s group, and discussed future
challenges.

Key Words: Therapeutic flexible endoscopic robotic systems; Endoscopic submucosal
dissection; Tissue triangulation
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Core Tip: The current status and future issues in the new standardization that therapeutic
flexible endoscopic robotic systems have brought to endoscopic submucosal dissection
and endoscopic full-thickness resection were outlined.
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INTRODUCTION

Therapeutic flexible endoscopic robotic systems were initially developed as a platform
for natural orifice transluminal endoscopic surgery (NOTES)[1,2]. However, NOTES
was not widely adopted as a treatment modality, and development shifted to
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endoscopic submucosal dissection (ESD), a highly complex, gastrointestinal endoscopic procedure that
emerged as a treatment modality for early-stage gastrointestinal cancer. The author’s group has also
developed a robotic system for ESD known as the Endoscopic Therapeutic Robot System (ETRS)[3].
Various reviews have been published on this subject[4-7]. This paper provided an overview from a
developer’s perspective of the current status and future issues in the development of a therapeutic
flexible endoscopic robot that can be adapted to ESD and to next-generation endoscopic full-thickness
resection (EFTR) therapy.

INTRODUCTION TO ROBOTICS IN ESD

ESD is a treatment modality that uses an electronic knife via the forceps channel of a flexible endoscope.
First, an incision is made around the lesion (e.g., early-stage cancer) at submucosal depth, and then the
lesion is dissected from the wall of the digestive tract at the submucosal layer[8,9]. ESD allows en bloc
resection of large lesions, which could not be performed with the conventional endoscopic mucosal
resection modality. However, the procedure is very difficult and time-consuming because incision and
dissection are performed by counter traction, which was achieved only by manual manipulation of the
angle and axis of a single flexible endoscope.

This was an opportunity for the introduction of robotics. ENDOSAMURAI was developed for use
with NOTES[10]. The system is equipped with two arm forceps that resemble hands at the tip of a
flexible endoscope, with grasping forceps serving as the left hand and knife forceps as the right hand.
Each element of the procedure, such as incision, dissection, and hemostasis, is intuitively performed by
grasping and pulling with precise tissue triangulation[11]. The arrival of ENDOSAMURAI marked the
beginning of the development of a therapeutic flexible endoscopic robot for performing ESD and EFTR
[11]. Specifically, the shift from counter traction with a single flexible endoscope to tissue triangulation
with two robotic arm forceps was a major contribution of robotics to ESD and other highly challenging
endoscopic procedures.

A THERAPEUTIC FLEXIBLE ENDOSCOPIC ROBOT FOR PERFORMING ESD AND EFTR

In this section, systems that achieve tissue triangulation with multi-degrees-of-freedom (multi-DOF)
robotic forceps and have been implemented for ESD and EFTR in animals or animal organs were
reviewed along with a discussion of the clinical application of some systems.

Master and slave transluminal endoscopic robot

Master and slave transluminal endoscopic robot (MASTER) (Endomaster Pte Ltd., Singapore,
Singapore) was developed primarily by the University of Singapore and was the first robot to clinically
implement ESD for early-stage gastric cancer[12-14]. Grasping forceps and knife forceps with 7 DOF
were mounted in the two forceps channels of an Olympus GIF-2T240 endoscope, and they could be
manipulated by computer control using a dedicated master device. Submucosal dissection was made
possible by good tissue triangulation, but other procedures such as marking and peripheral incision
were performed separately using a conventional flexible endoscope, which necessitated repeated
replacement of the flexible endoscope. The system also required another endoscopist to operate the
flexible endoscope itself. This system has been implemented for EFTR of the stomach using live pigs[15].

Endomaster endoluminal assistant for surgical endoscopy system

The fixed configuration of the two robotic forceps in the old MASTER system made it impossible to
exchange forceps, whereas a notable improvement of the next-generation MASTER systems was that the
two grasping and knife robotic forceps could now be inserted and removed. The dedicated flexible
endoscope has three channels: Two for robotic forceps and one for surgical instruments. The addition of
rotation, insertion, and removal capabilities to the operations of the robotic forceps themselves resulted
in 9 DOF and made the system more intuitive and easier to operate[16]. This system was initially
implemented in colorectal ESD using live cows and is now being applied in a clinical setting[17]. Insofar
as the flexible endoscope itself is not robotically operated and requires another endoscopist, there are no
major changes in this regard.

Endoluminal surgical system

The endoluminal surgical system (ColubrisMX, Inc., Houston, TX, United States) consists of a scope
called a Colubriscope, robotic forceps inserted into the scope, and an operating console for the forceps
[18,19]. The Colubriscope has an external diameter of 22 mm and four channels: Two for robotic forceps
(one dedicated camera channel and one surgical instrument channel) and a separate dedicated channel
for air supply and degassing. Unlike other robotic systems that have a camera function in the flexible
endoscope itself, a single camera scope can be inserted into the Colubriscope’s forceps channel, allowing
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independent adjustment of the field of view. Another advanced feature is the use of robotic grasping
forceps in the left hand to obtain good tissue triangulation while using built-in powered scissors in the
robotic forceps of the right hand to perform incision and dissection by means of hot dissection. This
feature also has the potential for use in procedures other than ESD. This system is also noteworthy in
that it allows suture manipulation using both left and right robotic grasping forceps, and it is capable of
EFTR. ESD and postresection suturing were performed 20 times using porcine colons[18].

Flex robotic system

The Flex Robotic System (Medrobotics Corporation, Raynham, MA, United States) is a master-slave
robotic system approved by the United States Food and Drug Administration in 2017 as a robotic
system for head and neck surgery[20,21]. This perfected system has two forceps channels (left and right)
on the outside of the flexible endoscope, through which dedicated forceps are inserted to allow two-
handed operation. Two forceps can be selected from several types, such as grasping, electric scalpel, and
powered scissors, to perform incision, dissection, resection, suturing, and so forth. The flexible
endoscope itself can also be remotely operated, allowing almost all operations to be performed by a
single endoscopist sitting at a dedicated console. The implementation of ESD in the bovine colon has
shown that even a surgeon inexperienced in ESD can easily master this technique[20]. However,
because this system is designed for head and neck surgery, the external diameter of the flexible
endoscope is too large for insertion into the upper gastrointestinal tract, and with a length of 25 cm, it
cannot be used for deep lesions in the colon.

Endoluminal assistant for surgical endoscopy

The Endoluminal Assistant for Surgical Endoscopy (ICube Laboratory, Strasbourg, France) is a master-
slave robotic system developed as a successor to the ISIS-Scope/STRAS system (Karl Storz, IRCAD,
Tuttlingen, Germany)[22,23]. It has two channels for robotic forceps and a channel for conventional
surgical instruments, and through robotic control of the grasping and knife forceps, it can be used to
perform mucous membrane incision and submucosal dissection with precise tissue triangulation.
Submucosal local injection is also possible by inserting a syringe needle through the channel for conven-
tional surgical instruments. The flexible endoscope itself can also be operated by a joystick, allowing
almost all procedures to be performed by a single endoscopist sitting at a dedicated console. ESD of the
colon has been achieved in live pigs[23].

ETRS

The ETRS (Figure 1) is a master-slave robotic system developed by the author’s group exclusively for
ESD[3]. We started by developing a platform to remotely control movements of the endoscope itself,
which we named the Endoscopic Operation Robot (EOR)[24]. The current third-generation EOR is
equipped with two-way haptic feedback functions that provide haptic feedback (force sensation) via the
master unit while transmitting a force equal to that applied by the operator on the master unit to the
endoscope tip, and all scope operations can be performed with one hand[24]. We then developed a
master-slave system capable of remotely operating three different endoscopic instruments (grasping
forceps, knife forceps, and injection-needle catheters), and we combined this system with the improved
EOR version 3 (Figure 2) to create a novel gastrointestinal endoscopic robot in which all operations are
controlled remotely. All procedural elements required for ESD, such as incision, dissection, submucosal
local injection, water jetting, air supply, aspiration, and lesion recovery, can be performed by a single
endoscopist sitting at a console. ESD has been performed in a resected pig stomach[3].

FUTURE ISSUES

ESD is a procedure that can only be performed by highly skilled endoscopists, but therapeutic flexible
endoscopic robotic systems allow less-experienced endoscopists to perform ESD by tissue triangulation
using both hands to manipulate two multi-DOF robotic arm forceps. However, compared to the
perfected surgical robots as exemplified by da Vinci, there are still many issues that need to be
addressed at the research level before wider general clinical application.

Lesion access

For example, ESD is intended to treat lesions in the upper gastrointestinal tract as far as the duodenum
and lesions in the lower gastrointestinal tract as far as the cecum. Each robotic system must be able to
easily reach the lesion site so that it can adequately fulfill its potential. Current systems are still
inadequate for accessing lesions, mainly because the scope cannot be operated over a sufficient length.

Versatility with cost-effectiveness
Dedicated ESD and EFTR robots are not cost-effective in terms of system scale because they tend to be
large and complex. The Flex Robotic System was developed for head and neck surgery and has been
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Figure 1 Endoscopic therapeutic robot system.
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applied to colorectal ESD, but this system should be further developed so that it can be adapted to other
diseases. Many of the systems introduced allow the replacement of robotic forceps. However, by
expanding the robotic forceps options and forceps channels so that complex sutures and anastomoses
can be performed at will, there is also room for development that extends the application of these
systems to areas where flexible endoscopes are superior to rigid endoscopes, such as thoracic and intra-
abdominal surgery. Nevertheless, all procedures must be performed within the caliber of a
gastrointestinal endoscope, and greater development within these fine size constraints is needed.

Arrangement of operators

The ETRS developed by the author’s group enables a single endoscopist sitting at a console to perform
all the procedures required for ESD, although the system still has many other issues. Many current
flexible endoscopes require assistants for their operation, and when complex, coordinated operation by
two or more operators is needed, the hurdle for standardized operations becomes high. In the author’s
opinion, assistants should perform only the minimum necessary operations, such as changing forceps,
and a single endoscopist should be able to perform as much of the surgery as possible.

Developing autonomy

The purpose of the surgical robotic systems currently used clinically is to provide operational support to
surgeons and not to operate autonomously. If a robot were to be perfected as an operational support
robot, it could be implemented clinically. For example, the smart tissue autonomous robot, which was
developed as an autonomous surgical robot, is already performing automated intestinal anastomosis in
live pigs[25]. Autonomous support was introduced into surgical robotic systems along with the
establishment of phased objectives that must be met, in the same way that levels have been set for
automated driving in automobiles[26]. This should begin with autonomous optimization of the surgical
field so that the surgeon can always operate under an optimal surgical field.

CONCLUSION

Therapeutic flexible endoscopic robotic systems are being developed for ESD and EFTR. While some
have been used clinically, most systems remain in the research and development stage. These robotic
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Figure 2 Endoscopic operation robot version 3.

systems are expected to offer numerous advantages to surgeons, but a number of issues will need to be
addressed before there is widespread application in clinical settings.
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Abstract

Recently, endoscopic intraductal radiofrequency ablation (ID-RFA) has attracted
attention as a local treatment method for malignant biliary obstruction (MBO). ID-
RFA causes coagulative necrosis of the tumor tissue in the stricture and induces
exfoliation. Its effects are expected to extend the patency period of biliary stents
and prolong the survival period. Evidence for extrahepatic cholangiocarcinoma
(eCCA) is gradually accumulating, and some reports show significant therapeutic
effects in eCCA patients without distant metastasis. However, it is still far from an
established treatment technique, and many unsolved problems remain. Therefore,
when performing ID-RFA in clinical practice, it is necessary to understand and
grasp the current evidence well and to operate appropriately for the true benefit
of the patients. This paper reviews the current status, issues, and prospects of
endoscopic ID-RFA for MBO, especially for eCCA.

Key Words: Intraductal radiofrequency ablation; Cholangiocarcinoma; Biliary tract; Stents;
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Core Tip: Intraductal radiofrequency ablation can be a useful option as a local therapy
for malignant biliary obstruction, but there are still many unclear points. Although
increasing reports suggest its usefulness, mainly for extrahepatic cholangiocarcinoma
without distant metastasis, it is still far from being a standard treatment. Additionally, it
should be recognized that the currently available ablation catheter could not always
provide sufficient ablation in all cases. In addition to accumulating further evidence, it is
necessary to establish its usefulness, clarify its indication, and develop an innovative
device that can perform appropriate ablation for all lesions.

June 16,2023 | Volume15 | Issue6 |


https://www.f6publishing.com
https://dx.doi.org/10.4253/wjge.v15.i6.440
mailto:tinoue-tag@umin.ac.jp

Jaishideng®

Inoue T et al. Recent updates on endoscopic ID-RFA for eCCA

Citation: Inoue T, Yoneda M. Endoscopic intraductal radiofrequency ablation for extrahepatic cholangiocarcinoma:
An update (2023). World J Gastrointest Endosc 2023; 15(6): 440-446

URL: https://www.wjgnet.com/1948-5190/full/v15/i6/440.htm

DOI: https://dx.doi.org/10.4253/wjge.v15.16.440

INTRODUCTION

Biliary drainage is an indispensable therapeutic technique for treating obstructive jaundice and cho-
langitis associated with malignant biliary obstruction (MBO). The endoscopic placement of a biliary
stent was introduced in the 1980s[1]; owing to its minimal invasiveness and usefulness, it is now the
procedure of choice in most cases of MBO. Although there are various types of stents, metal stents (MS)
are recommended for unresectable cases because they have a longer patency period than plastic stents
(PS)[2]. However, progress in antitumor therapy has resulted in extended survival period of malignant
disease with MBO[3,4], and stent occlusion occurs in a relatively large number of cases even when MS is
indwelled. Therefore, extending the stent's patency period is required, including changing the drainage
strategy.

Against this background, intraductal radiofrequency ablation (ID-RFA) has emerged as a novel local
treatment for MBO[5,6]. ID-RFA was introduced to prolong the patency of the stents. Besides, it has
been suggested that it is effective in prolonging survival for extrahepatic cholangiocarcinoma (eCCA).
Since the prognosis of eCCA is poor and numerous patients are unresectable at the time of diagnosis,
ID-RFA has attracted huge attention and has high expectations as a feasible alternative. However, it is
difficult to say that ID-RFA has been established because many unsolved problems remain. To
effectively benefit patients, ID-RFA in clinical practice requires a thorough understanding of the
available evidence and proper operation.

In this paper, we review the current status, issues, and prospects of endoscopic ID-RFA for MBO,
particularly for eCCA.

EFFECT OF ID-RFA ON PROLONGING SURVIVAL FOR eCCA

It is considered that ID-RFA can extend the survival period by reducing the tumor burden, a secondary
effect by prolonging the patency of the stent, and antitumor immunity[7,8]. Presently, five randomized
controlled trials (RCTs)[9-13] of endoscopic ID-RFA have been reported (Table 1). Yang et al[9] and Gao
et al[11] focus on only eCCA patients, while others involve patients with various diseases. The three
RCTs with various etiology did not show a survival benefit of ID-RFA, while Yang et al[9] showed that
the overall mean survival time was significantly longer in the ID-RFA with stent group (13.2 £ 0.6 vs 8.3
+ 0.5 mo; P <0.001) and Gao et al[11] reported that the median overall survival was significantly higher
in the patients receiving ID-RFA (14.3 vs 9.2 mo; hazard ratio, 0.488; 95% confidence interval,
0.351-0.678; P < 0.001). However, caution in interpreting these results is that both studies by Yang et al
[9] and Gao et al[11] included a mixture of locally advanced and distant metastatic diseases, which were
not investigated separately. Although there is hope for the abscopal effect, it is questionable whether ID-
RFA, which only ablate the bile duct and its surroundings, has the same effect in patients with a distant
metastatic lesion that are directly related to life prognosis and those with only locally advanced disease.
Xia et al[14] reported a retrospective study with many cases of MBO because of various primary diseases
and underwent ID-RFA, and stated that the effect of prolonged survival was shown only in eCCA
without distant metastasis.

In summarizing the results of the study above, it is said that the effect of ID-RFA on prolonging the
survival period for eCCA can be expected; however, that effect may be limited to locally advanced
cases. Therefore, in the future, it will be necessary to further examine the relationship between each
disease stage and the effectiveness of ID-RFA, especially focusing on the presence or absence of distant
metastasis.

COMBINATION OF ID-RFA AND CHEMOTHERAPY FOR eCCA

Chemotherapy is the current standard treatment for unresectable eCCA[15]. However, the previous
RCT by Yang et al[9] excluded patients who underwent chemotherapy, and the study by Gao et al[11]
included only a minimal number of patients who underwent chemotherapy. Therefore, when
performing ID-RFA in clinical practice, it is necessary to grasp another evidence of ID-RFA when
combined with chemotherapy.
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Table 1 Randomized controlled trials of endoscopic intraductal radiofrequency ablation for malignant biliary obstruction

Stent patency period Survival period

No. of patients . . Adverse event rate
, . ID-RFA  ID-RFA Stent No.of ID-RFA  (median/mean) (median/mean)
Ref. ——— Etiology Location ) .
RFA + catheter  setting type  applications ID-RFA + [ ID-RFA P ID-RFA +
Stent Stent Stent Stent
stent stent value + stent value stent value
Yangetal 32 33 Cholangiocarcinoma Distal, Habib 7-10W; 90s PS Every 3 m* 6.8 m" 34m” 0.02 132 m 83m < 6.3% 9.1% 0.67
[9], 2018 hilar 0.001
Kang et al 24 24 Cholangiocarcinoma, Distal, ELRA 7W/10W; UMS 1 132d 116d  0.440 244 m 180m 0.281 4.2% 12.5% 0.609
[10], 2021° pancreatic cancer, other Hilar 120s; 80°C
Gao et al 87 87 Cholangiocarcinom*® Distal, Habib 7-10W; 90s BS] 2 3.7m 41m 0.674 143 m 92m < 27.6% 19.5% 0.211
[11], 2021 hilar 0.001  (early (early
event) event)
Kang et al 15 15 Cholangiocarcinoma, Hilar ELRA 7W; 60-120s; UMS 1-2 178 d 122d  0.154 230d 144d 0.643 NA NA NS
[12], 2022 gallbladder cancer 80°C
Albersetal 42 44 Cholangiocarcinoma, Distal, Habib 10W; 90s UMS 1 NA NAY  NAY  NA! NAY NAY  105% 2.3% P=
[13], 2022 pancreatic cancer, other Hilar 0.18
“ID-RFA was repeated if the bile duct wall thickness was > 6 mm by intraductal ultrasonography every 3 mo.
PStent replacement was performed every 3 mo even if it was not occluded.
Cases of percutaneous approaches were also included.
dCases of ampullary cancer were also included.
Stent patency and overall survival rates after 3 and 6 mo did not differ significantly between groups.
ID-RFA: Intraductal radiofrequency ablation; PS: Plastic stent; UMS: Uncovered metal stent; NA: Not applicable; NS: Not significant.
There are three reports regarding the combination of chemotherapy and ID-RFA for eCCA[16-18]
(Table 2). First, Yang et al[16] reported that the median overall survival was longer in patients who
underwent ID-RFA and S-1 chemotherapy than in those who underwent only ID-RFA (16.0 vs 11.0 mo;
P < 0.001), showing the additional effect of S-1 chemotherapy in patients who underwent ID-RFA.
However, it noted that distant metastatic cases were excluded from this study. Second, Gonzalez-
Carmona et al[17] conducted a retrospective study on the additional effect of ID-RFA on patients
undergoing gemcitabine-based chemotherapy. They showed significantly longer median overall
survival in patients with combined ID-RFA and chemotherapy compared to those with only
chemotherapy (17.3 vs 8.6 mo, P = 0.004). On subgroup analysis of this study, longer median overall
survival with the combination of ID-RFA and chemotherapy was maintained in patients with the non-
metastatic disease (20.9 vs 12.4 mo, P = 0.043), whereas it disappeared in patients with metastatic disease
(15.0 vs 8.6 mo, P = 0.116). Finally, Inoue et al[18] compared patients who underwent ID-RFA with
gemcitabine and cisplatin chemotherapy and those with only gemcitabine and cisplatin chemotherapy.
The median overall survival was significantly higher in the patients with ID-RFA and chemotherapy
(17.1 vs 11.3 mo, P = 0.017), indicating an additional effect of ID-RFA in patients treated with
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Table 2 Comparative studies of endoscopic intraductal radiofrequency ablation with chemotherapy for extrahepatic cholangiocarcinoma

No. of . Metastatic, ID-RFA Stent  No. of ID-RFA Stent patency period  Progression free survival Overall survival
Ref. Treatment . Location | C . . .
patients % catheter type applications (median) (median) (median)
Yang et al[16], 2020 S-1 chemotherapy + ID- 37 Distal, 0 Habib PS 3.3 (mean) 6.6 m P=0.014 12m P <0.001 160m  P<0.001
RFA Hilar
ID-RFA 38 Distal, 0 Habib PS 2.4 (mean) 5.6 m 7m 11.0 m
Hilar
Gonzalez-Carmona et al GEM-based chemotherapy 40 Distal, B85 Habib PS 1-21 NA NA 129 m P =0.045 173m  P=0.004
[17], 2022 +ID-RFA Hilar
GEM-based chemotherapy 26 Distal, 50.0 Habib PS - NA 57m 8.6 m
Hilar
Inoue et al[18], 2022 GEM with cisplatin + ID- 25 Distal, 48 Habib UMS 1.84 (mean) 10.7 m P=0.048 8.6 m P=0.014 171m  P=0.017
RFA Hilar
GEM with cisplatin 25 Distal, 60 Habib UMS - 52m 58 m 11.3 m
Hilar

ID-RFA: Intraductal radiofrequency ablation; PS: Plastic stent; GEM: Gemcitabine; NA: Not applicable; UMS: Uncovered metal stent.

gemcitabine and cisplatin. However, like the results of the study by Gonzalez-Carmona et al[17],
subgroup analysis showed a significant difference in median overall survival in patients without distant
metastases (23.1 vs 16.6 mo, P = 0.032), while no significant difference in patients with distant metastases
(11.4 vs 8.5 mo, P = 0.180).

These results are similar to those reported by Xia et al[14]. The effect of ID-RFA, a local treatment,
may be limited to locally advanced cases (no distant metastases). Systemic effects, including induction
of antitumor immunity, need to be investigated in more detail, the including the mechanism and
evidence from basic research.

EFFECT OF ID-RFA ON PROLONGING STENT PATENCY IN eCCA

In the two currently available RCT for eCCA, PS was used. Yang et al[9] showed that the mean stent
patency was significantly longer in patients combined with ID-RFA (6.8 vs 3.4 mo, P = 0.02). In contrast,
Gao et al[11] found that the median stent patency was insignificant with or without ID-RFA (3.7 vs 4.1, P
= 0.674). However, in Yang et al’s study, stent replacement was performed every 3 mo, and interp-
retation is difficult because it was not a pure evaluation of stent patency[9]. The other RCTs, in which
patients were not limited to eCCA, used uncovered MS[10,12,13]. They all showed no significant
differences in stent patency with or without ID-RFA.
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These results suggest that there is currently no strong evidence to support the effectiveness of
endoscopic ID-RFA in prolonging stent patency. However, numerous studies, including prospective,
retrospective, and percutaneous approaches, have shown that ID-RFA prolongs stent patency, especially
when combined with uncovered MS[5,6,19-24]. Therefore, it may be considered promising that ID-RFA
prolongs stent patency, but it is not easy to judge its usefulness because there is not enough evidence. In
the future, it will be necessary to determine the usefulness of ID-RFA in further studies by strictly
standardizing the target disease, the site of stricture, the type of stent to be used, the placement method,
and the approach method.

FUTURE PROSPECTS OF ENDOSCOPIC ID-RFA

As previously indicated, a number of reports of ID-RFA in recent years and evidence has accumulated
regarding its therapeutic efficacy, especially for eCCA without distant metastasis. However, while
robust evidence is lacking, there are still many unresolved issues, such as differences in tumor
localization between the hepatic hilum and distal bile duct, the number of ablation applications
performed, and so on. Therefore, it is necessary to conduct well-designed clinical studies and further
clarify the indications and situations in which ID-RFA is useful. Additionally, in treating hepatocellular
carcinoma, it has been suggested that ablation induce systemic immune effects, so combined use with
immunotherapy is expected to prolong further survival[25]. Since recent significant advances were
made with immunotherapy in the first-line treatment of advanced CCA with the addition of
durvalumab to cisplatin-gemcitabine chemotherapy showing a survival benefit[26,27], it is also expected
to investigate the additional effect of combining with ID-RFA.

Another problem is that, sometimes, the currently available ID-RFA catheters cannot ablate
sufficiently due to their structure[5,28], and it has been pointed out that the portion in contact with the
electrode is ablated strongly, resulting in uneven and unstable ablation depth and area[29].
Additionally, it has been suggested that the entire lesion must appropriately ablate to improve stent
patency and survival[12,28]. Therefore, to firmly determine the effect of the use of ID-RFA and for the
spread of ID-RFA, improvement of the device is essential; the development of a device that can obtain a
stable ablation effect in any stricture lesion and appropriately control the ablation range is needed.
Although it is still in the animal experiment stage, attempts have also been made to develop a balloon-
based ID-RFA catheter that enables regular contact all around[30,31]. This balloon ID-RFA catheter
provides a significantly more stable and appropriate ablation range than the conventional ID-RFA
catheter[29]. In addition, a system that can perform ablation under real-time observation with cholan-
gioscopy has also appeared[32]. Next-generation ID-RFA devices are expected to enter clinical trials
soon, resulting in enhanced treatment outcomes and broader ID-RFA indications.

CONCLUSION

The current issues and prospects of endoscopic ID-RFA were reviewed, focusing on eCCA. ID-RFA can
be a useful option as an intrabiliary local therapy, but there are still many unclear points. Although
increasing reports suggest its usefulness, mainly for eCCA without distant metastasis, it is still far from
being a standard treatment. Additionally, it should be recognized that the existing catheter could not
always provide sufficient ablation in all cases. Therefore, in addition to accumulating further evidence,
it is necessary to establish its usefulness, clarify its indication, and develop an innovative device that can
perform appropriate ablation for all lesions.
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Abstract

BACKGROUND

Endoscopic ultrasound (EUS) stands as an accurate imaging modality for esop-
hageal cancer staging, however utilization of EUS in early-stage cancer
management remains controversial. Identification of non-applicability of end-
oscopic interventions with deep muscular invasion with EUS in pre-intervention
evaluation of early-stage esophageal cancer is compared to endoscopic and
histologic indicators.

AIM

To display the role of EUS in pre-intervention early esophageal cancer staging and
how the index endoscopic features of invasive esophageal malignancy compare
for prediction of depth of invasion and cancer management.

METHODS

This was a retrospective study of patients who underwent pre-resection EUS after
a diagnosis of esophageal cancer at a tertiary medical center from 2012 to 2022.
Patient clinical data, initial esophagogastroduodenoscopy/biopsy, EUS, and final
resection pathology reports were abstracted, and statistical analysis was
conducted to assess the role of EUS in management decisions.

RESULTS

Forty nine patients were identified for this study. EUS T stage was concordant
with histological T stage in 75.5% of patients. In determining submucosal
involvement (T1a vs T1b), EUS had a specificity of 85.0%, sensitivity of 53.9%, and
accuracy of 72.7%. Endoscopic features of tumor size > 2 cm and the presence of
esophageal ulceration were significantly associated with deep invasion of cancer
on histology. EUS affected management from endoscopic mucosal resecti-
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on/submucosal dissection to esophagectomy in 23.5% of patients without esophageal ulceration
and 6.9% of patients with tumor size < 2 cm. In patients without both endoscopic findings, EUS
identified deeper cancer and changed management in 4.8% (1/20) of cases.

CONCLUSION

EUS was reasonably specific in ruling out submucosal invasion but had relatively poor sensitivity.
Data validated endoscopic indicators suggested superficial cancers in the group with a tumor size
<2 cm and the lack of esophageal ulceration. In patients with these findings, EUS rarely identified
a deep cancer that warranted a change in management.

Key Words: Endoscopic ultrasound; Esophageal early-stage cancer; Endoscopic intervention; Endoscopic
indicators of invasive cancer; Cancer intervention; Endoscopy

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

Core Tip: This study aims to convey the role of endoscopic ultrasound (EUS) for early esophageal cancer
considered for endoscopic or surgical resection and how the index endoscopic features of esophageal
malignancy compare for prediction of depth of invasion and cancer management. This was a retrospective
study of 49 patients who underwent pre-resection EUS after diagnosis of esophageal cancer. EUS was
reasonably specific in ruling out submucosal invasion but had relatively poor sensitivity. Data validated
endoscopic features suggesting superficial cancers including a tumor size < 2 cm and the lack of
esophageal ulceration. In patients with these findings, EUS rarely identified a deep cancer that warranted a
change in management.
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INTRODUCTION

Esophageal cancer is the eighth-most common cancer and sixth-most common cause of mortality
globally[1]. In the United States, an estimated 20,640 cases of esophageal cancer are diagnosed in 2022,
and 16,410 deaths are expected from the disease, highlighting the importance of its diagnosis and
treatment[2,3].

With the advent of less invasive interventions including endoscopic mucosal resection (EMR) or
submucosal dissection (ESD) for superficial cancers, accurate clinical staging of esophageal cancer
becomes critical in selecting appropriate treatment options[1]. Pre-intervention tumor depth staging (T
staging) is vital in assessing which patients without an evidence of metastasis, would benefit from
endoscopic or surgical intervention. Tumors limited to mucosa can be completely resected with
endoscopic therapy due to lower risk of incomplete resection or lympho-vascular invasion®. NCCN
guideline recommends endoscopic resection in the management of Tla lesions and superficial T1b
lesions, or T1b-sm' lesions that superficially invade the submucosa[4]. Tumors staged T1b-sm? or sm®
have significant risk for recurrence and warrant evaluation for esophagectomy/[5].

Endoscopic ultrasound (EUS) has been commonly utilized as the most accurate imaging study for
staging primary esophageal cancer in comparison to other modalities[4]. Specifically, EUS has been
shown to accurately assess T staging in the cancer (73.2%-80.6%), excelling in distinguishing T3/T4
Lesions from T1/T2[6-9]. EUS remains a key component of locoregional assessment to determine the
depth of invasion and nodal involvement while also allowing the possibility of fine-needle aspiration
sampling[10]. Classifying more superficial lesions into Tla, T1b-sm!, T1b-sm? or T1b-sm’ lesions,
however, has proven difficult via EUS[11]. Currently for superficial cancers, EUS is readily combined
with EMR or ESD to optimize the clinical management. Specifically, EUS allows exclusion of the
presence of a deeper cancer invasion, which makes an EMR or ESD potentially unsafe and/or lead to an
incomplete intervention.

There are several studies delineating the correlation of endoscopic and biopsy assessments as
evidence for deeper invasion in esophagus cancer in lieu of EUS[12-15]. These suggest that EUS may not
provide additional information in situations where endoscopic or pathologic parameters sufficiently
characterize esophageal cancers and fully dictate management. Thus, controversy remains in the utility
of EUS in patients who have suspected early-stage esophageal cancer and how it can affect
management. Current study aims to display the role of EUS for early esophageal cancer staging and

WJGE | https://www.wjgnet.com 448 June 16,2023 | Volume15 | Issue6 |


https://www.wjgnet.com/1948-5190/full/v15/i6/447.htm
https://dx.doi.org/10.4253/wjge.v15.i6.447

Jaishideng®

Kahlon S et al. EUS in early esophageal cancer

how the index endoscopic indicators of invasive esophageal malignancy compare for assessment of
depth of invasion and the cancer management.

MATERIALS AND METHODS
Ethics

This was a retrospective study of patients who underwent pre-intervention EUS with a diagnosis of
esophageal cancer between January 2012 to January 2022 at a tertiary medical center. This study period
was used to minimize the effect of incomplete data allocation from the period prior to establishment of
electronic medical record. This study was approved on November 1, 2021 by the Institutional Review
Board of the hospital in accordance with its ethical standards and assigned IRB protocol number
1816393-1.

Study population

Ninety three patients were identified via EMR search conducted with assistance from the Clinical and
Translational Science Center at University of California, Davis. The search was conducted at for patients
with ICD-10 codes C15.0 to C15.9 logged for esophageal malignancies in their medical record and those
with Current Procedural Terminology code 43242 logged for EUS procedures during the study period at
our medical center. Patient’s without electronic documentation of EUS procedure reports were excluded
from the study. From this population, patients were ascertained who met the inclusion criteria of age
over 18 years, established diagnosis from biopsies collected during index esophagogastroduodenoscopy
(EGD), EUS conducted prior to any therapeutic intervention such as endoscopic/surgical resection.
Exclusion criteria included: EUS was not conducted prior to any therapeutic interventions, EUS did not
indicate staging, EUS did not yield a pathologic specimen, and patients treated with neoadjuvant
treatment before esophagectomy. Forty nine patients met criteria for analysis. This is summarized in
Figure 1.

T staging by EUS and pathologic diagnosis

EUS was performed with an Olympus radial echoendoscope (GF-UE160, Olympus America, Penn
Valley, United States). EGD and EUS procedures were performed by a single endosonographer with
over 10 years of experience at the beginning of the study period. Pre-operative T staging was made in
accordance with TNM staging system for esophageal cancer with the 8th edition of the American Joint
Committee on Cancer (AJCC) classifications for staging of epithelial cancers of the esophagus and
esophagogastric junction[16]. As this classification was updated in 2017 to differentiate T1la from T1b
lesions, cases conducted prior to 2017 were staged in this study per the updated criteria based on
findings present in EUS and pathology reports[17]. The level of tumor invasion was consistently
described in both types of reports, allowing for pre-2017 to be classified using the 8" edition TNM
staging. Descriptions of submucosal invasion as “irregularities between the mucosal and submucosal
border” were used to determine T1b or beyond staging in written reports. The presence of notable para-
esophageal lymph nodes on EUS was also denoted in reports including comments regarding diagnostic
value. Pathologic diagnosis was determined by pathologists’ interpretation of tissue sample taken
during endoscopy either by EMR, ESD, esophagectomy or forceps biopsy. For the purposes of this
study, deep invasion (DI) was defined as a T2 lesion or more (Figure 2).

Outcomes

Patient characteristics and clinical data were extracted from chart review including birth date, sex,
ethnicity, type of esophageal cancer (adenocarcinoma, squamous cell carcinoma or other cancer),
diagnosis of Barrett’s esophagus. EGD/EUS written procedure reports were used to extract data for the
following characteristics: Presence of esophageal ulceration, size of tumor, presence of notable para-
esophageal lymph nodes, and T staging per EUS. If unavailable in the EUS report, the presence of
ulceration and size of tumor was reported via an initial EGD report if done less than 3 mo prior to EUS
procedure date. Either biopsy or resection method after EUS was recorded as well. Data from pathology
after EMR, ESD, esophagectomy, or forceps biopsy included size and grade of tumor, lateral and deep
margins status, the presence of lympho-vascular invasion, and TNM-staging identified on the specimen.

Statistical analysis

IBM SPSS Statistics 20 was used for all statistical analysis. Frequencies and percentages were calculated
for all nominal and ordinal variables. Sensitivity, Specificity, Positive Predictive Value, Negative
Predictive Value and Accuracy of EUS in identifying sub-mucosal invasion in histological verified T1
tumors were calculated. Moreover, DI of tumor on histology (defined as T2 or beyond) and clinical
characteristics significantly associated with DI were identified by using chi-square test. P value < 0.05
was considered significant for all comparisons.
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Patients with ICD 10 C15.0-C15.9 (for
esophageal malignancy) and CPT code
43242 (for EUS procedure) (7 = 93)

Patients with electronic documentation Patients without adequate
of EUS procedure report (7 = 82) documentation excluded (7 = 11)

Patients meeting inclusion criteria Patients excluded for:
(n =49) No pathologic specimen collected on

EUS (n = 7)

No diagnosis reported from index EGD
(n=6)

Prior therapeutic intervention (7 = 6)

Inappropriate age (7 = 5)

EUS report without staging (7 = 5)

Inconclusive pathology report (7 = 4)

DOI: 10.4253/wjge.v15.i6.447 Copyright ©The Author(s) 2023.

Figure 1 Patient recruitment with relevant exclusion criteria. EUS: Endoscopic ultrasound; EGD: Esophagogastroduodenoscopy.
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Figure 2 An illustration depicting the sub-classification of esophageal cancer stage. T1b lesion invades the submucosal layer and are stratified into
sm', sm?, and sm® lesions according to involvement of the first, middle, and deep one-thirds of the submucosa, respectively[16]. Image created in BioRender.

RESULTS

A total of 49 patients were identified for the study. Table 1 summarizes the demographics and clinical
characteristics of all patients. Majority of them were males and white, 85.7% and 87.5%, respectively.
Adenocarcinoma was the predominant type of cancer (89.8%) among all patients. Prior diagnosis of
Barrett’s esophagus was present in 65.3% patients. 30.6% of patients were noted to have esophageal
ulceration during endoscopy. 39.6% of the patients had tumor size of > 2 cm on visual inspection. EUS
identified non-diagnostic lymphadenopathy in 50% of patients, of which none had reported findings for
diagnostic lymph node assessment per EUS criteria (i.e. size, shape, border, echogencity)[18]. On EUS,
48.9%, 20.4%, 8.2% and 22.4% of patients had T1a, T1b, T2 and T3 tumors, respectively. Subsequently,
patients underwent EMR (51%), ESD (10.2%), esophagectomy (30.6%), and diagnostic biopsy (8.2%). On
histological examination, 40.8%, 26.5%, 10.2% and 22.4% of patients had T1a, T1b, T2 and T3 tumors.
Lympho-vascular invasion was found in 24.4% of all patients.

Table 2 summarizes T stages on EUS against the stage found on final histology. Among all patients
with histological T1a (n = 20), 85.0% were correctly labeled as Tla by EUS (17/20), while 15.0% (3/20)
were labeled as T1b. Among 13 histologically verified T1b patients, only 46.2% (6/13) were correctly
identified as T1b on EUS. Similarly, among 5 T2 patients, only 3 were correctly identified as T2 by EUS.
All 11 T3 patients were correctly identified as T3 by EUS. Overall EUS T stage was concordant with
histological T stage in 75.5% of patients (37/49).
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Variable Number/Total (n/N) Percentage (%)
Gender Males 42/49 85.7
Ethnicity Caucasian 42/48 87.5
Hispanic 1/48 2l
Asian 5/48 104
Type of cancer Adenocarcinoma 44/49 89.8
SCC 5/49 10.2
Degree of differentiation Invasive well differentiated 18/39 46.2
Invasive moderately differentiated 19/39 48.7
Invasive poorly differentiated 4/39 10.3
History of Barrett’s esophagus Yes 32/49 65.3
Esophageal ulceration Yes 15/49 30.6
Tumor size <lcm 6/48 12.5
1-<15cm 12/48 25
215-<2cm 11/48 229
>2cm 19/48 39.6
Lymphadenopathy Yes (only non-diagnostic EUS features) 24/48 50.0
EUS stage Tla 24/49 48.9
T1b 10/49 20.4
T2 4/49 8.2
g 11/49 224
T4 0/49 0
Specimen collection method Biopsy 4/49 8.2
EMR 25/49 51.0
ESD 5/49 10.2
Esophagectomy 15/49 30.6
Lympho-vascular invasion Yes 12/49 244
Pathological staging Tla 20/49 40.8
T1b 13/49 26.5
T2 5/49 10.2
T3 11/49 224
Tumor recurrence Yes 5/44 11.4

n: Number of patients with demographic or clinical characteristic present; N: Number of patients with clinical data available regarding the presence or
absence of each demographic or clinical characteristic. EMR: Endoscopic mucosal resection; ESD: Submucosal dissection; EUS: Endoscopic ultrasound;
SCC: Squamous cell carcinoma.

Among these cancer patients, 33 out of 49, had either Tla or T1b cancer on histology. Table 3 shows
sensitivity, specificity, PPV, NPV, and diagnostic accuracy of EUS in identifying sub-mucosal invasion
(T1b) in T1 Cancers. Although EUS was reasonably specific in ruling out sub-mucosal invasion when it
was not present (85.0%), it had a poor sensitivity to identify sub-mucosal invasion when it truly was
present (53.9%). EUS had an overall accuracy of 72.7% in identifying sub-mucosal invasion in T1
cancers.

DI of tumor on histology was defined as T2 or beyond and endoscopic characteristics significantly
associated with DI are depicted in Table 4. Proportions of patients with DI having the significant
endoscopic parameters were compared to patients without DI. Tumor size > 2 cm on visual inspection
was significantly associated with DI of cancer on histology. 50% of DI cancers and 21.2% of superficial
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Table 2 Frequencies and proportions of endoscopic ultrasound staging across pathological staging categories, n (%)

Pathologic stage
T1a, N=20 T1b,N=13 T2,N=5 T3,N=11
EUS stage Tla /N (%) 17/20 (85.7) 6/13 (46.2) 1/5 (20) 0/11 (0)
T1b 1/N (%) 3/20 (14.2) 6/13 (46.2) 1/5 (20) 0/11 (0)
T2 /N (%) 0/20 (0) 1/13 (7.7) 3/5 (60) 0/11 (0)
T3 1/N (%) 0/20 (0) 0/13 (0) 0/5 (0) 11/11 (100)

EUS: Endoscopic ultrasound.

Table 3 Sensitivity, specificity and diagnostic accuracy of endoscopic ultrasound staging in identifying submucosal invasion (T1b) in

T1 cancers

Submucosal invasion on path
Yes (T1b), N=13 No(T1a), N=20 Sensitivity = Specificity ¥ PPV NPV Accuracy

Submucosal invasion on EUS  Yes 7 3 53.9% 85.0% 70% 73.9% 72.7%

No 6 17

EUS: Endoscopic ultrasound.

Table 4 Proportions of patients with deep invasion (T2 and beyond) having the significant endoscopic or pathologic parameter

compared to proportions of patients without deep invasion

Endoscopic parameter

Deep invasion on , . Tumor size 2 2 cm on visual
thol Tumor size 22 cm on visual Presence of esophageal . .

pathology . . ) inspection & presence of

inspection ulceration )
esophageal ulceration

Yes (T2 and beyond) 11/ Ny (%) 13/16 (81.2) 8/16 (50.0) 7/16 (43.8)

No (T1a and T1b) 1,/ N, (%) 6/32 (18.8) 7/33 (21.2) 2/33 (6.1)

P value® <0.001 0.0403 0.0014

Deep invasion on Degree of differentiation on pathology

pathology
Well-Differentiated Moderately to poorly differentiated

Yes (T2 and beyond) 11/ Ny (%) 2/12 (16.7) 10/12 (83.3)

No (T1a and T1b) 115/ Ny (%) 14/27 (53.6) 13/27 (46.4)

P value® 0.0392 0.0392

P value derived from chi-square test to compare proportions in each column for patients with deep invasion (“Yes” row) for each endoscopic or
pathologic parameter and without deep invasion (“No” row).

n,: Number of patients with factor being assessed and deep invasion on pathology; N;: Number of patients with deep invasion on pathology and clinical
data available regarding the presence or absence of each factor; 1,: Number of patients with factor being assessed and no deep invasion on pathology; N,:
Number of patients without deep invasion on pathology and clinical data available regarding the presence or absence of each factor.

cancers had ulceration on EGD. Similarily, pathologic factors associated with DI are also noted. As the
tumors” degree of differentiation went from well- to poor-, likelihood of DI also significantly increased (
P =0.0392).

The EUS parameter associated with DI was the presence of notable (non-diagnostic) para-esophageal
lymph node, as depicted in Table 5. Importantly, the presence of notable para-esophageal lymph nodes,
whether characterized as lymphadenopathy or described as “prominent”, was typically without
significant diagnostic findings including size, shape, border, or echogencity. Thus, none of the reported
notable lymph nodes met EUS criteria predictive for lymph node metastasis[18].
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Table 5 Proportions of patients with deep invasion (T2 and beyond) having the endoscopic ultrasound parameters assessed compared

to proportions of patients without deep invasion

EUS parameter

Deep invasion on pathology Presence of notable (but non-diagnostic)  Presence of positive lymph nodes
para-esophageal lymph nodes on EUS by EUS criteria

Yes (T2 and beyond) /N, (%) 13/16 (81.2) 0/16 (0)

No (T1a and T1b) 15/ N, (%) 11/33 (33.3) 0/33 (0)

P value’ <0.001 N/A

P value derived from chi-square test done to compare proportion of patients with deep invasion for each endoscopic or pathologic parameter (“Yes” row)

to proportion of patients without deep invasion (“No” row).

n,: Number of patients with factor being assessed AND deep invasion on pathology; 1,: Number of patients with factor being assessed AND no deep

invasion on pathology; N;: Number of patients with deep invasion on pathology and clinical data available regarding the presence or absence of each

factor; N,: Number of patients without deep invasion on pathology and clinical data available regarding the presence or absence of each factor. EUS:

Endoscopic ultrasound; N/ A: Not applicable.

WIGE |
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Several studies indicate that endoscopic findings of tumor size > 2 cm and the presence of ulceration
are associated with deep invasive tumors that are staged T2 and beyond[13-15]. Thus, the lack of these
findings on endoscopy would suggest more superficial cancers. Cases without these findings on
endoscopy were assessed to identify if the addition of EUS identified DI, when a superficial cancer is
suspected. This is critically important as DI warrants esophagectomy over EMR/ESD.

DISCUSSION

The utility of pre-intervention EUS of the esophageal cancer is influenced by its accuracy in T staging.
Early studies have reported the accuracy at 84%[19]. Additional studies reported the EUS accuracy
ranging from 75%-82% for T1 esophageal cancer as compared to 88-100% for T4 lesions[20]. In current
study including the sub-classification of T1a and T1b, EUS T staging was found to be concordant with
histology 75.5% of the time.

In a study focusing on early-stage esophageal cancer subset, the lower accuracy of EUS reflects on the
imprecision of distinguishing T1a and T1b lesions, which in turn reflects on its limitation of subclas-
sifying a lesion into superficial (sm1) vs deep submucosal invasion (sm? and sm®) cancer. In a systematic
review and subsequent meta-analysis, Thosani ef al[21] reported sensitivities and specificities for EUS in
determining T1a and T1b staging. For T1b, the sensitivity and specificity were both 0.86. In staging T1b
lesions, our study indicated EUS was reasonably specific (0.83) in ruling out sub-mucosal invasion;
however, it had relatively poor sensitivity (0.54) in identifying the invasion. Overall accuracy of EUS in
staging T1b lesions in our study was 72.7%. Similar issues were highlighted by another retrospective
cohort study involving 131 cases of patient undergoing EUS for early esophageal cancer staging. In the
study, EUS found no submucosal involvement in 80% of cases, however, histopathological evaluation
after EMR determined either submucosal invasion, positive resection margin for cancer, or lympho-
vascular invasion in 24% of these cases[11].

The value of pre-intervention EUS evaluation in suspected early-stage cancer relies on whether it
provides change-of-management information for endoscopic intervention such as EMR or ESD. Clear
evidence suggestive of deep muscular involvement (i.e. DI) or presence of significant adenopathy would
preclude such endoscopic intervention.

Established endoscopic predictive signs of DI (i.e. T2 and beyond) include size = 2 cm, moderate to
poorly differentiated cancer, and the presence of ulceration[13-15]. In our study, 81.2% of lesions with
deep invasion were > 2 cm, validating this parameter association with deep invasion. The presence of
esophageal ulceration had a similar trend with 50.0% of lesions with deep invasion having ulceration,
significantly more than the 21.2% of superficial cancers with ulceration. Both endoscopic parameters of a
tumor size > 2 cm and the presence of esophageal ulceration were present in 43.8% of cases with DI and
only 6.1% of cases without DI. The association between the investigated endoscopic features with deep
invasive esophageal lesions is further cemented through these results. It was also found that the
presence of moderate to poor differentiation was associated with deep invasion in 83.3% of cases. The
presence of these parameters indicates a higher likelihood for deep invasion and EUS is warranted as
prior studies and our study indicate its accuracy in staging lesions that are T2 and beyond. Particularly,
size, ulceration, and degree of differentiation can be determined on initial diagnostic EGD with biopsy,
highlighting their presence as determining indicators to pursue an EUS staging procedure. Differen-
tiating between superficial and deep cancer helps to determine intervention and has significant implic-
ations downstream in survival, complications, and cost-saving measures[22].
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Table 6 Cases of endoscopic ultrasound concordance and discordance with endoscopic parameters suggesting superficial cancer

Endoscopic Parameter(s) Cases of EUS revealing superficial Cases of EUS revealing DI Frequency EUS changes
Associated with superficial cancer cancer (leading to EMR or ESD) (Esophagectomy performed) management (%)

Tumor size <2 cm 27 2 6.9

Lack of ulceration 26 8 235

Tumor size < 2 cm & lack of ulceration 20 1 48

EUS: Endoscopic ultrasound; ESD: Submucosal dissection; EMR: Endoscopic mucosal resection; DI: Deep invasion.

Jaishideng®

If endoscopic parameters of a tumor size > 2 cm and ulceration are not present, it could be inferred
that the relevant lesion is more likely superficial. Thus, we reviewed the cases with lesions < 2 cm or
ulceration among our group to see if EUS noted DI. Of 29 patients with tumors < 2 cm in size, EUS
identified DI and suggested esophagectomy in 2. Of 34 patients without ulceration, EUS identified DI
cancer and suggested esophagectomy in 8 of them. Seven of these patient’s had other signs of deep
invasion including tumor size 2 2 cm or moderately to poorly differentiated cancer. Of 21 patients
without esophageal ulceration and with a tumor size < 2 cm, EUS identified 1 case of DI and changed
management to esophagectomy, as noted in Table 6. Given the small sample size of these subgroups,
significance is difficult to determine, however, we observed that EUS only infrequently changed the
outcome in the patients based on prior endoscopic features.

The finding of any notable (non-diagnostic) para-esophageal lymph nodes on EUS was significantly
associated with DI cancers per data presented in Table 5 above. In both deep and superficial cancers, all
notable para-esophageal lymph nodes described in procedure reports were not malignant by EUS
criteria (size great than 10 mm, round appearance, well-demarcated, and homogeneous hypoechogenic
appearance) and did not significantly alter clinical management[18,23]. Among these patients, no lymph
nodes were noted on the staging computed tomography imaging. In the 11 superficial cancers with non-
diagnostic para-esophageal lymph nodes, the finding did not alter management after undergoing
endoscopic intervention based on EUS findings. On follow up, all 11 patients had no additional
treatment for esophageal cancer and no evidence of recurrence from the date of the studied EUS
procedure (ranging from 01/2005 to 03/22022) until present day. In all 13 patients who had non-
diagnostic para-esophageal lymph nodes in addition to deep invasion on pathology, endoscopic
parameters associated with deep invasion (tumor size > 2 cm, presence of ulceration, and moderate to
poorly differentiated cancer) were present as well. All 13 patients were considered for esophagectomy,
with a majority undergoing surgical resection. While non-diagnostic para-esophageal lymph nodes are
more often present in deeper cancers, their presence does not appear to change management decisions.

The present study presents a limitation of a single-center retrospective study with a study population
that lacks external validity. The volume of patients included in this study may not adequately depict the
population of patients undergoing EUS procedures. Patients were predominantly white males, and as
discussed, esophageal cancer occurs globally at higher rates in certain subpopulations throughout the
world. Additionally, cases were analyzed using written reports of EUS procedures without any
validation of the imaging findings directly. Written reports of submucosal invasion are limited by
endoscopist interpretation without reviewing all imaging findings, which was not possible in all cases.
Cases where EUS did not determine staging were excluded, thus limiting analysis of instances where
EUS was not able to assess depth of invasion at all; however, the vast majority of cases where EUS did
not yield staging did not visualize cancerous lesions on endoscopy. A majority of patients had Tla
lesions, adding selection bias to our study limited by the types of patients referred to our single
academic medical. Our study selects for patients living in the US with adequate access to care to
undergo the aforementioned procedures.

To further substantiate our findings, a prospective multi-center analyses would be ideal to verify
operability and accuracy. To improve on the limitation of endoscopic ultrasonography precision in
detecting the subtle submucosal invasion further investigation may require applications of technologies
such as photoacoustic or scanning laser acoustic microscopy or optical coherence tomography, which
could provide higher axial resolution than ultrasonography at meaningful penetration depths of a few
millimeters[24,25].

CONCLUSION

In conclusion, EUS has limited effectiveness in distinguishing sublayer involvement of superficial
esophageal lesions. Since pre-intervention EUS in evaluation of endoscopically and imaging suggested
superficial cancer may be limited, we suggest that the role of EUS in this setting may be assessed with
careful endoscopic examination and approached in the following way: When initial endoscopic
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indicators suggest deep invasion, EUS has utility in investigating the DI cancer. In cases where deep
cancer is not suspected based on the endoscopic parameters, one may consider directly proceeding with
endoscopic intervention as it is cost effective and provides more accurate T staging by histology.

ARTICLE HIGHLIGHTS

Research background

Endoscopic ultrasound (EUS) has been utilized as the most accurate imaging modality for primary
tumor staging in esophageal cancer. Primary tumor staging is key in management as cancers with
submucosal invasion warrant esophagectomy while more superficial cancers are managed with
endoscopic interventions like endoscopic muscoal resection (EMR) and endoscopic submucosal
dissection (ESD). Studies exist that correlate endoscopic parameters with biopsy assessments to identify
esophageal cancers with deep invasion in lieu of EUS.

Research motivation

EUS has proven to be useful in identifying advances stage tumors. Its usefulness in early-stage cancers
has been more controversial. We wanted to assess how EUS influences management in early-stage
esophageal cancers as the presence of submucosal invasion warrants surgery instead of endoscopic
intervention.

Research objectives

The objectives of this study included evaluating the diagnostic capabilities of EUS in primary staging of
esophageal cancers. We also sought to identify if EUS could reliably discriminate between early-stage
cancers with and without submucosal invasion. The study aimed to substantiate endoscopic parameters
associated with deep esophageal cancer vs superficial esophageal cancer. Finally, our objective was to
determine how often EUS changed management by identifying submucosal invasion in cancers with
endoscopic parameters associated with superficial esophageal cancers.

Research methods

A retrospective cohort study was utilized to assess patients who had undergone primary staging of
esophageal cancer via EUS at a tertiary medical center. Case data was gathered via chart review and
statistical analysis was conducted to assess the accuracy of EUS, endoscopic parameters associated with
deep invasion, and the frequency EUS findings changed management when endoscopic parameters
suggested a superficial cancer.

Research results

In staging T1b lesions, EUS was specific in ruling in submucosal invasion but had relatively poor
sensitivity in ruling out T1b lesions. Endoscopic parameters of tumor size > 2 cm and ulceration were
associated with deep invasion (T2 and beyond). The EUS parameter of notable para-esophageal lymph
was associated with deep invasion, while on pathology, moderate to poorly differentiated cancers were
associated with deep invasion. When known endoscopic signs of deep invasion were not present, EUS
altered management from EMR/ESD to esophagectomy in < 5% of cases.

Research conclusions

EUS is accurate in staging deep invasive cancers (T2 or beyond) and reliably excludes deep invasive
cancers from T1 Lesions. EUS is limited in distinguishing between T1a and T1b lesions. We reinforced
that tumor size > 2 cm, lymph node involvement and poor differentiation are endoscopic parameters
associated with deep invasion (T2 or beyond). EUS infrequently changes the outcome in the patients
based on prior endoscopic features. While EUS may improve accuracy, our data indicates that it rarely
finds deep submucosal invasion to warrant esophagectomy over EMR/ESD when endoscopic features
suggest a superficial cancer (T1a or more superficial).

Research perspectives

Future directions should focus on expanding the external validity of this study through either a larger
sample size or prospective cohort analysis. This study also warrants further investigation on modalities
for detecting the subtlety of submucosal invasion, including applications of technologies such as
photoacoustic or scanning laser acoustic microscopy or optical coherence tomography.
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Abstract

BACKGROUND

While colon endoscopic mucosal resection (EMR) is an effective technique,
removal of larger polyps often requires piecemeal resection, which can increase
recurrence rates. Endoscopic submucosal dissection (ESD) in the colon offers the
ability for en bloc resection and is well-described in Asia, but there are limited
studies comparing ESD vs EMR in the West.

AIM
To evaluate different techniques in endoscopic resection of large polyps in the
colon and to identify factors for recurrence.

METHODS

The study is a retrospective comparison of ESD, EMR and knife-assisted endo-
scopic resection performed at Stanford University Medical Center and Veterans
Affairs Palo Alto Health Care System between 2016 and 2020. Knife-assisted
endoscopic resection was defined as use of electrosurgical knife to facilitate snare
resection, such as for circumferential incision. Patients = 18 years of age
undergoing colonoscopy with removal of polyp(s) = 20 mm were included. The
primary outcome was recurrence on follow-up.

RESULTS

A total of 376 patients and 428 polyps were included. Mean polyp size was
greatest in the ESD group (35.8 mm), followed by knife-assisted endoscopic
resection (33.3 mm) and EMR (30.5 mm) (P < 0.001). ESD achieved highest en bloc
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resection (90.4%) followed by knife-assisted endoscopic resection (31.1%) and EMR (20.2%) (P <
0.001). A total of 287 polyps had follow-up (67.1%). On follow-up analysis, recurrence rate was
lowest in knife-assisted endoscopic resection (0.0%) and ESD (1.3%) and highest in EMR (12.9%) (P
= 0.0017). En bloc polyp resection had significantly lower rate of recurrence (1.9%) compared to
non-en bloc (12.0%, P = 0.003). On multivariate analysis, ESD (in comparison to EMR) adjusted for
polyp size was found to significantly reduce risk of recurrence [adjusted hazard ratio 0.06 (95%ClI:
0.01-0.57, P = 0.014)].

CONCLUSION

In our study, EMR had significantly higher recurrence compared to ESD and knife-assisted
endoscopic resection. We found factors including resection by ESD, en bloc removal, and use of
circumferential incision were associated with significantly decreased recurrence. While further
studies are needed, we have demonstrated the efficacy of ESD in a Western population.

Key Words: Endoscopic mucosal resection; Endoscopic submucosal dissection; Recurrence; Colonoscopy;
Polypectomy

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

Core Tip: Endoscopic submucosal dissection is an effective and safe technique. Compared to endoscopic
mucosal resection, we find that endoscopic submucosal dissection as well as knife-assisted endoscopic
resection to achieve higher en bloc resection, circumferential incision, RO resection as well as lower
recurrence rate. While further studies are needed, we have demonstrated the efficacy of endoscopic
submucosal dissection in a Western population.
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INTRODUCTION

Large non-pedunculated colorectal polyps are currently removed primarily through endoscopic muc-
osal resection (EMR) or endoscopic submucosal dissection (ESD)[1]. ESD has been slowly adopted in the
United States, limited in large part due to lack of experts, long training required and significantly
increased time for resection compared to EMR[2]. As a result, there is limited data for Western
experience in ESD. In the largest prospective multicenter study to date in North America, Draganov et al
[3] identified 399 cases of ESD in the colorectum, identifying an en bloc resection rate of 87.2%, and
recurrence rate of 2.7% (8 of 296)[3]. With the growing experience in North America in performing ESD,
there is increased attention to performance outcomes of ESD compared to EMR. In this study, we seek to
evaluate our experience of ESD compared to EMR at two tertiary centers in California.

MATERIALS AND METHODS
Study cohort

We performed a retrospective study evaluating endoscopic resection performed of polyps = 20 mm at
two centers (Stanford University Medical Center and Veterans Affairs Palo Alto Health Care System) by
two practitioners (JHH and SF), between January 1, 2016, and December 31, 2020. Inclusion criteria
included adults age = 18 who presented for colonoscopy with endoscopic removal of polyp =20 mm in
size. Exclusion criteria included age < 18 and pregnancy.

Definitions for endoscopic resection

Endoscopic resection was categorized as EMR, knife-assisted endoscopic resection and ESD. EMR was
defined by hot or cold snare resection of the polyp with or without submucosal injection. Knife-assisted
endoscopic resection was defined as use of electrosurgical knife to facilitate snare resection, such as for
circumferential incision and minimal submucosal dissection with an ESD knife. ESD was defined as use
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of electrosurgical knife for circumferential incision and submucosal dissection with the intention of
performing a complete en bloc resection using the knife (Figure 1)[4]. En bloc resection was defined as
removal of the polyp in its entirety in one singular piece. Determination of each technique is up to the
discretion of the endoscopist. Knife-assisted endoscopic resection was performed when the endoscopist
determined at the initial submucosal injection step that full ESD would be too dangerous, typically due
to fibrosis or poor scope stability, but that there was a clinical benefit to utilizing an ESD knife to
perform selected parts of the procedure.

Endoscopy was performed using high-definition video endoscopes (e.g. PCF-H190DL; GIF-1TH190).
A transparent cap was attached to the tip of the endoscope for each procedure. Each polyp was carefully
examined under both white light and narrow band imaging (NBI)[5] and evaluated to predict histopath-
ological diagnosis and invasion depth. Polyps were characterized by Paris classification[6] as well as by
Japan NBI Expert Team (JNET)[7,8]. Submucosal injection was performed using hydroxyethyl starch
with dye, saline with dye, ORISE™ gel (Boston Scientific), Eleview™ liquid composition (Aries Pharma-
ceuticals), or EverLift™ (GI Supply). Lesion marking, mucosal incision, and submucosal dissection were
performed using an DualKnife (Olympus), FlushKnife (Fujinon), Hybrid Knife (ERBE) or ProKnife
(Boston Scientific) with an electrosurgical generator (ERBE Elektromedizin, Tiibingen, Germany). In
select cases, the resection site was closed with hemostatic clips, X-Tac (Apollo Endosurgery), or
OverStitch (Apollo Endosurgery). Resected specimens were pinned on cork or foam board for better
pathologic analysis. The specimens were fixed with formalin[1].

The size of the polyp was determined by using the snare as reference, or if the polyp was removed en
bloc, was measured against a ruler when it was retrieved from the colon.

Data collection

All procedures performed by SF (Stanford and Veterans Affairs Palo Alto Health Care System) and JHH
(Stanford) between January 1, 2016 and December 31, 2020 were reviewed. Data collected included
patient demographics (age, sex, race/ethnicity), sedation, bowel preparation, polyp size, location, Paris
and JNET classification, history of prior resection, method of resection, en bloc removal of polyp, and
pathology of the polyp. Bowel preparation was characterized as adequate or inadequate. 30-d complic-
ations recorded included bleeding with or without intervention, perforation, small bowel obstruction,
abdominal pain, as well as complications unrelated to procedure. Follow-up endoscopic evaluation was
measured for presence or absence of recurrence. Follow-up was reviewed up to December 31, 2022.
Recurrence was defined as evidence of polyp in the area of the prior resection. During follow-up
endoscopy, careful examination was performed in the area of the resection, with both white light and
NBI to evaluate for recurrence. When there was suspicion for recurrence, resection or biopsies were
performed of the area. The primary outcome was recurrence on follow-up. Secondary outcomes
included en bloc resection and complication rates

Specimen histology

Specimen from knife-assisted endoscopic resection and ESD were spread and pinned onto cork or
Styrofoam boards immediately following endoscopic resection. The specimens were fixed in 10%
buffered formalin, paraffin embedded, and cut into 2-mm-thick slices, prior to evaluation by a
pathologist.

Statistical analysis

All analyses were performed with P-value < 0.05 considered significant. All tests were 2-tailed. ) test
was performed to compare the frequencies of categorical outcomes and student’s t-test was performed
to evaluate averages of normally distributed continuous variables. Cox regression analysis was
performed to estimate unadjusted and adjusted hazard ratios (HR and aHR) relating potential
confounders such as resection technique, age, sex, race, polyp location, prior resection attempt, polyp
size, with polyp recurrence.

Ethics statement
This study was performed under the approval of the Institutional Review Board at Stanford University,
Stanford, California, United States.

RESULTS

Patient demographics

There were 376 patients included in the study, 122 of whom received ESD, 44 received knife-assisted
endoscopic resection and 216 received EMR. A total of 38 patients had more than one = 20 mm polyp
removed. There were 6 patients who underwent two resection techniques (e.g. EMR and ESD). There
was similar distribution in age, sex, race/ethnicity across the three categories of procedures (Table 1).
Patients undergoing ESD had a higher likelihood of receiving the procedure under general anesthesia or
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Table 1 Patient characteristics by intervention, n (%)

N=376 ESD (n=122) Knife-assisted endoscopic resection (n = 44) EMR (n = 216) P value
Mean age (mean + SD) 66.9 (11.8) 64.5 (11.8) 66 (9.7) 0.452
Male (%) 78 (63.9) 23 (52.3) 130 (60.2) 0.395
Race/Ethnicity 0.113
White 78 (63.9) 28 (63.6) 144 (66.7)

Asian 19 (15.6) 6 (13.6) 12 (5.6)

African American 4(3.3) 1(2.3) 11 (5.1)

Latino 14 (11.5) 6 (13.6) 25 (11.6)

Other 7 (5.7) 3 (6.8) 24 (11.1)

Sedation <0.001
General anesthesia 11 (9.0) 2 (4.5) 7 (3.2)

Monitored anesthesia care 93 (76.2) 29 (65.9) 117 (54.2)

Moderate sedation 17 (13.9) 13 (29.5) 82 (38.0)

None 1(0.8) 0(0.0) 10 (4.6)

Adequate bowel preparation 121 (99.2) 41 (93.2) 210 (97.2) 0.100

EMR: Endoscopic mucosal resection; ESD: Endoscopic submucosal dissection.

DOI: 10.4253/wjge.v15.i6.458 Copyright ©The Author(s) 2023.

Figure 1 Endoscopic submucosal dissection. A and B: Steps of endoscopic submucosal dissection includes careful surveillance of the polyp, with
techniques including near focus and narrow band imaging; C: Mucosal incision is performed following by submucosal dissection, which is aided by a submucosal
lifting agent (in this case a mixture of epinephrine, hetastarch, and indigo carmine); D-F: Following complete resection of the polyp, the complete resection bed is
closed, with techniques including clips.

monitored anesthesia care (85.2%) compared to knife-assisted endoscopic resection (70.5%) and EMR
(57.4%).

Polyp resection, overall
A total of 428 polyps underwent endoscopic resection, with 258 by EMR and 125 by ESD (Supple-
mentary Table 1). Polyps removed by ESD (35.8 mm) were larger compared to by knife-assisted
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endoscopic resection (33.3 mm), which was larger than by EMR (30.5 mm) (P < 0.001). ESD achieved the
highest en bloc resection (90.4%) followed by knife-assisted endoscopic resection (31.1%) and EMR
(20.2%) (P < 0.001). There was no significant difference in proportion of polyps that had history of prior
resection attempt in the three resection techniques. Non-neoplastic polyps were removed more
frequently in EMR (5.8%) compared to ESD (0.0%), while cancer was removed more frequently with
ESD (13.6%) compared to EMR (3.5%).

Polyp resection, follow-up

EMR (69.0%) and knife-assisted endoscopic resection (71.1%) had greater proportion of patients that
underwent follow-up compared to in the ESD group (61.6%), though this was not statistically significant
(P = 0.266). On evaluation of polyps that received follow-up evaluation (Table 2), ESD had highest rate
of en bloc resection (89.7%) followed by knife-assisted endoscopic resection (25.0%), followed by EMR
(15.2%) (P < 0.001). A higher proportion (44.2%) of polyps undergoing ESD were identified in the
rectum compared to knife-assisted endoscopic resection and EMR, while a higher percentage of polyps
were removed in the right colon by knife-assisted endoscopic resection or EMR. A higher proportion
(74.0%) removed by ESD were identified as Paris classification Is, compared to 56.3% for knife-assisted
endoscopic resection and 36.0% for EMR. EMR had the longest mean follow-up (516.2 d) compared to
ESD (456.8) and knife-assisted endoscopic resection (365.0), though this was not statistically significant (
P = 0.061). ESD (74.0%) and knife-assisted endoscopic resection (18.8%) had higher RO resection
compared to EMR (4.5%) (P < 0.001). There was no recurrence in the knife-assisted endoscopic removal
group (0/30). Recurrence rate was lowest in knife-assisted endoscopic resection (0.0%), followed by ESD
(1.3%), and highest in EMR (12.9%) (P = 0.002).

In categorizing polyps by presence of recurrence (Table 3), there was overall a low proportion of
polyps with recurrence (8.4%). Polyps with recurrence had greater mean average size (37.4 vs 32.7 mm,
P =0.202), though this was not statistically significant. Polyps with recurrence more often had non en
bloc resection (91.7% vs 61.2%, P = 0.003). Polyps with recurrence more often did not undergo circumfer-
ential incision (95.8% vs 62.7%, P = 0.001). Of note, polyps removed with circumferential incision had
higher proportion of en bloc removal (76.8% vs 14.9%, P < 0.0001). Recurrence polyps had a higher
proportion of polyps that had prior attempt at removal (17.6% vs 5.3%), though this was not statistically
significant (P = 0.154). There was no significant difference in pathology or mean follow-up between the
two groups. Compared to no recurrence, polyps with recurrence had higher proportion of R1 (91.7% vs
67.7%) and lower proportion of RO (4.2% vs 26.6%) (P = 0.041).

Procedural complications

Overall, there was a low patient complication rate [25 patients (6.6%)], with similar proportion of
complication (6.5%-6.8%) among the three procedures (Table 4). There were 3 cases of perforation (two
ESD and one knife-assisted endoscopic resection). One patient received knife-assisted endoscopic
resection of a > 50 mm polyp in cecum involving the ileocecal valve. There was only partial lifting of the
lesion with submucosal injection. Dense fibrosis was encountered, and as such the remainder of the
resection was performed by piecemeal EMR. Following the procedure, the patient had abdominal pain,
and was found to have pneumoperitoneum. The patient underwent exploratory laparotomy with
resection of the terminal ileum and proximal colon. Pathology returned as tubular adenoma with focal
high-grade dysplasia. In the second case, the patient had a fungating partially obstructing 50 mm mass
in ascending colon. Following ESD, five hemostatic clips placed to close the wound. The patient had
worsening abdominal pain following the procedure, and perforation was seen on computed
tomography, leading to hemicolectomy. Pathology was consistent with tubulovillous adenoma. In the
third case, a 30 mm fungating non-obstructing mass was found in the cecum, encasing the appendiceal
orifice. A 40 mm specimen was resected en bloc. A single small perforation (< 2 mm) occurred, which
was closed with a single clip followed by full mucosal closure with an Endoloop and clips. The patient
recovered uneventfully.

Predictors of recurrence

On univariate Cox regression, age, sex, race and polyp location were not significant risk factors. Relative
to EMR, ESD was found to decrease risk of recurrence [hazard ratio (HR): 0.12 (95%CI: 0.02-0.92), P =
0.041]. Completion of circumferential incision, en bloc resection as well as R0 resection were found to
significantly reduce risk of recurrence (Table 5). On multivariable Cox regression adjusted for polyp size
and type of resection (ESD vs EMR), ESD significantly reduced risk of recurrence [adjusted HR (aHR):
0.06 (95%ClI: 0.01-0.57, P = 0.014)] (Table 6). In this analysis, we did not include en bloc resection, RO
resection, and presence of circumferential incision as these are factors closely tied with performance of
ESD. When evaluating EMR compared to knife-assisted endoscopic resection combined with ESD, on
multivariate analysis ESD and knife-assisted endoscopic resection also demonstrated significant
decrease in risk of recurrence [aHR: 0.05 (95%CI: 0.01-0.45), P = 0.008] (Supplementary Tables 2 and 3).
Knife-assisted endoscopic resection was unable to evaluated independently of ESD as there were no
cases of recurrence.
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Table 2 Characteristics of polyp with follow-up, by intervention, n (%)

N=287 ESD (n=77) Knife-assisted endoscopic resection (n = 32) EMR (n=178)  Pvalue
Size of polyp, mm (mean + SD) 37.2(19.7) 32.7 (8.7) 314 (11.5) 0.010
En bloc 69 (89.7) 8 (25.0) 27 (15.2) <0.001
Location of polyp <0.001
Cecum 10 (13.0) 7 (21.9) 47 (26.4)

Ascending 13 (16.9) 12 (37.5) 63 (35.4)

Transverse 8 (10.4) 6 (18.8) 45 (25.3)

Descending 2(2.6) 4 (12.5) 12 (6.7)

Sigmoid 10 (13.0) 13.1) 5(2.8)

Rectum 34 (44.2) 2(6.3) 6(3.4)

Paris classification <0.001
Is 57 (74.0) 18 (56.3) 64 (36.0)

Ila 16 (20.8) 9(28.1) 102 (57.3)

1b 0(0.0) 1(3.1) 2(1.1)

la+c 2(2.6) 13.1) 2(1.1)

Ilc 0(0.0) 1(3.1) 0(0.0)

Isp 2(2.6) 2(6.3) 8 (4.5)

Pathology <0.001
Non-neoplastic 0 (0.0 13.1) 10 (5.6)

Neoplastic, no high-grade dysplasia 50 (64.9) 25 (78.1) 152 (85.4)

High-grade dysplasia 17 (22.1) 6 (18.8) 12 (6.7)

Cancer 10 (13.0) 0 (0.0) 4(22)

First follow-up, days (mean * SD) 456.8 (326.1) 365.0 (230.2) 516.2 (377.7) 0.061
Recurrence 1(1.3) 0(0.0) 23 (12.9) 0.0017
Complete resection <0.001
RO 57 (74.0) 6 (18.8) 8 (4.5)

R1 18 (23.4) 26 (81.3) 156 (87.6)

Rx 2(2.6) 0(0.0) 14 (7.9)

EMR: Endoscopic mucosal resection; ESD: Endoscopic submucosal dissection.

DISCUSSION

The development of advanced polypectomy techniques has allowed patients to avoid colorectal
surgeries. While ESD is frequently performed in Asia, it is not commonly performed elsewhere
including in the West. However, there are several compelling arguments for performance of ESD over
EMR in large (= 20 mm) polyps. In a recent meta-analysis, Lim et al[9] found that ESD of polyps > 20
mm was associated to higher en bloc resection [relative risk (RR): 1.9, 95%CI: 1.4-2.7; P < 0.001] and lower
recurrence (RR 0.19, 95%CI: 0.09-0.43; P < 0.001) compared to EMR[9]. Given the benefits of ESD, this
has culminated in a multicenter randomized controlled trial based in France led by Jacques et al[10]
which found ESD to be superior to EMR in en bloc resection as well as decreased recurrence[10]. Given
advantages seen with ESD, we performed the first North American study comparing ESD to EMR.

In our retrospective comparison of ESD, EMR and knife-assisted endoscopic resection, ESD was able
to achieve the highest en bloc resection, followed by knife-assisted endoscopic resection; EMR had the
lowest en bloc resection rate. Recurrence rate was lowest in the ESD (1.3%) and knife-assisted endoscopic
resection group (0.0%), and highest in the EMR group (12.9%). On multivariate regression, we found
that performance of ESD (in comparison to EMR) significantly decreased recurrence. Increased polyp
size significantly increased risk of recurrence. We were able to achieve en bloc resection rate of 90.4%
with ESD. This is comparable to work by Gupta et al[1], in which overall en bloc resection rate was
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Table 3 Comparison of recurrence with no recurrence

Recurrence, n (%) No recurrence, n (%) Pvalue
Size of polyp, mm (mean + SD) 374 (17.1) 32.7 (13.8) 0.202
Procedure 0.002
ESD 1/24 (4.2) 76/263 (28.9)
Knife-assisted endoscopic removal 0/24 (0.0) 32/263 (12.2)
EMR 23/24 (95.8) 155/263 (58.9)
En bloc resection 0.003
En bloc 2/24 (8.3) 102/263 (38.8)
Non en bloc 22/24 (91.7) 161/263 (61.2)
Circumferential incision 0.001
Yes 1/99 (1.0) 98/99 (99.0)
No 23/188 (12.2) 165/188 (87.8)
Prior resection 0.154
Prior attempt 3/24 (12.5) (17.6) 14/263 (5.3)
No prior attempt 21/24 (87.5) 249/263 (94.7)
Pathology 0.691
Non-neoplastic 0/24 (0.0) 11/263 (4.2)
Neoplastic, no high-grade dysplasia 19/24 (79.2) 208/263 (79.1)
High-grade dysplasia 4/24 (16.7) 31/263 (11.8)
Cancer 1/24 (4.2) 13/263 (4.9)
First follow-up, days (mean * SD) 498.0 (406.9) 482.0 (348.7) 0.854
Complete resection 0.041
RO 1/24 (4.2) 70/263 (26.6)
R1 22/24 (91.7) 178/263 (67.7)
Rx 1/24 (4.2) 15/263 (5.7)

EMR: Endoscopic mucosal resection; ESD: Endoscopic submucosal dissection.

Table 4 Patient complications, n (%)

N=2376 ESD (n =122) Knife-assisted endoscopic resection (n = 44) EMR (n = 216)
Complication 8 (6.6) 3(6.8) 14 (6.5)
Bleeding without intervention 3(2.5) 1(2.3)" 5(2.3)

Bleeding with intervention 3(2.5) 1(23) 1(05)

SBO/ partial SBO 0(0.0) 0(0.0) 2(09)

Bowel perforation 2(1.6) 1(23) 0(0.0)
Abdominal pain 1(0.8)" 123)" 3 (1.4)
Unrelated complication 0(0.0) 0(0.0) 3(14)

10One patient had both bleeding without intervention and abdominal pain.
SBO: Small bowel obstruction; EMR: Endoscopic mucosal resection; ESD: Endoscopic submucosal dissection.

73.1%, and the rate for the second half of their study was 84.6%. Similarly, our study had ESD
recurrence rate of 1.3%, slightly lower than the 4.3% (n = 2) by Gupta et al[1] Overall, there was low risk
of complication across the three procedures. Under appropriate training, we feel the three procedures to
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Table 5 Univariate Cox regression evaluating predictors of recurrence, including endoscopic submucosal dissection versus

endoscopic mucosal resection

Covariates Unadjusted hazard ratio (95%Cl) Pvalue
Treatment type 0.041
EMR, pure Reference

ESD, pure 0.12 (0.02-0.92)

Age, per year 1.04 (0.99-1.08) 0.109
Sex 0.898
Female Reference

Male 1.06 (0.46-2.40)

Race 0.139
White Reference

Non-White 1.85 (0.82-4.19)

Polyp location 0.376
Non-rectum Reference

Rectum 0.52 (0.12-2.22)

Prior resection attempt 2.65 (0.76-9.29) 0.127
Polyp size, by mm 1.03 (1.01-1.05) 0.001
Presence of circumferential incision 0.12 (0.02-0.92) 0.041
En bloc resection 0.15 (0.03-0.63) 0.010
JNET classification

Type 1 Reference

Type 2A 3.07 (0.41-22.92) 0.273
Type 2B or 3 4.57 (0.41-50.74) 0.216
RO resection 0.13 (0.02-0.93) 0.042

EMR: Endoscopic mucosal resection; ESD: Endoscopic submucosal dissection; JNET: Japan NBI Expert Team.

Table 6 Multivariate Cox regression evaluating predictors of recurrence

Covariates Adjusted hazard ratio (95%Cl) P value
Treatment type 0.014
EMR, pure Reference

ESD, pure 0.06 (0.01-0.57)

Polyp size, by mm 1.05 (1.02-1.07) <0.001

EMR: Endoscopic mucosal resection; ESD: Endoscopic submucosal dissection.

be safe techniques.

While operational proficiency is related to study outcome, in this study we try to evaluate the specific
factors that lead to success in reducing polyp recurrence. Specifically, we look at factors such as en bloc
resection and performance of circumferential incision. Circumferential incision was found to be
associated with decreased recurrence. In one evaluation of ESD compared to hybrid ESD (circumfer-
ential mucosal incision followed by snare resection), hybrid ESD trended towards lower en bloc resection
rate and complete resection rate compared to ESD, though this did not reach statistical significance.
However, importantly, on surveillance of hybrid ESD by the Korean specialist (n = 21) and United States
novice practitioner (n = 9), there was no recurrence in either group[4]. While this study was limited by
overall low numbers, it provided early suggestion that circumferential incision alone may help improve
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the outcomes of polyp resection compared to EMR. A major advantage of knife-assisted endoscopic
resection over ESD is the relative technical simplicity; in particular, circumferential incision is a
relatively safe technique that in our experience is easily taught to trainees with sufficient experience in
routine colonoscopy. Over time, with increased experience and proficiency performing ESD, we expect
that many endoscopists will choose ESD over knife-assisted endoscopic resection to maximize en bloc
and RO resection, but our data highlights the generally excellent long-term results of the knife-assisted
technique.

While there is justifiable concern about the risk of perforation with ESD, and the 3 cases of perforation
in this series were all in the ESD/knife-assisted endoscopic resection group rather than EMR, it is
notable that the perforations occurred in very challenging cases where EMR was deemed not feasible,
and surgery was the only other viable option. For large lesions involving greater than half the circum-
ference of the lumen, the Japan Gastroenterological Endoscopy Society does not recommend piecemeal
EMR, but rather ESD and consideration for surgery if ESD is not endoscopically feasible[8].

There were several limitations for our study. First, retrospective data from only two endoscopists
were used. However, given the lack of ESD experts in the country, having 125 cases of ESD is relatively
robust. In addition, while more EMR cases could have been achieved by including other endoscopists at
the two hospitals included, this would potentially introduce more bias with variation in technique and
approach to EMR as well as skill with polypectomy. Another concern is the limited follow-up (67.1%). A
lot of the patients were referred for endoscopic removal but received follow-up with the referring
provider. Despite reaching out to community providers, we only received limited response. Further, the
retrospective nature of EMR and ESD studies introduce selection bias in the determination of which
polyp to undergo EMR, ESD, or knife-assisted endoscopic resection. A randomized clinical trial would
be ideal but is logistically challenging given the overall low frequency of these procedures.

CONCLUSION

In this multicenter study evaluating ESD, knife-assisted endoscopic resection and EMR, ESD and knife-
assisted endoscopic resection were able to achieve higher rates of en bloc resection and was able to
achieve significantly lower risk of recurrence compared to EMR. Given the results of this study, ESD
and knife-assisted endoscopic resection should be strongly considered when possible for polyps > 20
mm to improve en bloc and curative resection and decrease risk of recurrence.

ARTICLE HIGHLIGHTS

Research background

Adoption of endoscopic submucosal dissection (ESD) has been slow in the United States, largely related
to lack of experts, long training required and significant time for procedure compared to endoscopic
mucosal resection (EMR).

Research motivation
In this study, we seek to evaluate our experience of ESD compared to EMR in California.

Research objectives
We evaluate ESD, knife-assisted endoscopic resection as well as EMR to identify factors for recurrence.

Research methods

This was a retrospective comparison performed at two tertiary centers within California between 2016
and 2020. Adult patients that received colonoscopy with endoscopic removal of a polyp at least 20 mm
in size were included. Primary outcome of interest was recurrence on follow-up.

Research results
ESD achieved highest en bloc resection followed by knife-assisted endoscopic resection and EMR. On

follow-up, recurrence rate was lowest in knife-assisted endoscopic resection (0.0%) and ESD (1.3%),
while EMR had the highest recurrence rate (12.9%, P = 0.0017).

Research conclusions
In our study, we found that EMR had significantly higher recurrence compared to ESD or knife-assisted
endoscopic resection.

Research perspectives
We have demonstrated efficacy of ESD in a Western population.
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Abstract

BACKGROUND

Endoscopic sleeve gastroplasty (ESG) is an effective therapy for class I-II obesity,
but there are knowledge gaps in the published literature about its implementation
in patients with class III obesity [body mass index (BMI) = 40 kg/m?].

AIM

To evaluate the safety, clinical efficacy, and durability of ESG in adults with class
III obesity.

METHODS

This was a retrospective cohort study that used prospectively collected data on
adults with BMI > 40 kg/m? who underwent ESG and longitudinal lifestyle
counseling at two centers with expertise in endobariatric therapies from May
2018-March 2022. The primary outcome was total body weight loss (TBWL) at 12
mo. Secondary outcomes included changes in TBWL, excess weight loss (EWL)
and BMI at various time points up to 36 mo, clinical responder rates at 12 and 24
mo, and comorbidity improvement. Safety outcomes were reported through the
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study duration. One-way ANOVA test was performed with multiple Tukey pairwise comparisons
for TBWL, EWL, and BMI over the study duration.

RESULTS

404 consecutive patients (78.5% female, mean age 42.9 years, mean BMI 44.8 + 4.7 kg/m?) were
enrolled. ESGs were performed using an average of 7 sutures, over 42 + 9 min, and with 100%
technical success. TBWL was 20.9 + 6.2% at 12 mo, 20.5 + 6.9% at 24 mo, and 20.3 + 9.5% at 36 mo.
EWL was 49.6 + 15.1% at 12 mo, 49.4 + 16.7% at 24 mo, and 47.1 £ 23.5% at 36 mo. There was no
difference in TBWL at 12, 15, 24, and 36 mo from ESG. TBWL exceeding 10%, 15%, and 20% was
achieved by 96.7%, 87.4%, and 55.6% of the cohort at 12 mo, respectively. Of the cohort with the
relevant comorbidity at time of ESG, 66.1% had improvement in hypertension, 61.7% had
improvement in type II diabetes, and 45.1% had improvement in hyperlipidemia over study
duration. There was one instance of dehydration requiring hospitalization (0.2% serious adverse
event rate).

CONCLUSION

When combined with longitudinal nutritional support, ESG induces effective and durable weight
loss in adults with class III obesity, with improvement in comorbidities and an acceptable safety
profile.

Key Words: Endoscopic sleeve gastroplasty; Obesity; Bariatric; Endobariatrics; Class IIT obesity; Comorbidi-
ties

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

Core Tip: Patients with obesity wishing to avoid bariatric surgery can benefit from endoscopic sleeve
gastroplasty (ESG), but little has been published about the safety and efficacy of ESG in those with class
IIT obesity (body mass index > 40 kg/m?). Based on this appraisal of a large, international cohort, ESG can
be safely performed in adults with class IIT obesity, with clinically meaningful weight loss at one year that
can be maintained over the subsequent two years, as well as improvement in weight-related comorbidities.
Patients and medical providers should be made aware that ESG combined with longitudinal nutritional
support is a promising weight loss tool for those with class III obesity.

Citation: Maselli DB, Hoff AC, Kucera A, Weaver E, Sebring L, Gooch L, Walton K, Lee D, Cratty T, Beal S,
Nanduri S, Rease K, Gainey CS, Eaton L, Coan B, McGowan CE. Endoscopic sleeve gastroplasty in class III
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INTRODUCTION

Obesity is a chronic, progressive, multifactorial disease spectrum of excess adiposity with detrimental
effects on patients” health and well-being[1]. Those with class III obesity [body mass index (BMI) = 40
kg/m?] have 1.5 times greater risk of all-cause mortality than those with class I (BMI 30.0-34.9 kg/m?) or
class II (BMI 35.0-39.9 kg/m?) obesity, and compared to individuals of normal weight, they have over
double the risk of all-cause mortality, with a loss of 7-14 years of life expectancy[2,3]. While adults with
class III obesity account for nearly 6% of the United States adult population, they constitute one-fifth of
per-capita healthcare expenditures and thus represent a population in need of effective and safe weight
loss strategies[4,5].

Bariatric and metabolic surgeries are the most effective weight loss interventions for patients with
obesity[6]. However, the reach of these surgeries is constrained by a variety of barriers, most notably
patient perception of risks and desire to avoid invasive procedures; accordingly, only 1% or less of
eligible patients pursue bariatric surgery[7,8]. For patients with class III obesity, this rate is estimated to
be 1 in 400[9]. Failure to provide such patients with effective surgical weight loss has been linked to
development of additional obesity-associated medical problems[10]. These challenges widen the
treatment gap in the global burden of obesity, especially among those at the high ranges of BMI.

Over the past decade, endoscopic bariatric therapies have entered the therapeutic landscape,
hypothesized to have greater patient acceptance due to their minimally invasive, anatomy-preserving
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nature[11]. The endoscopic sleeve gastroplasty (ESG) involves incisionless, per-oral gastric remodeling
via full thickness sutures placed along the stomach’s greater curvature to create a sleeve-like config-
uration that reduces stomach volume by 80%[12]. It has shown considerable promise in those with class
I'and II obesity, inducing a total body weight loss of approximately 16% at one year[13,14].

In July 2022, the United States Food and Drug Administration (FDA) granted De Novo Market
Authorization for the creation of the ESG using the Apollo ESG™ (formerly OverStitch device, Apollo
Endosurgery, Austin, TX, United States) for treatment of obesity in those with BMI from 30 kg/m? to 50
kg/m?2 However, due to the relatively recent emergence of endoscopic bariatric therapies, as well as
preceding expert level recommendations that they be employed in lower classes of obesity, little has
been published on the use of ESG in class III obesity[11,15]. A retrospective review that included 146
adults with class III obesity who underwent ESG at a single center in Spain observed similar weight loss
and adverse event outcomes as subjects with class I and II obesity, suggesting ESG is an appropriate
therapy in patients with BMIs exceeding 40 kg/m? but further study is required to validate the findings
to bolster confidence in widespread clinical adoption[16].

To address this, we examined weight loss and safety outcomes up to three years in 404 consecutive
patients with class III obesity who underwent ESG, without concomitant weight loss medications, at
two centers with expertise in endoscopic bariatric therapies. We hypothesized that ESG in subjects with
class III obesity would achieve clinically significant weight loss with an acceptable safety profile.

MATERIALS AND METHODS

Trial design

This was an international, multicenter, retrospective analysis of prospectively followed consecutive
patients with class III obesity who underwent ESG. This study was approved by an Institutional Review
Board (WCG IRB, Puyallup, WA). The study was conducted following ethical principles outlined in the
Declaration of Helsinki and was consistent with the Good Clinical Practices recommendation. All
authors had access to the study data and reviewed and approved the final manuscript.

Study population

Study participants were enrolled if they were > 20 years of age, had BMI > 40 kg/m? had failed to lose
weight through diet/exercise alone, were interested in an endobariatric procedure for weight loss, could
provide informed consent, and were willing to comply with a structured lifestyle program and dietary
modification. Subjects were excluded for concomitant use of weight loss medications, prior bariatric
surgery (except for history of laparoscopic adjusted gastric band status post removal), bleeding disorder
or coagulopathy, non-steroidal anti-inflammatory drug dependence, poorly controlled diabetes, and
severe cardiopulmonary disease, as well as if hiatal hernia > 4 cm, and/or active peptic ulcer disease
was noted at time of ESG.

ESG Procedure and follow up

All subjects underwent self-financed ESGs between May 2018 and March 2022 at True You Weight Loss
(Cary, NC, United States) and Clinica Angioskope (Sao Paulo, Brazil). All ESGs were performed by two
providers with expertise in endoscopic bariatric therapies, each having performed over five hundred
ESG procedures by the start of the study (CM and AH). Procedures were performed using the
OverStitch Endoscopic Suturing System (Apollo Endosurgery, Austin, TX, United States) under general
anesthesia with endotracheal intubation. Procedural technique was performed as previously published
[17]. Subjects were discharged the same day. After the procedure, all patients were enrolled in a
comprehensive lifestyle program with long-term nutritional support and monitoring at monthly virtual
or in-person visits with registered dieticians who provided counseling on dietary and exercise behaviors
to reinforce weight loss. Follow up with a physician or nurse practitioner was also offered as needed
during the first year after ESG to provide further support and address symptoms. Patient weights were
collected at each visit, either in person or virtually by standardized Bluetooth-enabled digital scale,
while safety outcomes were monitored longitudinally.

Study endpoints

The primary outcome of the study was total body weight loss (TBWL) at 12 mo, expressed as a
percentage of weight lost in comparison to baseline weight on the day of the ESG procedure. The
expectation was that the mean TBWL was at least 10%, which is the expected TBWL following an
endobariatric procedure[11]. Secondary endpoints included TBWL at 3, 6, 15, 24, and 36 mo; clinical
responder rates (defined as > 10% TBWL, >15% TBWL, > 20% TBWL, = 25% TBWL, and = 30% TBWL)
at 12 and 24 mo; excess weight loss (EWL) and BMI at 3, 6, 12, 15, 24, and 36 mo; number of sutures used
to create the ESG; and technical success (defined as completed procedure without early termination due
to technical challenges or complications), as reported in similar studies of ESG[18]. The presence of
hypertension, type II diabetes, and hyperlipidemia at time of ESG was defined as any of the following:
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Established diagnosis by a primary or referring provider; use of medication/devices to treat the
condition. Additionally, type II diabetes was diagnosed if hemoglobin Alc > 6.5% within 3 mo prior to
ESG, and hyperlipidemia was diagnosed if low-density lipoprotein > 160 mg/dL or total cholesterol >
200 mg/dL within 3 mo of ESG. Improvement in comorbidity was defined as reduction in or complete
discontinuation of medications used to treat the condition by a referring provider at any point in time
during study duration. It was not standard practice to repeat laboratory values after ESG in our centers,
but improvement in comorbidity was also reported if a patient obtained labs elsewhere that showed
hemoglobin Alc < 6.5% (type II diabetes), total cholesterol < 200 mg/dL (hyperlipidemia), and/or low-
density lipoprotein < 160 mg/dL (hyperlipidemia) at any point in time during study duration. Safety
data were collected throughout the three-year study duration and were graded according to the
American Society for Gastrointestinal Endoscopy lexicon[19].

Statistical analysis and data representation

The statistical components of this study were performed and reviewed by a biomedical statistician.
Descriptive statistics were used for analyses. All data were tested for normality using the Kolmogorov-
Smirnov test, Q-Q plot, and Levene’s test. Continuous variables were expressed as means with standard
deviations or medians with ranges and 95% confidence intervals. One-way ANOVA test was performed
with multiple Tukey pairwise comparisons with months from the procedure as the grouping variable
for TBWL, EWL, and BMI. Categorical variables were expressed as frequencies. The Kruskal-Wallis test
was performed to evaluate differences in clinical responder rates with months from procedure as the
grouping variable. This test was only performed for 10% and 20% clinical responders. If a difference was
detected, then Wilcoxan Rank Sum test with Bonferroni Correction was performed to determine
comparisons with significant differences in clinical responders. Follow up was reported as a percentage,
calculated as number of patients with available data at a time point, divided by number of patients
expected to have available data at that time point. Adverse event rate frequency was based on the
number of patients treated. P values < 0.05 were considered statistically significant. Statistical analyses
were performed using SPSS (version 29.0).

RESULTS

Four hundred and four patients (mean age 42.9 years, 78.5% female, mean pre-procedural weight 127.3
* 20.1 kg, mean pre-procedural BMI 44.8 + 4.7 kg/m?) underwent ESG between May 2018 and March
2022. Technical success rate was 100%. Mean procedure duration was 42 + 9 min and used a median of 7
sutures, with a range of 4 to 12 sutures. Prior to ESG, the cohort had the following obesity-associated
comorbidities: Hypertension (35.4%), type II diabetes (17.8%), and hyperlipidemia (16.8%). Table 1
shows the baseline demographic and anthropometric characteristics of the study cohort.

Clinical outcomes

Table 2 shows subject accountability by visit, with greater than 80% follow-up achieved at all time
points. TBWL was 12.5 + 3.7% at 3 mo, 16.5 + 4.8% at 6 mo, 20.9 £ 6.2% at 12 mo, 21.6 £7.2% at 15 mo,
20.5+6.9% at 24 mo, and 20.3 + 9.5% at 36 mo (Figure 1A). EWL was 29.5 £ 9.6% at 3 mo, 39.2 £12.7% at
6 mo, 49.6 £ 15.1% at 12 mo, 51.6 + 16.8% at 15 mo, 49.4 + 16.7% at 24 mo, and 47.1 + 23.5% at 36 mo
(Figure 1B). BMI decreased from 44.8 + 4.7 kg/m? at baseline to 38.8 + 3.1 kg/m? at 3 mo, 37.0 £ 4.0
kg/m? at 6 mo, 35.0 £ 4.0 kg/m? at 12 mo, 34.5 + 4.7 kg/m? at 15 mo, 34.0 + 4.7 kg/m? at 24 mo, and 35.6
+ 5.5 kg/m? at 36 mo (Figure 1C). One-way ANOVA results for TBWL and EWL revealed statistically
significant differences in values between preceding and subsequent timepoints through month 12, with
no differences noted between 12, 15, 24, and 36 mo. For BMI, there were statistically significant
differences in values between preceding and subsequent time points through month 6, with no
statistical differences noted from time points spanning 6 to 36 mo. Figure 2 illustrates the distribution of
obesity classes during the study. While less than 10% of subjects were cured of obesity during study
duration, most subjects (85.4%) exited class III obesity by 6 mo, without notable increase in the
proportion of class III obesity in the study duration. A plurality of the cohort had class I obesity by 12
and 24 mo. 12-mo clinical response rates showed 96.7% achieved at least 10% TBWL, 87.4% achieved at
least 15% TBWL, and 55.6% achieved at least 20% TBWL, with similar proportions of clinical responders
observed at 24 mo (Figure 3). Kruskal-Wallis confirmed no difference in > 10% TBWL rates at 12 vs 24
mo or = 20% TBWL rates at 12 vs 24 mo (P < 0.001 for both). Of the cohort with the respective
comorbidity at the time of ESG, 66.1% had improvement in hypertension, 61.7% had improvement in
type II diabetes, and 45.1% had improvement in hyperlipidemia over study duration. No patient
underwent an additional endoscopic procedure for repeat suturing. One subject (starting BMI 50.5
kg/m?) converted to a Roux-en-Y gastric bypass at 22 mo after achieving 22% TBWL.

Safety outcomes
There were no instances of death, gastrointestinal perforation, abscess/sepsis, gastrointestinal bleeding,
intensive care unit admission, or need for endoscopic or surgical intervention for management of
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Table 1 Baseline demographic and anthropometric characteristics

Characteristic Value

Age (yr) 429+94
% Female 78.5
Weight (kg) 127.3 +20.1
BMI (kg/m?) 44.8+47

Comorbidities, n (%)
Hypertension
Type II diabetes

Hyperlipidemia

143 (35.4%)
72 (17.8%)

68 (16.8%)

BMI: Body mass index.

Table 2 Subject accountability by visit

3 mo 6 mo 12mo 15 mo 24 mo 36 mo
Total cohort 404 404 404 404 404 404
Not yet out of window 52 122 217 266 309 387
Expected' 352 282 187 138 95 17
Actual 312 233 151 112 82 15
% Follow-up 88.60% 82.60% 80.70% 81.20% 86.30% 88.30%

1Expected = Total Cohort - Not Yet Out of Window, % Follow up = Actual/Expected x 100.

WIGE |

JBaishideng®

procedural complications. There were two instances of dehydration requiring emergency room
presentation 2 d and 8 d after the ESG, one of which required 3-day hospitalization for acute kidney
injury, which resolved with intravenous fluids. This yielded an overall adverse event rate of 0.5% and a
0.2% serious adverse event (SAE) rate.

DISCUSSION

This is one of the first studies —and the largest to date —that examines the novel application of ESG in
patients with class III obesity, a demographic traditionally relegated to surgery for weight loss. The data
presented here help address misperceptions about ESG in patients with class III obesity that ostensibly
are founded on concerns about insufficient efficacy, increased risk of adverse outcomes, and technical
challenges in a high BMI population. Crucially, these findings support the United States FDA’s recent
authorization for use of the ESG in patients with obesity with BMI spanning 30 kg/m? to 50 kg/m?

This study demonstrates that ESG, without concomitant weight loss medications, and in conjunction
with prescribed diet/exercise counseling, can induce clinically significant weight loss in patients with
BMI 2= 40 kg/m? Our cohort achieved a TBWL of nearly 21% at 12 mo, exceeding the 16% TBWL
reported in multiple meta-analyses of ESG, and which was sustained at years 2 and 3[13,14,20]. Our
results were concordant with a recently published study by Lopez-Nava et al[16] in which 146 subjects
with class III obesity achieved 20.5% TBWL at one year. Weight loss appears to be most pronounced in
year one after ESG, with efforts later focused on weight loss maintenance in years two and three, in line
with the weight loss trajectory from ESG previously observed by Sharaiha and colleagues[21].

An important finding in our study is that most patients with class III obesity who undergo ESG will
exit class III obesity by 6 mo and further improve their weight at 12 mo. Compellingly, very few subjects
return to class III obesity at years 2 and 3. However, while weight loss was clinically significant, very
few in the cohort were cured of obesity during the duration of the study. This underscores the
challenges of managing a chronic, progressive, relapsing disorder and may provide the rationale for
concomitant or sequential treatment with weight loss medications in this patient population to achieve
even greater weight loss; in fact, early success with incretin-based pharmacotherapy and ESG has been
reported[22]. This observation additionally supports the concept of ESG as a bridging procedure in
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Figure 1 Effect of endoscopic sleeve gastroplasty in adults with class Ill obesity over 3 years. A: Total body weight loss over study duration; B:
Excess weight loss over study duration; C: Body mass index over study duration. ESG: Endoscopic sleeve gastroplasty; TBWL: Total body weight loss; EWL: Excess
weight loss.
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% of subjects achieving clinical response threshold

Figure 2 Clinical response ratesin adults with class Il obesity after endoscopic sleeve gastroplasty. TBWL: Total body weight loss.

patients with markedly elevated BMI but with surgical contraindications or elevated operative risk, as
has been published in a small case series by Zorron and colleagues, with a subsequent larger cohort
showing safe revision of ESG to laparoscopic sleeve gastrectomy (LSG) by Algahtani and colleagues[23,
24]. Ultimately, the clinical response to ESG in our cohort remains substantive, particularly given that
traditional bariatric surgeries have a limited penetrance for eligible patients, and ESG provides a
minimally invasive alternative for those who are not interested in pursuing surgical weight loss[7,8].
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Figure 3 Distribution of obesity classes over 3 years after endoscopic sleeve gastroplasty in adults with class lll obesity. TBWL: Total body
weight loss; BMI: Body mass index.
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The Preservation and Incorporation of Valuable Endoscopic Innovations (PIVI) thresholds
recommend that an endoscopic bariatric and metabolic therapy facilitate at least 25% EWL at 12 mo[25].
In this cohort, EWL was nearly double this threshold, at almost 50% at 12 and 24 mo. This is less than
the approximately 60% 12-mo EWL reported in meta-analyses of ESG, but most subjects in the ESG
literature were closer to ideal body weight, which augments EWL for a given magnitude of weight loss
[13,14,26]. The EWL of our cohort fell short of EWL observed following LSG, which is approximately
86% at one year; however, this does diminish to around 63% at 3 years[27]. A recently published study
comparing ESG and LSG, in which ESG subjects had a baseline BMI of 32.5 + 3.1 kg/m? showed a mean
difference in TBWL of 9.7% at 1 year and 4.8% at 3 years in favor of LSG[28]. While both interventions
create a narrowed, restricted gastric reservoir, this discrepancy may result from differences in hormonal
influences (LSG involves resection of the fundus and thus diminishes ghrelin, whereas ESG does not)
and distinct foregut sensorimotor effects (LSG accelerates gastric emptying to impact proximal small
intestine-mediated satiation pathways, where ESG delays gastric emptying to impact gastric-mediated
peripheral appetite signals)[29-32]. Further exploration of weight loss and safety outcomes in ESG vs
LSG warrant direct head-to-head trials, primarily to better inform patients of their available options and
the differences between current surgical and endoscopic bariatric therapies.

As approximately 75% of adults with class III obesity have at least one obesity-associated
comorbidity, improvement in comorbidities is a valuable measure[25]. Throughout the study duration,
comorbidity improvement was observed in over half of those with hypertension and type II diabetes,
and nearly half of those with hyperlipidemia. We attribute this phenomenon to clinical responder rates,
as almost all subjects achieved at least 10% TBWL at one year. This appears to be a meaningful inflection
point for improvement in obesity-related comorbidities[26]. This phenomenon may help reduce the side
effects, interactions, and cost associated with comorbidity-related polypharmacy often observed in
patients with class III obesity.

Performance of the ESG in patients with BMI > 40 kg/m? demonstrates an acceptable safety profile for
clinical adoption, with an observed 0.2% SAE rate that is in line with the expert consensus that an
endoscopic bariatric and metabolic therapy not have a SAE rate exceeding 5%[25]. The majority of
severe SAEs from ESG — particularly the accounts of gastric perforation, fluid collection/abscess, venous
thromboembolism, and gastrointestinal bleeding reported in the literature —are expected to occur
within the first month after the ESG, and thus our inclusion of all 404 patients permitted a suitable and
robust ability to capture these outcomes[26]. Both adverse events in this study were graded as mild in
severity according to the lexicon[19]. We suspect that these favorable safety outcomes stem from a
variety of factors: performance of ESG by highly experienced endobariatric physicians; procedural
technique that maintains full-thickness tissue acquisition while avoiding extra-gastric structures;
avoidance of the thin-walled gastric fundus; regular follow-up visits and physician contact for symptom
assessment; and exclusion of patients with severe systemic disease.

While the safety profile of ESG in patients with class III obesity is appealing compared to that of
bariatric surgery, ambitions of narrowing the management gap in class III obesity with the ESG are
tempered by barriers more unique to endoscopic bariatric therapies[33]. Despite the recent United States
FDA authorization, the ESG is not covered by most insurances. This puts a financial burden on patients
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as they navigate a cash pay model. Moreover, the technical implementation of ESG remains hetero-
genous, and while dedicated training programs exist for bariatric surgeries, there are ongoing
discussions about how best to develop and standardize endobariatric training programs and establish
credentialing requirements for interested endoscopists[34]. Thus, while demonstrating favorable
efficacy, safety, and acceptance, ESG still faces practical challenges that must be addressed for successful
clinical adoption.

From a technical standpoint, there was little difference between creation of ESGs in our subjects with
class III obesity and our patients with class I and II obesity. Patients required a median of 7 sutures,
which is typical for our ESGs in lower classes of obesity, and our suture pattern was not modified for
this patient population. While same-day discharge was feasible for all subjects in this cohort, there are
still precautions regarding anesthesia risk, airway management, and equipment and facility factors that
have to be considered by institutions aiming to offer ESG in this patient population.

Our study has several strengths. The cohort is the largest studied to date and was derived from two
high-volume, experienced endobariatric centers that utilize the same procedural technique and aftercare
protocols. Both study endoscopists are highly trained, having performed more than 3500 combined ESG
procedures, reducing the impact of technical variability and inexperience. Finally, nutritional support
with dieticians at both centers was comprehensive, and follow-up was near-complete, despite the
impact of the coronavirus disease 2019 (COVID-19) pandemic.

This study also had certain limitations. Regarding trial design, this was a retrospective review of
subjects that lacked a comparator arm, so the true difference in weight loss outcomes relative to a
similar population using diet and exercise for weight loss is not known; however, all patients treated at
both centers had failed to lose weight or maintain prior weight loss by the time they sought ESG.
Second, the prevalence of medical comorbidities in this cohort was lower than would be expected for
class III obesity. This may have been because diagnosis of comorbidities relied largely on indirect report
from primary care physicians and patients or medication lists rather than direct lab measurement in all
instances, and comorbidity improvement was limited insofar as post-ESG lab values were not widely
available given that this is not standard practice in our centers. Nevertheless, this cohort was, in essence,
a “healthy” population of patients with class III obesity, which is not unusual for those seeking non-
surgical treatment but may have led to an under-assessment of metabolic impacts. Third, the external
validity of this study may be limited considering the high level of experience of the involved centers,
both in terms of procedural volume and longitudinal aftercare capabilities. Additionally, 281 (69%) of
the 404 patients had their ESG procedure within 6-months of the onset of the COVID-19 pandemic,
which may have impacted their overall weight loss. Finally, though patient adherence throughout the
study duration was greater than 80%, the absolute number of subjects who reached the 24- and 36-
month timepoints was small, meaning we must be cautious when interpreting these later outcomes.

Based on the promising results presented in this study, ESG in combination with a prescribed
nutritional program should be offered to patients with class III obesity. Given the global burden of
obesity, compounded by limited therapeutic options that are both accessible and appealing to patients,
ESG can be a useful tool for reducing the substantial management gap in this disease when performed
by experienced endobariatric physicians with reliable, long-term aftercare. Further study of ESG in class
III obesity should assess improvement in associated medical problems, the effects of combination ESG-
pharmacotherapy, and directly compare ESG to traditional bariatric surgeries.

CONCLUSION

When combined with longitudinal nutritional support, ESG is a safe and effective tool for adults with
class III obesity, with clinically-meaningfully weight loss at one year that was sustained in the
subsequent two years, as well as improvement in weight-related comorbidities. Patients may need
additional therapy to reduce body mass index out of obesity range.

ARTICLE HIGHLIGHTS

Research background

Endoscopic sleeve gastroplasty (ESG) is a minimally invasive weight loss tool that narrows and shortens
the stomach into a tubular construct through full-thickness suturing. The majority of published data on
the ESG focus on patients with class I [(Body mass index (BMI) 30.0-34.9 kg/m?] or class II (BMI 35.0-
39.9 kg/m?) obesity.

Research motivation

Patients with class III obesity (BMI > 40 kg/m?) face greater mortality risk and increased emergence of
weight-related comorbidities compared those of lower obesity classes; however, the vast majority of
patients with class III obesity do not pursue bariatric and metabolic surgery, leading to a substantial
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therapeutic gap in this patient population, which ESG may help address.

Research objectives

To address knowledge gaps in the clinical adoption of ESG as a weight loss tool in adults at higher
ranges of body mass index, we sought to evaluate the clinical efficacy of ESG in patients with class III
obesity based on weight loss and resolution of comorbidities, as well as safety outcomes, over the course
of three years.

Research methods
This was a retrospective evaluation of prospective collected data of adult patients undergoing ESG from
May 2018-March 2022 at two centers with expertise in endobariatric therapies.

Research results

404 adult patients with class III obesity underwent ESG and achieved 20.9 + 6.2% total body weight loss
and 49.6 £ 15.1% excess weight loss at one year, which was maintained at two and three years. 87.4% of
patients achieved > 15% total body weight loss by one year. Of the cohort, 66.1% had improvement in
hypertension, 61.7% had improvement in type II diabetes, and 45.1% had improvement in hyperlip-
idemia over the study duration. There was a 0.2% serious adverse event rate.

Research conclusions

When combined with longitudinal nutritional support, ESG facilitates safe and effective weight loss at
one year in adults with class III obesity, which is maintained at years two and three. ESG should be
considered for patients with class III obesity wishing to avoid metabolic and bariatric surgery.

Research perspectives

While safe and effective in the treatment of class III obesity, ESG did not cure patients of obesity within
the confines of this study, and future research should evaluate practices that enhance weight loss from
ESG in this population, including procedural modifications or combination therapy with pharmacologic
agents.
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Abstract

BACKGROUND

Although esophageal candidiasis (EC) may manifest in immunocompetent
individuals, there is a lack of consensus in the current literature about predis-
posing conditions that increase the risk of infection.

AIM
To determine the prevalence of EC in patients without human immunodeficiency
virus (HIV) and identify risk factors for infection.

METHODS

We retrospectively reviewed inpatient and outpatient encounters from 5 regional
hospitals within the United States (US) from 2015 to 2020. International Classi-
fication of Diseases, Ninth and Tenth Revisions were used to identify patients
with endoscopic biopsies of the esophagus and EC. Patients with HIV were
excluded. Adults with EC were compared to age, gender, and encounter-matched
controls without EC. Patient demographics, symptoms, diagnoses, medications,
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and laboratory data were obtained from chart extraction. Differences in medians for continuous
variables were compared using the Kruskal-Wallis test and categorical variables using chi-square
analyses. Multivariable logistic regression was used to identify independent risk factors for EC,
after adjusting for potential confounding factors.

RESULTS

Of the 1969 patients who had endoscopic biopsies of the esophagus performed from 2015 to 2020,
295 patients had the diagnosis of EC. 177 of 1969 patients (8.99%) had pathology confirming the
diagnosis of EC and were included in the study for data collection and further analysis. In
comparison to controls, patients with EC had significantly higher rates of gastroesophageal reflux
disease (40.10% vs 27.50%; P = 0.006), prior organ transplant (10.70% vs 2%; P < 0.001),
immunosuppressive medication (18.10% vs 8.10%; P = 0.002), proton pump inhibitor (48% vs 30%;
P <0.001), corticosteroid (35% vs 17%; P < 0.001), Tylenol (25.40% vs 16.20%; P = 0.019), and aspirin
use (39% vs 27.50%; P = 0.013). On multivariable logistic regression analysis, patients with a prior
organ transplant had increased odds of EC (OR = 5.81; P = 0.009), as did patients taking a proton
pump inhibitor (OR = 1.66; P = 0.03) or corticosteroids (OR = 2.05; P = 0.007). Patients with
gastroesophageal reflux disease or medication use, including immunosuppressive medications,
Tylenol, and aspirin, did not have a significantly increased odds of EC.

CONCLUSION

Prevalence of EC in non-HIV patients was approximately 9% in the US from 2015-2020. Prior
organ transplant, proton pump inhibitors, and corticosteroids were identified as independent risk
factors for EC.

Key Words: Candidiasis; Esophagus; Endoscopy; Proton pump inhibitors; Transplants; Glucocorticoids

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

Core Tip: While esophageal candidiasis (EC) is often associated with human immunodeficiency virus
(HIV), the prevalence and clinical risk factors for infection in the non-HIV population are less well
established. Our study found the prevalence of EC among patients without HIV in the United States to be
higher than anticipated, approximately 9%, over a 5-year period. Independent risk factors for infection
were prior organ transplant, proton pump inhibitor, or corticosteroid use. The findings of this study may
aide clinicians in establishing an early diagnosis and treatment of EC, thereby preventing the later
complications of more severe disease.
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INTRODUCTION

Infectious esophagitis is well known to occur in immunocompromised patients particularly those with
human immunodeficiency virus (HIV)/acquired immunodeficiency syndrome (AIDS). Candida is the
most common pathogen isolated in cases of infectious esophagitis with the predominant species being
Candida albicans[1]. Classic symptoms reported in patients with esophageal candidiasis (EC) include
odynophagia, dysphagia, and chest discomfort[2]. Upper endoscopy plays a critical role in the
evaluation of EC. It allows for direct visualization of the esophageal mucosa and may reveal the patchy
white plaques most often described in cases of EC. In addition, brush or tissue biopsies of the esophagus
have demonstrated the highest sensitivity and specificity for EC[3]. Cytology or histopathology findings
of budding yeasts and pseudohyphae or hyphae with invasion of the epithelium provide confirmation
of the diagnosis[1].

Persistent EC may result in severe complications such as esophageal hemorrhage, perforation, or
strictures; therefore, early detection and eradication of infection are important to improve patient
outcomes[4]. Systemic therapy is recommended for treatment of EC in immunosuppressed individuals
as opposed to the topical agents used for oropharyngeal disease. Fluconazole is the standard therapy
indicated for EC while other medications including echinocandins and amphotericin are typically
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reserved for refractory disease[1]. The treatment of EC in non-HIV patients does not differ for those who
are symptomatic; however, guidelines are not well established for treatment of patients without
symptoms[1,5].

While EC has most often been associated with HIV, a recent study showed a decreasing prevalence of
EC among patients with HIV. This decline was attributed to the rise in the use of highly active antiret-
roviral therapy. In addition, there was an increase in the prevalence of EC among patients without HIV
[4]. Although EC can develop in individuals without HIV, studies investigating clinical risk factors for
infection in this patient population have been far less to date[1]. The current literature suggests that the
use of corticosteroids may increase the risk of infection; however, there has been a lack of consensus
about other risk factors including proton pump inhibitor use (PPI)[2,4,6-10].

It is important to identify patients at risk for EC who may benefit from early diagnosis and treatment
with antimicrobial agents and avoid costly, invasive interventions in those without predisposing factors
[4]. The aim of this study was to determine the prevalence of EC in patients without HIV and identify
common clinical presentations and risk factors for EC in this patient population.

MATERIALS AND METHODS
Study design

This retrospective case-control study received approval from the MedStar Health-Georgetown
University Institutional Review Board. We retrospectively reviewed inpatient and outpatient encounters
from 5 hospitals located in the District of Columbia and Maryland regions of the United States (US)
from January 2015 through December 2020. All hospitals were a part of MedStar Health, a non-profit
regional healthcare system. The hospitals included 2 academic tertiary care centers, Georgetown
University Hospital and Washington Hospital Center, and 3 community hospitals, Franklin Square
Medical Center, Good Samaritan Hospital, and Union Memorial Hospital.

Study population

The International Classification of Diseases, Ninth and Tenth Revisions were used to identify patients
who had endoscopic biopsies of the esophagus (ICD-9-CM 42.24 and ICD-10-PCS 0DB58ZX, 0DB18ZX,
0DB28ZX, 0DB38ZX). Patients with a diagnosis of HIV/AIDS (ICD-9-CM 042 or ICD-10-CM B20) were
excluded. In addition, vulnerable populations such as minors (age less than 18 years old), pregnant
women, and prisoners were excluded. Cases of EC were then identified using the diagnostic codes ICD-
9-CM 112.84 and ICD-10-CM B37.8. The diagnosis of EC was confirmed with cytology or histopathology
from brush or tissue biopsies of the esophagus. Patients without pathology results confirming the
diagnosis of EC were excluded. The control group was formed by patients who had endoscopic biopsies
of the esophagus and did not have a diagnosis of EC that were propensity matched in a 1 to 1 ratio to
cases of EC using age, gender, and encounter type (inpatient vs outpatient).

Data collection

Patient demographics, symptoms, diagnoses, medications, and laboratory data were obtained from the
documented outpatient or inpatient encounter preceding the upper endoscopy. The endoscopy,
cytology, and histopathology findings were extracted from reports documented in patient charts.
Immunosuppressive medications included the use of chemotherapy, immunomodulators, calcineurin
inhibitors, or biological therapies. Medications listed in this study consisted of inhaled, oral, or
intravenous formulations. Only patients with complete medical history information were included.

Data analysis

The prevalence of EC was defined as the number of patients with a confirmed diagnosis of EC out of all
patients who had endoscopic biopsies of the esophagus obtained during the study period. We
summarized the distribution of categorical and continuous variables using frequencies and percentages,
and medians with interquartile ranges, respectively. We compared differences in medians for
continuous variables using the Kruskal-Wallis test. Differences in categorical variables were evaluated
using chi-square analyses. Multivariable logistic regression analyses were performed using EC as the
outcome variable, which included adjustments for age, gender, race or ethnicity, body mass index
(BMI), heavy alcohol use, gastroesophageal reflux disease (GERD), history of organ transplant, and use
of medications such as immunosuppressive agents, PPI, corticosteroids, Tylenol, or aspirin. Statistical
significance was defined as P value <0.05. The statistical methods of this study were reviewed by Kavya
Sanghavi from MedStar Health Research institute.

RESULTS
Of the 1969 patients who had endoscopic biopsies of the esophagus performed from 2015-2020, 295
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patients had the diagnosis of EC. There were 118 patients with the diagnosis of EC who were excluded
due to a lack of pathology results confirming the diagnosis of EC or insufficient data for review. 177 of
1,969 patients (8.99%) had pathology confirming the diagnosis of EC and were included in the study for
data collection and further analysis. The annual incidence of EC in patients who underwent endoscopy
with esophageal biopsy ranged from 7.45% to 10.84% with no significant trend observed over the study
period (P = 0.58). Patients with EC had a median age of 65 years old and BMI of 24.48 kg/m? There
were 91 females (51.40%) and 86 males (48.60%), and their racial and ethnic backgrounds were as
follows: 74 White (41.80%), 90 Black (50.80%), and 13 others (7.30%), which included Hispanic, Latine,
Asian, and not identified patients. Amongst the study population, there were 295 matched controls
identified with 48 patients excluded due to insufficient data for review. Of the 247 matched controls
included in the study, the median age was 63 years old, and the median BMI was 26.29 kg/m?. There
were 134 females (54.30%) and 113 males (45.70%), and their racial and ethnic backgrounds were as
follows: 127 White (51.40%), 109 Black (44.10%), and 11 others (4.50%). Median age, gender, race, and
ethnicity did not significantly differ between EC cases and the controls. However, patients with EC were
found to have a significantly lower median BMI than the control group (P = 0.003) (Table 1).

The most common clinical symptoms in patients with EC were dysphagia (16.94%), followed by
nausea (14.98%), melena (14.66%), and vomiting (13.68%). Chest pain and odynophagia were present in
only 3.91% and 3.26% of EC cases, which was comparable to the rate in patients without EC (4.14% and
2.53%). In the controls, the predominant symptoms were vomiting (18.16%), nausea (17.47%), melena
(13.33%), and dysphagia (11.95%) (Table 2). There were few patients with EC who were asymptomatic
on presentation representing only 3.58% of cases. Endoscopy findings frequently encountered among
patients with EC included white/yellow plaques (44.98%) and esophagitis (21.11%). In 2.08% of EC
patients, the esophagus was normal on endoscopy. The controls most often had esophagitis (38.51%), or
a hiatal hernia (20.11%) found on endoscopy, with only 2.59% having white/yellow plaques (Figure 1).

In comparison to controls, patients with EC had significantly higher rates of GERD (40.10% vs 27.50%;
P =0.006), prior organ transplant (10.70% vs 2%; P < 0.001), immunosuppressive medication (18.10% vs
8.10%; P = 0.002), PPI (48% vs 30%; P < 0.001), corticosteroid (35% vs 17%; P < 0.001), Tylenol (25.40% vs
16.20%; P = 0.019), and aspirin use (39% vs 27.50%; P = 0.013). Heavy alcohol use was less frequent in
patients with EC than those without EC (9% vs 17%; P = 0.19). There was no significant difference in the
rates of tobacco use, diabetes, liver cirrhosis, end-stage renal disease, active malignancy, or medication
use of tumor necrosis factor inhibitors, histamine type-2 receptor antagonists (H2RAs), non-steroidal
anti-inflammatory drugs, and antibiotics between the two groups (Table 1). On multivariable logistic
regression analysis, patients with a prior organ transplant had increased odds of EC (OR =5.81; P =
0.009), as did patients taking a PPI (OR = 1.66; P = 0.03) or corticosteroids (OR = 2.05; P = 0.007). In
addition, there was a significant association between patients of other races and ethnicities and EC when
Whites were used as the reference group (OR = 2.55; P = 0.041). Patients with GERD or medication use,
including immunosuppressive medications, Tylenol, and aspirin, did not have a significantly increased
odds of EC (Table 3).

Fluconazole monotherapy was the most common treatment used in patients with EC (77.97%). Other
treatments used included nystatin monotherapy (1.69%), echinocandin monotherapy (1.13%),
amphotericin monotherapy (0.56%), and fluconazole with nystatin (3.39%), or with echinocandin
(2.26%). There were 12.99% of patients with EC who did not receive treatment with anti-fungal therapy.
Of the 154 patients with EC who received anti-fungal therapy, 60 had follow-up data available for
review. Approximately half of these patients (32/60) experienced symptom resolution after completing
the prescribed treatment course.

Additional findings noted in the present study included the presence or absence of oral candidiasis,
viral esophagitis, or esophageal carcinoma. Oral candidiasis was present in 5 patients with EC and 2
patients without EC. There was 1 patient with EC who had histopathology demonstrating coinfection
with herpes simplex virus. In the controls, 3 patients had histopathology consistent with HSV infection
alone. Esophageal squamous cell carcinoma was present on histopathology in 9 patients with EC and 5
patients without EC. There were 6 patients with esophageal adenocarcinoma on histopathology in the
controls, while none of the patients with EC had esophageal adenocarcinoma on histopathology.

DISCUSSION

While EC has long afflicted patients with HIV, its presence among the non-HIV population along with
the predisposing conditions for infection are less well known. In our study, the overall prevalence of EC
in patients without HIV was approximately 9% with annual incidence ranging from 7.5% to 10.8% with
no significant trend observed over the study period from 2015-2020. The prevalence/incidence of EC in
our study was higher than rates previously reported in the literature, which ranged from 0.32% to 5.2%
[4,8,9,11]. Studies with a lower prevalence/incidence of EC tended to be older and conducted in East
Asian territories while a more recent study within the US had a higher overall incidence of 5.2%[4,8,9,
11]. This may suggest an increasing prevalence of EC among patients without HIV or a greater predom-
inance of EC within the US population. In addition, the prevalence of EC may have been underes-
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Table 1 Study population and comparison of patients with and without esophageal candidiasis, n (%)

Risk factor EC' patients, n =177 Matched controls, n =247 P value
Age (yr) 65.00 63.17 0.637
BMI' (kg/m?) 24.48 26.29 0.003
Gender 0.564
Female 91 (51.40) 134 (54.30)

Male 86 (48.60) 113 (45.70)

Race and ethnicity 0.104
White 74 (41.80) 127 (51.40)

Black 90 (50.80) 109 (44.10)

Other! 13 (7.30) 11 (4.50)

Heavy alcohol use 16 (9.00) 42 (17.00) 0.019
Tobacco use 97 (54.80) 123 (49.80) 0.309
GERD' 71 (40.10) 68 (27.50) 0.006
Diabetes 63 (35.60) 71 (28.70) 0.135
Liver cirrhosis 9 (5.10) 7 (2.80) 0.23
End stage renal disease 24 (13.60) 26 (10.60) 0.347
Transplant recipient 19 (10.70) 5 (2.00) <0.001
Active Malignancy 32 (18.10) 32 (13.00) 0.146
Immunosuppressive medication use' 32 (18.10) 20 (8.10) 0.002
TNF inhibitor use’ 1 (0.60) 1 (0.40) 0.812
Proton pump inhibitor use 85 (48.00) 74 (30.00) <0.001
H2RA use 21 (11.90) 30 (12.10) 0.93
Corticosteroid use 62 (35.00) 42 (17.00) <0.001
Tylenol use 45 (25.40) 40 (16.20) 0.019
NSAID use' 18 (10.20) 21 (8.50) 0.558
Aspirin use 69 (39.00) 68 (27.50) 0.013
Bisphosphonate use 3 (1.70) 2 (0.80) 0.405
Antibiotic use 22 (12.40) 19 (7.70) 0.104

Immunosuppressive medication includes chemotherapy, immunomodulator, calcineurin inhibitors, or biological therapies. EC: Esophageal candidiasis;

BMI: Body mass index; Race and ethnicity other subcategory, includes Hispanic, Latine, Asian and not identified; GERD: Gastroesophageal reflux disease;

TNEF: Tumor necrosis alpha; H2RA: Histamine type-2 receptor antagonist; NSAID: Non-steroidal anti-inflammatory.
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timated in other studies due to methodological limitations such as including only patients undergoing
routine health physicals or requiring the presence of white plaques on endoscopy for the diagnosis,
which according to our results represents less than half of EC cases[4,8,11].

We found that most patients with EC in our study were elderly with a median age of 65 years old;
however, increasing age was not found to be a significant risk factor for EC. Similar ages were reported
in other studies ranging from 51 to 65 years. old, but unlike the present study, they demonstrated a
significant association between increasing age and EC[4,11,12]. Due to the waning of epithelial cell
immunity over time, older age has been thought to increase susceptibility to infections of the esophagus,
which may include EC[7]. In our study, BMI was significantly lower in patients with EC (median 24.5)
compared to controls (median 26.3), and increasing BMI was not associated with an increased risk of
EC. A study by Ogiso et al[2] also found that patients with EC were less likely to have a high BML
Patients with low BMIs are thought to be at an elevated risk for oropharyngeal candidiasis due to
immune dysfunction related to malnutrition; however, further studies are needed to evaluate this
relationship specifically in cases of EC[2].
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Table 2 Comparison of presenting symptoms in patients with and without esophageal candidiasis, n (%)

Presenting symptom EC' patients, n =177 Matched controls, n = 247
Dysphagia 52 (16.94) 52 (11.95)
Nausea 46 (14.98) 76 (17.47)
Melena 45 (14.66) 58 (13.33)
Vomiting 42 (13.68) 79 (18.16)
Hematemesis 26 (8.47) 44 (10.11)
Epigastric pain 21 (6.84) 22 (5.06)
Weight loss 18 (5.86) 8 (1.84)
Non-specific 17 (5.54) 36 (8.28)
Abdominal pain

Diarrhea 13 (4.23) 7 (1.61)
Chest pain 12 (3.91) 18 (4.14)
Asymptomatic 11 (3.58) 11 (2.53)
Odynophagia 10 (3.26) 11 (2.53)
Dyspepsia 6 (1.95) 9 (2.07)
Acid reflux 5 (1.63) 2 (0.46)
Unknown 0 (0.00) 2 (0.46)

EC: Esophageal candidiasis; Unknown: presence or absence of symptoms not reported.

EC patients Matched controls
2.4%

5.5% 12.8% 2.6%

2% \

11.1%

9% ;
6.0% —

15.8%

B  Normal B White plaques I Esophagitis Ulceration

B Mass B Stricture B Hiatal hernia
DOI: 10.4253/wjge.v15.i6.480 Copyright ©The Author(s) 2023.

Figure 1 Comparison of upper endoscopy findings in patients with and without esophageal candidiasis. EC: Esophageal candidiasis.

The classic symptoms of infectious esophagitis have been described as dysphagia, odynophagia, and
chest pain, although in some cases patients may remain asymptomatic[5]. We found that patients with
EC presented most often with dysphagia (16.94%) while odynophagia and chest pain manifested in only
a small percentage of patients (3.26% and 3.91%). In addition, there were few cases of EC that were
asymptomatic (3.58%). Overall, greater than two thirds of patients with EC presented with non-specific
gastrointestinal symptoms other than those typically attributed to infectious esophagitis. Chen et al[11]
also reported a low number of EC cases that presented with dysphagia and chest pain (2.1% and 14.9%)
and none of the patients had odynophagia. Another study found more than half of patients with EC
were asymptomatic on presentation while only 11.7% of patients had dysphagia, chest pain, or
odynophagia[8]. These findings suggest that EC may be discovered in non-HIV patients who have non-
specific upper gastrointestinal symptoms, which may be attributed to EC or another co-existing
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Table 3 Multivariate analysis of risk factors for esophageal candidiasis

Risk factor Odds ratio P value
Gender

Female Reference

Male 1.28 0.269
Race and ethnicity

White Reference

Black 1.50 0.080
Other' 2.55 0.041
Age 1.00 0.720
BMI' 0.99 0.209
Heavy alcohol use 0.51 0.059
GERD' 1.60 0.051
Transplant recipient 5.81 0.009
Immunosuppressive medication use' 0.87 0.746
Proton pump inhibitor use 1.66 0.030
Corticosteroid use 2.05 0.007
Tylenol use 1.57 0.092
Aspirin use 1.45 0.115

]Immunosuppressive medication defined as chemotherapy, immunomodulator, calcineurin inhibitors, or biological therapies. BMI: Body mass index; Race
and ethnicity other subcategory, includes Hispanic, Latine, Asian and not identified; GERD: Gastroesophageal reflux disease.

gastrointestinal condition with asymptomatic infection. Mimidis et al[12] proposed that there could be a
relationship between the presenting symptom of EC and the predisposing factor for infection. The
authors found that corticosteroid and acid suppressor use correlated with chest discomfort on
presentation. While odynophagia was common in patients with malignancy, dysphagia was more often
found in those with motility disorders. Clinicians should remain vigilant for EC in those with risk
factors for infection but without the classic symptoms associated with infectious esophagitis as atypical
presentations are more common in non-HIV patients.

In patients with HIV, oral candidiasis often occurs concurrently with EC; however, this manifestation
has not been fully evaluated in the non-HIV population[7]. It is thought that oral immunity is impaired
early in the course of HIV infection due to salivary gland dysfunction allowing for the overgrowth of
yeast[4]. One study conducted in a non-HIV patient population reported no cases of oral candidiasis
among those diagnosed with EC[6]. In another study by Chocarro Martinez et al[13], there were only
3.9% of patients with EC who also had findings of oral candidiasis. In the present study, oral candidiasis
was found in 2.8% of EC cases among patients without HIV. The lack of simultaneous oropharyngeal
disease in non-HIV patients suggests that impaired oral immunity may not be required for the
pathogenesis of EC in this patient population.

The usual endoscopic characteristics reported in cases of EC include creamy white plaques early in
the disease course with later progression to friable mucosa with ulcerations and strictures[12]. In the
HIV population, increased severity of esophageal infection has been shown to correlate with lower CD4
counts[12]. We found in our non-HIV population that nearly half of patients with EC had white/yellow
plaques present on endoscopy. Fewer patients had findings of more severe disease such as esophagitis,
ulcerations, or strictures and about 2% had a normal esophagus on endoscopy. In similar studies by
Nassar et al[7] and Alsomali et al[9], most patients with EC had white plaques present on endoscopy
with a limited number showing signs of severe infection and approximately 3%-5% had a normal
esophagus. These findings indicate that EC may present with milder disease on endoscopic evaluation
in non-HIV patients and in some cases without white plaques or with a normal esophagus, thus
requiring biopsy for histopathologic diagnosis.

The present study showed that PPI use was a significant risk factor for the development of EC in
patients without HIV. This association was not observed in patients with H2RA use, which may be
attributed to the greater acid suppression achieved by PPIs. It has been proposed that hypochlorhydria
may permit colonization of the stomach by oral cavity yeasts thereby increasing the risk for esophageal
infection[12]. While GERD was more common in patients with EC than those without EC, we found that
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GERD was not associated with an increased risk of EC. This suggests that the acid suppression from
PPIs is likely responsible for the observed association with EC rather than the disease this medication is
used to treat. These findings are supported by the results of other studies in the current literature.
Chocarro et al[13] also demonstrated a significant relationship between omeprazole use and EC, which
was not seen with H2RA use. In a large retrospective cohort study, three-quarters of patients with EC
were found to be taking a PPI at the time of diagnosis. In addition, there was a subset of 15 patients who
had endoscopy confirmed EC following initiation or dose increase of PPI therapy[7]. Although there
were two studies in our search of the literature that did not find a significant relationship between PPI
use and EC, the present study adds to those that have identified PPIs as an independent risk factor for
EC in patients without HIV[4,8].

We found that corticosteroid use significantly increased the risk of EC in patients without HIV. This
was consistent with the results of prior studies that also demonstrated an association between corticos-
teroid use and the development of EC[6,8,11,13]. One large retrospective cohort study found that a
higher-prednisone equivalent dose further increased the risk of EC, which they attributed to the greater
impairment in cellular immunity achieved with higher doses of steroids[4]. The increased risk of EC
with corticosteroid use is likely related to the suppression of immune cell function systemically or
within the esophagus with swallowing of inhaled corticosteroids[12]; however, additional studies are
needed to elucidate the risk of EC with systemic compared to inhaled formulations.

Fungal infections are known to be a significant cause of morbidity and mortality in solid organ
transplant recipients. Candida is the most frequently isolated pathogen in this patient population with
the greatest risk of infection early in the post-transplant period. Mucosal infections are common as seen
with the increased frequency of oral candidiasis in these patients[14]. The susceptibility to fungal
infections observed in transplant recipients has been attributed to the use of high-dose steroids,
episodes of rejection, hyperglycemia, leukopenia, and old age[15]. While cases of EC have been reported
in the literature, the association between EC and history of prior organ transplant has not been fully
elucidated. A retrospective review of renal transplant recipients hospitalized for fungal infections in the
US found that Candida was responsible for over 80% of infections with the esophagus being the most
frequent site in 31.9% of cases. Of note, HIV status was not reported for the patients included in this
study[16]. In our study, history of prior organ transplant was a significant risk factor for the
development of EC independent of using corticosteroids or immunosuppressive medications, which
included chemotherapeutics, immunomodulators, calcineurin inhibitors, and biologic agents.

Unlike in oropharyngeal disease, EC requires treatment with systemic rather than local antifungal
therapy. Fluconazole is considered the first-line therapy for EC with dosages ranging from 200 to 400
mg daily for a total of 2 to 3 wk. Treatment failure has been observed in cases of fluconazole resistance,
which is often related to the frequency and duration of prior therapy and the emergence of Candida
species with greater azole resistance[5]. Fluconazole was the treatment of choice for most patients with
EC in our study as few patients received treatment with other anti-fungal therapies. Interestingly, only
about half of patients with EC experienced resolution of symptoms with anti-fungal treatment. Another
study also reported fluconazole as the predominant therapy used for treatment of EC. In patients who
had a follow-up endoscopy, approximately 24% had persistence of Candida infection and half of these
patients had received anti-fungal treatment[8]. Given these findings, the prevailing Candida species and
fluconazole resistance rates in patients without HIV may differ from those with HIV and further invest-
igation is needed to guide future treatment recommendations.

Our results were subject to limitations of the retrospective observational study design. EC cases were
identified from inpatient and outpatient encounters at hospital facilities, which did not include
ambulatory surgery centers, and follow-up data was limited. As patients had various indications for
endoscopy, it is unclear whether the presence of candida on histopathology was consistent with a
clinically significant infection. A major strength of this study was the patient population, which
included both inpatient and outpatient encounters as well as age, gender, and encounter-matched
controls. In addition, the data was collected over the more recent years from multiple hospitals with
differing levels of care, thus limiting referral bias. Patients with an established diagnosis of HIV were
excluded, which has been performed in few studies of EC. We also confirmed that patients with a
diagnosis of EC had histopathology demonstrating the presence of Candida.

CONCLUSION

In conclusion, this study determined the prevalence of EC in the non-HIV patient population to be
approximately 9% from 2015 through 2020. EC should remain on the differential in patients with risk
factors for infection presenting with non-specific gastrointestinal complaints as the classic symptoms of
infectious esophagitis are less common in patients without HIV. Clinicians may consider esophageal
biopsy in patients with risk factors for EC presenting with typical or atypical symptoms and a normal
esophagus on endoscopy for histopathologic diagnosis. However, further studies are needed in patients
with a histopathologic diagnosis of EC who are asymptomatic and have normal findings on endoscopy
to determine if treatment is required for eradication of infection. Identification of high-risk patients is
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critical for the early diagnosis and treatment of EC to prevent later complications with progression to
more severe disease. In our retrospective case-control study, prior organ transplant, PPIs, and corticost-
eroids were identified as independent risk factors for the development of EC in patients without HIV.

ARTICLE HIGHLIGHTS

Research background
Infectious esophagitis is well known to occur in immunocompromised patients particularly those with
human immunodeficiency virus with Candida being the most common pathogen isolated.

Research motivation

While esophageal candidiasis (EC) has most often been associated with human immunodeficiency virus
(HIV), a recent study showed a decreasing prevalence of EC among patients with HIV and an increase
in the prevalence of EC among patients without HIV. Although EC can develop in individuals without
HIV, studies investigating clinical risk factors for infection in this patient population have been far less
to date. We designed this study to determine the prevalence, clinical manifestations, and risk factors for
EC in a non-HIV patient population.

Research objectives

The aim of this study was to determine the prevalence of EC in patients without HIV and identify
common clinical presentations and risk factors for EC in this patient population.

Research methods

This retrospective case-control study encompassed inpatient and outpatient encounters from 5 hospitals
located in the District of Columbia and Maryland regions of the United States. Cases of EC were
identified among patients who had endoscopic biopsies of the esophagus and the presence of EC on
cytology and/ or histopathology. Patients with HIV were excluded. Multivariable logistic regression was
used to identify independent risk factors for EC, after adjusting for potential confounding factors.

Research results

This study determined the prevalence of EC in the non-HIV patient population to be approximately 9%
from 2015 through 2020. We found that patients with EC presented most often with non-specific
gastrointestinal complaints while odynophagia and chest pain manifested in only a small percentage of
patients. Less than half of patients with EC had white/yellow plaques present on endoscopy. Prior
organ transplant, proton pump inhibitors, and corticosteroids were identified as independent risk
factors for EC.

Research conclusions

The prevalence of EC in our study was higher than expected based upon rates reported in prior studies.
Classic symptoms of infectious esophagitis are less common in patients without HIV. Clinicians may
consider esophageal biopsy for histopathologic diagnosis in patients with risk factors for EC presenting
with atypical symptoms and/or absence of white plaques on endoscopy. Significant risk factors for
infection in our study were a history of organ transplant, proton pump inhibitor, or corticosteroids use.

Research perspectives
Further studies are needed to evaluate for an increasing prevalence of EC and risk factors for infection
in the non-HIV patient population.
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