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Foreword |

Interventional endoscopy has expanded far beyond the techniques of ERCP
and EUS. This outstanding text focuses on the newer procedures in interven-
tional endoscopy that have been developed and evolved in the spaces of endo-
scopic resection, endoscopic bariatric therapies, per oral endoscopic
myotomies, endoscopic antireflux therapies, tissue apposition, and interven-
tional endoscopic ultrasound. My colleagues and partners, Mihir S. Wagh and
Sachin B. Wani, have developed this text, with a dedication to the practice
and teaching of interventional endoscopy. I have had the good fortune to
directly observe their enthusiasm, teaching, and practice over the past years.
For this work, they have recruited outstanding experts in this space to describe
the innovations that have occurred in the past decade that have changed our
approaches and expanded the minimally invasive therapies we offer our
patients. While some of these techniques are being optimized, others have
been established in prospective clinical trials as viable alternatives in the
management of gastrointestinal disorders. Most of us enthusiastically entered
this subspecialty with the intent of helping our patients with new, minimally
invasive procedures. This enthusiasm continues with the development of
these newer techniques and our expansion into areas that were previously not
approached endoscopically. The innovation and thoughtfulness of our col-
leagues that practice and continue to push the boundaries of this space are
impressive. The collective drive to continue to advance minimally invasive
solutions to the clinical problems that we all face guarantees that some, if not
all, of these techniques will be supplanted by even more novel and innovative
approaches in the future. We are fortunate to view this current snapshot as the
continuum of minimally invasive endoscopic care advances. The authors and
editors of this text are to be commended for marking our progress to date in
this comprehensive and timely work. It is a resource for practitioners and
trainees alike as it nicely summarizes our current state of the practice of the
newer techniques in this broadening field of interventional endoscopy.

Aurora, CO, USA Steven A. Edmundowicz, MD, FASGE
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Foreword I

Gastrointestinal (GI) endoscopy has a relatively recent history, starting in
1932 with the development of the flexible gastroscope by Schindler. Only
after the introduction of the gastrocamera in 1950 by Uji and colleagues,
Hischowitz invented in 1957 the first fiberscope for the upper GI tract and
colon. The use of endoscopy further increased in popularity with the intro-
duction of video endoscopes. At the same time, the first prototypes of endo-
scopic ultrasound (EUS) were introduced in the 1980s. EUS was initially
used as a diagnostic adjunct but rapidly evolved to a therapeutic tool for vari-
ous GI disorders.

In the past 10 years, GI endoscopy has seen various remarkable develop-
ments. In the following, four major developments will be highlighted.

One of these developments include endoscopic resection. It originally
started with endoscopic polypectomy but soon thereafter developed further to
endoscopic mucosal resection (EMR) for the removal of larger superficial
lesions, followed by endoscopic submucosal dissection (ESD) for en bloc
resections, and recently to endoscopic full-thickness resection (EFTR),
allowing the resection of lesions that are located in the deeper layers of the GI
tract.

Due to the dramatic increase in overweight and obesity in the last 10-15
years, especially in the Western world, endoscopic bariatric treatments were
introduced. This initially started with minimally invasive treatments, i.e.,
intragastric balloon placement and aspiration therapy. Later, when endo-
scopic suturing devices became available, endoscopic sleeve gastroplasty was
introduced.

The third development which can be considered as one of the most appeal-
ing in the last 10 years is endoscopic myotomy. It first started with a proce-
dure developed by Dr. Haruhiro Inoue, named peroral endoscopic myotomy
(POEM). This initiated several other procedures which are likewise charac-
terized by restoring continuity in the GI tract, such as endoscopic myotomy
for Zenker’s diverticulum (Z-POEM), endoscopic pyloromyotomy for gas-
troparesis (G-POEM), and endoscopic per rectal endoscopic myotomy for
Hirschsprung’s disease (PREM). The technique of myotomy has also set the
stage for other third-space endoscopic procedures, for example, submucosal
tunneling endoscopic resection (STER).

Finally, in the mid-1990s, EUS-guided cyst gastrostomy and EUS-guided
celiac plexus neurolysis shifted the perception of EUS from a purely diagnos-
tic examination to a modality capable of performing therapeutic interventions.



Foreword Il

Numerous advances have since been made, including EUS-directed biliary
and pancreatic drainage, treatment of neoplasia, anastomosis creation, and
treatment of bleeding. Most of these technologies will most likely shift sev-
eral therapeutic approaches in the near future.

The editors of this book, entitled Gastrointestinal Interventional
Endoscopy: Advanced Techniques, Drs. Mihir S. Wagh and Sachin B. Wani,
are to be congratulated for their initiative to bring together a superb list of
authors. This book offers an overview of therapeutic gastrointestinal endos-
copy for upper and lower gastrointestinal diseases. New therapeutic tech-
niques using advanced endoscopic devices are extensively covered. The
authors are without exception experts in the field with a great store of knowl-
edge on a wide variety of therapeutic endoscopic procedures. The book will
provide a clear guidance for practicing clinicians when performing therapeu-
tic gastrointestinal endoscopy.

Nijmegen, The Netherlands Peter D. Siersema, MD, PhD, FASGE



Preface

It is our great pleasure to present to you this book on newer techniques in
gastrointestinal interventional endoscopy. At the outset, let us start by men-
tioning the main reason for this endeavor. The field of interventional endos-
copy is moving at a dramatically rapid pace with newer endoscopic devices
and techniques emerging in the last decade. Traditionally, interventional
endoscopy has included endoscopic retrograde cholangiopancreatography
(ERCP) and endoscopic ultrasonography (EUS). However, the field has now
expanded to more than just these procedures with the development of a new
domain in endoscopy, often called “flexible endoscopic surgery.” This book
specifically focuses on these components of interventional endoscopy beyond
ERCP and EUS. We hope that this would be the “go to” book or “textbook™
for all interested in interventional endoscopy since it contains a thorough
description and analysis of these newer topics.

This book is divided into six parts — Endoscopic Resection, Bariatric
Endoscopy, Endoscopic Myotomy, Endoscopic Antireflux Therapies,
Endoscopic Tissue Apposition, and Advances in Interventional EUS — with
chapters authored by world-renowned experts in each field. We highlight
indications and technical details, assess safety and efficacy, and suggest qual-
ity metrics and training pathways for these endoscopic procedures. We have
included multiple illustrations, tables, and endoscopic photos and videos
highlighting these topics to help the reader clearly understand key concepts
and procedural details. The book is geared towards all endoscopists — gastro-
enterologists and surgeons, trainees, as well as seasoned practitioners — inter-
ested in this ever-evolving minimally invasive discipline.

We are grateful to our panel of distinguished contributors, national and
international endoscopists from across the globe, for sharing their knowledge
and experience with us. We would like to extend a special thanks to Andy
Kwan and Smitha Diveshan at Springer for patiently guiding us through the
publishing process.

Aurora, CO, USA Mihir S. Wagh MD, FACG, FASGE
Sachin B. Wani MD
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Endoscopic Lesion Recognition
and Advanced Imaging Modalities

Jorge D. Machicado, Jennifer M. Kolb,

and Sachin B. Wani

Introduction

The field of gastrointestinal endoscopy has
evolved in the last 50 years as a consequence of
significant advances in engineering, physics,
chemistry, and molecular biology among oth-
ers. One of the most important goals of endos-
copy 1is in detecting and characterizing
premalignant or early neoplastic lesions that
may be suitable for curative therapies. The
explosive growth of optical, cross-sectional,
and molecular methods allows us to recognize
subtle lesions that may have been missed, in
addition to predicting histology and guiding
endoscopic therapy.

The development of fiber-optic technology
was a determinant step that permitted the intro-
duction of flexible gastrointestinal endoscopes
in 1957, which replaced the old, rigid, and
semiflexible endoscopes [1]. Conventional

J. D. Machicado
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© Springer Nature Switzerland AG 2020

video endoscopy was then developed in 1993
by using charge-coupled devices (CCDs),
which enabled visualization of real-time imag-
ing on a monitor [2]. During the last decade,
developments in video endoscopy resolution
and monitor definition have led to the introduc-
tion of high-definition white light endoscopy
(HDWLE), which is now considered as the
standard of care [3].

Despite these tremendous advancements in
video endoscopy, subtle lesions can still be
missed. Thus, other optical, cross-sectional, and
molecular methods have rapidly evolved as an
adjunct to HDWLE. Optical technologies such
as conventional and virtual chromoendoscopy
have been available in clinical practice for sev-
eral years. In contrast, cross-sectional methods
with the ability to provide real-time histology
images such as confocal laser endomicroscopy
(CLE), optical coherence tomography (OCT),
and volumetric laser endomicroscopy (VLE) are
still being evaluated, not yet available to most
endoscopists, and hence not ready for routine
clinical use. Most recently, molecular imaging
has emerged to detect specific targets and guide
individualized treatments, but it is at early
stages and only available for research purposes.
In this chapter, we will review each of these
advanced imaging modalities (AIMs) and their
applicability in recognizing different gastroin-
testinal lesions in clinical practice.

M. S. Wagh, S. B. Wani (eds.), Gastrointestinal Interventional Endoscopy,

https://doi.org/10.1007/978-3-030-21695-5_1
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Table 1.1 Pros and cons of different advanced imaging modalities

Advanced imaging modality Pros

Cons

Conventional
chromoendoscopy

Detailed surface pit pattern
Useful for dysplasia detection in IBD

Adds time and cost (dyes)

Potential risks with vital stains

Lack of validated classification systems
Evaluation limited to the mucosa

Virtual chromoendoscopy
pattern

and colon polyps
Useful for colon polyp
characterization

Detailed surface pit and vascular

Easy and cheap on/off button
Validated classification systems
Useful for neoplasia detection in
Barrett’s esophagus, stomach lesions,

Evaluation limited to the mucosa
Interpretation requires training

Autofluorescence imaging
(AFI)

Imaging at greater depth

Low specificity, high false positive rates
Low resolution
Requires special equipment

Confocal laser High resolution

endomicroscopy (CLE)

Visualization of mucosa at cellular
level, allows in vivo histology

Time consuming, costly
Typically requires probes (pCLE)
Requires IV contrast agents
Evaluation limited to the mucosa

Optical coherence tomography
(OCT)/ volumetric laser
endomicroscopy (VLE)

Visualization of mucosa and
submucosa at cellular level
VLE can mark abnormal area

Low resolution
Requires special equipment, costly
Requires training

Molecular imaging High specificity

Adds time and cost
Requires special equipment
Not available for routine clinical use

Description of Technologies

Table 1.1 summarizes the pros and cons related to
the use of each advanced imaging technology in
clinical practice.

White Light Endoscopy (WLE):
Standard vs. High Definition

Equipment required for video endoscopy includes
a video processor, a light source, the endoscope,
and a monitor. An external xenon light source pro-
vides the full spectrum of visible white light which
travels through fiber-optic glass bundles and is
emitted through a lens at the end of the endoscope
[4]. Light is reflected off the mucosa, through the
objective lens of the endoscope, and reaches the
photosensitive surface of the CCD — a small chip
in the endoscope tip that senses an image. The
CCD captures the image and transmits the charge
through electrical wires to the video processor,
where a digital image is produced. The initial stan-
dard-definition (SD) endoscopes were equipped

with 410,000 pixel CCD that provided a digital
image that was 640 (width) by 480 (height) [5].
Soon after came the realization that image quality
was largely dependent on resolution, which is a
function of CCD pixel density.

HDWLE uses smaller chips that produce
images with a resolution of more than a million
pixels and that are displayed in monitors with
either 4:3 or 5:4 aspect ratios and at least 650
pixels in height [6]. In order to truly capture
HD images, all of the endoscopy equipment
must be HD compatible (endoscope, CCD, pro-
cessor, monitor, and transmission cables). HD
monitors can display progressive images where
lines are scanned consecutively and the images
painted 60 times per second, which produces
fewer artifacts for moving objects. Optical
magnification with HD endoscopy can provide
images up to 150 times the original size with
preserved resolution. This function can be acti-
vated with a button in newer endoscopes
through a system called near focus, which mod-
ifies a mechanical movable lens at the tip of the
endoscope [7].
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Conventional Chromoendoscopy

This type of AIM enhances the GI mucosa with
topically applied dyes to outline lesion borders,
highlight surface changes, and delineate mucosal
depth. Several methods of dye application are
employed depending on the target surface area.
For focal suspicious lesions, a 60 mL syringe of
diluted dye can be pushed through the instrument
channel of the endoscope, and the target area is
then examined closely. In cases targeting a larger
area of tissue, such as patients with inflammatory
bowel disease, a more efficient method for deliv-
ering dye is through the water jet irrigation sys-
tem after mixing 250 mL of normal saline with
dye in various concentrations [8]. Each dye has
distinct chemical properties designed for differ-
ent clinical applications.

Methylene blue is a vital dye that is absorbed
by the epithelial cells of the small intestine (e.g.,
intestinal metaplasia, IM) and colonic crypts.
Absorption generally occurs within 1 minute of
topical application, and the effect remains for up
to 20 minutes. Whereas “normal” mucosa will
soak up the dye color, neoplastic or inflamed
mucosa will absorb little or no dye. Thus, a
brighter and unstained area is a clue for pathol-
ogy. Lugol’s solution is another vital dye used
mostly for screening of esophageal squamous
cell cancer in high-risk populations. Suspicious
areas more likely to harbor high-grade intraepi-
thelial neoplasia appear as well-demarcated
unstained regions of >5 mm, often termed the
“pink color sign” as these areas retain a pink
mucosal hue in contrast to the iodine-stained sur-
rounding mucosa (Fig. 1.1) [9]. Other but less
used vital dyes include crystal violet and cresyl
violet.

Non-vital dyes are applied to the surface and
provide contrast but without being absorbed by
the epithelial cells. Indigo carmine is one of the
most commonly used non-vital dyes. It collects in
the pits and grooves of the mucosa, thereby
enhancing visualization of mucosal structures,
surface topography, lesion depth, and borders.
Acetic acid is a weak acid that induces a chemical
reaction in the mucosa with a goal of delineating
epithelial structures. Endoscopic delivery of ace-

Fig. 1.1 Squamous cell dysplasia with chromoendos-
copy using Lugol’s solution (unstained areas representing
areas of dysplasia)

tic acid through a spray catheter temporarily alters
the structure of surface epithelial glycoproteins,
which lasts for 2-3 minutes [10]. The unbuffered
acid facilitates disruption of disulfide and hydro-
gen bonds, provokes deacetylation, and in turn
denatures the proteins. Repeat application of ace-
tic acid may be necessary to sustain the effect.

Virtual Chromoendoscopy

Virtual chromoendoscopy uses optical lenses and
digital processing programs to achieve similar
results as conventional chromoendoscopy but
with the ease of only pressing a button. The most
widely used of these systems is narrow band
imaging (NBI, Olympus), which is based on the
optical phenomenon that the depth of light pene-
tration into tissue depends on the wavelength; the
shorter the wavelength, the more superficial
the penetration. In WLE, light at wavelengths
400-700 nm illuminates the surface mucosa and
reproduces all images in their natural color. NBI
applies an optical filter in real time using a red-
green-blue illumination system at a narrower
range of 400-540 nm designed to match hemo-
globin absorption [11]. This allows structures
with high hemoglobin content to appear dark
(surface capillaries, brown; submucosal vessels,
cyan) which provides a contrast to the surround-
ing mucosa that reflects the light.
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Other systems use the full spectrum of white
light to capture images and then perform post-
imaging processing. The Fujinon Intelligent
Chromoendoscopy (FICE) (Fujinon Inc., Japan)
system applies software-based technology to
modify images captured through the standard
endoscopic video processor [12]. The algorithm
selectively enhances specific light wavelengths
and creates a reconstructed FICE image. A simi-
lar technology is iScan (Pentax, Japan), which
uses a digital post-processing system to reconsti-
tute an image [13]. The endoscopist can switch
between surface, color, or tone enhancement
modes by pressing a button to improve visualiza-
tion of specific features. Another modality is
called blue laser imaging (BLI) or Lasero
(Fujinon), which uses a two-laser system. BLI
was created in response to the limitations of FICE
and NBI as a way to combine the strengths of
each individual technology [14]. The limited-
wavelength blue laser highlights the mucosal
vasculature (similar to NBI), while the second
laser induces fluorescent light to illuminate the
target.

Autofluorescence Imaging (AFI)

This is a technology dependent on endogenous
fluorophores within the GI mucosa, the most
important of which is collagen. Fluorophores
are naturally occurring substances that absorb
energy from short-wavelength light (blue) and
in turn emit longer-wavelength light (fluores-
cent). The patterns of fluorescence vary based
on the metabolic activity, blood flow, and bio-
chemical characteristics of the tissue, which can
be abnormal with neoplasia and inflammation.
Endoscopes with AFI capability have a rotating
filter in front of the light source that delivers
narrow-spectrum blue light (390-470 nm) alter-
nating with green light (540-560 nm) [15].
There is an additional interference filter whereby
only fluorescent and green light are filtered
through the CCD to be processed. In the result-
ing image, normal tissue appears green, and
abnormal mucosa appears dark reddish purple
in color.

Confocal Laser Endomicroscopy (CLE)

This technology is based on light microscopy, but
requires contrast agents administered intravenously
(fluorescein) or topically (fluorescein or acriflavine
hydrochloride). A laser is then focused by an objec-
tive lens to illuminate a single point in the focal
plane. Light reflected back from that focal point
will converge through a pinhole to the detector
[16]. Light that comes from outside the focal point
will be scattered and not collected. When the detec-
tor processes the light, a high-resolution image at a
gray scale will be created showing cellular struc-
tures from the mucosal layer (250 um), but not
deeper structures. Confocal imaging can be endos-
copy based (eCLE) or probe based (pCLE) [17].
Probes are designed to pass through the endoscope
working channel toward the target tissue in the bili-
ary tree, upper GI tract, or lower GI tract.

Optical Coherence Tomography (OCT)
and Volumetric Laser
Endomicroscopy (VLE)

OCT 1is a disposable probe-based system where
long wavelengths of light are used to penetrate into
areas of interest and create cross-sectional images
[18]. This is similar to endoscopic ultrasound, but
infrared light is used instead of acoustic waves to
create high-resolution images. A single light
source emits two beams, one that is directed at the
target tissue and the other to a reference mirror.
Light is reflected from both sources and then com-
bined again at a detector to produce interference,
which is measured and translated into an image.

VLE uses technology similar to OCT, where
rapid scanning facilitates capture of images at a
depth of 3 mm with resolution to 10 mm [19]. It
is designed for use within a circumferential
lumen such as the esophagus. A balloon is passed
through the instrument channel and inflated.
Then an optical probe is passed through the bal-
loon. The balloon is rotated 360 degrees as the
probe is pulled back slightly. The probe VLE has
the potential to quickly and effectively image
large areas in short periods of time (the entire
6 cm length of the balloon in 90 seconds).
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Molecular Imaging

Molecular imaging is an innovative technology
where targeted probes are directed to specific
molecules in the GI tract. A molecular probe can
be designed using a peptide, antibody, nanopar-
ticle, or other molecules [20]. Peptides are the
most commonly described probes in molecular
endoscopy as they offer certain advantages.
They are small for mucosal penetration, are
safe, have low immunogenicity, and are rela-
tively easy and inexpensive to mass-produce.
The peptide is isolated using a bacteriophage
library and then labeled to a fluorophore to be
applied topically during endoscopy using a
spray catheter. Use of a multimodal video endo-
scope provides images using a special fluores-
cent and reflectance filter [21]. This technology
has the potential for more accurate in vivo diag-
nosis and prediction of patients with higher risk
of progression into neoplasia before morpho-
logic changes even develop.

Endoscopic Evaluation of the Upper
Gl Tract

Barrett’s Esophagus, Dysplasia,
and Esophageal Adenocarcinoma

Rationale and Limitations
of Surveillance Endoscopy
The global incidence of esophageal adenocarci-
noma (EAC) is 0.7/100,000 person years and has
significantly increased in Europe, Australia, and
the United States in the last four decades [22, 23].
Most cases of EAC are diagnosed at advanced
stages, which is associated with dismal survival
and poor quality of life [24]. Barrett’s esophagus
(BE) or intestinal metaplasia (IM) of the esopha-
gus is the precursor lesion for EAC and can be
detected endoscopically in the presence of
salmon-colored mucosa extending more than
1 cm proximal to the gastroesophageal junction
with confirmed IM on biopsies [25].

Progression of BE to EAC involves a series of
pathologic changes from non-dysplastic BE
(NDBE) to low-grade dysplasia (LGD), high-

grade dysplasia (HGD), and finally EAC [26].
Thus, endoscopic surveillance with targeted biop-
sies of visible lesions and four-quadrant random
biopsies every 1-2 cm (Seattle biopsy protocol) is
endorsed by international society guidelines to
detect dysplasia or EAC at earlier stages, receive
curative therapy, and enhance survival [25, 27—
30]. Moreover, this approach can help identify
patients with neoplastic lesions who are amenable
to endoscopic eradication therapies (EETs) in lieu
of surgery or chemoradiation. However, this
approach has several limitations including sam-
pling errors (focal distribution of neoplasia and
surveillance biopsies sample only 5% of the
Barrett’s segment), limited reliability of histo-
logic interpretation of dysplasia, and the associ-
ated costs, time, and labor, which may explain
why community endoscopists do not adhere to the
Seattle biopsy protocol [31, 32]. In addition, visi-
ble lesions can be easily missed because they are
often small and focally distributed.

Endoscopic Inspection of BE
The endoscopist should inspect the Barrett’s seg-
ment in a systematic fashion to maximize detec-
tion of visible lesions which can harbor dysplasia
or early cancer. Careful evaluation of BE with
HDWLE is recommended as the minimum stan-
dard to maximize detection of visible lesions [27,
33]. However, there are no randomized clinical tri-
als directly comparing HDWLE with standard
WLE for detection of visible lesions in BE, and
this recommendation is inferred from several other
studies [34, 35]. Longer inspection time, along
with careful and organized BE inspection, may be
associated with higher number of lesions detected
and increased diagnosis of HGD/EAC [33].
Careful endoscopic examination can reassure
detection of >80% of lesions with HGD/EAC [36].
The following recommendations can be con-
sidered to ensure high-quality care. First, con-
sider the use of a transparent distal attachment
cap on the tip of the endoscope to facilitate endo-
scopic view especially in patients with BE-related
neoplasia. Second, clean the mucosa by using the
water jet channel and carefully suctioning the
fluid with minimal mucosal trauma. Third,
inspect the suspected BE by varying insufflation
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and desufflation to detect subtle surface irregu-
larities. Fourth, inspect the distal Barrett’s seg-
ment in a retrograde view. Fifth, describe the
location of the diaphragmatic hiatus, gastro-
esophageal junction, and squamocolumnar junc-
tion, as well as the extent of BE including
circumferential and maximal segment length
using the Prague classification [37]. After ade-
quate inspection of BE, biopsies can then be per-
formed. Biopsies should be avoided in normal or
irregular Z line to avoid overdiagnosis of BE in
patients who in fact have IM of the cardia which
is not associated with EAC and in areas of erosive
esophagitis until optimizing antireflux therapy, as
reparative changes from active esophagitis can be
difficult to distinguish from dysplasia.

Uniform Evaluation of Visible Lesions
Subtle mucosal abnormalities, such as ulceration,
erosion, plaque, nodule, stricture, or other luminal
irregularities in the Barrett’s segment, should be
sampled separately, as there is an association of
such lesions with underlying dysplasia and cancer
[38]. These mucosal abnormalities should undergo
endoscopic mucosal resection (EMR), as this pro-
vides a better sample for pathologic review and
changes the histopathologic diagnosis in approxi-
mately 30-50% of patients, compared with biopsies
[39, 40]. Moreover, EMR of suspicious esophageal
lesions represents a quality indicator of EET of BE,
both as a diagnostic (to determine the T-stage and/or
grade of dysplasia) and therapeutic maneuver [35].
Chapter 3 of this book offers further details regard-
ing esophageal EMR techniques.

The Paris classification provides a grading
system for visible mucosal lesions, which facili-
tates uniform communication among clinicians
[41]. Visible lesions are described as follows:
protruded lesions, O-Ip (pedunculated) or O-Is
(sessile); and flat lesions, O-1Ila (superficially ele-
vated), 0-1Ib (flat), O-IIc (superficially depressed),
and O-IIT (excavated). Lesions classified as 0-Is,
0-IIc, and O-IIT are most likely to harbor invasive
cancer, whereas 0-IIa and O-IIb are likely associ-
ated with early neoplasia (Fig. 1.2) [27]. The
length of the lesion should be reported using the

Fig. 1.2 Description of visible lesions in Barrett’s esoph-
agus using the Paris classification. (a) Flat Barrett’s
esophagus without visible lesions. (b) Paris Ila diffuse
nodularity within Barrett’s segment. (¢) Paris IIa and Ilc
lesion within Barrett’s segment
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Table 1.2 Quality indicators for endoscopic eradication therapy (EET) in Barrett’s esophagus (BE) and suggested

median threshold benchmark

Type Metric Threshold

Pre-procedure The rate at which the reading is made by a GI pathologist or confirmed by a 90%
second pathologist before EET is begun for patients in whom a diagnosis of
dysplasia has been made
Centers in which EET is performed should have available HDWLE and NA
expertise in mucosal ablation and EMR techniques
The rate at which documentation of a discussion of the risks, benefits, and >98%
alternatives to EET is obtained from the patient prior to treatment

Intra-procedure | The rate at which landmarks and length of BE are documented (e.g., Prague 90%
grading system) in patients with BE before EET
The rate at which the presence or absence of visible lesions is reported in 90%
patients with BE referred for EET
The rate at which the BE segment is inspected by using HDWLE 95%
The rate at which complete endoscopic resection (en bloc resection or 90%
piecemeal) is performed in patients with BE with visible lesions
The rate at which a defined interval for subsequent EET is documented for 90%
patients undergoing EET who have not yet achieved complete eradication of
intestinal metaplasia
The rate at which complete eradication of dysplasia is achieved by 18 months in | 80%
patients with BE-related dysplasia or intramucosal cancer referred for EET
The rate at which complete eradication of intestinal metaplasia is achieved by 70%
18 months in patients with BE-related dysplasia and intramucosal cancer
referred for EET

Post-procedure The rate at which a recommendation is documented for endoscopic surveillance | 90%
at a defined interval for patients who achieve complete eradication of intestinal
metaplasia
The rate at which biopsies of any visible mucosal abnormalities are performed 95%
during endoscopic surveillance after EET
The rate at which an antireflux regimen is recommended after EET 90%
The rate at which adverse events are being tracked and documented in 90%
individuals after EET

proximal and distal margin of the lesion in rela-
tion to the endoscope distance from the incisors.
The circumferential involvement should be
reported using the lateral margins of the lesion
relative to the clock position and with the endo-
scope in the neutral position.

Quality Indicators of Endoscopic
Surveillance

Defining quality indicators may help to ensure
the delivery of high-quality care. In this era of
value-based and quality-based healthcare, the
development of quality indicators that bench-
mark performance is critical. Thus, a recent study
used a methodologically rigorous process to
develop valid quality indicators for EET in the
management of patients with BE-related neopla-
sia. The valid quality indicators were categorized
into pre-procedure, intra-procedure, and post-

procedure quality indicators. The performance
threshold for each of these metrics can be found
in Table 1.2.

Advanced Imaging Modalities (AIMs)

to Enhance Surveillance

Several AIMs have been investigated to over-
come some of the limitations of current
surveillance practices of BE with WLE. A
Preservation and Incorporation of Valuable
Endoscopic Innovations (PIVI) statement from
the American Society of Gastrointestinal
Endoscopy (ASGE) has outlined thresholds for
performing AIMs during endoscopic surveillance
of BE [42]. To eliminate random biopsies, an
AIM with target biopsies should have the follow-
ing characteristics: (1) per-patient sensitivity of
>90% and a negative predictive value of >98%
for detecting HGD/EAC, compared with the
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current standard protocol, and (2) specificity of
>80% to allow a reduction in the number of biop-
sies compared with biopsies obtained using the
Seattle protocol. A recent meta-analysis demon-
strated that only experts in the field of BE meet
these thresholds with acetic acid chromoendos-
copy, NBI, and eCLE [43]. Thus, AIMs should
not yet replace surveillance endoscopy with ran-
dom biopsies in non-expert hands. However,
AIMs can increase the diagnostic yield for iden-
tification of HGD/EAC if added to the Seattle
protocol, as recently demonstrated in a meta-
analysis with 34% and 35% incremental yield of
HGD/EAC with virtual and conventional chro-
moendoscopy, respectively [44]. In head-to-head
studies, both chromoendoscopy modalities have
demonstrated comparable detection of HGD/
EAC [34, 45].

Virtual Chromoendoscopy

The majority of studies evaluating virtual chro-
moendoscopy in BE have used NBI. In the largest
international crossover RCT to date comparing
NBI with HDWLE, there was significantly higher
detection of dysplasia (30 vs. 21%) with NBI
[46]. Several classification patterns (Kansas [47],
Amsterdam [48], Nottingham [49]) have been
proposed to predict histopathology based on NBI
surface patterns, but the proposed criteria are
complex, and validation studies had disappointing
results. An international working group recently
developed a simple and internally validated sys-
tem to identify dysplasia and EAC in patients with
BE based on NBI results [50]. This system, known
as the BING criteria, can classify BE with >90%
accuracy and a high inter-observer agreement.
Regular mucosal patterns were defined as circu-
lar, ridged/villous, or tubular patterns; and irregu-
lar mucosa was marked by absent or irregular
surface patterns. Regular vascular patterns were
defined by blood vessels situated regularly along
or between mucosal ridges and/or those showing
normal, long, branching patterns; irregular vascu-
lar patterns were marked by focally or diffusely
distributed vessels not following the normal archi-
tecture of the mucosa (Fig. 1.3). Additional stud-
ies are needed with BLI, FICE, and iScan to
assess their utility and interpretation.

Fig. 1.3 Abnormal NBI pattern of visible lesions in
Barrett’s esophagus. (a) Paris Ila and Ilc lesion with
abnormal NBI pattern from 9 to 1 o’clock position and
with normal NBI pattern from 1 to 9 o’clock position. (b)
Paris Is lesion in the GE junction with abnormal NBI
pattern

Conventional Chromoendoscopy

The dyes most commonly used for conventional
chromoendoscopy in BE are acetic acid and
methylene blue. No standardized classification
criteria have been established for any dye. In the
meta-analysis by Thosani et al., acetic acid chro-
moendoscopy was found to meet the thresholds
established by the ASGE PIVI (sensitivity, 97%;
negative predictive value, 98%; and specificity,
85%) and can be used in clinical practice at least
by experts [43]. In contrast, methylene blue chro-
moendoscopy fails to meet these thresholds (sen-
sitivity, 64%; negative predictive value, 70%; and
specificity, 96%) and does not increase the diag-
nostic yield over random biopsies for the detec-
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tion of HGD/cancer [43, 51]. Furthermore, the
safety of methylene blue has been questioned as
one study suggested that it can cause induce oxi-
dative damage to DNA when photosensitized
with light [52]. Acetic acid causes disruption of
the columnar mucosal barrier in minutes, leading
to whitening of the tissue with vascular conges-
tion and accentuation of the villi and mucosal
pattern when the acid reaches the stroma. The
whitening effect in dysplastic areas is lost earlier
than in the surrounding mucosa, which helps
identify neoplastic areas.

Role of AFI, CLE, VLE, and OCT

Other AIMs have been investigated, but none
appear to be ready for clinical application at the
present time [53]. AFI is limited by its high false
positive rate, fair to moderate inter-observer
agreement, and minimal incremental diagnostic
yield over the Seattle protocol [54]. CLE has the
potential to confirm a real-time diagnosis of neo-
plasia without the need for histology, which
could lead to immediate endoscopic therapy
without biopsies, such as same-session EMR or
ablative therapy. Use of eCLE meets the ASGE
PIVI thresholds but is no longer commercially
available, while pCLE does not meet these
thresholds [43]. A meta-analysis recently showed
that VLE is associated with a marginal increase
in detection of HGD/cancer and has very high
rates of false positive results [55]. However, OCT
and VLE can evaluate epithelial thickness and
buried glands, which can predict prolonged or
failed ablation, and be useful in post-endoscopic
ablation surveillance [56, 57]. The clinical appli-
cability of these AIMs needs to be better defined
before recommending their routine use in sur-
veillance of BE.

Gastric Intestinal Metaplasia,
Dysplasia, and Cancer

Rationale of Screening

and Surveillance

Gastric cancer (GC) is one of the most frequent
and lethal malignancies worldwide. The intro-
duction of universal screening in Korea and

Japan is associated with earlier GC diagnosis
and lower cancer-related mortality [58-60].
Thus, universal screening is warranted in indi-
viduals from high-incidence countries, but is
more selective in low-incidence countries based
on demographic data and Helicobacter pylori
status [61]. This translates in higher rates of
early GC diagnosis — lesion confined to the
mucosa or submucosa — in countries with
national screening programs compared to
Western countries (60 vs. 20%), which can be
safely treated by mucosal or submucosal endo-
scopic resection [62, 63].

Compared with noninvasive tests, endoscopy
is the best and most cost-effective screening
modality to detect precancerous lesions and GC
[64]. The development of intestinal-type GC is
preceded by a cascade of several precancerous
events that range from non-atrophic gastritis,
multifocal atrophic gastritis (AG), IM, dysplasia,
and ultimately GC [65]. Management and sur-
veillance intervals are determined based on the
individual histologic risk of progression into
GC. A population study from the Netherlands
illustrated this by showing an annual incidence
of GC of 0.2% for AG, 0.3% for IM, 0.6% for
mild-moderate dysplasia, and 6% for severe dys-
plasia [66]. The risk of GC with AG and IM can
then be further stratified based upon location,
severity, and extension of the lesion. Patients
with widespread atrophy or IM pose high risk of
cancer and require endoscopic surveillance
every 3 years. Patients with LGD should be fol-
lowed every 12 months, while those with HGD
should be followed every 6 months or have the
lesion resected [67].

Endoscopic Evaluation of Stomach
Lesions

Endoscopic findings suggestive of superficial
lesions such as light changes in color (redness or
pale faded), irregularities of mucosal folds,
absence of submucosal vessel pattern, and spon-
taneous bleeding should be carefully examined
(Fig. 1.4a) [68]. Well-demarcated border or irreg-
ularity in color/surface pattern is more suggestive
of malignant lesions. However, the sensitivity of
WLE for identifying GC is ~80% and can miss
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Fig. 1.4 Representative endoscopic images of gastric
neoplasia. (a) Paris Is and Ilc friable gastric mass. (b)
Ulcerated gastric mass with abnormal NBI pattern. (c)
Chromoendoscopy with methylene blue determining outer
margins of early gastric cancer that was ultimately resected

small or flat lesions [68]. If endoscopic examina-
tion is normal, at least five nontargeted biopsies
should be obtained according to the Sydney
system in the antrum (x2), incisura angularis

(x1), and body (x2) [69]. Biopsy specimens
should be submitted in separate jars labeled by
region of the stomach sampled. This protocol is
sensitive for detection of atrophic gastritis and
intestinal metaplasia when performed in high-
risk populations [70].

Role of Virtual and Conventional
Chromoendoscopy

After recognition of suspicious lesions with
WLE, virtual and conventional chromoendos-
copy help in lesion characterization and high-
light lesion outer margins (Fig. 1.4b, c).
Diagnostic accuracy of NBI is maximized with
magnifying endoscopy, by analyzing the micro-
vascular and microsurface patterns separately.
In a recent meta-analysis of 14 studies, magni-
fying NBI showed high sensitivity (86%) and
specificity (96%) for detection of early GC [71].
This showed to be especially helpful for
depressed or small lesions <10 mm in size,
which can be more accurate than with conven-
tional chromoendoscopy [71, 72]. Magnifying
NBI can also delineate the lateral margins of a
lesion even when conventional chromoendos-
copy is not able to determine the margins [73].
Further research is needed to establish a stan-
dard NBI classification system to reduce various
biases and improve its diagnostic accuracy in
the assessment of gastric lesions. For example,
fine network patterns with abundant microves-
sels connected one to another are characteristic
of adenocarcinoma, and a corkscrew pattern
with tortuous isolated microvessels is character-
istic of poorly differentiated adenocarcinoma.
Conventional chromoendoscopy with indigo
carmine and acetic acid has been used in clinical
practice for evaluation of gastric lesions, but
delineation of margins is not superior to NBI.

Role of AFl and CLE

The role of other AIMs has not been fully estab-
lished in the screening or surveillance of
GC. AFTI has limited clinical value due to its high
false positive rate and low specificity. CLE has
shown encouraging results for the in vivo diag-
nosis of premalignant lesions and early gastric
cancer [74].



1 Endoscopic Lesion Recognition and Advanced Imaging Modalities 13

Duodenal Adenomas and Cancer

Rationale for Screening

and Surveillance

Duodenal cancer is rare among all GI malignan-
cies. For several years, it has been recognized
that this malignancy arises from an adenoma-to-
carcinoma pathway similar to colorectal cancer
(CRC) [75]. Duodenal adenomas should be cate-
gorized as being ampullary or non-ampullary and
as sporadic or arising in the context of familial
adenomatous polyposis (FAP). The lifetime risk
of duodenal cancer in patients with FAP is
5-10%, while in the general population, it ranges
from 0.01% to 0.04% [76]. In addition, duodenal
adenomas are diagnosed in up to 90% of FAP
patients, can be multiple, and involve the ampulla.
Thus, endoscopic screening and surveillance are
recommended in FAP patients [77].

Endoscopic Evaluation

Endoscopic evaluation should be performed
using a distal attachment cap and often requires a
duodenoscope to definitively determine lesion
relationship to the major and minor papilla.
Morphologic features including the size of the
lesion, number of folds affected, percent of cir-
cumference involved, and Paris classification
should be determined to decide on management
(surveillance, endoscopic resection, or surgery)
(Fig. 1.5a, b).

The Spigelman staging system is widely used
to evaluate the severity of duodenal polyposis
and consists of a five-grade scale (0 to IV) based
on polyp burden (number, size, histologic type,
and degree of dysplasia) [78]. The 10-year risk
of cancer can be as high as 36% for Spigelman
stage IV disease, but much lower (<2%) for
lower stages [79]. Thus, endoscopic staging
helps to determine the surveillance and treat-
ment strategies for FAP patients with duodenal
adenomas [77].

Diagnosis of adenoma with HDWLE and for-
ceps biopsies is highly sensitive (>90%), but the
sensitivity for detection of adenocarcinoma is
lower, and biopsies can miss up to 30% of
ampullary cancers [80, 81]. Cancer should be
suspected in the presence of irregular margins,

Fig. 1.5 Duodenal lesions. (a) Ampullary adenoma
examined with duodenoscope. (b) Large duodenal ade-
noma in the second portion of the duodenum using for-
ward view endoscope and a distal attachment cap. (c)
Representative image of duodenal adenoma using NBI

ulceration, friability, or induration. Polyps larger
than 1 cm have also been associated with
advanced histology.
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Role of Advanced Imaging Modalities

NBI is helpful for detection of duodenal adeno-
mas. Predictive features of adenoma include the
presence of dense white villi, large duodenal
villi, leaf-shaped villi, or irregular vascular pat-
tern (Fig. 1.5¢) [81, 82]. Conventional chromoen-
doscopy has not been well studied for duodenal
adenomas, but could be used if NBI or virtual
chromoendoscopy is not available [83]. Two
studies have demonstrated that real-time readings
provided with pCLE have a high degree of diag-
nostic value when histology is used as the gold
standard and may have higher sensitivity than
NBI [83, 84]. Endoscopic ultrasound and endo-
scopic retrograde cholangiopancreatography can
assess if ampullary adenomas have intraductal
extension, which could preclude ampullectomy.

Recognition of Lesions in the Lower
Gl Tract

Colon Polyps and Colorectal Cancer

Rationale for Screening

and Surveillance of Colorectal Cancer
Colorectal cancer (CRC) is the third most com-
mon cancer in men and women [85]. Colon pol-
yps are the precursor lesion and progress to
cancer via the adenoma-carcinoma sequence
(adenoma) or the serrated pathway (sessile ser-
rated adenoma (SSA) or traditional serrated ade-
noma) [86]. With the implementation of CRC
screening programs and polypectomy, the inci-
dence and mortality of CRC have declined [87—
90]. Therefore, endoscopic detection, diagnosis,
and adequate resection of polyps are critical steps
for prevention of CRC. Colonoscopy techniques
to improve adenoma detection rates go beyond
the aims of this chapter, but use of virtual or con-
ventional chromoendoscopy does not seem to
reduce missed polyp rates compared with WLE
[91, 92].

Histologic Prediction of Polyps During
Colonoscopy

After a polyp is found during colonoscopy, care-
ful evaluation and classification can help histo-

logic prediction. Diminutive polyps (<5 mm)
represent 70-80% of all resected polyps, approx-
imately 50% are adenomas, and rarely harbor
advanced histology such as villous features and
HGD (1.1-3.4%) or cancer (0-0.08%) [93-95].
If diminutive polyp histology can be determined
optically in real time without the expense of
pathologic examination, significant cost reduc-
tion can be achieved without compromising clini-
cal decision-making or quality.

Optical histologic diagnosis of diminutive
polyps has led to the proposal of a “resect and
discard” strategy for diminutive polyps deter-
mined to be adenomatous and a “do not resect”
strategy if characterized as non-adenomatous. An
ASGE PIVI statement has proposed thresholds
that are needed to be met to follow these strate-
gies: (1) For diminutive rectosigmoid non-
adenomatous polyps to not be removed, the
negative predictive value for adenoma should be
greater than 90%. (2) For any type of diminutive
polyps to be resected and discarded, there should
be correct predication of surveillance interval
accuracy greater than 90% [96].

Role of Advanced Imaging Modalities

for Histologic Prediction of Colonic
Lesions

Optical diagnosis cannot be achieved by the sole
use of HDWLE. Adenomas have reddish appear-
ance, while hyperplastic polyps are whiter.
Sessile serrated adenomas (SSAs) are often flat,
larger in size, covered by a mucus cap, and sur-
rounded by a rim of debris, display a lacy vessel
pattern, and have indistinct borders. There is
strong evidence that discrimination between
adenomatous and serrated polyps can be
improved with conventional or virtual chromo-
endoscopy [97]. NBI has been extensively stud-
ied, and in expert hands it can meet the thresholds
proposed by the ASGE PIVI statement [97, 98].
NBI-assisted optical diagnosis by non-experts
has shown equivocal results in comparison to the
PIVI thresholds and cannot currently be recom-
mended for routine use outside of expert centers
[95, 99]. Other virtual chromoendoscopy tech-
nologies such as iScan and FICE have also
shown high reliability for optical diagnosis
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[100]. Diagnostic accuracy with CLE appears to
be as good as with NBI, but unsatisfactory with
AFI [100].

Several classification systems have been devel-
oped for the assessment of colon polyps with NBI
and chromoendoscopy (Table 1.3 and Fig. 1.6).
The Kudo classification was the first to be devel-
oped and helps making in vivo histologic diagno-
sis of polyps based on surface pit pattern [101]. Pit
patterns can be grouped into three basic types: (1)
Kudo I and IT have round/stellar pits and represent
non-neoplastic lesions; (2) Kudo IIs, IIIL, IV, and
selected cases of Vi correspond to adenomas and
cancers with superficial submucosal invasion
(SMI) that are endoscopically treatable; and (3)
Kudo Vn and some Vi harbor cancer with SMI and
are not amenable for endoscopic resection. The
NBI International Colorectal Endoscopic (NICE)
classification gives a simplified and standardized
system for optical diagnosis of polyps based on
lesion color, surface pit pattern, and vascular pat-

tern [102]. NICE type I is found with hyperplastic
polyps and SSAs, type II in adenomas, and type 111
in CRC with SMI. In the most recent Workgroup
serrAted polypS and Polyposis (WASP) classifica-
tion system, an additional category is created to
differentiate hyperplastic polyps and SSAs, due to
the higher malignant potential for SSAs [103].

Endoscopic Prediction of Invasive

Cancer and Determination

of Resectability

Because of the unique absence of lymphatics in the
colonic mucosa, CRC is defined as invasion of dys-
plastic cells in the submucosa (SMI), and lesions
confined to the mucosa are better named LGD or
HGD instead of “carcinoma in situ” or “intramuco-
sal adenocarcinoma” [104]. Endoscopic resection
is adequate for lesions with LGD or HGD, but
lesions with SMI are associated with 1-16% risk of
lymphovascular invasion (LVI), and further
stratification is needed to determine if endoscopic

Table 1.3 Kudo, NICE, and WASP classification of colon polyps

Histology Kudo pit pattern | NICE* WASP®
Normal Type I
Round
Hyperplastic Type 11 Type I Sessile serrated
Star-like, Color adenoma
papillary Same or lighter relative to background If >2 features:
Vessels 1. Cloud-like
None or isolated lacy vessels coursing across surface
lesion 2. Indistinct borders
Surface pattern 3. Irregular shape
Dark or white spots of uniform size or 4. Dark spots inside
homogenous absence of pattern crypts
Adenoma Type III Type II
Tubular/ Color
roundish Browner than background
IIIS small Vessels
IIIL large Brown vessels surrounding white structures
Type IV Surface pattern
Gyrus-like, Oval, tubular, or branched white structures
branched surrounded by brown vessels
Deep submucosal Type V Type I
invasive cancer Vi irregular Color
Vn Brown to dark brown relative to background
non-structural | Vessels
Areas with distorted or missing vessels
Surface pattern
Amorphous or absent surface pattern

ANICE — NBI International Colorectal Endoscopic classification system
"WASP — Workgroup serrAted polypS and Polyposis
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Fig. 1.6 Histologic prediction of different colon types.
(a) Paris Is and IIb polyp, with Kudo II and IV pattern
consistent with simultaneous serrated and tubulovillous
histology. (b) Laterally spreading tumor with Kudo IIIs
pattern consistent with tubular adenoma. (¢) Kudo IV

resection is the adequate therapy [105]. Lesions
with low-risk features such as superficial SMI
(depth < 1 mm), well-differentiated tumor grade,
and absence of LVI can be adequately treated
endoscopically.

Real-time endoscopic prediction of SMI risk is
essential before endoscopic resection is attempted
[106]. The Paris classification of superficial neo-
plasia should be used for morphologic classifica-
tion. Flat or sessile lesions larger than 10 mm can
be designated as laterally spreading lesions (LSL)
and can then be further categorized based on their
surface topography into granular (G), nongranular
(NG), or mixed morphologies. Focal interroga-
tion of the pit pattern and vascular patterns with
virtual or conventional chromoendoscopy is criti-
cal to further assess their risk of deep SMI. Factors

pattern consistent with tubulovillous histology. (d) Paris
Is-Ilc laterally spreading non granular tumor, with Kudo
V and NICE III pattern. These features predicted submu-
cosal invasion and endoscopic unresectability

associated with SMI include Kudo pit pattern V,
NICE III pattern, a depressed component (0-Ilc),
rectosigmoid location, 0-Is or O-Ila + Is Paris clas-
sification, nongranular surface morphology, and
increasing size [107, 108]. The “non-lifting sign”
is also associated with SMI but can also be found
in submucosal fibrosis from prior biopsies or pol-
ypectomy attempts [109].

Colorectal Dysplasia and Cancer
in Inflammatory Bowel Disease

Rationale for Dysplasia Surveillance

Patients with inflammatory bowel disease (IBD)
have twofold higher risk of developing CRC
compared with the general population [110].



1 Endoscopic Lesion Recognition and Advanced Imaging Modalities 17

Chronic inflammation, free radicals, and cyto-
kines lead to genetic alterations and eventually
dysplasia, which can then transition to CRC in
IBD patients [111]. Thus, clinical practice guide-
lines recommended dysplasia surveillance to pre-
vent CRC in patients with left-sided or extensive
ulcerative colitis (UC) and for colonic Crohn’s
disease (CD) [112]. The efficacy of this approach
has not been studied in clinical trials, but several
population and observational studies have dem-
onstrated reduction in cancer development and
death associated with CRC in patients undergo-
ing endoscopic surveillance [113-115].

Endoscopic Surveillance with
High-Definition Endoscopy
Detection of dysplasia in IBD patients tradition-
ally relied on WLE and extensive random biop-
sies (four every 10 cm) to identify invisible
dysplasia [112]. The principle for this strategy
was that dysplasia was often not accompanied by
visible mucosal abnormalities during the fiber-
optic endoscopy era. However, this has been
increasingly disputed, and a systematic review
revealed that in IBD patients with dysplasia, 80%
are visible with standard WLE and 90% are visi-
ble with HDWLE or chromoendoscopy [116]. In
addition, random biopsies are time consuming,
distracting, expensive, and low yield — 1 episode
of dysplasia detected for every 1505 random
biopsies [117]. For these reasons, a targeted
biopsy strategy has been developed and has been
found to be superior to random biopsies for detec-
tion of neoplasia [118]. Despite these data, ran-
dom biopsies have not yet been abandoned, and
future studies should evaluate the incremental
yield to targeted biopsies for dysplasia detection.
Recently, an international multidisciplinary
group of 21 experts developed a consensus docu-
ment aimed to optimize strategies for detection of
dysplasia in IBD patients [116]. One of the key
recommendations of this paramount document is
to perform HDWLE instead of standard WLE for
dysplasia surveillance of IBD patients. This is
based on results from aretrospective observational
study that found dysplasia to be found twice in
patients undergoing HDWLE compared with
those having standard WLE [3].

Uniform Terminology of Dysplasia

The SCENIC consensus also proposes that the
terms dysplasia-associated lesion or mass
(DALM) and adenoma-like lesion or mass
(ALM) should no longer be used, and instead
dysplasia should be described as visible or invis-
ible. Visible lesions can be described using the
Paris classification. Lesion margins should also
be carefully examined. Dysplasia identified on
random biopsies without a visible lesion should
be defined as invisible dysplasia. Polypoid dys-
plastic lesions that occur proximal to areas
affected by inflammation can be assumed to be
sporadic adenomas.

Conventional Chromoendoscopy

for IBD Surveillance

Another key recommendation of the SCENIC
consensus is to use conventional chromoendos-
copy rather than standard-definition WLE for
surveillance of IBD patients [116]. A recent sys-
tematic review of randomized controlled trials
recently confirmed this statement and showed
that conventional chromoendoscopy identifies
more patients with dysplasia compared to stan-
dard WLE [119]. This meta-analysis also showed
that conventional chromoendoscopy was not
superior to HDWLE or NBI. This has also been
suggested in a recent randomized controlled
trial, which showed that HDWLE and virtual
chromoendoscopy in expert hands are not infe-
rior to conventional chromoendoscopy for detec-
tion of dysplasia or cancer [120]. A large
“real-life” retrospective cohort also recently
showed that implementation of conventional
chromoendoscopy in clinical practice does not
increase dysplasia detection compared with
WLE with targeted and random biopsies [121].
Thus, there is still debate whether conventional
chromoendoscopy should be adopted in all sur-
veillance colonoscopies for IBD patients as it
adds time and costs, and requires additional
endoscopic training.

When conventional chromoendoscopy is
used, visible lesions should be categorized using
the crypt architecture with the Kudo pit pattern
classification (Fig. 1.7). The two main stains are
indigo carmine and methylene blue. Pancolonic
rather than local staining is recommended, using
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Fig. 1.7 Chromoendoscopy in IBD. Chromoendoscopy
with methylene blue in a patient with well-controlled pan-
ulcerative colitis, showing pseudopolyposis with Kudo I
pattern

a spasmolytic if needed during withdrawal,
excluding patients with active disease or inade-
quate bowel preparation. Pancolonic staining
involves circumferential application of 250 mL
of diluted dye (indigo carmine 0.3-0.1% or
methylene blue 0.4-0.1%) throughout the colon
after cecal intubation, using the water pump irri-
gation system or a spray catheter. Once a suspi-
cious lesion is identified, approximately 30 mL
of a more concentrated dye (indigo carmine
0.13% or methylene blue 0.2%) should be
sprayed directly from a 60 mL syringe through
the biopsy channel [116].

Virtual Chromoendoscopy and Other
Technologies

NBI has not been shown to improve dysplasia
detection compared with standard WLE, HDWLE,
or conventional chromoendoscopy and is not rec-
ommended for surveillance of IBD patients [116].
Current endomicroscopic tools allow precise pre-
diction of neoplasia on IBD by obtaining optical
biopsies in real time, but several barriers limit
their routine use in clinical practice [122]. The use
of full-spectrum endoscopy (FUSE), a novel tech-
nology that incorporates two additional lateral
cameras for 330° panoramic views, and stool
DNA analysis, appear as promising tools for dys-
plasia detection in IBD patients but are not yet
ready for clinical use [123, 124].

Training in AIMS

Medical societies have started to move away
from a fixed time-based training to a system of
competency-based education. This is structured
on different assumptions: (1) people learn in dif-
ferent ways; (2) learners achieve competency at
different rates; and (3) competency must be
assessed against a fixed criterion rather than com-
parison against the performance of other learners
or experts. Competency-based education of AIMs
should be incorporated in gastroenterology fel-
lowship training and needs development for those
gastroenterologists already in practice. Training
in AIMs can be obtained through classroom train-
ing programs or self-directed computer-based
training modules [125]. A large body of evidence
suggests that the use of these training methods in
ex vivo and in vivo performance can lead trainees
and academic or community endoscopists to
meet the thresholds set forth by the ASGE for
characterizing colon polyps with NBI examina-
tion [95, 126, 127]. These training methods are
only moderately accurate among trainees for
detecting neoplasia in BE with NBI [128]. Data
for other AIMs is very limited to absent [129].
Future studies should assess training methods
and learning curves needed to reach competency
of individual AIMs in neoplasia detection and
lesion characterization in the esophagus, stom-
ach, duodenum, and colon. In the meantime,
these training methods, in addition to image/
video atlases, endoscopy simulators, and skill
maintenance programs, should be used for moti-
vated endoscopists.

Future Directions and Conclusions

The field of gastrointestinal endoscopy has
evolved since the introduction of video endos-
copy 25 years ago, with development of several
advanced imaging modalities and other technolo-
gies that allow better lesion recognition and char-
acterization. Future studies should focus on
cost-effectiveness, training, and competency in
the use of AIMs. The role of newer technologies
such as autofluorescence, CLE, OCT, and VLE



1

Endoscopic Lesion Recognition and Advanced Imaging Modalities

19

still needs to be better determined before adop-
tion in clinical practice. In the near future, molec-
ular imaging may allow for more accurate in vivo
diagnosis and prediction of patients with higher
risk of progression into neoplasia before morpho-
logic changes develop.
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Endoscopic Mucosal Resection
of the Esophagus

Samuel Han and Hazem Hammad

Introduction

Endoscopic mucosal resection (EMR) represents
a widely used technique that allows for complete
en bloc resection of lesions as large as 20 mm in
diameter. It can be used in larger lesions via
piecemeal resection and provides a diagnostic,
therapeutic, and prognostic option for lesions
throughout the gastrointestinal tract. The advan-
tages of EMR include its relative simplicity,
safety, and ability to obtain large samples in com-
parison to forceps biopsies [1]. It is a relatively
quick procedure and can provide diagnostic
information regarding the depth of invasion,
degree of tumor differentiation, as well as pres-
ence or absence of lymphovascular invasion.
The disadvantages of EMR include a higher
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recurrence rate and lower rate of en bloc resection
in comparison to endoscopic submucosal dissec-
tion (ESD) [2, 3]. Additionally, while it does
allow for piecemeal resection of large lesions,
piecemeal resection does not allow for assess-
ment of negative lateral margins, and cautery
effects from repeated resections can hinder ade-
quate histological evaluation [4, 5].

Historically, the concept of EMR was origi-
nally described in 1973, but became more popu-
lar in the 1980s, particularly in the management
of colonic lesions [6, 7]. Inoue first performed an
esophageal EMR in 1990 in Japan, and it was
gradually incorporated into clinical practice in
the West shortly thereafter [8]. This chapter will
focus on the role of EMR in the esophagus, dis-
cuss its indications, technical details, safety, and
efficacy, and comment on future directions, qual-
ity metrics, and training pathways.

Indications

Barrett’s Esophagus and Esophageal
Adenocarcinoma

In the West, EMR is primarily used in the esopha-
gus for the diagnosis and treatment of Barrett’s
esophagus-related neoplasia (Figs. 2.1 and 2.2), a
well-established precursor lesion for esophageal
adenocarcinoma (EAC) [9, 10]. From a diagnos-
tic perspective, EMR is recommended for all
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Fig. 2.1 Example of Barrett’s esophagus using high-
definition white-light endoscopy

Fig. 2.2 Example of Barrett’s esophagus under narrow-
band imaging (NBI)

visible and nodular lesions (no matter how sub-
tle) (Figs. 2.3, 2.4, and 2.5) in patients with
Barrett’s esophagus (BE) to determine the true
histopathologic diagnosis [11-13]. Biopsy alone
has been shown to frequently misdiagnose the
true grade of dysplasia within a lesion, and stud-
ies have demonstrated that EMR will change the
diagnosis in up to 30-40% of patients with early
neoplasia [14-18]. Furthermore, EMR signifi-
cantly increases the interobserver agreement
between pathologists in the diagnosis of dyspla-
sia compared to biopsy [19]. Given that accurate
assessment of the grade of dysplasia is a critical
step in determining the appropriate manage-
ment step, EMR plays a critical role in the

Fig. 2.3 Visible lesion under white-light endoscopy
using near focus

Fig. 2.4 Example of nodularity under white-light
endoscopy

Fig. 2.5 Example of nodularity using narrow-band imag-
ing (NBI) with near focus
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Fig. 2.6 EMR for diagnosis and management of nodular
Barrett’s. Footnote: (a) Nodular lesion under white-light
endoscopy. (b) Nodular lesion under NBI. (¢) Ligation-
assisted EMR of nodular lesion. (d) Resection specimen.

management of this patient population (see
Fig. 2.6 for a full depiction of the use of EMR in
Barrett’s).

From a resection standpoint, EMR only allows
for local removal of a lesion, highlighting the
importance of proper selection of patients.
Specifically in terms of BE, only patients with
high-grade dysplasia or EAC limited to the
mucosa (M1, confined to the epithelium; M2,
confined to the lamina propria; or M3, invading
the muscularis mucosae) with minimal risk of
lymph node metastasis should be referred for
EMR. The risk of lymph node metastasis for
tumors limited to the mucosa has been reported
as 0-3% [20].

Contention lies in EAC with submucosal
involvement as esophagectomy has been consid-
ered the standard of care for quite some time
given the high risk of lymph node involvement,
but as will be discussed later in this chapter, cer-
tain superficial submucosal cancers may be ame-
nable to EMR.

Currently, under the National Comprehensive
Cancer Network guidelines, endoscopic therapy
is recommended for patients with lesions limited

(e) Low-magnification histology demonstrating intramu-
cosal carcinoma. (f) Lymphovascular invasion by intramu-
cosal carcinoma

to the epithelium (Tis or HGD), lamina propria,
or muscularis mucosa (T1a). Endoscopic ther-
apy can also be considered for lesions involving
the superficial submucosa (T1b) — in lieu of
esophagectomy — in the absence of lymph node
metastasis, lymphovascular invasion, or poorly
differentiated tumors. Discussion with the sur-
geon regarding the risk of esophagectomy vs. the
risk of lymph node metastasis should also be
undertaken [21]. The American Society for
Gastrointestinal Endoscopy (ASGE) guidelines,
for comparison, recommend endoscopic resec-
tion of all visible lesions (strong recommenda-
tion, moderate quality of evidence) while
recommending against surgery in patients with
high-grade dysplasia/intramucosal carcinoma
(strong recommendation, very low quality of
evidence) [22].

Squamous Cell Carcinoma
Esophageal EMR was one of the first endoscopic

techniques described in removing early
squamous cell carcinomas (SCCs) in the
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esophagus [23]. EMR remains a popular treat-
ment option for SCC that is confined to the
mucosa, which requires early detection given the
ease of metastatic spread of SCC owing to the
relatively thin wall of the esophagus as well as
its rich lymphatic network. More common in
Asia, it is associated with a poor prognosis, and
EMR is indicated in SCC M1 and M2 lesions
(confined to the epithelium or lamina propria)
[24]. In M3 (invading the muscularis mucosae)
or SM1 (invasion to the superficial third of the
submucosa) lesions, EMR can be considered if
there is no evidence of lymph node involvement.
Similarly, ESD has shown complete resection
rates of 78-100% of M1 and M2 lesions with
low recurrence rates (0-2.6%), but like EMR is
generally not utilized in SCC lesions with lym-
phovascular invasion or submucosal invasion
>200 pm [25].

While ESD is not the focus of this chapter,
it is important to note when comparing EMR to
ESD in esophageal mucosal cancers 20 mm or
less, ESD has been found to provide an en bloc
resection rate of 100%, whereas for EMR it
was 87% (cap assisted) and 71% (two-channel
technique) [26, 27]. The curative resection rate
for ESD was also 97%, significantly higher
than either EMR technique (71% for cap and
46% for two-channel). Therefore, the European
Society of Gastrointestinal Endoscopy (ESGE)
recommends ESD as the preferred method of
endoscopic resection of esophageal squamous
cell carcinoma (ESCC) given the higher en
bloc resection rate and superior histological
assessment [28]. EMR can be used for lesions
smaller than 10 mm if en bloc resection can be
assured. For early EAC and HGD, EMR is still
the mainstay method of endoscopic resection;
but ESD can be considered for lesions larger
than 15 mm, poorly lifting tumors, and lesions
with high-risk features for submucosal
invasion.

The National Comprehensive Cancer Network
guidelines recommend endoscopic therapy for
patients with lesions limited to the epithelium
(Tis or HGD), lamina propria, or muscularis
mucosa (Tla). For patients with T1b lesions,
esophagectomy is recommended [21].

EMR Technique in the Esophagus

At its core, EMR involves the removal of a lesion
using a snare, with or without electrocoagulation
(Table 2.1). There have been a variety of tech-
niques that have been developed for resection of
esophageal lesions, accounting for the relatively
flat nature of many of these lesions. Prior to EMR,
our practice is to thoroughly visualize the lesion
using high-definition white-light endoscopy
(WLE) and narrow-band imaging (NBI). While
using virtual chromoendoscopy, we then mark the
boundaries of the target lesion, usually 3-5 mm
from the lesion border (Fig. 2.7), using various
modalities of coagulation such as argon plasma
coagulation (APC) or simply using a snare tip with
soft coagulation. We recommend these markers,
particularly in lesions requiring multiple resec-
tions, owing to the difficulty of recognizing the
margins of the lesion during the actual resection
given the effect of coagulation, bleeding, and sub-
mucosal injection in obscuring the working field.
After the resection, confirming resection of the
entire lesion is done by ensuring that all markers
are no longer visible. It is important to note that the
ASGE recommends against routine complete
endoscopic resection of the entire Barrett’s seg-
ment, but instead supporting resection of the visi-
ble lesion followed by ablation of the remaining

Table 2.1 Steps for esophageal endoscopic mucosal
resection

1. Visual inspection of lesion using high-definition
white-light endoscopy and narrow-band imaging

2. Marking of borders of lesions (with snare tip or
argon plasma coagulation) under visualization with
WLE or narrow-band imaging

3. Resection of lesion
Injection assisted: Submucosal injection for lifting
of target area, followed by snare resection
Ligation assisted: Band ligation of target area
followed by snare resection
Cap assisted: Submucosal injection followed by
suctioning of target area inside cap, followed by
enclosing the snare and then resection

4. Thorough inspection of resection site to ensure no
residual tissue, bleeding, or deep injury/perforation

5. Treatment of any bleeding sites or closure of defects
if needed

6. Pinning of specimen onto Styrofoam board
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Fig. 2.7 Example of using coagulation markers to mark
boundaries of visible lesion

Barrett’s segment [22]. Should the segment of
Barrett’s contain diffusely nodular BE, however,
we will perform EMR of the entire segment.

Injection-Assisted EMR

The original technique for EMR incorporates the
use of solution injection into the submucosal
space below the lesion to effectively create a
safety barrier for resection. This injection creates
a “lifting” and separation of the lesion from the
underlying muscularis propria, which facilitates
snaring of the intended target. Furthermore, this
injection minimizes damage from electrocautery
or physical forces to the muscularis propria and
therefore minimizes the risk of perforation. While
saline was first used as the injection solution, a
wide variety of injection solutions (particularly
viscous solutions) have been developed to facili-
tate lifting owing to the quick dissipation of saline
into the adjacent space [29]. While not compre-
hensive, other commonly utilized solutions
include dextrose 50% (an inexpensive, easily
available hypertonic solution), succinylated gela-
tin (clear, inexpensive, safe colloid solution),
hydroxyethyl starch (safe and inexpensive solu-
tion which can maintain submucosal lifting longer
than saline), sodium hyaluronate (a highly visco-
elastic but expensive solution), hydroxypropyl
methylcellulose (HPMC, a readily available and

viscoelastic solution), and hyaluronic acid (HA, a
glycosaminoglycan with high viscosity that is
expensive) [30]. Additionally, dilute epinephrine
(typically 1:100,000) can be added into the injec-
tion solution to reduce the bleeding during the
resection which helps maintain better visualiza-
tion throughout the procedure. Varying amounts
of injection solution can be added at the endosco-
pist’s discretion depending on the size of the
lesion.

Ligation-Assisted EMR (Video
Included)

Perhaps the simplest and most widely used of the
EMR techniques, ligation-assisted EMR, also
known as multiband mucosectomy (MBM),
involves the use of a band ligation device [31,
32]. Similar to an esophageal varices banding
device, a band ligation system includes a distal
attachment cap for the endoscope with a trigger
cord and control handle that goes through the
working channel. This transparent cap contains
six rubber bands, and once the ligation cap is
maneuvered to be directly over the desired lesion,
the lesion is suctioned into the cap using the
endoscope’s suction system. A single band is
then released with clockwise rotation of the con-
trol handle, with a distinct releasing sensation felt
by the endoscopist signaling deployment of
the band (Fig. 2.8). This band will help create a

Fig. 2.8 Ligation-assisted endoscopic mucosal resection
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pseudopolyp, and submucosal injection is not
routinely required as the esophageal muscle layer
retracts when ligated by the rubber band. An
electrocautery snare can then be inserted through
the working channel to cut the lesion either above
or below the rubber band (Figs. 2.9 and 2.10).
Piecemeal resection for larger lesions can be per-
formed by repeating this process until complete
resection is performed. The most commonly used
ligation devices for this technique are the Duette
Multi-Band Mucosectomy Kit (Fig. 2.11, Cook
Medical, Winston-Salem, NC, USA) which
incorporates a 7 Fr hexagonal snare and the
Captivator EMR Device (Boston Scientific,
Natick, MA, USA) which also utilizes a 7 Fr

Fig. 2.10 Mucosal
resection

defect after ligation-assisted

Fig. 2.11 Duette Multi-Band Mucosectomy Kit (Cook
Medical, USA)

hexagonal snare. There is no consensus on the
type, and settings of diathermy used for resection
are widely variable in practice. In our practice,
we mostly use blended current using Endo Cut Q
(effect 3, cut duration 1, cut interval 6) and forced
coagulation (effect 2, 50 watts).

Cap-Assisted EMR

In this technique, a transparent cap is attached to
the distal end of the endoscope with a variety of
caps available, with either a straight or oblique
shape (Fig. 2.12). A submucosal injection is often
used to create a cushion and aid in suctioning.
A crescent-shaped electrocautery snare is passed
through the biopsy channel and opened inside the
cap. The snare is then positioned within the inter-
nal circumferential ridge at the tip of the cap.
Once the snare is in good position, the cap is
placed over the lesion, followed by suctioning of
the lesion into the cap. Once complete suctioning
of the lesion into the cap is achieved, the snare is
closed with electrocoagulation, effectively
removing the lesion. Piecemeal resection can be
used for larger lesions by repeating this process
until the entire lesion is resected (Fig. 2.13).
Once EMR is performed, the specimen is typi-
cally pinned down using thin pins on a Styrofoam
board. This pinning helps preserve the orienta-
tion of the specimen for accurate histologic
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Fig.2.12 Cap-assisted
resection kit displaying
oblique cap (Olympus,
Japan)

Fig. 2.13 Mucosal defect after piecemeal cap-assisted
endoscopic mucosal resection

analysis and is crucial for determining the depth
of invasion and whether negative horizontal and
vertical margins have been obtained [33].

Safety and Efficacy

EMR used for the indications previously described
is an effective, safe, and durable therapy [34-37].
EMR has been widely studied in the management
of Barrett’s esophagus patients with high-grade
dysplasia and intramucosal EAC. Pech et al. evalu-
ated 1000 patients who received EMR for Barrett’s-
associated mucosal adenocarcinomas using the
cap-assisted and ligation-assisted techniques and
found that complete remission was achieved in
96.3% of patients with only 2 deaths related to the
cancer during a mean follow-up period of
56.6 months [37]. Major adverse events such as
bleeding and perforation occurred in 1.5% of
patients, and all adverse events were able to be
managed endoscopically. Similarly, in the EURO-II

trial, Phoa et al. found that EMR followed by radio-
frequency ablation (RFA) resulted in complete
eradication of intestinal metaplasia (CE-IM) and
neoplasia (CE-N) rates of 87% and 92%, respec-
tively, in patients with high-grade dysplasia or
EAC. In terms of high-grade dysplasia, a meta-
analysis by Tomizawa et al. compiled data on stud-
ies where EMR was used on the entire Barrett’s
segment [38]. Reporting on 8§ studies involving 676
patients, CE-IM and CE-N occurred in 85% and
96.6% of patients, respectively. Furthermore,
Haidry et al. examined long-term outcomes from a
UK registry of 500 patients with Barrett’s-
associated neoplasia, finding a significant increase
in CE-IM (56-83%) and CE-N (77-92%) with an
increase in EMR (48-60%) for visible lesions [39].
Given the high stricture rate (37.4%) of circumfer-
ential EMR, ablation methods such as radiofre-
quency ablation (RFA) are most frequently used in
the management of flat (non-nodular) high-grade
dysplasia, but EMR still plays an important diag-
nostic and therapeutic role in the management of
nodular lesions, which may harbor areas of high-
grade dysplasia or adenocarcinoma.

In terms of SCCs, Yamashina et al. examined
402 patients with mucosal and submucosal SCC
who were treated endoscopically at a single cen-
ter, of which 194 patients received EMR (median
lesion size of 20 mm) as their resection method
(208 patients received ESD) [40]. All patients
had complete local remission for all lesions after
a single procedure. During a mean follow-up
period of 50 months, 5-year survival rates of
90.5%, 71.1%, and 70.8% were found for SCC
limited to the epithelium/lamina propria, muscu-
laris mucosa, and submucosa, respectively.
Cumulative 5-year metastasis rates were 0.4%,
8.7%, 7.7%, and 36.2% for tumors limited to
the epithelium/lamina propria and muscularis
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mucosa and with submucosal invasion to 0.2 mm
and submucosal invasion more than 0.2 mm,
respectively. Adverse events included perforation
(0.2%), bleeding (0.2%), and strictures (13.2%).
Yoshii et al. retrospectively examined 44 patients
who underwent EMR for Tla (54.6%) and T1b
(45.4%) SCC [41]. Within a median follow-up
period of 51 months, two patients (4.5%) died
from primary SCC, while four patients (9.7%)
developed lymph node metastases. Adverse
events included perforation (2.2%) and strictures
(20%). Extrapolating from this data, it appears
that EMR for SCC is safe and effective when lim-
ited to use in superficial lesions and can be con-
sidered for submucosal use if patients are not
candidates for esophagectomy or unwilling to
undergo surgical options.

The variety of EMR techniques prompts the
question as to which technique is more effective.
In terms of Barrett’s-associated neoplasia, ligation-
assisted EMR has become the more popular
method, while in early squamous cell neoplasia,
cap resection represents the most widely used
technique. As mentioned above, the cap-assisted
method is more technically demanding, particu-
larly with piecemeal resections as submucosal lift-

ing and repositioning of the snare is required for
each resection. Zhang et al. performed a random-
ized controlled trial comparing the two methods
(n =42 in both groups) for squamous cell neopla-
sia and found that while complete endoscopic
resection was achieved in all lesions, the proce-
dure time was significantly shorter with the liga-
tion method (11 vs. 22 minutes) and associated
costs were lower in the ligation method [31]. Pouw
et al. also compared the two methods in a random-
ized controlled trial for resection of high-grade
dysplasia and intramucosal EAC, finding that liga-
tion-assisted EMR was faster (34 minutes vs.
50 minutes) and cheaper (€240 vs. €322) with no
significant difference in depth of resection [42].
Thus, ligation-assisted EMR appears to be quicker
and easier, but selection of the EMR technique
will rest on the preference of each endoscopist.
An alternative technique to EMR is ESD,
which was originally designed for gastric
lesions, but can be used for esophageal lesions
as well. While this technique will be described
in detail in other chapters, ESD utilizes an
endoscopic knife to create a circumferential
incision after submucosal injection to allow
for an en bloc resection (Fig. 2.14) [1, 43-45].

Fig. 2.14 ESD for large nodularity in Barrett’s esopha-
gus. Footnote: (a) Nodular lesion under white-light endos-
copy from 9 to 12 o’clock. (b) Nodular lesion under NBI.

(¢) Thermal marking around the lesion. (d) Mucosal defect
after ESD. (e) Resection specimen. (f) Low-magnification
histology demonstrating intramucosal carcinoma
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Few studies have compared ESD with EMR
directly, but a randomized trial by Terheggen
et al. compared the efficacy and safety of ESD
(n = 20) and EMR (n = 20) in patients with
Barrett’s-associated neoplasia [46]. Although
the ESD group did have a higher rate of margin-
free resection, there was no difference in com-
plete remission from neoplasia at 3 months, and
a recurrent case of esophageal adenocarcinoma
was seen once in the ESD group. As expected,
ESD was also significantly longer than EMR
(54 minutes vs. 22 minutes); and the only cases
of perforation occurred in the ESD group
(n = 2), although this was not statistically sig-
nificant. Guo et al. performed a meta-analysis
comparing both procedures for superficial
esophageal cancers (total of 8 studies involving
1080 patients, all in Asia) and found that while
ESD had a higher en bloc and curative resection
rate, it also had a higher operative time and per-
foration rate with no differences in stricture and
bleeding rates [44]. Therefore, individual
expertise in each procedure will likely play a
significant role in determining which technique
to use in the treatment of superficial esophageal
lesions.

Adverse Events

Adverse events from EMR include both acute
and long-term adverse events. Acute complica-
tions most commonly involve pain and bleeding,
the latter of which can be seen in 5.8-12% of
patients [5, 47]. Perforation, while more serious,
is rare and occurs in 1.8-2.3% of patients [5].
The major long-term complication of EMR is the
development of strictures, which can occur from
12.2% to 38% of patients, particularly in those
with circumferential resection. The main risk fac-
tors for stricture formation after EMR have been
found to include large mucosal resections and
resection of multiple lesions [48]. Heavy smoking
may also predispose patients toward stricture for-
mation after EMR [49].

While pain is typically mild and self-
resolving, bleeding can be either immediate or

delayed. Immediate bleeding can be controlled
with standard techniques such as coagulation
via Coagrasper (Olympus, Tokyo, Japan) or
with hemostatic clips. Delayed bleeding, which
can manifest as hematemesis or melena, can
occur up to 30 days after the procedure and may
require repeat endoscopy with use of the same
hemostasis  techniques mentioned above.
Perforation, depending on the extent, may be
able to be treated conservatively via endoscopic
closure using standard endoclips or an Over-
The-Scope-Clip (OTSC, Ovesco Medical,
Tiibingen, Germany) or endoscopic suturing
(Apollo Endosurgery Inc., Austin, TX). Larger
defects or delayed perforations may require sur-
gical intervention.

Most strictures can be managed via serial
dilations should the patient become symptom-
atic. In their single-center study, Konda et al.
examined complete EMR in 107 patients with
Barrett’s-associated neoplasia predominantly
using the cap-assisted technique and found that
37.8% of patients developed a symptomatic
esophageal stricture requiring a mean number
of 2.3 dilations [50]. Dilation can be done via
either balloon or Savary dilators (Cook
Medical, Winston-Salem, NC, USA), and
injection of triamcinolone can be used for
recurrent strictures [51]. See Figs. 2.15, 2.16,
and 2.17.

Fig. 2.15 Circumferential EMR for Barrett’s-associated
neoplasia
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Fig. 2.16 Severe stricture after circumferential EMR

Fig. 2.17 Improvement in stricture after serial balloon
dilations [3]

Future Directions

The appropriate management of EAC with sub-
mucosal invasion represents a point of contro-
versy in the field of endoscopic resection.
Several studies have examined patients who
received EMR for T1b (submucosal invasion)
esophageal adenocarcinomas with low-risk fea-
tures (macroscopically flat or polypoid, invasion
to the upper one-third of the submucosa, no
lymphovascular invasion, and well to moderate
tumor differentiation) and have found that recur-
rence rates range from 9% to 28% [52-55].
More studies will be needed to identify such
patients with so-called “low-risk” submucosal
adenocarcinoma who can be treated with endo-
scopic resection, but at this stage, surgical

esophagectomy remains the standard of care for
such patients [56].

While EMR is typically used in resecting neo-
plasms confined to the mucosal layer, it can be
used for tumors that arise from the submucosal
layer and are less than 10 mm in size. Choi et al.
demonstrated that in rectal carcinoid tumors,
which have a low frequency of metastasis and
typically invade the submucosa, ligation-assisted
EMR was as effective as ESD in complete resec-
tion with no difference in recurrent rates [57].
Applying this to the esophagus, Hong et al. found
100% en bloc resection rates in esophageal sub-
mucosal tumors <10 mm in size (consisting of
granular cell tumors, leiomyomas, and lipomas;
see Figs. 2.18, 2.19, and 2.20) with the main
complications being chest pain and heartburn
[58]. Taking this data into account, EMR of

Fig. 2.18 Granular cell tumor of the esophagus

Fig.2.19

EMR of granular cell tumor
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Fig. 2.20 Mucosal defect after EMR of granular cell
tumor

submucosal tumors in the esophagus may be safe
and effective for small lesions, but future pro-
spective trials will be needed before EMR can be
recommended in this setting.

The field of endoscopy has seen enormous
advancement in technology and techniques, and
assuredly, more innovations will be made to the
field of EMR. Recently FDA approved, the
EndoRotor (Interscope Medical, Worcester, MA,
USA) represents a through-the-scope EMR sys-
tem that can be used to aid EMR [59]. Consisting
of a dual-cannula system, the EndoRotor has an
outer cannula that helps suction tissue into the
inner cannula which rotates at 1000 or 1700 rpm to
cut the tissue. The suction system then draws the
specimen into the tissue collection trap. By using
rotation forces as opposed to heat or cautery, there
is no cauterization artifact; and the suction system
pulls in mucosa rather than muscle layer, reducing
the risk of perforation. This can be particularly
useful during piecemeal resection when lateral
margins may be difficult to remove completely via
traditional EMR. Nevertheless, innovations such
as this system will need prospective human trials
before their clinical use becomes standardized.

Quality Metrics

As healthcare systems become increasingly
more focused on delivering value-based care, the
development of quality metrics or indicators

becomes crucial, particularly in procedure-based
services, such as in gastroenterology. Quality
metrics represent benchmarks of performance
and often represent the ratio between the inci-
dence of correct performance and the opportunity
for correct performance [60, 61]. While no spe-
cific quality metrics have been established thus
far for EMR, several important documents
endorsed by the American Gastroenterological
Association (AGA), American Society for
Gastrointestinal ~ Endoscopy  (ASGE), and
American College of Gastroenterology (ACG)
regarding quality indicators in Barrett’s esopha-
gus can help guide the development of quality
metrics in EMR [62-64]. In terms of pre-
procedure quality metrics, for patients where a
diagnosis of dysplasia has been made, the rate at
which a GI fellowship-trained pathologist or a
second pathologist confirms the diagnosis should
be documented. All centers where endoscopic
eradication therapy (EET) is performed for
Barrett’s should have expertise in endoscopic
mucosal resection techniques; and the rate of
documentation of the risks, benefits, and alterna-
tives to EMR should be recorded. In terms of
intra-procedure quality metrics, the rate at which
EMR is performed for patients with visible
lesions and the rate at which CE-IM or CE-N is
achieved after EMR should be documented.
Lastly, in terms of post-procedure quality met-
rics, the rate at which adverse events after EMR
are documented should be noted.

Training

There currently exists a lack of standardized train-
ing for EMR for gastroenterologists. In the United
States, EMR is typically learned during an
advanced endoscopy fellowship which occurs
after a standard gastroenterology fellowship train-
ing program. Additionally, the ASGE currently
offers the Skills, Training, Assessment, and
Reinforcement (STAR) certificate program con-
sisting of online instructional videos followed by a
hands-on workshop at a specialized training cen-
ter. Van Vilsteren et al. performed a prospective
study involving 6 endoscopists performing their
first 20 EMR procedures in the esophagus under a
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structured training program [65]. This program
consisted of four trimonthly 1-day courses with
lecture, live demonstrations, hands-on training
with anesthetized pigs, and one-on-one hands-on
training. In the 120 EMR cases, 6 perforations
occurred (5%) with 1 perforation requiring esoph-
agectomy, and 11 cases (9.2%) had bleeding, all of
which were able to be controlled endoscopically.
Based on this study, performing 20 EMR proce-
dures was deemed to be insufficient for compe-
tency in EMR; and a follow-up article delineated
the top 10 tips for learning EMR:

1. Allow time for inspection and use a high-
definition endoscope.

2. Create a pre-procedural plan by placing ther-
mal markings.

3. Know the management of bleeding.

4. Optimize the endoscopic view by repeatedly
cleaning out the stomach and target area.

5. Use an endoscope with water jet function
during resection.

6. Always perform a test suction.

7. Keep instruments close to the tip.

8. Lift edges in piecemeal endoscopic cap
resections.

9. Know the management of perforation.

10. Pin specimens down [66].

From these studies, there is support for struc-
tured one-on-one training as well as the incorpo-
ration of surgical colleagues given the perforation
risk and possible need for subsequent surgical
treatment based on histological assessment [67].
Furthermore, training should involve a thorough
understanding of the indications of EMR as well
as the ability to decipher which lesions may be
more amenable to ESD or surgery [68].
Knowledge in managing adverse events is crucial
as well, and continuing education through con-
ferences and multidisciplinary meetings can only
aid endoscopists in their training.

Conclusion

EMR is a widely used endoscopic technique in
the esophagus that has been shown to be effec-
tive, safe, and durable in the management of

Barrett’s-associated neoplasia as well as early
superficial squamous cell carcinoma. It plays an
important role in both diagnostic and therapeutic
purposes and remains a crucial skill for the inter-
ventional endoscopist.
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Introduction

Endoscopic mucosal resection (EMR), previ-
ously known as mucosectomy, is a minimally
invasive procedure currently being recom-
mended as treatment for early malignant lesions
of the gastrointestinal tract [1]. Endoscopic
removal of tumors has been reported as early as
1973 when polypectomy was performed using
electrocautery [2], but EMR for early gastric
cancer was pioneered by the Japanese in 1983
[3]. The techniques and devices used for EMR
have come a long way since Tada’s strip biopsy
using saline injection into the mucosa [4], but
this method is still being used up to this day. This
chapter will focus on EMR for gastric and duo-
denal lesions. This chapter will focus on the fol-
lowing domains: (i) indications, (ii) endoscopic
techniques, (iii) contraindications, (iv) benefits
and clinical outcomes, and (v) adverse events
associated with EMR.
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Clinical Indications

This treatment option for GI malignancy is entic-
ing, but meticulous selection of patients must be
done before considering EMR. Because this tech-
nique should be utilized to remove mucosal
lesions, this technique should be limited to lesions
that are within the mucosal layer (lesions that do
not breach the muscularis mucosa). A review by
Soetikno and colleagues published in 2003 [5]
acknowledged the importance of the estimation of
depth of the lesion, as well as the limitations of
the technology they were using at the time. In the
current ASGE technical review [1], EMR is a
treatment option for the definitive management of
premalignant and early-stage (T1NO) malignant
lesions and should not be performed in lesions
which are deeper than the mucosa. The Japanese
gastric cancer treatment guidelines [6] state that
lesions that are amenable to endoscopic resection
are those with no evidence of lymph node or vas-
cular involvement and well-differentiated Tla
lesions not bigger than 3 cm if with ulcerations or
more than 2 cm in size without ulceration. If the
lesion is undifferentiated, it may still be resected
endoscopically if it is non-ulcerative and not
larger than 2 cm. These guidelines, however, rec-
ommend the performance of endoscopic submu-
cosal dissection (ESD) over EMR to avoid
incomplete resection.

The non-lifting sign, which is a predictor of
depth of invasion of the tumor [7, 8], is useful in
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determining whether or not a lesion is amenable to
EMR. Failure of a lesion to completely lift after
submucosal injection, unless thought to be second-
ary to fibrosis from a previous biopsy, usually
means that the tumor has invaded deep into the sub-
mucosa or beyond. Endoscopic ultrasound (EUS)
is currently the best diagnostic tool for locoregional
staging. While some authors will point out that
nodal metastases are better diagnosed with cross-
sectional imaging, it cannot be contested that EUS
is better in T staging, especially in small gastric
tumors, which becomes more relevant because it is
concerned more about tumor depth than size.
However, the best diagnostic approach is a combi-
nation of these imaging modalities.

Recently, endoscopic methods like high-
resolution magnification and mucosal enhance-
ment technologies are increasingly used to
identify suitable lesions for EMR. Clinical appli-
cation of such endoscopic image technologies to
determine depth of lesions before the removal
procedure will be discussed in other chapters.

Endoscopic Techniques
Injection Assisted

As previously mentioned, submucosal normal
saline injection was the first technique employed
to perform EMR. Several solutions are now being
used as “lifting” agents, but the idea remains the
same: an endoscopic needle is passed through the
working channel and directed onto multiple
points surrounding the area in question to provide
a cushion between the mucosal lesion and the
deeper submucosa to facilitate an easier and safer
endoscopic resection. At this day, en bloc resec-
tion of lesion is preferred over piecemeal resec-
tion, if possible.

Normal saline is still very commonly used as a
lifting solution, but the main problem is that the
cushion it provides usually subsides within a few
minutes. Other solutions being used are 3.75%
NaCl, 20% dextrose water, glycerin-fructose
solution, and sodium hyaluronate [9]. Yamamoto
has shown that a 0.4% hyaluronic acid solution
provides a longer-lasting cushion which results in
significantly steeper lifts and less reinjections

[10]. In a systematic review of literature, however,
Ferreira et al. have found that sodium hyaluronate
solutions clinically perform just as well as normal
saline and may not be cost-effective [11].

Device Assisted

Several devices are developed to make EMR eas-
ier. Probably the most common of these devices
is the cap or hood, which is a transparent plastic
extension fitted onto the tip of the endoscope for
the purpose of applying suction and lifting the
mucosa with the lesion while being able to easily
apply a cutting or ligating tool no different with
the principle of endoscopic band ligation. Cap-
assisted endoscopic mucosal resection (EMRC)
or endoscopic aspiration mucosectomy (EAM)
begins with marking the border of the lesion with
an electrocautery device followed by injection of
the lifting solution into the submucosa to raise
the lesion. A cap is then fitted onto the scope tip,
and a snare is opened and positioned in a groove
within the cap. The cap is then positioned over
the raised lesion where suction is applied retract-
ing the mucosa toward the tip of the scope within
the cap where the snare is used to guillotine the
mucosa using electrocautery.

Ligation-assisted EMR 1is similar to cap-
assisted EMR. But as the name implies, this
method is similar to what is done during vari-
ceal endoscopic band ligation. A cap is fitted
onto the tip of the endoscope and positioned
over the mucosa of the lesion. The mucosa is
lifted by suction into the cap without the need
for submucosal injection. After deployment of
the ligator, a pseudopolyp is then produced, and
resection of the mucosa will be completed by a
snare with electrocautery just like a standard
snare polypectomy.

Underwater EMR

First described in 2012 by Binmoeller [12],
underwater EMR (UEMR) is more commonly
used for endoscopic resection of large colorectal
lesions [13-16]. There is a report from 2014
about the performance of UEMR for removal of
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large duodenal adenomas [17]. The rationale of
performing EMR underwater is the muscularis
propria floats into the bowel lumen without the
compression effect of air allowing it to be static
independent of the changes of the mucosa and
submucosa, even during peristaltic contractions
[16]. This means that submucosal injection is not
necessary before resection with a snare. Since
this technique is usually employed in large
lesions, as well as lesions in which prior EMR
failed to achieve complete resection [1], the
lesion is usually removed in a piecemeal fashion.
A low-profile cap is likewise attached onto the tip
of the endoscope similar to cap-assisted EMR,
but its purpose is to facilitate visualization of the
lesion rather than providing room for mucosa that
is being “lifted” toward the endoscope.

Contraindications

The obvious clinical contraindication of perform-
ing EMR is the presence of a more advanced
tumor. The lesions that are amenable to this pro-
cedure have been discussed above, and those that
are more advanced than the aforementioned
lesions are therefore not good candidates for
EMR. Procedural contraindications to other
endoscopic procedures also apply to EMR.

Clinical Outcomes

Long-term results of endoscopic resection of
early gastric cancer in carefully selected patients
show that complete remission is achieved by
endoscopic therapy in 97% of patients over one
to three endoscopic therapy sessions spread in an
average of 3.5 months [18]. In an earlier trial, the
complete remission rate was 89% and required
one to four endoscopy sessions [19]. However,
despite this good numbers, the fact remains that
despite en bloc resection, it does not eliminate
the possibility of metachronous or synchronous
lesions, which can be present in about 3.2% and
35%, respectively [20, 21]. Also, the local recur-
rence post-endoscopic treatment is 4.1%, with
only one of those patients needing a repeat endo-
scopic resection [21].

Adverse Events

In general, the most common complication of
EMR is bleeding, which occurs in an average of
10% of cases [1]. The risk of bleeding increases
with the size of the tumor being resected, from
4% on subcentimeter lesions to 32% on lesions
larger than 3 cm [19]. However, the risk of bleed-
ing from gastric and duodenal EMR ranges from
0% to 16% [1, 22], and the risk of delayed bleed-
ing is 5% [22]. Perforation is the most serious
complication of endoscopic mucosal resection.
Perforation risk in gastric and duodenal EMR is
about 1% and 2%, respectively [23, 24].

Conclusions

As with any advanced endoscopic technique, the
risk of adverse events is inversely related to
endoscopist experience. It is therefore recom-
mended that these techniques be performed by
expert endoscopists with an equally experienced
endoscopy team or a novice therapeutic endosco-
pist under close supervision by an expert until the
learning curve is overcome.
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Abbreviations

CAST  Cold-forceps avulsion with adjuvant
snare tip soft coagulation

CSP Cold snare polypectomy

CSPEB Clinically significant post-endoscopy
bleeding

DMI Deep mural injury

EMR Endoscopic mucosal resection

ER Endoscopic resection

ESD Endoscopic submucosal dissection

FICE Flexible spectral imaging colour
enhancement

GIT Gastrointestinal tract

Icv Ileocaecal valve

IPB Intra-procedural bleeding

LSL Laterally spreading lesion

MP Muscularis propria

NBI Narrow band imaging
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NICE NBI International Colorectal
Endoscopic

OR Odds ratio

SMF Submucosal fibrosis

SMI Submucosal invasion

SSP Sessile serrated polyp

STSC Snare tip soft coagulation

TS Target sign

TSC Topical submucosal chromoendoscopy

TTS Through the scope

UEMR  Underwater endoscopic mucosal
resection

WLE White light endoscopy

Introduction

Endoscopic resection (ER) is the accepted first-
line treatment for large laterally spreading lesions
(LSLs) and other complex polyps of the colorec-
tum. ER includes conventional polypectomy as
well as endoscopic mucosal resection (EMR) and
endoscopic  submucosal dissection (ESD).
Injection-assisted EMR was first introduced in
1955 for rigid sigmoidoscopy and later adapted
for flexible colonoscopy in 1973 [1, 2]. ESD was
first conceptually described in Japan in 1988 as a
technique to treat early gastric cancer [3] and is
now also widely used to treat early neoplastic
lesions in the colorectum and esophagus. As will
be discussed, ER of early gastrointestinal tract
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(GIT) neoplasms is highly efficacious and holds
morbidity and cost advantages over surgery [4, 5].

EMR is suitable for the vast majority of
colorectal lesions, although for lesions >20 mm
with suspected superficial submucosal invasion
(SMI), resection by ESD is recommended as en
bloc resection provides more meaningful local
histological staging information and is poten-
tially curative. This advantage of ESD however is
offset by it being more technically demanding
and requiring longer procedural duration with
increased procedural risk than EMR [6].
Therefore, the decision to perform EMR or ESD
for any lesion is best individualised based upon
careful initial endoscopic assessment to stratify
its risk of SMI and endoscopist experience and
always within the context of the patient’s overall
health and comorbidities.

Lesion Assessment

Careful endoscopic assessment of every lesion
should be performed prior to undertaking ER,
noting in particular its size, peripheral extent and
margins, relation to surrounding anatomical
structures, and likelihood of harbouring
SMI. Good bowel cleansing is essential, and
patients should be advised to carefully complete
a split preparation prior to their procedure. Any
residual stool in the colon not only presents a bar-
rier to lesion assessment but may also be hazard-
ous in case of complications such as perforation.

Although larger LSLs are technically more
demanding to remove, lesion size per se is
becoming less problematic for ER, especially for
expert endoscopists. Even near-circumferential
and circumferential LSLs can be endoscopically
resected, by following a systematic approach and
meticulous technique [7, 8]. Nonetheless, accu-
rate and adequate assessment of each LSL before
commencing ER allows the endoscopist to esti-
mate the duration of the procedure and anticipate
any difficulties or requirement for any ancillary
devices to complete the procedure.

The peripheral extent of most LSLs can be
adequately assessed using white light endoscopy
(WLE) with current high-definition endoscopes,

and its accurate determination helps to plan
ER. Endoscopic image enhancement technolo-
gies such as narrow band imaging (NBI,
Olympus, Tokyo, Japan), flexible spectral imag-
ing colour enhancement (FICE, Fujifilm, Tokyo,
Japan), or chromoendoscopy may assist when
WLE is equivocal and may be particularly useful
for flat LSLs or larger sessile serrated polyps
(SSPs). Inclusion of dye such as methylene blue
or indigo carmine within the submucosal injec-
tate may also assist to delineate normal colonic
mucosa from adenomatous tissue once it has
been lifted.

Stratifying Risk of Submucosal
Invasion

The risk of SMI within an LSL can be accurately
determined by assessment of its morphological
features and surface pit pattern. Invasion into the
submucosa is associated with risk of lymph node
metastasis, and this risk directly correlates with
the depth of SMI. For example, for colonic
lesions, invasion into the superficial third of the
submucosa (sm1l) has 3% risk of nodal metasta-
ses, whereas invasion into the deepest third of the
submucosa (sm3) has 25% risk of nodal metasta-
ses [9]. Given the risk of nodal metastases, par-
ticularly for lesions that are sm2 (middle third of
submucosa) or sm3, a therapeutic outcome from
ER of lesions with SMI is generally not possible,
and these patients are best referred for surgical
resection. An exception could be when only
superficial SMI exists (<1000 pm or sm1) in an
elderly or comorbid patient, where the risks of
surgery may outweigh the relatively low risk of
lymph node metastasis.

Morphological Classification

Large colonic polyps are morphologically classi-
fied according to the Paris -classification
(Fig. 4.1) [10]. The broad categories are sessile
(0-Is, protruded or polypoid morphology), non-
polypoid (0-IIa, slightly elevated; O-1Ib, flat; or
0-IIc, slightly depressed) or excavated (O-III).
Non-polypoid, slightly elevated lesions (0-Ila)
and polypoid (0-Is) lesions can be further
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Type O-Ip
(Pedunculated)

— sl 2

Type O-Is
(Sessile)

Type O-lla
(Slightly elevated)

Type 0-llb
(Flat)

Type 0O-llc
(Slightly depressed)

Type O-llI
(Excavated)

Fig. 4.1 Paris endoscopic classification of superficial neoplastic colorectal lesions

morphologically categorised as granular (a ‘bub-
bly’ surface contour akin to that of a bowl of
Rice Bubbles cereal) or non-granular (a rela-
tively smooth and firm surface contour).

Such morphological classifications serve not
only to standardise descriptions of LSLs but also
convey important information regarding SMI risk
within the LSL. For example, data from a large,
prospective multicentre cohort study showed
granular O-Ila LSLs harbour a very low risk of
SMI (approximately 1%), granular O-Ila + Is
LSLs harbour an intermediate risk of SMI
(approximately 7%) and non-granular 0-Is LSLs
harbour a high risk of SMI (approximately 15%)
[5, 11]. Figure 4.2 summarises the risk of SMI
within LSLs according to their morphology and
location within the colon [11].

Surface Assessment

Assessment of a lesion’s surface pit pattern using
the Kudo classification may distinguish non-
neoplastic from neoplastic polyps [12]. This clas-
sification was originally developed using
chromoendoscopy and magnifying colonoscopy,
but its principles can also be applied using high-
definition colonoscopes with magnification and
NBI or FICE. According to this classification,

Kudo type I appear as roundish pits; Kudo type 11
are stellar or papillary pits; Kudo type III-S are
small, roundish, tubular pits (smaller than type I)
and Kudo type III-L are roundish, tubular pits
(larger than type I); Kudo type IV are branch-like
or gyrus pits; Kudo type Vi are irregular pits; and
Kudo type Vn are non-structural pits with an
amorphous structure.

Polyps with type I or II pits are considered
benign (e.g. normal, hyperplastic or inflamma-
tory), whereas polyps with type III are usually
tubular adenomas, type IV usually contain vil-
lous histology, type Vi are indicative of superfi-
cial SMI and type Vn are associated with deep
SMI. For the purpose of determining suitability
of ER, it is important to exclude the presence of
any type V pit pattern, although diminutive focal
SMI may sometimes still be present within an
LSL with a seemingly intact surface pit pattern.
Other classification systems that assess surface
vascular pattern (Sano and NBI International
Colorectal Endoscopic [NICE] classification)
[13, 14] are also validated to assess the histology
of colorectal polyps.

Taken together, stratification of SMI risk
within an LSL is best determined by assessing
both its surface pit pattern and gross morphology.
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Risk of Occult Submucosal Invasive Cancer (SMIC) According to Gross Morphology and Location
n=1712

SMIC risk by

SMIC Risk 0.8%

Proximal 0.7% Distal1.2%

0-llatls G

gy

SMIC Risk 7.1%
Distal 10.1%

Proximal 4.2%

SMIC Risk 3.7%

Proximal 2.3% Distal 5.7%

0-lla NG

SMIC Risk 4.2%

Proximal 3.8% Distal 6.4%

O-llatls NG

SMIC Risk 14.1%

Proximal 12.7% Distal 15.9%

0-Is NG

SMIC Risk 15.3%

Proximal Distal 21.4%

Fig. 4.2 Risk of occult SMI in LSLs according to morphology and location. (Adapted from Burgess et al.

Gastroenterology 153(3), 2017; 732-742.el)

This is supported by findings from a recent large
prospective multicentre study of 2277 LSLs of
>20 mm size, where particular features that
should alert endoscopists to an increased risk of
covert SMI included recto-sigmoid located LSLs
(odds ratio [OR] 1.91), lesions with Paris 0-Ilc
and 0-Is morphologies (OR 1.80 and OR 2.73,
respectively), non-granular surface morphology
(OR 2.80), increasing lesion size (OR 1.12 per
10 mm increase) and Kudo pit pattern V (OR
14.2) [11].

Lesion Biopsy

Routine lesion biopsy to determine its histology
and/or exclude presence of SMI prior to ER is
generally discouraged. Lesion biopsy, particu-
larly over flat (0-Ila or O-IIb) areas, may cause
significant submucosal fibrosis (SMF). This can
hinder adequate expansion of the submucosal
space following injection and impede subsequent

ER. Biopsies from 0-Is nodules, which are more
likely to harbour SMI, may result in less SMF;
but this has not been confirmed in any large study.
Nonetheless, biopsies are prone to sampling
error, as they are not representative of an entire
lesion and therefore may potentially underesti-
mate its histological grade. As such, lesions with-
out obvious SMI after careful endoscopic
assessment are best referred for ER without
biopsy. However, if SMI is suspected, targeted
biopsies to confirm invasive disease can be con-
sidered prior to further management.

Endoscopic Mucosal Resection

EMR is the recommended first-line therapy for
colorectal LSLs >20 mm in size (Figs. 4.2 and
4.3). On an intention-to-treat basis within tertiary
centres, EMR was technically successful for
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Fig. 4.3 EMR of 40 mm LSL in the proximal ascending
colon. (a) A granular, Kudo IV, 40 mm Paris O-IIa + Is LSL
in the proximal ascending colon. The lesion is in the depen-
dant side, and the patient is repositioned to improve access.
(b) Submucosal injection with formation of a fluid cushion
beneath the lesion. (¢) Snare resection of the 0-Is compo-
nent is performed to allow access to the remaining lesion.

>95% of lesions with >90% avoiding surgery on
long-term follow-up [5, 15]. Large prospective
studies have also demonstrated the safety of
EMR [5, 16]. Economic modelling studies have
shown EMR treatment of LSLs is significantly
more cost-effective compared with surgery, sav-
ing between 7000 and 13,000 USD per patient
with reduction in hospitalisation length of stay by
2.8 days [4, 17]. Nonetheless, every case should
be assessed based on the risks and benefits of
resection and in the context of a patient’s overall
health and comorbidities. The following para-
graphs discuss the technique of EMR, emphasis-
ing several key technical aspects that have been
shown to improve complete resection, reduce
recurrence and lower rates of adverse events.

Patient Preparation
All patients need to be consented to the proce-

dure and informed of its risks and treatment alter-
natives. Referrals should include description of

(d) Piecemeal resection proceeds progressively from one
side of the lesion to the other. (e) Completion of EMR with
blue-stained submucosal tissue indicating absence of deep
injury. A non-bleeding arteriole is visible within the resec-
tion defect and does not require prophylactic treatment. (f)
Snare tip soft coagulation applied to resection margins.
This has been shown to reduce adenomatous recurrence

the lesion size, location and Paris morphology
including colour images. The endoscopist should
be aware of a patient’s full medical history and
medication list, in particular any regular anti-
thrombotic agents. We suggest that all antiplate-
let agents, including aspirin, be withheld for
7 days so that their effects are not active at the
time of ER. Similarly, anticoagulants should also
be withheld for sufficient duration, but this period
varies according to medication and the patient’s
renal function. Endoscopists should refer to pub-
lished guidelines [18, 19] or seek the opinion of a
haematologist if unsure. Temporary cessation of
these medications may substantially increase the
risk of thrombosis, and some cases (e.g. recent
coronary stent or significant thromboembolism)
are best discussed with the patients’ treating spe-
cialty physician before proceeding.

Once the lesion is located at colonoscopy, it
should be positioned at 6 o’clock, ideally on the
non-dependant side of the lumen. Correct posi-
tioning is important as this avoids obscuration of
the working field by luminal contents, optimises
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access and minimises extra-luminal contamination
in the event of a perforation. Carbon dioxide is
routinely used for insufflation in all endoscopic
procedures and has been shown to significantly
reduce post-procedural admissions for pain after
EMR [20]. Lastly, for polyps in difficult positions
(e.g. ileocaecal valve, extending over folds or flex-
ures), multiple patient position changes and use of
a short distal attachment cap may assist access,
positioning and resection of the lesion. Use of an
adult colonoscope where possible may help reduce
procedure time as its larger working channel
(3.7 mm) compared with a paediatric colonoscope
(3.2 mm) allows more specimens to be suctioned
directly into a polyp trap, rather than requiring
retrieval using a net. However, for difficult-to-
access positions, especially where retroflexion
views are required, the increased flexibility of the
paediatric colonoscope may be advantageous.

Submucosal Injectate and Snares

The submucosal injectate includes a colloidal
solution, epinephrine diluted to 1:100,000 and an
inert dye (80 mg indigo carmine or 20 mg methy-
lene blue per 500 mL solution). Fluid injection
into the submucosa creates a cushion between the
mucosal polyp and muscularis propria (MP).
This reduces the risk of entrapment of deeper tis-
sues by the snare, thereby avoiding deep mural
injury (DMI) after resection. Use of colloid solu-
tions such as succinylated gelatin (Gelofusine;
Braun, Melsungen, Germany) is preferred as it is
associated with reduced number of injections and
resections and procedural duration compared
with normal saline [21]. Diluted epinephrine
reduces intra-procedural bleeding (IPB) and
delays dispersion of the submucosal injectate, but
does not alter the incidence of clinically signifi-
cant post-procedural bleeding (CSPEB) [22].
The inert dye is avid for the submucosal connec-
tive tissue, which facilitates identification of
lesion margins and the resection plane.

Snares of different sizes, shapes and wire
types are often required to complete
EMR. Specific snares perform better in different
situations, influenced by factors such as lesion
size, location and morphology. Stiff spiral or

braided snares (0.48 mm thickness wire of 15, 20
and 25 mm diameter) are designed to increase tis-
sue capture and are suited for piecemeal EMR. In
most cases, the 15 mm snare provides adequate
balance of efficacy and safety, but the choice of
snare is usually a personal preference. Small,
thin-wire snares (0.3 mm thickness wire of
10 mm diameter) are useful for difficult-to-
remove tissue (e.g. peri-appendiceal or submuco-
sal fibrosis) as well as small residual tissue within
and at the margin of the EMR defect.

Resection Technique

Submucosal Injection
The needle tip should be primed with submucosal
injectate, be placed tangentially to the lesion and
be touching but not penetrating the mucosa. Begin
by asking the assistant to commence injection
whilst simultaneously penetrating the needle tip
into the submucosa. The correct plane is con-
firmed by immediate elevation of the polyp, indi-
cating expansion of the submucosa (Video 4.1).
Injection and resection is best commenced in
the most difficult-to-access aspect of the
LSL. Generally, this is the caecal side of the LSL
that is behind or below a mucosal fold. By first
elevating this side, the lesion is moved toward the
scope aiding its access and resection. Sometimes,
retroflexion of the scope, particularly for LSLs
located in the right colon, may assist injection and
elevation of its difficult-to-access side.

Submucosal injection is performed using a
dynamic technique by simultaneously pulling
back slightly on the injection catheter and gentle
rotation of the colonoscope with slow upward tip
deflection whilst keeping the needle tip within
the submucosa. This method ensures a more even
distribution of the injectate into the submucosa
and also allows the endoscopist to manipulate the
direction of lift to move difficult-to-reach parts of
an LSL into a more accessible location.
Endoscopists should be wary to avoid over-
injection as excessive tension within the fluid
cushion may hinder visualisation and prevent
adequate tissue capture by the snare.

Poor lesion elevation may be due to SMF or
deep SMI. SMF may result from previous biopsy
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or ER attempts, reaction to submucosal injection
of tattoo particles or prolapse of a large sessile
(Paris 0-Is) lesion over a flexure [23]. When SMF
is present, a ‘jet sign’, where a jet of fluid exits
the lesion at high pressure during injection, or
‘canyoning effect’, where the centre of the lesion
remains fixed in its original position but the
peripheries elevate, may occur [5, 23]. Inadequate
elevation may also result from transmural injec-
tion. When this is suspected, gently pull back the
needle, whilst continuing injection will assist
locating the submucosal plane. Conversely,
superficial injection into only the mucosa will
result in the immediate appearance of a superfi-
cial blue bleb without lesion elevation. In the set-
ting of invasive disease, complete absence of
lesion elevation typically only occurs when there
is deep SMI with resulting obliteration of the
submucosa by tumour infiltration.

Snare Resection
Correct snare placement is essential to ensuring
effective resection and procedural safety. As men-
tioned, the lesion should be first optimally orien-
tated, at 6 o’clock on the endoscopic view. Begin
resection on one side of the lesion (usually the
most difficult-to-access side) and systematically
perform piecemeal resection across the lesion,
aiming to resect the lesion in as few pieces as pos-
sible. LSLs <20 mm are best removed en bloc if
safe to do so, as such a specimen improves histo-
logical assessment and is associated with less
recurrence compared with piecemeal resection.
Open the snare fully over the lesion, taking
care to align it along the same plane as the tissue.
Then angle down firmly with the up-down dial
onto the fluid cushion while gently aspirating
gas. The aspiration of gas reduces colonic wall
tension and allows the tissue to ‘fall’ into the
opened snare. When closing the snare over the
edge of a lesion, aim to include a 2-3 mm rim of
normal mucosa to ensure complete resection and
avoid small residual islands of adenoma at the
margins (Video 4.1). Once adequately positioned,
gradually close the snare whilst anchoring the
catheter into the mucosa. Tight closure of the
snare helps to exclude MP from the tissue within
the snare. Concern for premature resection is not
required as it is generally not possible to transect

tissue of more than 10 mm with a braided or spi-
ral snare without the use of diathermy.

It is recommended that the endoscopist take
control of the snare for tissue transection as sen-
sory feedback provides information regarding the
safety and efficacy of excision. Safe tissue cap-
ture is confirmed by three manoeuvres:

* Mobility: movement of the snare catheter
quickly back and forth should result in inde-
pendent and free movement of the tissue rela-
tive to the underlying colonic wall.

e Degree of closure: the snare should close fully
(a distance of no more than 1 cm between
thumb and fingers). If the endoscopist is
unsure, the snare can be partially opened and
tented into the lumen to allow any inadver-
tently captured MP to drop away, before
repeating snare closure.

e Transection speed: transection should occur
quickly. The snare is kept tightly closed
while the foot pedal is depressed in short
pulses. Usually one to three pulses are suffi-
cient to transect the polyp tissue. A longer
transection raises concern of MP entrapment,
SMF or SMI.

Microprocessor-controlled electrosurgery is
essential for safe and effective EMR. The micro-
processor senses tissue impedance and adjusts
power output in order to avoid deep tissue injury.
Fractionated current that alternates cutting and
coagulating cycles is preferred (e.g. Endo Cut
mode Q, effect 3, cut duration 1, cut interval 6;
ERBE, Tiibingen, Germany). Low-voltage coag-
ulation (Soft Coag, effect 4, maximum 80 W;
ERBE, Tiibingen, Germany) may be used for
coagulation of bleeding vessels using the tip of
the snare by gently placing this over any points of
bleeding (STSC, snare tip soft coagulation)
(Video 4.2). Following resection, adequate irriga-
tion of the mucosal defect allows assessment for
residual adenomatous tissue and evidence of
DMI and assists identification and control of IPB.

The edge of the defect is used as a guide for the
next resection. The inside edge of the snare should
be aligned along the defect margin, the snare
placed over an area of adenoma, and the steps of
tissue capture as outlined above repeated. Using
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the defect edge as the starting point for the subse-
quent piecemeal resection allows for a systematic
approach to EMR (Video 4.3). This method also
reduces the risk of adenoma islands forming with
the defect, which can be difficult to completely
remove, especially when they are small. STSC is
then performed by gently touching the snare tip to
the EMR margin following completion of resec-
tion and has been shown to reduce adenomatous
recurrence at the EMR scar from 21% to 6% at
first surveillance colonoscopy (RR  0.28,
P < 0.001) without an increase in incidence of
delayed bleeding or perforation (Video 4.5) [24].
Lastly, LSLs containing a nodule (e.g. Paris
0-ITa + Is lesions) are best treated by first remov-
ing the 0-IIa component, followed by resection of
the 0-Is component in one piece. The 0-Is compo-

nent should be submitted separately for histologi-
cal assessment as these are more likely to harbour
SMI. Lesions other than those definitely located
within the caecum, adjacent to the ileocaecal
valve or in the low rectum, with suspicion of har-
bouring SMI, should have two to three endo-
scopic tattoos placed at different points 2-3 cm
distal to the resection site [23]. The tattoo serves
to assist localisation at surgery or identification
of the post-EMR scar for surveillance purposes.

Aftercare
Patients undergoing advanced ER should be closely

observed following their procedure. A two-stage
management algorithm as shown in Fig. 4.4 is

Fig.4.4 EMR of 60 mm LSL from the descending colon.
(a) 60 mm granular, Paris 0-Ila, Kudo IV LSL in the
descending colon. (b) Injection and resection of the lesion
is commenced at one side of the lesion and progresses
toward the other. (¢) Completed EMR with homogeneous

blue matt appearance of dye-stained submucosa indicat-
ing absence of DMI. (d) Snare tip soft coagulation is
applied to the resection margins to treat any nonvisible
residual adenoma and reduce risk of adenomatous

recurrence
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suggested. Patient discomfort and abnormalities in
vital signs may herald perforation or significant
bleeding and necessitate immediate medical assess-
ment. Most abdominal pain due to benign causes
will be responsive to simple analgesia such as intra-
venous acetaminophen. CT abdomen should be
obtained for pain that persists or if associated with
clinical signs of peritonitis.

Patients who appear well and are asymptom-
atic with normal vital signs after a period of
observation can be moved to second-stage recov-
ery. Following a successful trial of clear liquids

and period of observation, patients may be dis-
charged home on the same day with instructions
to represent to the hospital should they develop
symptoms of rectal bleeding, fevers or abdominal
pain. Those who become unwell during the
period of observation are admitted and further
investigations organised. A suggested manage-
ment algorithm of patients following complex
colorectal ER is shown in Fig. 4.5.

Repeat colonoscopy is advised following the
index procedure to assess presence of residual or
recurrent adenoma. Typically, guidelines suggest

Patient management after
colorectal EMR

STAGE 1 RECOVERY (1-2 hours):
Routine 15 minutely observations for 1 hour
Physician review prior to transfer

v
Patient well:
Fully conscious, no abdominal
pain, no nausea/vomiting, no
postural symptoms

v

Progress to STAGE 2 RECOVERY:
Clear liquids orally

Check for abdominal pain
Physician review

Patient unwell:
Abdominal pain, nausea/vomiting

v

Physician assessment:
Hypotension / tachycardia?
Fevers?

Abdominal distention / peritonism?

A

v

DISCHARGE

Detailed post procedure care
information provided to
patient

Clear fluid diet overnight

No |« » Yes
A A\ 4
Resolution of symptoms with Keep nil by mouth

simple analgesia (IV
acetaminophen) / antiemetic

IV fluids
PRN analgesia / antiemetic
Consider IV antibiotics

Abdominal CT
Surgical consult
Admit for observation

NO PERFORATION
Continue above treatment
Observe clinically

PERFORATION
Endoscopic or
Surgical management

y
A

Fig.4.5 Suggested management scheme following advanced resection of colorectal LSLs. (Adapted from Klein A and
Bourke MJ Gastroenterology Clinics of North America 2015)
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that this be performed at 4-6 months, although
recent evidence from prospective multicentre
data suggests LSLs <40 mm, without IPB nor
high-grade dysplasia, have a 91% negative pre-
dictive value for residual or recurrent adenoma at
first surveillance colonoscopy [25]. For lesions
satisfying all these criteria, first surveillance
colonoscopy could be delayed until 18 months
after index EMR; otherwise, colonoscopy should
be performed after 4—6 months.

Variant Techniques

Piecemeal Cold Snare Polypectomy

The main disadvantage to ER using electrosur-
gery is the risk of delayed bleeding and perfora-
tion. Cold snare polypectomy (CSP) is not
associated with these risks, but this technique can
only resect small polyps (<10 mm) en bloc. For
larger polyps, utilisation of CSP in a piecemeal
fashion with or without submucosal injection has
the potential to achieve complete excision whilst
mitigating many of the adverse events of
EMR. The data is so far limited, but available
studies of piecemeal CSP for selected sessile
adenomatous and serrated polyps 10-19 mm in
size show good clinical efficacy with very few
significant adverse events, and larger, prospective
and comparative studies are awaited [26, 27].

Underwater EMR

Underwater EMR (UEMR) is performed in a
decompressed colonic segment devoid of insuf-
flated air, in which water is infused to assist visu-
alisation. Submucosal injection to lift polyps is
not required in this setting as the MP layer
remains both circular and distant from the muco-
sal and submucosal layers, which ‘float’ within
the lumen. As such, large pieces of dysplastic
mucosal tissue can be removed by snare resection
and electrosurgery. Since its first description in
2012, multiple studies have reported its efficacy
and safety. Recently, a retrospective comparative
study found UEMR was associated with higher
rates of complete macroscopic resection and
lower recurrence at first surveillance colonos-
copy and required fewer procedures to reach

curative resection compared with conventional
EMR [28]. However, these findings have not
been validated in a randomised controlled trial,
and it remains an alternate technique to conven-
tional EMR, for which a broader and more robust
evidence base is available.

Polyps for Special Considerations

LSLs in the Anorectum

Unlike elsewhere in the colon, lymphovascular
drainage of the distal rectum within 5 cm of the
anal verge and the anus enters directly into the
systemic circulation, bypassing the reticuloen-
dothelial system of the portal system which has
a major role in sequestering enteric pathogens.
As a result, resection of LSL located in the ano-
rectum is associated with significant bacterae-
mia, and prophylactic intravenous antibiotics
are recommended for EMR of larger LSLs
(=30 mm). In addition, somatic sensation sup-
plies the dentate line, and addition of a long-
acting local anaesthetic such as ropivacaine
0.5-0.75% to the submucosal injectate is effec-
tive for post-procedural analgesia [29]. In this
setting, cardiac monitoring by electrocardiogra-
phy is required. Lastly, haemorrhoidal vessels
are thick walled and are resistant to snare
entrapment as long as there’s adequate submu-
cosal lift and generally present no additional
bleeding risk during EMR [29].

Peri-appendiceal and lleocaecal

Valve LSLs

EMR of LSLs involving the appendiceal orifice
is challenging but can generally be successfully
completed provided that <50% of the valve cir-
cumference is involved and the proximal (deep)
margin within the appendix is adequately visual-
ised. A small (10 mm), stiff thin-wire snare is
useful for removing adenomatous tissue from
within the orifice. ER around and within the
appendiceal orifice may precipitate appendicitis,
and administration of a prophylactic intra-
procedural intravenous antibiotic effective
against enteric pathogens followed by a short
5-7-day oral course should be considered.
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Fig. 4.6 EMR of LSL over ileocaecal valve. (a) 30 mm
Paris 0-1la LSL over ICV. On white light endoscopy, the
lesion is not easily discerned. (b) Obvious Kudo type IV
pit pattern is seen under NBI magnification. (¢) The lesion
does not extend into the terminal ileum. (d) Piecemeal
resection reveals adipose tissue within the submucosa,

EMR of LSLs involving the ileocaecal valve
(ICV) has higher risk of failure (OR 3.38, 95%
CI 1.2-9.52, P=0.021) [5]. Lesion access can be
improved by use of a transparent distal cap
attached to a paediatric colonoscope, which is
preferable over an adult scope in this setting due
to its smaller retroflexion radius, which may
assist access to the inferior lip, and better overall
manoeuvrability. The cap helps to deflect muco-
sal folds, stabilise the endoscope and visualise
the distal ileum and ICV lips. Extensive proximal
extension of adenomatous tissue into the narrow
terminal ileum and LSLs that involve both the
superior and inferior lips is challenging for com-
plete EMR [30]. The EMR technique of LSLs
involving the ICV is similar to that used in other
colonic locations, albeit with a few notable adap-
tions. A small (10 mm), stiff thin-wire snare is
preferred when working with the distal ileum due
to space constraints. Submucosal injection should
be conservative as excessive amounts can hamper
endoscopic visualisation and lesion access.
Careful attention should be paid to the anterior
and posterior angles of the ICV, where residual

characteristic of EMR over the ICV. The central portion is
initially resistant to snare capture, likely related to submu-
cosal fibrosis. (e) This area is injected and resected. (f)
The final defect with LSL completely removed. EMR
endoscopic mucosal resection, ICV ileocaecal valve, LSL
laterally spreading lesion, NBI narrow band imaging

tissue can be missed [30]. Lastly, the ICV submu-
cosa is relatively adipose, and commonly under-
lying fat is exposed following resection, but is not
necessarily a sign of deeper injury (Fig. 4.6).

Large Pedunculated Polyps

Pedunculated polyps account for a third of all
colonic polyps. Many are larger than 10 mm and
typically contain a feeding vessel within its stalk.
Complete resection of a pedunculated polyp is
achieved by transection of its pedicle. This mini-
mises the risk of perforation, but risks bleeding
from the feeding vessel, which can be severe. An
increased risk of bleeding is associated with stalk
thickness >5 mm, polyp head >20 mm in size,
right colonic location and presence of malig-
nancy [31]. The risk of delayed bleeding follow-
ing resection of pedunculated polyps can be
reduced by mechanical prophylaxis with clips
and/or nylon loops applied to the stalk, with or
without pre-injection with diluted (1:10,000)
adrenaline [32, 33]. Following satisfactory liga-
tion of the stalk, snare resection above the point
of ligation with blended or coagulation current is
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performed. Pure cutting current should be
avoided as this is associated with an increased
risk of immediate bleeding.

Lesions Previously Attempted

for Resection

Previous attempts at resection or aggressive biop-
sies can cause significant SMF, which hinders
safe and effective EMR. For such lesions, where
possible, careful submucosal lift should be
attempted, starting injection and resection away
from any sites of obvious fibrosis to assist finding
the right submucosal plane. Small, stiff thin-wire
snares are preferable. When fibrosis prevents
snare capture of adenomatous tissue, cold-forceps
avulsion with adjuvant snare tip soft coagulation
(CAST) (Soft Coag, effect 4, maximum 80 W;
ERBE, Tiibingen, Germany) to the avulsed area
is an effective technique to remove small residual
islands (Video 4.4) [34]. Following this approach,
a type II-V DMI (see below section on ‘perfora-
tion”) may result within the resection defect that
is best treated by application of through-the-
scope (TTS) clips to this area to prevent delayed
perforation. A recent prospective multicentre
observational study also showed that two-stage
EMR performed by tertiary centre endoscopists
is a safe and effective salvage therapy after a
failed single session, with 84% technical success
and 82% of patients avoiding surgery on long-
term follow-up using this approach [35].

Managing Adverse Events

The most frequent adverse events occurring after
EMR are bleeding and perforation. Of these,
bleeding is the most common and can occur dur-
ing the procedure or be delayed for up to 2 weeks.
Severity can range from self-limited oozing to
brisk arterial bleeding, although endoscopic hae-
mostasis can be achieved in most instances.

Intra-procedural Bleeding

Intra-procedural bleeding, defined as bleeding
that lasts for longer than 60 seconds or that
requires endoscopic intervention, occurs in up to
11% of cases and is associated with increasing

lesion size (OR 1.24/10 mm), Paris O-Ila + Is
lesion morphology (OR 2.12), lesions with tubu-
lovillous or villous histology (OR 1.84) and
endoscopy centres that perform fewer than 75
EMRs per year (OR 3.78) [22]. Most cases of
IPB are controllable endoscopically, although
difficult-to-control bleeding prolongs the proce-
dure and is associated with increased adenoma-
tous recurrence (OR 1.68) [22].

IPB can be effectively treated by thermal
modalities, and wuse of a voltage-limited
microprocessor-controlled current helps to avoid
deep thermal injury. STSC is an effective and
safe technique to control IPB arising from small
arterioles or veins. It is performed by protruding
the snare tip 2-3 mm beyond the catheter, fol-
lowed by application of coagulating current (Soft
Coag, effect4, 80 W; ERBE, Tiibingen, Germany)
whilst gently touching the tip directly onto the
bleeding vessel. Irrigating the defect with the
foot pump clears the field and localises the point
of bleeding and may also have a tamponade effect
through expansion of fluid into the submucosa. In
the minority of cases where STSC does not
achieve haemostasis, additional treatment of the
bleeding vessel with coagulating forceps (Soft
Coag, effect4, 80 W; ERBE, Tiibingen, Germany)
or TTS clips may be used. Injection of dilute
adrenaline may be used for initial haemostasis,
but should be used with another modality such as
thermal ablation or mechanical haemostasis [23].

Delayed Bleeding
Delayed bleeding (also termed clinically signifi-
cant post-endoscopic bleeding [CSPEB]) is
defined as any bleeding occurring up to 30 days
after EMR, resulting in emergency room presen-
tation, hospitalisation or re-intervention. Based
on data from a large multicentre study, the inci-
dence of CSPEB is 6.2%, with increased risk
associated with proximal colon location (OR
3.72), use of an electrosurgical current not con-
trolled by a microprocessor (OR 2.03) and IPB
(OR 2.16) [22]. Lesion size and patient comor-
bidities did not appear to predict CSPEB [22].
Most cases of CSPEB resolve spontaneously
without need for intervention. Need for interven-
tion is associated with hourly or more frequent



4 A Pragmatic Approach to Complex Colon Polyps

57

Signi

following colorectal EMR
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and poor outcome:

¢ Low admissi

Admission for observation:

haemoglobin (Hb), and correct coagulopathy

-Factors associated with need for intervention
* Need for transfusion
* ASA grade 2+

¢ Haemodynamic instability*
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bleeding, vital signs,
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v
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Fig. 4.7 Management algorithm for clinically significant
post-EMR bleeding. «xHaemodynamic instability defined
as heart rate >100/min, systolic blood pressure

haematochezia (OR 36.7), American Society of
Anesthesiologists grade > 2 (OR 20.1) and need
for transfusion (OR 18.7). These factors form the
basis of an algorithm to manage post-EMR
CSPEB (Fig. 4.7) [36]. Prophylactic coagulation

DISCHARGE

<100 mmHg or orthostatic decrease in SBP >20 mmHg.
(Adapted from Burgess NB, Metz AJ, Williams SJ et al.
Clin Gastro Hep 2014)

to non-bleeding vessels within the resection
defect does not significantly decrease the inci-
dence of CSPEB after EMR [37]. Closure of
resection defects with clips may reduce the risk of
CSPEB, particularly for proximal and larger
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LSLs, although prospective, randomised data sup-
porting a benefit of this practice are pending [38].

Perforation

The incidence of perforation related to colonic
EMR of LSLs is 1-2% [5]. Early identification
and management of perforation after EMR
reduces both the need for surgery and mortality,
with high effectiveness of endoscopic closure.
Perforation is one of five categories of endoscop-
ically identifiable MP injuries, classified as deep
mural injury (DMI) (Table 4.1) [39]. The DMI
classification standardises description of colonic
wall injury with prognostic implications
(Fig. 4.8). Type I DMI represents exposed but
uninjured MP fibres and requires no treatment. In
type II DMI, the distinction between submucosa
and MP is unclear, often due to poorly staining
SMF. As deep injury cannot be excluded, this
area should be prophylactically clipped, even if
no obvious defect target sign (type III DMI,
Fig. 4.9) is present [40]. In type III, IV and V
DML, the injured MP is represented by concentric
white rings within the MP and should always be
promptly closed by clips to avoid extension of
injury or contamination.

Endoscopically subtle MP injury is probably
responsible for some cases of delayed perfora-
tions. In situations with poor staining of the
resection defect, assessment of this area by topi-
cal irrigation of the injection solution using the
injection catheter with needle retracted (topical

Table 4.1 Sydney classification of deep mural injury
(DMI) following EMR

Type I MP visible, but no mechanical injury.
May have minimal thermal injury
Focal or generalised loss of the
submucosal plane raising concern for
MP injury or rendering the MP defect

uninterpretable

Type 11

Type 1T MP injured, target or mirror target

identified
Hole within a white cautery ring, no
observed contamination

Type IV

Type V Hole within a white cautery ring,

observed contamination

EMR endoscopic mucosal resection, MP muscularis
propria

submucosal chromoendoscopy, TSC) can reveal
either uninjured submucosa or MP injury [41].
The submucosal fibres avidly take up the dye,
and the resulting blue matt appearance reassures
that no MP injury has occurred. Conversely, any
exposed MP fibres will not take up the dye, and
non-staining areas after TSC suggest deep injury
and should be prophylactically treated by appli-
cation of TTS clips.

TTS clips have been shown to have similar
tensile strength to surgical sutures and are ideal
for closure of ER-related perforations (Video
4.6). The principles and techniques of perforation
closure with clips involve the following:

* Minimising gas insufflation to reduce tension
on the defect. Administer anti-peristaltic
agents to prevent peristalsis from contaminat-
ing the site.

e Keep the working field clean by positioning
the patient so fluid pools away from the defect.

* Remove adenomatous tissue adjacent to the
defect if possible before placement of clips for
DMI types II and III. Prompt closure takes
precedence in obvious perforations (DMI
types IV and V).

*  MP wounds are generally aligned perpendicu-
lar to the long axis of the colon. The sequence
of clip placement is best progressed from left
to right to maintain access. Gravity should
also be considered, and it is best to avoid
placing a clip where it will fall across the
working field.

e The first clip can be placed just beyond the
defect to elevate the bowel wall and facilitate
subsequent clip placement. First, suction the
mucosa into the open clip making sure to have
the defect in the centre pivot of the clip, fol-
lowed by gentle pressure from the clip against
the mucosa. With further suction, the lumen is
deflated, and the clip is closed. Confirm
adequate convergence of the defect edges
within the clip on re-insufflation, before
deploying the clip.

e Endoscopic closure of perforations by suture
devices is also feasible, although this tech-
nique requires endoscope exchange and rein-
sertion, risking extra-luminal contamination
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Fig. 4.8 Examples of deep mural injury and their man-
agement following EMR. (a) (two images, top left): type
0. This is a normal finding. The submucosa is homoge-
neously stained with blue dye, without exposure of the
MP. Vessels may be seen within or upon the blue layer. (b)
(two images, top left): type I. The submucosa has been
deeply resected, revealing the underlying parallel stria-
tions of muscle in the MP. The MP generally does not
stain well with dye and has a whiter appearance. There is
no risk of delayed perforation. (¢) (four images, top right):
type II. Focal area of poor staining within the centre of the
defect. It is usually due to submucosal fibrosis. However,
as this area cannot be adequately interrogated for MP
injury, prophylactic closure with TTS clips is recom-
mended. (d) (four images, lower left): type III. The speci-

in the process, and is probably best suited to
large gaping perforations where clips are less
likely to be effective.

Patients who are clinically well without
signs of peritonitis following treatment of DMI
types II-III can be safely discharged on the
same day as their procedure. Extra-luminal gas

men TS (first image) is characterised by a whitish circle of
resected MP on the transected surface of the specimen
surrounded by a web of blue-stained submucosal tissue
and encircled by white cauterised mucosa. This is an
endoscopic marker of partial- or full-thickness MP injury.
Patients with TS should be promptly managed by endo-
scopically placed clips and usually do not require opera-
tive management. (e) (four images, lower right): type
IV. An obvious perforation is demonstrated. Full-thickness
excision of MP has occurred without faecal contamina-
tion. These defects should be promptly closed to avoid
peritoneal contamination. EMR endoscopic mucosal
resection, MP muscularis propria, TS target sign, TTS
through the scope. (Adapted from Ma MX, Bourke MJ,
Best Prac Res Clin Gastroenterol 2016)

seen on abdominal CT without intraperitoneal
fluid after satisfactory closure of a non-contam-
inated intra-procedural perforation in a well
patient generally has a good prognosis.
However, the presence of extra-luminal fluid is
a much more serious situation that requires
careful ongoing clinical review and surgical
consultation.
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Fig. 4.9 Endoscopic treatment of small adenomatous
recurrence. (a, b) Small area of adenomatous recurrence
at the site of previous EMR viewed under white light and
NBI. (¢) A 10 mm stiff thin-wire snare is used to resect the
adenomatous tissue using forced coagulation. (d) The

Post-polypectomy Electrocoagulation
Syndrome and Delayed Perforation
Post-polypectomy electrocoagulation syndrome
(PPES) occurs as a result of transmural thermal
injury to the bowel wall, with associated serosal
inflammation and localised peritonitis. Patients
usually present hours to days after colonic ER
with fever, localised signs of peritonitis, raised
inflammatory markers and absence of perforation
on radiological imaging. The incidence of PPES
is about 0.5% with risk factors including ER in
the right colon, polyp size >20 mm, hypertension
and lesions with a non-polypoidal morphology
[31]. The risk of PPES can be reduced by mini-
mising transmission of electrocoagulation cur-
rent to the submucosal layers of the bowel wall,
e.g. by adequate submucosal injection and tent-
ing of the snared lesion into the colonic lumen
before resection by diathermy. Treatment is con-
servative with intravenous fluids, antibiotics and
bowel rest.

Delayed perforation fortunately is rare and,
like PPES, may result from electrocoagulation-
related thermal injury or subtle, unrecognised
MP injury. Most cases present within 24 hours of

clips have been removed by traction using the snare. (e)
Visible areas of adenoma unable to be captured by the
snare are resected using cold-forceps biopsy resulting in
some superficial bleeding. (f) The cold-forceps biopsied
area is then treated using snare tip soft coagulation

ER, but can occur up to a week later. When sus-
pected, urgent CT abdomen is required to estab-
lish the diagnosis and evaluate extent of
peritonitis. As delayed perforations are associ-
ated with a high rate of faecal peritonitis, surgery
is often required although primary repair by lapa-
roscopy may be possible if tissue appear healthy.
Otherwise, faecal diversion by colostomy or ile-
ostomy may be required [31].

Endoscopic Submucosal Dissection

ESD is a controlled endoscopic knife-based
method to dissect LSLs from the submucosal
space above a dye-stained fluid cushion
(Fig. 4.10). Large series evaluating ESD vs. EMR
for the treatment of colorectal LSLs show a
higher rate of en bloc resection (84-95%) and
lower local recurrence (0-2%) in favour of ESD
[42, 43]. However, the advantages of colorectal
ESD over EMR come at the cost of increased
procedural duration (mean weighted difference
1.76; 95% CI 0.60-2.92) and higher rate of per-
foration (OR 4.09) [6].
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Fig.4.10 ESD of 50 mm traditional serrated adenoma of
the rectum. (a, b) Forward and retroflexion views of
lesion. (c¢) The lesion margins have been incised. (d) A
large submucosal vessel is encountered during dissection.
(e) The vessel is prophylactically treated with the coagu-

ESD is preferred for lesions with an increased
likelihood of superficial SMI, particularly those
>20 mm in size; however, these lesions are uncom-
mon and were found in only 3.7% of 2000 LSLs
treated by EMR in a large Western multicentre
prospective study [11]. The study showed that
although most LSLs are effectively treated by
EMR, as most adenomatous recurrence was small
and endoscopically treatable (Fig. 4.9), ESD
remains a very useful procedure for carefully
selected lesions. For superficially invasive lesions,
ESD has curative potential with reduced morbidity
compared with surgery and is particularly relevant
in the rectum. As ESD expertise and availability
increases, good immediate and long-term out-
comes following colorectal ESD have been
reported even from lower-volume centres [44].

lating grasper. (f, g) Further injection of the submucosa to
complete dissection. (h, i) The resection defect showing
visible but uninjured MP fibres, with pinned specimen.
ESD endoscopic submucosal dissection, MP muscularis
propria

Resection Technique

A variety of endoscopic knives are available for
ESD, and the choice is usually a personal
preference of the endoscopist. Certain knives
may be more advantageous in particular situa-
tions, although few comparative studies are cur-
rently available. Some knives, e.g. HybridKnife
(ERBE, Tiibingen, Germany) and DualKnife J
(Olympus, Tokyo, Japan), have both cutting and
injection capabilities, thereby minimising instru-
ment exchange and reducing procedure time.
A clear cap attached to the distal end of the scope
is used to assist access to the submucosa and its
controlled dissection. A colonoscope is used for
most cases, although gastroscopes may be advan-
tageous for rectal ESD, particularly distal lesions
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where a more acute angle of scope retroflexion
can assist dissection near the anal verge.

The peripheral extent of colorectal LSLs is
usually easily discerned endoscopically (in con-
trast to gastric or oesophageal lesions), and mark-
ing of the lesion peripheries generally is not
required. The patient is preferably positioned
with the lesion in a non-dependant position, so
that gravity assists dissection by aiding its sepa-
ration from the submucosa. This also helps to
avoid contamination of the working field in the
event of bleeding or perforation. The constituents
in the injectate for ESD are similar to those used
for EMR, except that the dye used is diluted to a
quarter concentration, to improve visibility of the
submucosal fibres during dissection.

Following creation of the submucosal fluid
cushion, a circumferential mucosal incision is
made using the ESD knife, with a 3-4 mm mar-
gin of normal mucosa. A suggested electrosurgi-
cal setting is Endo Cut Q (effect 3, cut duration 3,
cut interval 3; ERBE VIO300D, Tiibingen,
Germany). In particular, it is important to note
where the fluid pools in the lumen relative to the
lesion. The mucosal edge of the lesion adjacent to
the fluid pool is definitively incised early during
the procedure as access to this side will be
impeded once the lesion ‘flips’ over with pro-
gression of dissection due to gravity. The endos-
copist should continually check the plane of
dissection throughout the procedure and particu-
larly be aware of the MP at all times. Correct ori-
entation allows dissection to occur along one
submucosal plane, increasing en bloc resection
whilst reducing the risk of inadvertent DMI.

As dissection progresses, it is important to
avoid bleeding as blood inhibits visualisation and
impedes subsequent injection and expansion of
the submucosa and treatment of bleeding pro-
longs the procedure. Different electrosurgical
settings may optimise dissection depending on
the submucosal vascularity. A suggested setting
is Dry Cut (effect 2, 50 W; ERBE VIO300D,
Tiibingen, Germany) for routine submucosal dis-
section. For more vascular areas that contain
minute vessels, a setting with increased coagula-
tion is preferred such as Swift Coag (effect 3,
30 W; ERBE VIO300D, Tiibingen, Germany).

Visible vessels are best treated prophylactically
with the knife tip (small vessels) or coagulation
grasper (moderate vessels, arterioles) using soft
coagulation (effect 4, 80 W; ERBE VIO300D,
Tiibingen, Germany), before dissection with the
knife. For larger vessels traversing the submuco-
sal dissection field, prophylactic application of a
haemostatic clip prior to vessel coagulation and
dissection may be required.

A more recently utilised variant of rectal ESD
involves making an initial submucosal tunnel in
an anal-oral direction below the lesion, followed
by resection of the tunnel walls to completely
remove the lesion [45, 46]. This technique was
first described for en bloc resection of large
oesophageal neoplastic lesions. Compared with
routine ESD, endoscopic tunnel dissection has a
number of potential advantages including
improved visualisation of the submucosa and
slower dissipation of the fluid cushion. This aids
better identification of the MP and submucosal
vessels to achieve high RO resection and lower
complication rates such as perforation and
bleeding. Additional research on this new tech-
nique, including larger comparative studies with
conventional methods, is awaited before its adop-
tion into mainstream ESD practice.

Managing Adverse Events

Bleeding

Bleeding after colorectal ESD occurs in 0.5—
9.6% of cases, and overall the risk appears to be
lower compared with EMR (OR 0.85, 95% CI
0.45-1.60) [47]. Focal bleeding from small arte-
rioles during dissection can be treated by soft
coagulation (effect 4, 80 W; ERBE VIO300D,
Tiibingen, Germany) delivered through the
retracted knife tip and is usually sufficient to
achieve haemostasis. Persistent bleeding may
require haemostasis using the coagulation
grasper. The vessel is grasped and gently tented
away from the MP and adjacent submucosa.
Satisfactory mechanical tamponade of the vessel
is indicated by cessation of bleeding and can be
confirmed by briefly flushing the area with the
foot pump whilst holding the vessel with the
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grasper. The vessel is then obliterated using soft
coagulation (effect 4, 80 W; ERBE VIO300D,
Tiibingen, Germany). Bleeding that persists
despite these interventions may require mechani-
cal haemostasis using a TTS clip, but this may
hinder access to further submucosal dissection.

Post-ESD bleeding typically occurs from one
of the many feeding arteries to the artificial ulcer
floor of the resected specimen. Risk factors for
delayed bleeding after colorectal ESD include
lesion size >30 mm, rectal location of lesions,
presence of submucosal fibrosis and low-volume
centres [48]. Some experts advocate prophylactic
ablation of non-bleeding vessels in the post-ESD
ulcer to prevent bleeding, although this practice
is not scientifically proven. Delayed bleeding can
usually be treated with standard endoscopic tech-
niques, preferably with TTS clips to avoid further
thermal injury to the muscle layer.

Perforation

ESD traditionally carried a higher rate of perfora-
tion compared with EMR (5-8% vs. 1.3-3.4%,
respectively), although contemporary data from
expert ESD centres report perforation rates as
low as 1-2% [43]. Risk factors for ESD-related
perforations include lesions located in the colon,
larger LSL size, presence of submucosal fibrosis
and endoscopist experience <50 cases [31].
Surgery related to ESD-associated complications
is fortunately seldom required and was reported
in only 1% in a systematic review of nearly 3000
cases with the majority of complications being
endoscopically treatable [49].

Prevention of ESD-related MP injury and its
management follows similar principles to those
following EMR. Dissection should occur over an
adequate submucosal fluid cushion with appro-
priate electrosurgical settings to minimise trans-
mural transfer of energy. Following resection, the
defect should be carefully inspected for exposed
or damaged MP fibres and TSC applied to areas
where the submucosa is not well stained with
dye. Areas of non-staining after TSC and where
MP injury has occurred may be prophylactically
treated by TTS clips. Obvious perforations
should be closed promptly, and endoscopic sutur-
ing devices have also been used with success in

small numbers of patients after ESD. Endoscopic
closure after delayed perforation is usually not
possible due to extra-luminal soiling and associ-
ated peritonitis, and surgery is often required.

Stricturing

Extensive or circumferential LSLs are uncom-
monly encountered, and their removal by EMR
and ESD is described [8, 50]. A unique compli-
cation arising from such ER is luminal strictur-
ing, where the degree of circumferential
involvement and longitudinal length of resec-
tion are risk factors for stenosis. This may occur
in up to 50% of cases following circumferential
ER. Fortunately, this stricturing is usually
responsive to endoscopic therapy and may be
avoided by a proactive serial prophylactic dila-
tation regimen following ER. In addition, topi-
cal treatment with hydrocortisone enemas may
also have a role in prevention of rectal stricture
formation [31].

Summary

* Endoscopic resection of complex mucosal
polyps is safe, effective, cost-efficient, and
considered the first-line therapy for these
lesions.

e Various ER techniques for these polyps exist
and are broadly categorised as EMR or ESD.

e A patient-centred approach to ER is impera-
tive, and the decision to undertake EMR or
ESD needs to be weighed against the comor-
bidities of the patient and should only be
undertaken where a clear benefit is identified.

e Accurate and thorough endoscopic assess-
ment of a lesion including its peripheral
extent, anatomical relationships and risk of
harbouring SMI should be performed for all
lesions prior to ER.

* EMR is suitable for most lesions, provided the
lesion does not harbour SMI.

e ESD is associated with higher en bloc resec-
tion rates, but is technically more demanding
to perform, requires longer procedural dura-
tion and is associated with greater procedural
risk compared with EMR.
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Lesions suspected of harbouring superficial
SMI are best resected by ESD as this opti-
mises localised histological staging and may
offer a cure.

To achieve optimal outcomes with either EMR
or ESD, the endoscopist should adopt a metic-
ulous technical approach focused toward safe
and complete resection whilst being aware of
all the potential complications and methods to
appropriately manage these if they occur.
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Introduction: Why Do We Need
Specialized Devices

By definition, endoscopic mucosal resection
(EMR) is performed with a snare, and therefore
the size of a lesion that can be removed en bloc
is typically limited to a maximum of 20 mm.
Piecemeal resection of larger lesions is a major
limitation of EMR. On the other hand, ESD per-
mits the en bloc resection of lesions irrespective
of size and thereby has gained traction for the
management of early gastrointestinal tumors.
Potential advantages of en bloc resection include
provision of an optimum specimen for accurate
histopathological evaluation, opportunity to
provide curative resection, and low risk of
recurrence.
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Being a markedly different technique than
EMR, many devices have been developed over
the years that allow ESD to be performed safely.
At the heart of the tools for ESD, the electrosur-
gical knife plays a key role as it is the device that
allows precise cutting and dissection of the sub-
mucosal tissue planes. Furthermore, specialized
longer-lasting injection solutions for submucosal
layer expansion and sophisticated electrosurgical
equipment have been developed over the years to
aid in the efficacy, efficiency, and safety of the
procedure.

This chapter outlines some of the tools of the
trade for ESD focusing primarily on equipment
readily available in North America [1].

A Japanese proverb goes, A master does not
choose his brush-pen, presumably because he
can produce beauty regardless of his writing tool.
Similarly, while the devices and accessories for
ESD have come a long way since its inception
two decades ago, we are reminded that instru-
ment design is only to facilitate effective dissec-
tion. No instrument, no matter how advanced,
can replace good technique and application of
sound principles.

That being said, the future development of
new approaches such as robot-actuated platforms
does provide an exciting horizon where the learn-
ing and performance of ESD might one day be
radically transformed due to maneuverability that
we have yet to witness with our current endo-
scopic techniques.
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Mucosal Lift Solutions

For safe mucosal incision and submucosal dis-
section, the submucosal space has to be ade-
quately infiltrated and expanded with a suitable
solution. This initial step of ESD has a dual
mechanical and visual function: expansion of the
submucosal space with the solution provides a
physical barrier protecting the deeper layers from
thermal injury while allowing a safe margin of
dissection and identification and cautery of sub-
mucosal vessels during ESD [2]. The ideal solu-
tion should be inert and safe, without toxic effects
to the surrounding tissue and to not distort the
resected specimen as to affect its pathological
assessment. Other factors that influence selection
of one solution over another include the viscosity
which correlates to how hard it is to inject through
a needle, as well as the height of the lift, which
varies among different solutions. Finally, price
and availability always remain major contribu-
tors to the choice of solution.

The initiation and maintenance of this mucosal
lift can be achieved with a variety of solutions of dif-
fering characteristics as described in the following
table. It is worth noting that there is no conclusive
evidence to support the use of one injection fluid
over another, in part due to the paucity of head-to-
head trials and the heterogeneity of outcomes avail-
able in the literature. Current meta-analysis data [3]
reinforce that no single solution appears to be supe-
rior over the rest when it comes to complete resec-

tion rate, post-resection bleeding, or perforation
incidence [4]. Nonetheless, many centers that per-
form ESD favor using a viscous solution over saline
for the potential increased durability of the lift.

A staining dye is routinely added to the muco-
sal lifting solution. Either indigo carmine or meth-
ylene blue can be admixed with the solution to
obtain a light-to-medium blue color, which facili-
tates recognition of the submucosal space. The
goal of the dye is to stain the connective tissue
within the submucosal plane, yet this should not
be too dark as to potentially obscure the identifi-
cation of submucosal vessels during dissection.

The various characteristics of commonly used
mucosal lift solutions are discussed in the follow-
ing and summarized in Table 5.1.

Saline

Normal saline (0.9% NaCl) is isotonic and com-
monly used for most EMRs. Main advantages
include familiarity and ease of use, availability, and
cost-effectiveness. Normal saline is also safe to the
surrounding tissue and with minimal specimen dis-
tortion on histology. The drawback of normal saline
is that it diffuses quickly following initial submuco-
sal injection, thereby requiring the need for multiple
repeated injections for lift maintenance, which is
not ideal for a long procedure like ESD.
Hypertonic solutions such as hypertonic saline
(3.75% NaCl) as well as dextrose water have

Table 5.1 Comparative characteristics of solutions for submucosal injection

Cushion Viscosity

Solution duration® Cost (Pa.s) Comments

Normal saline + + 0.0043 Cost-effective and readily available, but
dissipates quickly

Hydroxypropyl +++ +++ 0.0022 Relatively inexpensive with a durable lift

methylcellulose

Hydroxyethyl starch +++ ++ 0.0026 Commonly available and has a better lift than

(Voluven) normal saline

Hydroxyethyl starch ++ ++ 0.0075 Similar to Voluven

(Hetastarch)

Sodium hyaluronate +++++ +++++ 0.04 Gold standard, but costly and with limited
availability

Eleview ++++ ++++ <0.02 New product, purpose designed for
submucosal injection, costly

aData suggests that although cushion duration is statistically different in normal saline compared to other injection fluids
discussed here, the differences between other injection fluids (e.g., hydroxypropyl methylcellulose and sodium hyaluro-

nate) are not statistically significant
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longer-lasting submucosal fluid lift when com-
pared to normal saline but are on the whole still
generally unsatisfactory with the additive risk of
tissue injury due to high osmolality. Indeed, high
concentrations of saline have been shown to give
rise to delayed mucosal injury.

Carbohydrate-Based Solutions

Hydroxypropyl methylcellulose (Gonak 2.5%,
Akom Inc., Somerset, NJ, USA) is a water-soluble
polymer derived from cellulose. This provides
readily available, lower-cost viscous fluid that is
safe for injection. 15 mL of 2.5% solution is typi-
cally diluted with 85 mL of normal saline to make
100 mL of injectate [5]. This preparation has been
demonstrated to provide a higher and more dura-
ble lift when compared to normal saline [6] and,
in a retrospective study on EMR by Bacani et al.,
was shown to have longer lift effect (15-20 min)
compared with normal saline (2-3 min) [7].
Hydroxyethyl starch (6% Voluven, Pfizer, NY,
NY, USA; Hetastarch, Hospira, Inc., Lake Forest,
IL, USA) originally used as a crystalloid solution
for intravascular replenishment has a similar dura-
bility to hydroxypropyl methylcellulose in animal
models. In clinical use, a comparative study by
Fasoulas et al. showed that hydroxyethyl starch
had more durable lift, required less solution, and
resulted in a faster resection time compared with

Fig.5.1 Eleview.
(Photo Credit: Olympus,
Olympus America,
Center Valley, PA, USA)

normal saline. There was no observed difference
in safety or long-term outcomes in either arm [8].

Sodium Hyaluronate

The prototypical high-viscosity solution has been
sodium hyaluronate (MucoUp, Boston Scientific,
Tokyo, Japan), with extensive data from Japan
where it is commonly used in ESDs. Not only has it
been shown to provide one of the most sustainable
mucosal lifts, but porcine data suggests that it also
results in a steeper mucosal elevation compared
with colloids or saline, which is useful in ESD as
steeper borders facilitate snaring. The downside to
sodium hyaluronate solutions would be the high
cost of such preparations, which can come up to
approximately 40 times that of carbohydrate-based
solutions. Hyaluronate solutions are available in the
USA in various preparations as a viscosupplement
(Healon, Abbott Laboratories, Abbott Park, IL,
USA; Hyalgan, Fidia Pharma USA Inc., Florham
Park, NJ), but the cost is generally prohibitive for its
use as a mucosal lift solution.

Eleview

Eleview (Aries Pharmaceuticals, San Diego, CA,
USA) is a proprietary composition (Fig. 5.1)
designed for use for submucosal lift in
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gastrointestinal endoscopic procedures and com-
bines medium-chain triglycerides, poloxamer
188 (bulking agent), polyoxyl-15-hydroxystea-
rate (surfactant), and methylene blue (dye) in
suspension. Animal models suggests a mucosal
lift superior to normal saline, and this is borne out
by clinical data which suggests a small volume
required per lesion as well as an overall faster
resection time. As a new proprietary product, the
cost of this would also be considerable.

Caps/Distal Attachments

Lack of triangulation and tissue retraction are the
main drawbacks of efficient tissue dissection dur-
ing ESD. To facilitate tissue retraction and visi-
bility, a cap or distal attachment is routinely used.
The distal attachment is a clear transparent hood
that is affixed to the end of the endoscope, to
allow it to retract folds or resected tissue to get a
clear view of the resection field. It also provides
firm traction to the target tissue, allowing optimal
dissection [2].

The cap does slightly decrease the peripheral
endoscopic visual field, but this trade-off is
inevitable given the need for retraction and ade-
quate visualization of the resection field.

The cap, being a simple plastic tube, is not dif-
ficult to manufacture; and a variety of brands and
designs are available, with a straight cap being
the most commonly used and widely applicable.
Caps are also available with the edge being
tapered like a short funnel for entering narrower
spaces, as well as angle tips which have a beveled
edge that offers better retraction of tissue mainly
in one direction, for example, in the peroral endo-
scopic myotomy (POEM) procedure.

The soft distal attachment (Olympus America,
Center Valley, PA, USA; Fig. 5.2) is one of the
more commonly used caps and offers a drainage
hole which is usually placed at 12 o’ clock with
respect to the screen which would allow drainage
of excess fluid at the site opposite to the scope
suction channel which usually comes out at 7 0’
clock [5].

The short-type (ST) hood (Fujifilm America,
Valhalla, NY, USA; Fig. 5.2) is a cap with a
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Fig. 5.2 Distal attachments used in ESD. (a) Olympus
distal attachments. (Photo Credit: Olympus America,
Center Valley, PA, USA). (b) Short-type (ST) hood.
(Photo Credit: Fujifilm America, Valhalla, NY, USA)

tapered tip, which is useful for accessing a sub-
mucosal tunnel, such as in the POEM procedure
or resections employing the tunnel technique. It
also has a drain design allowing flow of fluid
around the cap for better visibility.

Electrosurgical Generators
and Electrical Currents

ESD requires a modern electrosurgical generator
to provide the modulated current options that
help deal with various phases of the resection.
These produce high-frequency (>100,000 Hz)
current to avoid neuromuscular depolarization, at
varying energy levels to achieve tissue effects.
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At slow heating of tissue at lower energy lev-
els, the tissue gradually heats to beyond 50 °C
and dries out, and this desiccation causes shrink-
age of tissue resulting in a coagulation effect.
Because energy transfer is lower, direct contact is
required.

At rapid heating of tissue at high energy lev-
els, water in tissue vaporizes to steam beyond
100 °C; and this vaporization disrupts cell struc-
tures, causing a cutting effect. Because the energy
transfer is high, the current sparks from the elec-
trode to the tissue, and the effect can be achieved
at a very short distance from the electrode.

Generator Unit

Modern electrosurgical generators are able to
alternate between the two modes and have
options to have a combination of both effects,
which is termed a blended current. This allows
fine-tuning of the current to the stage of the pro-
cedure and greatly enhances the speed and hemo-
stasis of the dissection. The ESGs available in the
USA that are suitable for ESD are the ICC 200E,
the VIO 200S and VIO 300D (ERBE USA,
Marietta, GA, USA; Fig. 5.3), and the ESG 100
(Olympus America, Center Valley, PA USA).

Current Modes

The various modes of electrosurgical generators
have been reviewed extensively in an ASGE
review [9], and a synopsis focusing on the ERBE
electrosurgical unit is outlined in Table 5.2, and
these are used to discuss steps in ESD. It must be
noted that some variations in the use of electro-
surgical modes exist among experts, due to dif-
ferences in the type of knife used, as well as some
local practice differences (types of ESD per-
formed, mucosal lift solution used, the typical
amount of fibrosis encountered, etc.).

Mucosal Markings

Careful inspection is the first step to any resec-
tion to determine the edge of the lesion, also
termed the demarcation line, which is the

W
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Fig.5.3 ERBE VIO 300D generator unit. (Photo Credit:
ERBE USA, Marietta, GA, USA)

junction between the lesion and the surrounding
normal tissue. This is typically done with image-
enhanced endoscopy (such as narrow band imag-
ing or blue laser imaging) and chromoendoscopy
employing methylene blue, indigo carmine, or, in
the case of squamous lesions of the esophagus,
Lugol’s iodine.

Circumferential mucosal markings are typi-
cally placed for gastric and esophageal ESDs
(although not always for rectal ESDs) at the start
of the procedure approximately 5 mm from the
demarcation line to guide subsequent injection
and dissection. This key first step helps to ensure
adequate lateral margin. The tissue is lightly
touched with the tip of the ESD knife with soft
coagulation or endo cut modes to create a visible
superficial burn mark. Alternatively, argon
plasma coagulation can also be used to mark the
margins, but this adds additional cost and neces-
sitates switching instruments. Use of forced coag
current should be avoided because it creates
extensive tissue damage which may compromise



72

C.J.Kohetal.

Table 5.2 Summary of electrosurgical generator modes and utility in ESD

Mode Features Some uses in ESD

Endo cut A cutting mode with alternating cut coagulation | Mucosal incision
modes cycling to achieve cut and a concurrent, | Dissecting dense fibrotic tissue in the
milder hemostatic effect submucosal space

Dry cut A cutting mode similar to endo cut but with Precise submucosal dissection

enhanced coagulation, consequently with
greater thermal effect

Mucosal incision when bleeding is a
problem

Forced coagulation

A coagulation mode with high voltage

Submucosal dissection in vascular
tissues

Soft coagulation

A coagulation mode with relatively low voltage.

As tissue desiccates, resistance increases and
the current falls, allowing the tissue to fall off
with less char and controlled energy application

Hemostatic forceps
Lesion marking

Swift coagulation

A coagulation mode with enhanced cutting
properties. Less hemostatic than forced
coagulation, but more hemostatic than dry cut
(and less cutting effect)

Pinpoint hemostasis of vessels
Creating a divot during coagulation

Spray coagulation

A coagulation mode with a continuous very
high voltage resulting in arcing to surrounding
tissue, similar to argon plasma coagulation

Non-contact hemostasis
POEM procedure for ease of submucosal
tunneling with concurrent non-contact

hemostasis

lateral margin evaluation and can also serve as an
escape point of the submucosal injectate.

Incision

Mucosal incision, both the initial incision and the
circumferential incision, separates the lesion’s
lateral borders from the rest of the tissue and
allows access to the deep submucosal space. This
can be achieved with endo cut (ERBE)/pulse cut
(Olympus), although dry cut or swift coagulation
modes have also been deployed, depending on
the knife and type of tissue dissected.

Dissection

Classically, forced coagulation has been used to
dissect through the generally vascular submuco-
sal space, particularly under a lesion with neovas-
cularization with fine vessels; and a good
coagulative effect is desirous. If the submucosa is
less vascular, swift coagulation or dry cut modes
can also be used, with the advantage of creating
less carbonization.

Fibrotic tissue has less water content and easily
carbonizes with coagulation modes; hence, careful
application of a cutting mode, for example, endo
cut or dry cut, should be employed because sub-
mucosal lift cannot be achieved and the margin of
error above the muscularis propria is small.

Hemostasis

When it comes to hemostasis, an ounce of pre-
vention is worth a pound of cure. Preemptively
identifying and addressing vessels in the submu-
cosal space keeps the dissection field clean and
clear and eventually leads to faster resections.
Every attempt should be made to effectively
coagulate vessels before cutting through the area
and causing active bleeding.

The general rule of thumb for vessels smaller
than 1 mm would be to use the same electrosurgi-
cal knife and switch to a coagulating mode
(forced coagulation, dry cut, or swift coagula-
tion). It is worth remembering that total energy
delivered is a function of both power and time,
and adequate time has to be spent in the particu-
lar spot for the coagulation mode to work.

For vessels larger than 1 mm, it is often worth
the while to change out to hemostatic forceps
such as the Coagrasper (Olympus America,
Center Valley, PA USA), grasp the vessel, and use
soft coagulation to deliver a controlled burn to the
target. The same is typically applied to bleeding
vessels, with grasping of the bleeding spot, care-
ful retraction to achieve gentle tenting of the spot,
and application of soft coagulation until adequate
hemostasis. Importantly, only soft coagulation
current should be used with coagulating forceps.
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For hemostasis of active bleeding during
resection, the same principle applies. For low-
level bleeding such as a small vessel or venous
ooze, the same ESD knife can be employed with
consideration to switch to a more coagulative
current. For brisk bleeding, usually from a siz-
able artery, the coagulating forceps should be
employed. As blood accumulates and obscures
the endoscopic view, the earlier the bleed is dealt
with, the better. The use of a through-the-scope
water jet is advisable if not mandatory to flush
away the blood to identify the bleeding point for
effective hemostasis.

It should be emphasized that electrosurgical set-
tings are a very important component of safe and
effective ESD, yet multiple other factors contribute
to the final tissue effect. Some of these factors are
related to the device in use (material and thickness
of the ESD knife electrode), some are related to the
endoscopist technique (the speed of movement of
the electrode, the amount of contact between the
tissue and the electrode, the pressure applied by the
electrode, the amount of time the generator stays
activated), and finally some are dependent on the
type of target tissue itself (water content and degree

Table 5.3 Characteristics of selected ESD tools

of fibrosis). Therefore, frequent change of electro-
surgical unit settings is typically not needed
because the endoscopist can vary many of the fac-
tors listed above. Furthermore, this complex envi-
ronment highlights the fact that there is no one
“best” electrosurgical unit set of settings.

ESD Knives

At the heart of the specialized instruments that
make ESD possible are the ESD knives. These
are essential for dissection of the submucosal
plane and come in a wide variety of forms
(Fig. 5.1). Categorizing them broadly by form,
we have needle knives which are bare, metal fine-
tip knives, insulated-tip (IT) knives which have a
ceramic non-conducting tip that limits current at
the very tip of the knife and mainly allows con-
trolled dissection along the shaft, and scissor-
type knives which resemble a pair of shears in
design and function. These are available in vari-
ous forms from different manufacturers and are
elaborated in detail in the following [2] and sum-
marized in Table 5.3.

Knife name (Model Cutting knife | Working Minimum
Type Number) Manufacturer length length channel diameter
Needle knives | DualKnife Olympus America, 2.0 mm 1650 mm | 2.8 mm
KD-650L Center Valley, PA, USA
DualKnife Olympus America, 1.5 mm 2300 mm | 2.8 mm
KD-650U Center Valley, PA, USA
HookKnife Olympus America, 4.5 mm 1650 mm | 2.8 mm
KD-620LR Center Valley, PA, USA
HookKnife Olympus America, 4.5 mm 2300 mm | 2.8 mm
KD-620UR Center Valley, PA, USA
Needle knives | HybridKnife I type ERBE USA, Marietta, 2.3 mm 1900 mm | 2.8 mm
with water jet |20,150-261 GA, USA
FlushKnife needle type | Fujifilm America, 1.0, 1.5,2.0, | 1800 mm 2.8 mm
DK2618J Valhalla, NY, USA 2.5,3.0 mm
FlushKnife ball type Fujifilm America, 1.5,2.0,2.5, | 1800 mm 2.8 mm
DK2618J Valhalla, NY, USA 3.0 mm
DualKnife J Olympus America, 2.0 mm 1650 mm | 2.8 mm
KD-655L Center Valley, PA, USA
DualKnife J Olympus America, 1.5 mm 2300 mm | 2.8 mm
KD-655U Center Valley, PA, USA
IT knives ITknife2 Olympus America, 4.0 mm 1650 mm | 2.8 mm
KD-611L Center Valley, PA, USA

(continued)
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Table 5.3 (continued)

Knife name (Model Cutting knife | Working Minimum
Type Number) Manufacturer length length channel diameter
ITknife nano Olympus America, 2.8 mm 2300 mm | 2.8 mm
KD-612U Center Valley, PA, USA
Scissor-type Clutch cutter Fujifilm America, 3.5 mm 1800 mm | 2.7 mm
knives DP2618DT-35 Valhalla, NY, USA
Clutch cutter Fujifilm America, 5.0 mm 1800 mm | 2.7 mm
DP2618DT-50 Valhalla, NY, USA
Stag beetle knife junior | Sumitomo Bakelite, 3.5 mm 1950 mm 2.8 mm
MD47703W Tokyo, Japan
Stag beetle knife Sumitomo Bakelite, 7.0 mm 1800 mm 2.8 mm
standard Tokyo, Japan
MD-47704

Needle Knife Type (DualKnife,

HookKnife) (Fig. 5.4)

The needle knife is a bare-tipped metal knife of
which there are several variations. The DualKnife
has a retractable tip, which allows the cutting
length to be adjusted to two positions — retracted
and extended. This allows the knife to be used for
both marking (with the tip retracted) and cutting/
dissection with the tip extended.

Another knife that is commonly used particu-
larly in areas of fibrosis is the HookKnife
(Olympus America, Center Valley, PA USA).
This has a distal L-shaped hook that is fully rotat-
able for incision and dissection and has the
advantage of being able to grasp and apply trac-
tion on fibrotic tissues to reduce collateral burns.

Needle Knife Type with Injection
Capabilities (Hybrid, Flush,

DualKnife J Type) (Fig. 5.5)

A more recent innovation would be the addition
of injection function to the tip of the needle
knife, allowing it not only to cut and dissect but
also to be able to inject fluid directly into the
submucosal space, which previously required an
instrument change to an injector needle. When
combined with an injection system that can be
controlled by the endoscopist via a foot pedal,
this greatly reduces the reliance on assistants,
who no longer have to keep switching instru-
ments as frequently. This is also advantageous
in the USA, where assistants depending on their
qualification might not be credentialed to inject
fluid.

The knives that are available for such use
would be the HybridKnife (ERBE USA, Marietta,
GA, USA), the FlushKnife (Fujifilm America,
Valhalla, NY, USA), and the DualKnife J type
(Olympus America, Center Valley, PA USA)
which is an enhancement to the existing
DualKnife with the addition of a water jet func-
tion. These knives offer improvements in speed
but at greater capital investment, for example, the
HybridKnife requires the accessory, the ERBE
Jet, for its use.

Insulated-Tip (IT) Knives (Fig. 5.6)
Insulated-tip knives have a small non-conducting
ceramic ball at the tip of the metal needle. This
makes the tip theoretically less prone, but not
impossible, to perforation as the cutting occurs at
the side. This difference also means the maneu-
vering and use of the IT knives are completely
different from the needle-type knives. While
using needle-type knives, controlled push move-
ments are used to dissect the submucosal plane,
whereas the IT knife uses more pull or lateral
dragging to achieve this cutting effect [5].
Cutting with the original IT knife was diffi-
cult to achieve at some angles. Therefore, the
ITknife2 (IT2) was designed with an additional
triangular electrode on the back side of the
ceramic tip. This additional electrode signifi-
cantly facilitates both mucosal incision and sub-
mucosal dissection. The IT2 use is limited to the
stomach where there is sufficient maneuverable
space and the muscle layer is robust. They are
not so helpful and potentially dangerous to use
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Fig. 5.4 Needle-type knives. (a) DualKnife. (Photo
Credit: Olympus America, Center Valley, PA, USA). (b)
HookKnife. (Photo Credit: Olympus America, Center
Valley, PA, USA). (¢) HybridKnife. (Photo Credit: ERBE

USA, Marietta, GA, USA). (d) FlushKnife. (Photo Credit:
Fujifilm America, Valhalla, NY, USA). (e) DualKnife J
type. (Photo Credit: Olympus America, Center Valley, PA,
USA)
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Fig. 5.5 Insulated-tip knives. (a) ITknife2. (Photo Credit: Olympus America, Center Valley, PA, USA). (b) ITknife
nano. (Photo Credit: Olympus America, Center Valley, PA, USA)

Fig.5.6 Scissor-type
knives. (a) Clutch Cutter
(Photo Credit: Fujifilm
America, Valhalla, NY,
USA). (b) Stag Beetle
Knife. (Photo Credit:
Olympus America,
Center Valley, PA, USA)

in the esophagus or in the colon. To address this
technical challenge, the ITknife nano (Olympus
America, Center Valley, PA, USA) is available
with a smaller ceramic tip (1.7 mm vs. 2.2 mm
for the ITknife2) and disk-shaped electrode
(rather than triangular for the IT2).

Of note, in order to use the IT knife, an initial
incision to enter the submucosal space is needed;
and therefore, the use of a needle knife is still
required.

Scissors Type (Clutch Cutter,

Stag Beetle) (Fig. 5.6)

A relatively recent development is the partially
insulated scissor-type knife device [1]. These
include the Clutch Cutter (Fujifilm America,
Valhalla, NY, USA) and the Stag Beetle (SB)
Knife (Sumitomo Bakelite, Tokyo, Japan).
These devices resemble in form and action
miniature scissors with blunt blades and grasp
the tissue being resected before lifting and
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application of electrosurgical current, which has
the advantage of limiting collateral tissue injury
[10]. These devices are partially insulated to
concentrate the cutting energy at the scissor
blades. This allows a very controlled and pre-
cise cut and may potentially be useful in situa-
tions where there is considerable inadvertent
movement such as respiratory movements or
motion.

Another use of the scissor-type knife would be
in esophageal diverticulectomy (e.g., in Zenker’s
diverticulum or Killian-Jamieson diverticulum).
The scissor-type knife is able to grasp and directly
cut the diverticular septum — mucosa, submu-
cosa, and muscle — in a few cuts, making this pro-
cedure technically easy and shortening procedural
time considerably [11].

Hemostasis

The submucosal dissection entails encountering
blood vessels, either deliberately or inadver-
tently, and controlled hemostasis is vital to ensur-
ing visibility of the resection field as well as
safety in terms of reducing hemorrhage
post-procedure.

ESD Knives

The first line for hemostasis, often for minor
bleeding as well as prophylactic cautery of small
vessels, would be using the ESD knife itself.
ESD knives can, with the appropriate electrosur-
gical current mode, be used effectively for hemo-
stasis. The “dual” function of the DualKnife
(Olympus America, Center Valley, PA, USA)
relies on the fact that when it is fully retracted,
the tip of the knife that remains can be used as a
targeting tool for hemostasis while minimizing
the collateral burns by having minimal exposed
cutting edge.

Hemostatic Forceps

As discussed above, minor bleeding during the
procedure or tiny vessels <1 mm generally can
be treated with the existing electrosurgical
device, switching to a coagulative mode of
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Fig. 5.7 Coagrasper. (Photo Credit: Olympus America,
Center Valley, PA, USA)

electrosurgical current. But larger vessels or
brisk (including arterial) bleeding requires the
use of hemostatic forceps. The technique used
would be to identify the bleeding point by using
water jets to clear the residual blood, use the
hemostatic forceps to grasp the vessel and sur-
rounding tissue, tent the vessel away from deeper
tissues, and apply the appropriate coagulative
current, such as the soft coagulation mode. The
Coagrasper (Olympus America, Center Valley,
PA, USA; Fig. 5.7) is a rotatable device with
effective tissue grasping that is commonly used
in this setting. Other options include the Hot
Biopsy Forceps (Boston Scientific, Marlborough,
USA), although not its original intended use.
Hemostatic forceps have been so successful that
they are also increasingly being used in non-
ESD bleeding situations, such as for coagulating
a visible vessel on a gastric ulcer.

Clips

Although clipping during the procedure is gener-
ally difficult as it interferes with further dissec-
tion, there is a role for hemostatic clips in two
situations: large-vessel hemostasis and closure of
mucosal defects/tunnels (e.g., in the POEM
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procedure). Although large vessels are usually
addressed with hemostatic forceps, clips are an
option of hemostasis, where hemostatic forceps
are unsuccessful, or at the end of the procedure
where the resection is complete and it is desirous
to avoid additional thermal injury to the base of
the resection.

If clips are deployed during the dissection,
clips with smaller footprint, such as the Olympus
EZ Clip (Olympus America, Center Valley, PA
USA), are less likely to interfere with the subse-
quent dissection.

Other roles where clips might be employed
would be as an adjunctive tool in traction devices
or perforation management which is discussed in
the following.

New Developments

Traction Devices (Clip-Dental Floss
Technique, Lumendi, LumenR)

As the ESD devices enter in the same axis as the
endoscope, traction to achieve better exposure of
the submucosal space is often difficult. One way
to overcome this would be to use gravity to aid
the resection, positioning the patient and cutting
such that as the dissection continues, the flap
hangs away from the underlying tissues. But
given that this is not feasible in many cases, there
has been an interest in traction devices for better
exposure which would lead to safer and faster
dissection.

A simple method readily applicable would be
to tie a long string, usually a dental floss, to the
arm of an endoclip, deploy the clip on the edge of
the partially resected lesion, and apply gentle
traction through the string onto the lesion. This
has been shown by Suzuki et al. to achieve sig-
nificantly shorter procedure times compared with
standard techniques for gastric ESDs — mean of
82.2 min vs. 118.2 min [12]. Although simple to
deploy, this technique still has limitations, the
major one being the collinearity of the string with
the scope which often means the angle of traction
is far from ideal, although an improvement from
gravity.

Lumendi (DiLumen, Westport, CT, USA) is
an overtube with anchoring balloons proximal
and distal to the scope tip that stabilizes the
colonic mucosa and enhances visualization by
flattening folds and straightening bends.

ORISE Tissue Retractor System (Boston
Scientific, Marlborough, MA, USA) is a platform
that facilitates ESD in the colon by combining an
endoscopic overtube with an occluding device to
stabilize a resection field in front of the scope and
with independent instrument channels which
allow the employment of a grasping forceps for
traction of the lesion. The angle at which the
instrument channels come out is more perpen-
dicular to the plane of dissection, making it more
useful in delivering appropriate traction.

Robotics-Enhanced Surgical Systems

One of the main technical limitations of ESD
would be that the device motion all relies mainly
on the motion of the endoscope. This results in
the technique requiring a high degree of endo-
scopic training to develop the skill sets required
and limit its generalizability. This is the chal-
lenge that robotics-enhanced platforms hope to
overcome. Having two or more articulated
manipulators at the end of the scope allows the
scope shaft to remain steady as a stable platform
from which the articulated arms triangulate to do
the work of dissection and retraction. This excit-
ing development allows ESD in locations that are
challenging even for experts, due to scope limita-
tions, for example, the gastric cardia or pyloric
region. It is also hoped that this will lessen the
learning curve and make ESD a more widely
available technique by lowering the barrier to
adoption.

Many platforms have been in development
[13], but human studies have been conducted in
very few, one of which would be the Master
and Slave Transluminal Endoscopic Robot
(MASTER) (Endomaster, Singapore) (Fig. 5.8)
which showed in a small case series to be
deployed in resection of early gastric neoplasia
with a mean submucosal dissection time of
18.6 min [14]. The platform utilizes robotic arms
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Fig. 5.8 Master and
Slave Transluminal
Endoscopic Robot
(MASTER). (Photo
Credit: Endomaster,
Singapore)

on a flexible endoscope, with the arms controlled
separately by a proceduralist who sits at a sepa-
rate console with actuators that transmit the con-
trols to the robotic arms.

ESD Defect Closure or Coverage
(Clips, Suturing Devices, Gel Sheets,
Auto Transplants)

Small perforations during ESD are typically
managed endoscopically with clips, with targeted
application of standard endoclips being able to
traverse the defect and achieve good closure.
Should the muscularis propria defect be larger
than the width of a standard clip, an Ovesco clip
(Ovesco Endoscopy USA Inc., Cary, NC, USA)
which is an over-the-scope clip with a larger
diameter might be considered with concurrent
use of the accessory Twin Grasper to grab either
side of the defect and close it.

For perforations beyond reach of the over-the-
scope clip, endoscopic closure might be consid-
ered by several techniques: OverStitch endoscopic
suturing device (Apollo Endosurgery Inc., Austin,
TX, USA) can be used to close large defects, pro-
vided there is sufficient endoscopic space to
maneuver the bulky head of the device. Also
described and applied is the clip and endoloop
method where a double-channel therapeutic scope

is used to deploy a series of clips to anchor an
endoloop around the edge of the defect, which is
then closed like a purse string [15].

Although most ESD mucosal defects are not
closed, there may be occasion to achieve mucosal
apposition, such as in cases with submucosal tun-
neling like the POEM procedure or sometimes in
cases with perforation or endoscopic full-
thickness resections [16]. Closure of colonic
mucosal ESD defects has also been shown to
accelerate wound healing [16] although the clini-
cal outcomes were unchanged.

Because of the nature of the lesions subject to
ESD which can be in excess of 100 mm in length,
mucosal defect closure can be a challenge with
conventional endoscopic devices. Various adap-
tations of existing endoscopic equipment have
been attempted, such as a the “loop clip” [17]
which is a looped nylon string tied around one
arm of the clip, allowing sequential grasping of
tissue from previously deployed loop clips. Other
techniques have also been reported such as
double-layered clip closure [18], where the initial
row of clips placed in the midline help to partially
reduce the defect width, before a second series of
clips placed alternating to the first series com-
pletely oppose both edges of the mucosa.

ESD defect coverage has been explored, par-
ticularly in the realm of esophageal ESDs with
more than two-thirds of the lumen resected as the
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resultant scarring and post-procedural stenosis
are problematic. Some techniques still under
investigation [19] include covering the defect
with a sheet of material, either a biocompatible
scaffold to help re-epithelialization or an auto
transplant of the patient’s own cells, such as oral
mucosal epithelial cell sheet transplantation [19].
Other reports of ESD defect coverage include
post-procedural perforations using polyglycolic
acid sheets and fibrin glue [20], where post-
gastric and duodenal perforations have been
described. Being a bioabsorbable scaffold that
covers the defect and aids the closure of the
defect by providing a scaffold, such investiga-
tional techniques hold promise in the future of
endoscopic management of large perforations.

Conclusion

The development of tools and devices available
to support ESD has grown rapidly in the past few
years to a respectable armamentarium, and the
future looks promising in terms of new platforms
which enhance safety and speed as well as push
the boundaries of what is resectable.

However, for most endoscopists, a sound
understanding of the capabilities and limitations
of existing equipment is key to performing an
efficient and successful procedure. Technology
and equipment might change, but the principles
of dissection and a healthy respect for blood ves-
sels in the submucosal space will be constant,
regardless of the device used.
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Introduction

Esophageal cancer is the eighth most common
malignancy worldwide and the sixth most com-
mon cause of cancer-related deaths [1]. It carries
a dismal prognosis if not discovered early, as
demonstrated by 5-year survival rates ranging
from 15 to 20% [2, 3]. Squamous cell carcinoma
(SCC) and esophageal adenocarcinoma (EAC)
are the two main histological subtypes.
Worldwide, 80-90% of cases occur in the form of
squamous cell cancer [4]. However, in North
America and several regions in Europe, the inci-
dence of esophageal adenocarcinoma has
increased substantially, exceeding the rates of
squamous cell carcinoma [5]. This trend has
coincided with a rise in the prevalence of gastro-
esophageal reflux and obesity [6-9].
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Historically, radical esophagectomy was the
standard of care for the management of esopha-
geal cancer including early esophageal cancers
and Barrett’s esophagus with high-grade dysplasia
(BE-HGD). While perioperative mortality rates
were high in the past, advances in surgical tech-
nique and postoperative care have significantly
reduced mortality to around 3.4% per the Society
of Thoracic Surgery Database and to less than 1%
in select high-volume centers [10]. Nevertheless,
morbidity remains high at over 33% leading to the
exploration of less invasive, organ-preserving
options [11-14]. Endoscopic resection, namely,
endoscopic mucosal resection (EMR) and endo-
scopic submucosal dissection (ESD), arose as a
therapeutic organ-preserving alternative for super-
ficial esophageal cancer with similar cancer-free
survival rates and significantly lower morbidity
rates than surgery [15-17]. ESD was initially
developed in the East for removal of early gastric
cancer. ESD allows en bloc resection of lesions
regardless of size, location, and fibrosis [18, 19]. It
emerged as a technique to improve rates of com-
plete resection, therefore decreasing the rates of
local recurrence. It also provides the most reliable
histopathologic assessment for accurate staging.
In esophageal cancer, the high density of submu-
cosal lymphatics results in higher rates of lymph
node involvement, even in superficial cancers such
as T1b submucosal tumors, making ESD appropri-
ate in the management of low-risk (0.6%) Tla
mucosal cancers [20, 21].
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The majority of data for superficial esopha-
geal cancer arises from Asia and Europe, where
SCC is more common. Furthermore, ESD is cur-
rently the standard of care for removal of superfi-
cial esophageal SCC because of its optimal
histological outcomes and better morbidity pro-
file when compared to surgery.

For the case of high-grade dysplasia (HGD) and
EAC associated with Barrett’s esophagus, esopha-
geal EMR remains the treatment of choice. It is
considered safe and effective, and it is the most
widely studied technique [15-17]. However, EMR
can only achieve en bloc resection of lesions
smaller than 15-20 mm [22, 23]. It is well known
that piecemeal resection is a risk for recurrence of
esophageal adenocarcinoma [24]. Along these
lines, the American Society for Gastrointestinal
Endoscopy (ASGE) recommends ESD for excision
of lesions larger than 20 mm if expertise is avail-
able, while the European Society of Gastrointestinal
Endoscopy (ESGE) recommends it for lesions
larger than 15 mm, for those with scarring from
fibrosis, or as a staging procedure if superficial sub-
mucosal invasion is suspected [25, 26].

Indications

ESD is indicated for resection of tumors with a
negligible risk of lymph node metastasis. The
accepted indications for ESD are aligned along
the rates of metastasis, the available experience
according to geographical distribution, and the
perceived risk of the procedure.

Squamous Cell Carcinoma

The majority of data regarding this subtype
comes from Asia, where experience with ESD is
higher. According to the Japan Esophageal
Society guidelines for treatment of esophageal
cancer, endoscopic resection is absolutely indi-
cated in lesions limited to the mucosa (T1a, m1/
m?2). In addition, lesions with superficial infiltra-
tion of the submucosa (T1b/SM1, m3/sml) are a
relative indication of ESD (Table 6.1) [27]. The
European Society of Gastrointestinal Endoscopy
(ESGE) recommends ESD as the first option for

Table 6.1 Indications for endoscopic resection (EMR/
ESD) for squamous cell cancer, according to the Japan
Esophageal Society [27]

Absolute Relative

indications indications
Depth of ml, m2 m3, sml
invasion (<200 pm)

EMR endoscopic mucosal resection, ESD endoscopic sub-
mucosal dissection

Table 6.2 Indications for ESD for high-grade dysplasia
and esophageal adenocarcinoma associated with Barrett’s
esophagus according to the FEuropean Society of
Gastrointestinal Endoscopy [25]

Indication
Depth of invasion sml (<500 pm)
Size >15 mm
Lifting Poor

ESD endoscopic submucosal dissection

resection of superficial esophageal squamous cell
cancers (ml or m2). The ESGE recommends
ESD over EMR due to its ability to provide en
bloc resection [25].

Barrett’s Esophagus
and Esophageal Adenocarcinoma

Endoscopic resection is indicated for treatment
of high-grade dysplasia (HGD) and esophageal
adenocarcinoma (EAC) associated with Barrett’s
esophagus [25]. EMR is preferred for small
lesions where en bloc resection can be achieved
[28-32]. ESD is recommended for selected cases,
such as lesions larger than 15 mm, poorly lifting
tumors, and lesions at risk for submucosal inva-
sion (Table 6.2) [25]. Regardless of the endo-
scopic resection technique, treatment is typically
supplemented with an endoscopic ablation tech-
nique, such as radiofrequency ablation, in order
to decrease the risk of metachronous lesions from
the remaining Barrett’s epithelium [24].

Procedure

Esophageal ESD is a technically challenging pro-
cedure because the narrow lumen of the esopha-
gus limits endoscopic manipulation. In addition,
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the wall of the esophagus is thinner than that of
the stomach, increasing the risk of perforation
and mediastinitis [33]. Hence, to achieve suc-
cessful outcomes, ESD should be performed in a
high-volume, multidisciplinary center [34].
Before execution of the procedure in the esopha-
gus, it is recommended to have performed at least
20—40 procedures in easier locations (distal
stomach, rectum) [35, 36].

Equipment

ESD is performed in a stepwise manner, and dif-
ferent devices are specially designed to facilitate
performance of each step [37]. Some of the
equipment for ESD, such as endoscope, coagula-
tion devices, and high-frequency electrogenera-
tors, is similar to that used in standard endoscopy.
Electrosurgical knives are unique to ESD. Choice
of type of equipment requires special attention
because of the complexity of the procedure [37].
Endoscopic tools and accessories for ESD are
discussed elsewhere in this book and are not
included in this chapter.

In regard to esophageal ESD, a straight soft dis-
tal attachment is preferred. As for knives for mark-
ing, circumferential incision, and submucosal
dissection, the HookKnife (Olympus KD 620LR/
KD 620UR, Tokyo, Japan), DualKnife (Olympus
KD 650L/KD 650U, Tokyo, Japan), and
FlushKnife (Fujinon Optical Co., Tokyo, Japan)
knives are the only uncovered devices recom-
mended for esophageal ESD [38]. The ITknife
nano (Olympus KD 612L/U, Tokyo, Japan) and
the Mucosectom2 (HOYA Pentax, Tokyo, Japan)
are the insulated knives indicated for esophageal
ESD [39, 40]. Additionally, Akahoshi et al.
recently described the use of the Clutch Cutter
(Fujifilm, Tokyo, Japan) for resection of SCC [41].

Preoperative Assessment

Precise patient selection and pre-procedural
endoscopic evaluation of the lesion are vital to
assess the extent and depth of tumor invasion
and to recognize tumor margins [25, 38]. These
will determine if the lesion is amenable for

ESD. Standard use of the Paris classification to
describe nodular lesions and the Prague criteria
of all visible Barrett’s mucosa is suggested
[25]. High-resolution endoscopy is recom-
mended for detection of neoplasia and local
staging [25].

Lugol chromoendoscopy is currently the gold
standard technique to evaluate esophageal squa-
mous cell carcinoma; however, lugol staining
sometimes leads to patient discomfort following
the procedure [45]. Therefore, recent virtual
chromoendoscopy imaging techniques have been
developed, such as narrow band imaging (NBI).
NBI has shown to have similar sensitivity and
superior specificity when compared with chro-
moendoscopy to predict the depth of invasion of
both Barrett’s-associated neoplasia and SCC with
the drawback of having a moderate interobserver
agreement [46—49]. Biopsy samples of visible
lesions should be obtained if malignancy is
suspected [25].

High-frequency probe endoscopic ultrasound
(EUS) has shown to have limited accuracy for
detection of submucosal invasion in early esoph-
ageal cancer [50, 51]. However, it has been noted
to be superior than computed tomography (CT)
scan in assessment of nodal staging [52, 53].
Therefore, EUS is useful for locoregional staging
of esophageal lesions with high risk of invasive
cancer [46, 48].

Generally, monitored anesthesia care and seda-
tion are performed for esophageal ESD. When
available, general anesthesia with endotracheal
intubation has the benefit of decreased risk of aspi-
ration of secretions or blood [54].

Technique
Marking

Appropriate identification, mapping, and demar-
cation of the lesion are mandatory before starting
the procedure [54, 55]. Circumferential marking
should be carefully performed to avoid perfora-
tion of the thin wall of the esophagus. Cautery,
argon plasma coagulation, or the tip of a needle-
type knife can be used to mark at 3-5 mm from
the edge of the lesion (Fig. 6.1).
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Fig. 6.1 Suspicious flat lesion involving the entire cir-
cumference of the esophagus

Fig.6.2 Circumferential marking around the lesion

Partial Circumferential Incision

In esophageal ESD, we prefer partial circumfer-
ential incision to prevent the escape of fluid from
the submucosal layer (Figs. 6.2 and 6.3) [42].
The oral and anal incisions are made first.
Mucosal incision using a FlushKnife or
DualKnife along the left lateral border mucosal
lesion is then performed allowing the lesion to
retract away from the water pool on the gravity-
dependent side. Circumferential incision of the
right lateral wall is completed when approxi-
mately three-fourths of the lesion has been
dissected.

Fig. 6.3 Partial circumferential mucosal incision on the
proximal side of the lesion using the DualKnife and
ITknife nano

Fig. 6.4 Complete circumferential mucosal incision on
the distal side of the lesion

Submucosal Dissection

After exposure of the submucosal layer, the
lesion is then lifted with injection of a lifting
solution. The submucosa can be dissected with
an ITknife nano (KD 612L/U, Olympus) or
HookKnife (KD 620LR/KD 620UR, Olympus)
by hooking and cutting the submucosa or by con-
tact with the tip of a DualKnife (KD 650L/KD
650U, Olympus) (Figs. 6.3 and 6.4). The Stag
Beetle Knife (MD-47707; Sumitomo Bakelite
Co., Ltd.) and Mucosectom2 (HOYA Pentax)
have also been used for dissection.
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Recently, the clip line traction method has been
commonly used for submucosal dissection in
esophageal ESD [56] (Figs. 6.5 and 6.6). It allows
for improved exposure of submucosa allowing
easier identification of the edges of exposed sub-
mucosa to direct dissection. One prospective study
showed clip line traction contributed to signifi-
cantly shorten the procedure time [57]. In addition,

the submucosal tunneling method is proposed to
keep nice visualization of submucosal layer and
submucosal fluid cushion. This technique allows
for safe ESD, shortening procedure time [58].
This technique can be performed with the use of
the ITknife nano device even for large esophageal
cancer involving complete luminal circumference
(Figs. 6.7 and 6.8) [59].

Fig.6.5 Submucosal tunnel created starting on the proxi-
mal side using the distal cap of the scope and ITknife nano

Fig. 6.6 An endoclip attached to the dental floss placed
on the mucosal side of the specimen. Floss is pulled
from the mouth in order to provide traction. The ITknife
nano is then used to dissect the submucosa lateral to the
tunnel

Fig. 6.7 ESD ulcer defect

Fig. 6.8 Opened and fixed resected specimen measuring
69 x 57 mm. Histopathology revealed SCC with the deep-
est invasion to the muscularis mucosae, without lympho-

vascular involvement, and negative margins. This

represented a curative endoscopic resection
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Table 6.3 Histological outcomes of ESD for early esophageal neoplasia

En bloc Curative Local
Procedure | resection RO resection | resection rate, recurrence
Histological | N, time range, |rate, % [95% | rate, % [95% | % [95% CI] |rate, % [95%
subtype lesions | min CI] (range) | CI] (range) (range) CI] (range) Reference
SCC 970 24-160 99 82.8 75.6 0.3 (0-2.6) [18, 19, 33,42, 43,
(83.3-100) | (78-100) (69-100) 61-64, 85, 88]
BE-HGD |524 86.4-128.5 |92.9 74.5 64.9 0.17 [28-30, 44, 68,
or EAC [90.3-95.2] | [66.3-81.9] |[55.7-73.6] |[0-0.3%] 84, 96]

ESD endoscopic submucosal dissection, SCC squamous cell cancer, BE Barrett’s esophagus, HGD high-grade dyspla-
sia, EAC esophageal adenocarcinoma, C/ confidence interval

Histological Outcomes
Superficial Squamous Cell Carcinoma

Studies for ESD of SCC have revealed en bloc
resection rates of 99% (83-100%), complete
resection rates of 82.8% (78-100%), curative
resection rates of 75.6% (69-100%), and local
recurrence rates of 0.3% (0-2.6%) [18, 19, 33,
42, 43, 60-64]. Furthermore, a meta-analysis
comparing ESD and EMR for resection of early
SCC showed significantly higher en bloc resec-
tion rates in the ESD group than in the EMR
group regardless of lesion size (97.1% vs. 49.3%),
as well as higher curative resection rates (92.3%
vs. 52.7%) and lower recurrence rates (0.3% vs.
11.5%) (Table 6.3) [65].

Barrett’s Esophagus-Associated
High-Grade Dysplasia or Early
Adenocarcinoma

A recent meta-analysis evaluated the safety and
efficacy of ESD in the treatment of early BE
neoplasia [66]. It included 11 studies, of which
10 were cohort studies and 1 was a randomized
controlled trial. Seven studies were from Europe,
3 from Asia, and 1 from the United States. Mean
lesion size was 27 mm (20.9-33.1), and average
procedure time was 107.5 minutes (86.4—128.5).
The pooled en bloc resection rate was 92.9%
(95% confidence interval (CI), 90.3-95.2%),
while the RO and curative resection rates were
74.5% (95% CI, 66.3-81.9%) and 64.9% (95%

Cl, 55.7%-73.6%), respectively (Table 6.2).
Interestingly, the authors found significant het-
erogeneity in RO and curative resection rates
[66]. Variation has been attributed to infiltrated
lateral margins that were not evident before
endoscopic resection, highlighting the impor-
tance of detailed pre-procedural evaluation. This
meta-analysis reported highly favorable out-
comes and safety profiles, comparable to those
in gastric and colorectal ESD from Asia and
Europe [66].

Two recent multicenter analyses demon-
strated the efficacy and safety of ESD in the
West for resection of BE-HGD and EAC. The
multicenter retrospective analysis from five
academic tertiary referral centers in the United
States reported en bloc and curative resection
rates of 96% and 70%, respectively. Early
bleeding was noted in 6% of the patients, perfo-
ration in 2.1%, and strictures in 15% [67]. The
European analysis from three centers, which
included large (>2 cm), nodular, or fibrotic
lesions, revealed similar outcomes. The en bloc
resection rate was 90.8% and curative resection
rate 65.8%. The learning curve portraying en
bloc resection revealed that it plateaued after
30 procedures, providing evidence of better
outcomes with experience. Rate of bleeding
was 1.4%, perforation 0%, and stricture 2.1%
[68]. These findings highlight the potential role
of ESD for the assessment and management of
neoplastic lesions associated with BE and pro-
vide reassurance on the safety of the technique
when performed by experts in high-volume
centers.
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Post-ESD Recommendations
Squamous Cell Cancer

The risk of lymph node metastasis in SCC lesions
limited to the lamina propria is almost 0, while
those invading the muscularis mucosa carry a risk
of metastasis of 8—15%, and those invading the
submucosal layer to 200 um or less have a risk of
11-53% [69-72]. Based on the risk of lymph
node metastasis, the following post-treatment
recommendations are suggested by the ESGE
based on histological outcomes after ESD:

1. A resection is considered curative if en bloc
RO resection is achieved, with a depth < m2,
without lymphovascular invasion [72, 73].

2. Multidisciplinary discussion is advisable in
the case of an en bloc resection of a well-
differentiated m3/sm1 lesion (<200 pm) with-
out lymphovascular invasion [69-71].

3. Further treatment, in the form of surgery or
chemoradiotherapy, is recommended in case
of a poorly differentiated tumor, with lympho-
vascular invasion, positive vertical margins, or
a depth > sm2 (>200 pm) [25, 73].

4. If a positive horizontal margin is the only
high-risk criteria, endoscopic surveillance and
retreatment are reasonable options [33, 42, 43,
55, 74].

High-Grade Dysplasia
and Esophageal Adenocarcinoma
Associated with Barrett’s Esophagus

A recent multicenter retrospective Japanese
study found that lesions with lymphovascular
involvement, poorly differentiated type, and size
>30 mm were independently associated with
detection of metastasis of adenocarcinoma of the
esophagus. If none of these were present in
mucosal and submucosal neoplasms (1-500 pm),
the risk of metastasis was very low [75].
Therefore, after detailed histopathologic exami-
nation of resected ESD sample, the ESGE rec-
ommends the following:

1. A resection is considered curative if en bloc
RO resection of a mucosal lesion is achieved
[29, 76].

2. A multidisciplinary discussion is advised in
the case of an en bloc resection of a well-
differentiated sm1 tumor (<500 pm) without
lymphovascular invasion [77].

3. Surgery is recommended if lymphovascular
invasion, poorly differentiated histology,
depth > 500 pm, or positive vertical margins
are found [25, 29, 76].

4. Endoscopic surveillance or retreatment are
recommended if horizontal margins are posi-
tive, and there are no other high-risk criteria
[25, 28, 29, 76].

Surveillance After Curative ESD

Evidence for the most effective follow-up inter-
val after esophageal ESD is lacking. However,
based on the risk of recurrence rates of Barrett’s-
associated neoplasia after endoscopic resection
that range from 11% to 30%, close endoscopic
follow-up and an ablation technique are recom-
mended after excision [78, 79]. Per experts’
practice, a 3-monthly approach for 1 year, and
yearly thereafter, is suggested [80]. For the case
of superficial squamous cell cancer, high-resolu-
tion endoscopy and biopsies of suspicious areas
at 3 and 6 months, and annually thereafter, are
recommended [25].

Adverse Events

Management of the potential complications
associated with ESD is vital for performing
successful procedures [38]. The perceived rate
of adverse events is higher for ESD when
compared to EMR, because of the longer pro-
cedure times and its technically challenging
nature. However, a significant difference in
the complication rates has been noted only for
esophageal strictures [28, 64, 74, 81]. No mor-
tality has been observed after esophageal ESD
procedures.
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Bleeding

Bleeding, defined as >2 g/dL drop in hemoglo-
bin, has been noted in 0-22.8% of esophageal
ESD case series, with a mean of 2.5% [19, 28, 29,
32, 33,42, 43, 55, 60, 61, 63, 67, 82-86]. It usu-
ally presents during the procedure or within the
first 24 hours. According to a recent systematic
review, bleeding was controlled conservatively in
95% of cases and required intervention in less
than 10% of cases [81]. Delayed bleeding after
esophageal ESD is rare, being reported in 0-5.2%
of patients.

Perforation

Perforation has been noted in 0-4% of ESD
procedures for resection of squamous cell car-
cinoma and HGD and EAC associated with BE
[19, 28, 29, 32, 33, 42, 43, 55, 60, 61, 63, 67,
82-86]. Small perforations can be successfully
treated with endoscopic clip placement, while
large perforations may require urgent surgical
intervention [25, 64]. Given the resection of
the submucosa (the strength layer) in ESD and
the lack of serosa in the esophagus, endoscopic
salvage and, to a lesser degree, primary surgi-
cal repair of larger defects are challenging. In
those patients who develop mediastinal emphy-
sema without a recognizable perforation, it
might be beneficial to provide conservative
treatment [63].

Stricture

An esophageal stricture after ESD is defined as
a stenosis that limits the passage of a gastro-
scope. It develops in 12—-17% of patients [87,
88]. This complication creates additional chal-
lenges in patients who may need adjuvant ther-
apy, such as radiotherapy, where the development
of a stricture may be a relative contraindication.
A circumferential extent >75% of the lumen
and greater invasion depth (>T1m2) have been
associated with occurrence of strictures [18]. In

light of its high prevalence, several interven-
tions have been proposed to prevent this compli-
cation [89]. Currently, the first-line options are
oral or locally injected steroids [89-94]. A ran-
domized controlled trial is ongoing to rigor-
ously evaluate the efficacy of stricture prevention
in both methods [95]. Alternatives include pro-
phylactic endoscopic balloon dilation, self-
expandable metal stents, local injection of
botulinum toxin, and oral tranilast [90, 96, 97].
In addition, promising approaches, including
tissue-shielding resection sites with carboxy-
methyl cellulose, polyglycolic acid sheets fol-
lowed by fibrin glue, as well as autologous cell
sheet transplantation, are currently under inves-
tigation [98—103].

Future

Randomized controlled trials addressing the effi-
cacy and safety of ESD for Barrett’s HGD and
EAC are needed, especially from Western endos-
copists. Further investigation is needed for lifting
solutions with submucosal dissecting properties
that may decrease the technical difficulty of ESD,
promoting its universalization. Prevention of
adverse events by way of tissue-shielding tech-
niques and endoscopic suturing is a promising
field of research.

Conclusion

ESD is an established technique for treatment of
early esophageal squamous cell carcinoma.
Compared with EMR, ESD has higher rates of en
bloc, curative, and RO resections, resulting in
lower local recurrence rates. Adoption of ESD for
removal of HGD and EAC associated with
Barrett’s esophagus has been restricted by its tech-
nical complexity, limited training opportunities, a
high risk of adverse events, long procedure times,
and suboptimal reimbursement. However, promis-
ing fields include the development of techniques to
prevent adverse events and decrease the technical
difficulty of ESD.
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Abbreviations

DFC Dental floss and a hemoclip

EGC Early gastric cancer

EMR Endoscopic mucosal resection

EMRC EMR with cap-fitted panendoscope
method

EMRL  EMR using multi-band ligation

ESD Endoscopic submucosal dissection

IT knife Insulated-tip diathermic knife

LNM Lymph node metastasis

QOL Quality of life

Introduction

In the history of gastric cancer treatment, many
of the cases with gastric cancer discovered in the
1970s were in the advanced stage. As represented
by the Appleby operation, extended radical sur-
gery with lymph node dissection was globally
accepted as a mainstream approach to gastric
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cancer, even in early gastric cancer (EGC). With
the widespread adoption of nationwide screening
in Japan [1] and the advancement of endoscope
technology in the 1980s, the number of patients
diagnosed with early gastric cancer has increased.

The major advantage of endoscopic resection is
the ability to provide an accurate pathological stag-
ing without precluding future surgical therapy [2,
3]. After endoscopic resection, pathological assess-
ment of depth of cancer invasion, degree of cancer
differentiation, and involvement of lymphatics or
vessels allows the prediction of the risk of lymph
node metastasis (LNM) [4]. The risk of LNM or
distant metastasis is then weighted against the risk
of surgery [5]. However, endoscopic resection
which is local treatment presents important trade-
offs such as less morbidity but also a higher risk of
metachronous recurrence [6]. Patients’ preferences
and particularly fear of recurrence are an important
element in choosing the optimal therapy.

Toward ESD

The first endoscopic resection was reported in
colorectal polypectomy using high-frequency
electric surgical unit [7]. Indeed, the first endo-
scopic polypectomy used to treat pedunculated or
semipedunculated EGC was first described in
Japan in 1974 [8].

The “strip biopsy” technique, an early method of
endoscopic mucosal resection (EMR), was devised
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in 1984 as an application of endoscopic snare polyp-
ectomy [9]. To obtain resected material with less tis-
sue damage causing adequate pathological staging, a
technique called ERHSE (endoscopic resection with
local injection of hypertonic saline-epinephrine
solution) was developed in 1988 [10].

EMR with cap-fitted panendoscope method
(EMRC) was developed in 1992 for the resection
of early esophageal cancer and directly applica-
ble for the resection of EGC [11, 12]. The tech-
nique of EMR using ligation, which subsequently
was extended to EMR using multi-band ligation
(EMRL), utilizes band ligation to create a “pseu-
dopolyp” by suctioning the lesion into the band-
ing cap and deploying a band underneath it [13,
14]. Although the EMR technique has the advan-
tage of being relatively simple, it cannot be used
to remove lesions en bloc larger than 2 cm [15,
16]. Piecemeal resections in lesions larger than
2 cm lead to a high risk of local cancer recurrence
and inadequate pathological staging [17, 18].

Insulated-tip diathermic knife (IT knife) was
devised in the middle 1990s at the National Cancer

Fig. 7.1 (a) Schema and endoscopic view of ESD with
DFC, involving an approach from the straight endoscopic
position. In the lesions located in the anterior wall of the gas-
tric antrum, the oral side of the resected mucosa is elevated
by pulling the dental floss out through the mouth. (b) Schema
and endoscopic view of ESD with DFC, involving an
approach from the retroflexed endoscopic position. In lesions

Center Hospital in Japan in order to remove EGC
en bloc and avoid local recurrence. IT knife has a
ceramic ball tip, thus preventing it from punctur-
ing the wall during the application of cautery and
causing perforation. The knife can also be used to
dissect the submucosa — leading to the name of the
technique: endoscopic submucosal dissection
(ESD) technique [19-21]. Complete en bloc resec-
tion regardless of tumor size, location, and/or sub-
mucosal fibrosis can be now possible [22].

Procedure of ESD for the Stomach

ESD has a higher risk of complications such as
severe bleeding or perforation and still requires
high endoscopic skills. In order to standardize the
ESD procedure worldwide, more innovation and
modification should be demanded. The traction
method using dental floss and a hemoclip (DFC,
any hemoclip available) for gastric ESD can make
submucosal dissection easier and safer because of
good visualization and tension (Fig. 7.la—c)

located in the lesser curvature of the gastric corpus, the anal
side of the resected mucosa is elevated by pulling the dental
floss out through the mouth. (¢) Preparation of the DFC.
A long piece of dental floss is tied to the arm of the hemoclip,
and then the hemoclip tied with the dental floss is withdrawn
into the transparent hood and the accessory channel of the
endoscope to enable the insertion of the endoscope
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Fig. 7.2 (a) ITknife2 (KD-611L, Olympus Medical
Systems). (b) HookKnife (KD-620LR, Olympus Medical
Systems). (¢) DualKnife (KD-650L, Olympus Medical

whenever we dissect submucosal layer by any
ESD devices (Fig. 7.2) [23, 24]. It has been stan-
dard that several steps for ESD — marking, inject-
ing fluid, circumferentially mucosal cutting, and
submucosal dissection — are carried out by IT
knife and needle-type devices in Japan [25].
However, ESD using conventional devices has its
technical difficulty and requires intensive training
under experts. Because these knives lack the abil-
ity to grasp the target tissue, maneuverability is
often difficult under unstable conditions (like
single-hand surgery). Standard gastric ESD with
needle-type ESD knives is similar to ESD tech-
niques described elsewhere in this book.
Comparing those devices, Clutch Cutter is techni-
cally easier and simpler to perform (Fig. 7.3).
Thus, gastric ESD using Clutch Cutter
(DP2618DT-50-, Fujifilm Medical Co., Ltd.) may
be acceptable in the countries with less incidence
of EGC. Thus, in order to standardize gastric ESD

Systems). (d) FlashKnife BT (Fujifilm Medical Co., Ltd.).
(e) SafeKnife (DK2518DV 1, Fujifilm Medical Co., Ltd.). (f)
Clutch Cutter (DP2618DT-50-, Fujifilm Medical Co., Ltd.)

procedure, simple ESD with Clutch Cutter under
the traction method using DFC is demonstrated in
this chapter [26, 27].

Device Settings

Clutch Cutter used for gastric ESD has a
0.4 mm-wide and 5 mm-long serrated cutting
edge well suited for grasping function. The
outer side of the forceps is insulated so that
electrosurgical current energy is concentrated at
the inner closed edge of the blade. Forced coag-
ulation mode (VIO 300D, Erbe, Tiibingen,
Germany; 30 W, effect 3) is used for marking,
ENDO CUT Q mode (effect 1, duration 3, inter-
val 1) is used for mucosal incision and submu-
cosal dissection, and soft coagulation mode
(100 W, effect 5) is recommended for hemo-
static treatment.
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Fig. 7.3 (a) Mucosal cutting by Clutch Cutter surrounding marking dots after submucosal injection. (b) Submucosal
dissection using Clutch Cutter. (¢) Endoscopic hemostasis for small vessels by using Clutch Cutter

Fig. 7.4 (a) A shallow depressed lesion on the posterior
wall of the corpus. (b) Marking dots by the Clutch Cutter
with forced coag (50 W) 5 mm outside the lesion. (c)
Mucosal incision using Clutch Cutter scissors allows easy
incision with the rotatable device with enough grasping.

A soft transparent hood (JMDN 38819001,
Top Corp., Tokyo, Japan) or a small-caliber-tip
transparent hood (ST hood, Fujifilm Medical
Co., Ltd.) is sometimes useful to stabilize the
operating field and to create countertraction for
exfoliating the submucosal tissue [28].

(d) Hemoclip — tied by a dental floss — as an anchor for
traction. (e) Visualized and safe dissection of submucosal
layer using Clutch Cutter by ENDO CUT Q mode under
good visualization and tension of the submucosa. (f)
Resected material pinned on the board

Mucosal Cutting

Figure 7.4a shows an EGC 2 cm in size on the
posterior wall of the upper corpus of the stom-
ach. Mucosal incision is smoothly carried out on
the peripheral side of the marking dots after
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submucosal injection with normal saline with
indigo carmine dye. The Clutch Cutter is rotat-
able to the desired orientation (Fig. 7.4b, c).
Indigo carmine is added to the submucosal injec-
tion fluid in order to better identify the blue-col-
ored submucosal layer (with any injection
needle available). Sodium hyaluronate (MucoUp,
Boston Scientific, Tokyo, Japan) is also often
used because of longer-lasting submucosal cush-
ion in order to prevent perforation [29].

Submucosal Dissection

After completing the circumferential cutting, the
submucosal layer underneath the lesion is directly
dissected. At this step, the traction method is very
useful and makes dissection easy, safe, and rapid
because of good visualization (Fig. 7.4d). The
hemoclip — tied by a dental floss — is anchored to a
suitable site of the lesion for oral traction. The clip
varies according to the location of the lesion. For
lesions approached from the retroflexed endoscopy
position, the clip is anchored at the anal side edge
of the resected mucosa. In lesions approached from
the straight endoscopy position, the clip is anchored
at the oral side edge of the resected mucosa. During
submucosal dissection, the anchored suture mate-
rial located outside of the patient is pulled to the
oral side with gentle manual traction by the opera-
tor or an assistant. Good visualization and tension
of the submucosa are obtained by the resected
mucosa that is turned over (Fig. 7.4e).

When a small artery and/or vein is encoun-
tered in the submucosal layer, the Clutch Cutter
can first control the vessel with soft coagulation
mode and after that cut it with ENDO CUT Q
mode. However, do not hesitate to change Clutch
Cutter to Coagrasper G (Olympus Medical
Systems) which is more effective to grasp the
bleeding vessel and control it.

Preparation for Pathological Staging

The importance of meticulous pathological
staging after endoscopic resection cannot be

overemphasized. Accurate staging can only be
achieved when the specimen is properly ori-
ented by the endoscopist or their assistant
immediately after excision in the endoscopy
unit prior to be immersed in formaldehyde.

Orientation of the specimen is best performed
by fixing its periphery with thin needles inserted
into an underlying plate of rubber or wood
(Fig. 7.4f). The submucosal side of the specimen
is placed in contact with the plate. After fixation,
the specimen is sectioned serially at 2 mm inter-
vals parallel to a line that includes the closest
resection margin of the specimen so that both
lateral and vertical margins are assessed. The
depth of tumor invasion (T) is then evaluated
along with the degree of differentiation and lym-
phovascular invasion, if any. The report must
include histological type, tumor depth, size,
location, and macroscopic appearance. The pres-
ence of ulceration and lymphatic and/or venous
invasion and the status of the margins of resec-
tion should be reported in detail to determine the
curability.

Surveillance After Gastric ESD

According to the Japanese guidelines, the cur-
ability after ESD/EMR for EGC is classified into
three groups: curative resection, curative resec-
tion for expanded indication, and non-curative
resection (Fig. 7.5) [30-34]. En bloc resection
with no lymphovascular invasion and a negative
surgical margin are required for curative resec-
tion or that for expanded indication. No addi-
tional treatment is needed in patients with
curative resection.

According to the European guidelines
(European Society of Gastrointestinal Endoscopy,
ESGE) [35], additional treatment is also not nec-
essary after curative resection, which is the same
as in the Japanese guidelines. In the USA, the
National Comprehensive Cancer Network guide-
lines (NCCN guidelines) regard EMR or ESD as
having the potential of being therapeutic and one
of the treatment options for Tis or Tla cancer
<2 cm [36].
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Fig.7.5 The therapeutic flowchart after gastric ESD/EMR in the Japanese guidelines

After gastric ESD, attention should be focused
on the development of metachronous gastric can-
cers. The 5-year and 10-year cumulative inci-
dences were 9.5% and 22.7%, respectively [37].
Almost all secondary gastric cancers were treat-
able by ESD by the scheduled endoscopic sur-
veillance (6-12 months) [38]. The Japanese
guidelines also recommend endoscopic surveil-
lance at intervals of 6—12 months, whereas ESGE
and NCCN guidelines recommend annual endos-
copy from 1 year after ESD/EMR. Thus, when
complete resection could be achieved for the ini-
tial EGC, the following endoscopic surveillance
is recommended after ESD/EMR (Fig. 7.6).

When the histopathological findings meet the
expanded criteria, no additional treatment is
needed in the Japanese guidelines (Fig. 7.5).
Recently, a multicenter retrospective analysis in
Japan clarified that 0.14% (6/4202) of such
patients had metastatic recurrence during the
median follow-up duration of 56 months
after ESD [39]. Surveillance for metastatic
recurrence as well as metachronous gastric can-

cer is recommended, although the risk of the
former is very small. In addition to endoscopic
surveillance at every 6 months in the first year
and at intervals of (6—)12 months for at least
10 years after ESD/EMR, follow-up with com-
puted tomography (CT) (or ultrasonography) is
desirable at intervals of 6-12 months. Hence,
patients should be explained that they have a
negligible but not zero risk of metastatic recur-
rence after gastric ESD/ESD.

It is controversial whether the expanded crite-
ria are applicable for European patients. For
differentiated-type EGC, the ESGE recommends
ESD for EGCs that meet the expanded criteria,
whereas ESMO and the German Society of
Gastroenterology give restrictive recommenda-
tions [40, 41], which recommend gastrectomy for
cases meeting the expanded criteria. Regarding
undifferentiated-type EGC, the ESGE guidelines
regard ESD for the expanded criteria as an option.
In such patients, the ESGE guidelines recommend
that gastrectomy is always considered with the
decision made on an individual basis. There has
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Fig.7.6 The flowchart of follow-up after gastric ESD/EMR

been no report about the expanded criteria for gas-
tric ESD/EMR in USA. As described previously,
the NCCN guidelines regard EMR or ESD as one
of the treatment options only for Tis or Tla cancer
<2 cm. However, a report based on the
Surveillance, Epidemiology, and End Results
(SEER) database of the USA suggests the exis-
tence of different biological aggressiveness in Tla
gastric cancer among racial/ethnic groups [42].

When the lesion does not meet the curative
criteria, the ESD is regarded as non-curative
resection. In cases of differentiated-type EGC
with the only unsatisfactory curative factor of
piecemeal resection or resection en bloc with a
positive horizontal margin, surgical resection is
not the only option because such cases have a
very low risk of harboring LNM. Repeated ESD,
endoscopic coagulation using a laser or argon
plasma coagulator, or close observation expect-
ing a burn effect of the initial endoscopic resec-
tion could be proposed as an alternative in such
cases, with the patient’s informed consent.

In the other type of non-curative resection,
additional gastrectomy with lymph node dissec-
tion is recommended in the ESGE and Japanese
guidelines because such lesions have the poten-
tial for LNM. When gastric ESD/EMR is per-
formed, 17-29% of the patients do not meet the

curative criteria. However, LNM is found in only
5-10% of patients with such lesions [43]. In the
clinical setting, nearly half of such patients are
followed up with no additional treatment after
ESD in Japan, due to the age, underlying disease,
and patients’ preference. Also, in Germany, 69%
(27/39) of such patients were followed up with
no additional treatment after non-curative resec-
tion for EGC [44].

A randomized controlled trial clarified that pro-
phylactic eradication of Helicobacter pylori after
ESD/EMR for EGC reduced the risk of metachro-
nous gastric cancer to about one-third [45].
However, some studies including one randomized
controlled trial revealed conflicting results [46].
Although eradication therapy is recommended in
Helicobacter pylori-infected patients, further
investigation about this issue is needed.

Future Perspective

Patients who are stratified to have no or lower
risk of LNM than the risk of mortality from sur-
gery are ideal candidates for endoscopic resec-
tion [47, 48]. Endoscopic resection allows
complete pathological staging of the cancer,
which is critical for determining potential for
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Fig.7.7 eCura system.
“eCura system” was
developed for predicting
lymph node metastasis
after non-curative

Risk category

Total points

5-year CSS (%)
(in patients with no
additional treatment)

Rate of LNM*
(%)

resection for early
gastric cancer. This is a
seven-point scoring
system with three risk
categories based on five
clinicopathological
factors. CSS, cancer-
specific survival; SM2,

Low-risk

Intermediate-risk

High-risk

25 99.6

6.7 96.1

22.7 90.1

cancer with depth of
invasion from the
muscularis mucosa
>500 pm

3 points: lymphatic invasion

1 point: tumor size >30 mm, positive vertical margin,
SM2, venous invasion

TAmong patients with non-curative resection for early gastric cancer

metastasis [49]. The optimal staging method of
EGC is to evaluate the pathology of en bloc
resected material [50, 51].

In cancer treatment, completely curing the ill-
ness is extremely important. However, if quality
of life (QOL) is impaired by procedures that are
superior only in terms of reducing marginal risks,
patients may have difficulties in daily life and
social rehabilitation after treatment [52, 53]. The
stomach not only serves as a storage compart-
ment but also plays a role in external secretion for
digestion and absorption as well as in internal
secretion. Therefore, if there is no difference of
curability among different treatment methods,
long-term QOL should be considered seriously
when we select a treatment method, especially in
elderly patients [48].

Recently, a simple risk-scoring system, named
eCura system, was established for stratifying the
risk of LNM in such patients (Fig. 7.7) [54]. This
is a seven-point scoring system with three risk
categories based on five clinicopathological fac-
tors in order to predict LNM. In this system, 3
points are assigned for positive lymphatic inva-
sion, and 1 point is assigned for tumor size of
>30 mm, SM2 invasion, positive venous inva-
sion, and positive vertical margin. The rate of
LNM in the low- (0-1 point), intermediate- (2—4
points), and high-risk (5-7 points) categories was
2.5%, 6.7%, and 22.7%, respectively. In addition,

when the patients were followed up with no addi-
tional treatment after non-curative resection for
EGC, 5-year cancer-specific survival (CSS) in
each risk category was 99.6%, 96.1%, and 90.1%,
respectively. A Japanese multicenter evaluation
of laparoscopic gastrectomy (mainly distal gas-
trectomy) for EGC reported 5-year CSS rates of
99.8% for stage Tla disease and 98.7% for stage
T1b disease [55]. Thus, although radical surgery
is the standard therapy for patients with non-
curative resection for EGC, the eCura system
provides useful information for deciding the
treatment strategy after non-curative resection for
EGC, especially in elderly patients and/or those
with severe comorbidities.

Medical care will always be provided with
consideration of the following points: whether
ESD is really minimally invasive; whether “com-
plete” treatment attempted by physicians, such as
gastrectomy, is beneficial for patients; and
whether treatment that is not the best but more
tolerable to the patients is an option [6].
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Colonic ESD

Vikneswaran Namasivayam and Yutaka Saito

Introduction

Endoscopic submucosal dissection (ESD) is a
specialised endoscopic resection technique that uti-
lises an electrosurgical knife to resect superficial
gastrointestinal neoplastic lesions by dissecting the
submucosa. First described almost two decades
ago, colorectal ESD has gained acceptance as a safe
and effective mainstream therapeutic option in
many parts of the world where it is available [1].
The main advantage of ESD over endoscopic muco-
sal resection (EMR) is it enables en bloc removal of
lesions irrespective of lesion size. This allows for
definitive histological diagnosis and staging of
superficially invasive cancers that is superior to
EMR and routine biopsies while also providing a
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treatment alternative to surgery for early cancer
without the risk of lymph node metastasis.

While the basic principles of ESD are similar
throughout the gastrointestinal tract, ESD in the
colorectum entails several key considerations
that are specific to the colon. The relatively thin
colonic wall and the limited scope for manoeu-
vrability within the colon, the presence of semi-
lunar folds, peristalsis and respiratory movements
add to the technical difficulty of colorectal ESD
and the associated increased procedure time and
risk of perforation. Developments in endoscopic
techniques and accessories that have helped to
address the challenges posed by ESD in the col-
orectum will be further discussed in the chapter.

Indications for ESD

Endoscopic resection is indicated in superficial
colorectal neoplastic lesions that are associated
with a negligible risk of lymph node metastases.
Lesions with histology of no poorly differentiated
adenocarcinoma or mucinous adenocarcinoma,
tumour budding grade I, submucosal invasion up
to I mm and no lymphovascular invasion are asso-
ciated with a very low risk of lymph node metasta-
ses and may be cured with endoscopic resection
[2, 3]. While the vast majority of colorectal lesions
may be resected by EMR, ESD should be consid-
ered when the likelihood of malignancy is high
[4]. This is because ESD is associated with
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superior rates of en bloc resection which enables
accurate histological staging and a high chance of
curative resection. In contrast, EMR, when per-
formed piecemeal, reduces the quality and reliabil-
ity of histopathological assessment, in particular
the lateral and vertical resection margins.
Piecemeal EMR is also associated with higher
local recurrence rates [5]. In addition, EMR may
not be feasible in non-lifting lesions with underly-
ing fibrosis. ESD is thus considered when the like-
lihood of malignancy is high; en bloc removal of
EMR is not feasible because of lesion size
(>20 mm diameter) and in non-lifting lesions

Endoscopic Diagnosis of Colorectal
Cancer with Deep Submucosal
Invasion

While endoscopic resection provides definitive
histological assessment and adequate treatment
for lesions with superficially invasive cancer,

Fig.8.1 (a—f) Invasive pattern. Invasive pattern is defined
as irregular and distorted crypts in a demarcated area as
observed in Kudo’s type VN and selected cases of VI (e.g.
deep submucosal invasive cancers), where surgical resec-
tion is the appropriate treatment. (a) The left side of this
tumour is flat and depressed morphology as outlined by
yellow dots. (b) Indigo-carmine dye spray demonstrates
the tumour margin and surface structure clearly. (c)
Crystal-violet staining of the right-side protrusion showed
a regular-type IV pit pattern suggesting intramucosal

ESD is avoided in cancers with deep submucosal
invasion as they carry a significant risk of lymph
node metastases. Instead lesions with deeper
invasion should be sent for surgery. Hence an
attempt is made to gauge the preoperative T stage
as that influences subsequent treatment strategy —
i.e. whether to proceed with ESD or refer for sur-
gery if deep submucosal invasion is suspected.
Although definitive T staging is ultimately based
on histological assessment of the resected speci-
men, the depth of tumour invasion may be esti-
mated based on the morphological features of the
lesion in a high-quality endoscopic examination.
Though advanced endoscopic imaging is imper-
fect, the presence of deep submucosal invasion
may be largely predicted based on the presence
of a depressed morphology, Kudo type V pit pat-
tern, or invasive pattern (Fig. 8.1) on chromoen-
doscopy and type 3 pattern (JNET classification)
on narrowband imaging [6, 7] (Fig. 8.2).
Furthermore, the following morphological
features may provide ancillary information that

~

.
P T

neoplasia in this protrusion. (d) Crystal-violet staining of
the left side of this tumour revealed an irregular distorted
pit pattern corresponding to the yellow dots area and diag-
nosed as an invasive pattern suggesting submucosal deep
invasion. (e) A stereomicroscopic image of the surgical
specimen. The protruded area is on the left side and flat/
depressed area lined by yellow dots is on the right side. (f)
Histopathology confirmed submucosal deep invasion in
the area of invasive pattern and intramucosal neoplasia in
the type 4 pit area
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Fig. 8.2 JNET type 2B and 3. The Japan NBI Expert
Team (JNET) classification consists of four categories of
vessel and surface patterns — types 1, 2A, 2B and 3. Types
1, 2A, 2B and 3 correspond to histopathological findings
of hyperplastic polyp/sessile serrated polyp (SSA/P), low-
grade intramucosal neoplasia, high-grade intramucosal
neoplasia/superficial submucosal invasive cancer and deep
submucosal invasive cancer, respectively. (a) A slight
depressed area showed an irregular vessel pattern (variable
calibre and irregular distribution) and irregular surface pat-
tern diagnosed as JNET type 2B suggesting high-grade

suggests the presence of deep submucosal inva-
sion — deep depression, fold convergence, irregu-
lar bottom of depression surface, chicken skin
appearance, redness, expansive appearance, firm
consistency, irregular surface, loss of lobulation
and thick stalk (Fig. 8.3).

Biopsies should be avoided before ESD as the
malignant potential is often underestimated on
biopsy specimens, and biopsy-induced fibrosis
within the lesion may compromise submucosal
lifting, thus making ESD more difficult, espe-
cially for flat tumours.

Preparation and Setting of ESD
Sedation and Bowel Preparation

ESD is a technically challenging procedure that
is associated with significantly longer procedural
time than EMR which has implications for patient
preparation. Colorectal ESD may be performed
with conscious sedation as it allows for the
patient to be repositioned during the procedure to
enlist the help of gravity to achieve counter-

intramucosal neoplasia or submucosal slight invasive
caner. (b) Irregular nodular area showed loose vessel pat-
tern and interruption of thick vessels and amorphous areas
in surface pattern diagnosed as JNET type 3 suggesting
deep submucosal invasive cancer. It is important to keep in
mind that JNET type 2B lesions correspond to high-grade
dysplasia/superficial cancer, which implies that there is a
risk of SM invasion. The gold standard for differentiating
SM1 and SM2 is crystal-violet staining. Therefore, pit pat-
tern diagnosis is essential for choosing the appropriate
treatment strategy for INET type 2B lesions

traction of the lesion. The routine use of carbon
dioxide insufflation [8] is preferred as it mini-
mises patient discomfort associated with pro-
longed insufflation and reduces the risk of severe
complication, such as pneumothorax or pneumo-
peritoneum, even when perforation has occurred.
Adequate bowel preparation is essential to facili-
tate optimal visualisation of the lesion as well as
to mitigate the risk of peritoneal contamination in
the event of a perforation.

Equipment and Accessories

The tools used in ESD have evolved significantly
to meet the unique challenges posed by both the
procedure and the site of resection. Hence famil-
iarity with the equipment is essential for per-
forming ESD.

Endoscope

An endoscope with an auxiliary water channel to
produce a water jet is preferred to maintain visu-
alisation when bleeding is encountered. An
endoscope with a 3.2 mm instrument channel is
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Fig. 8.3 The following morphological features may pro-
vide ancillary information that suggest the presence of
deep submucosal invasion — (a) deep depression, (b) fold
convergence, (c) irregular bottom of depression surface,

(d) chicken skin appearance, (e) redness, (f) expansive
appearance, (g) firm consistency, (h) irregular surface, (i)
loss of lobulation and (j) thick stalk
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Fig. 8.3 (continued)

preferred, if available, to accommodate ESD
accessories.

Carbon Dioxide Regulator

The use of carbon dioxide insufflation is pre-
ferred during ESD. CO, is more rapidly absorbed
than nitrogen and oxygen, the main constituents
of room air. Hence CO, insufflation gives rise to
less sustained luminal insufflation, which is asso-
ciated with less patient discomfort and shorter
procedural time, and is safe with deep sedation
[8—12]. It is also believed that rapid CO, reab-
sorption in the setting of CO, insufflation may
reduce the likelihood of tension pneumoperito-
neum following a perforation. CO, insufflation is
generally safe in patients with pulmonary dys-
function. In patients with severe obstructive lung
disease, CO, retention may occur with longer

procedure time; hence CO, monitoring may be
considered [13].

Electrosurgical Generators

Electrosurgical Generators (ESUs) with simple
cutting and coagulation modes have been super-
seded by newer models that have multiple
modes to be used on different lesion character-
istics. These modes are specific to the manufac-
turer. Pure cutting and coagulation current
modes are avoided due to the increased risk of
bleeding and delayed perforation, respectively
[14]. The newer ESUs provide a variety of elec-
trosurgical waveforms that produce a variety of
tissues effects that is useful for the various steps
in ESD. The ESUs also contain microproces-
sors that adjust power according to tissue
impedance to avoid deep tissue injury [15].
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ESD Knives

Electrosurgical knives are essential tools for
ESD as submucosal dissection differentiates
ESD from other types of endoscopic resection.
ESD knives fall into two broad categories—
needle-knife and scissors type. The former can
be further classified into those with a blunt tip
and the tip-cutting knives [16]. The knives differ
in their indication and methods of use and the
endoscopist should be familiar with the use of
the specific knives. These accessories and other
ESD tools are described in details elsewhere in
this book.

Distal Attachments and Other
Counter-Traction Methods

A disposable transparent cap affixed to the distal
end of the endoscope is an essential tool in
ESD. It serves to provide counter-traction to
maintain visualization during submucosal dis-
section by keeping the resected mucosal flap off
the endoscope lens. Caps with holes on the side
facilitate drainage of fluid and blood. Various
other tools and methods have been devised to
provide counter-traction though none have
gained widespread use. The clip-line traction
method using dental floss is useful primarily in
the rectum and distal colon but less effective in
the proximal colon [17, 18]. Other methods
would include clip with sinker method, external
grasping forceps, internal traction, double-chan-
nel scope and double-scope methods [19]. The
SO clip is commercially available in Japan and is
applicable to any location without the need for
scope reinsertion.

The lack of a truly effective counter-traction
method highlights the inherent limitation of the
flexible endoscope — therapeutic accessories for
an increasingly complex array of interventional
procedures are delivered through an accessory
channel that is also required for periodic insuffla-
tion, suction and water irrigation. Novel triangu-
lation platforms with independent instrument
channels that enable endoscopic resection to be
performed with the comparative ease of
laparoscopic surgery are currently under devel-
opment [20, 21].

Technical Aspects of ESD

The basic steps in ESD are injecting fluid into the
submucosa to elevate the tumour, incising the
surrounding mucosa to gain access to the submu-
cosa and dissecting the submucosa beneath the
tumour to achieve tumour resection.

Conventional ESD Method

The conventional ESD method comprises of the
following steps (Fig. 8.4):

1. Submucosal injection under the lesion and the
surrounding normal mucosa

2. An initial partial mucosal incision (i.e. one-
quarter of the circumference)

3. Submucosal dissection beneath the incision

4. Repeat partial mucosal incision and dissection
in a segmental fashion

5. Completion of the en bloc resection.

Unlike gastric ESD, the perimeter of the
colorectal lesion need not be marked by cautery
prior to ESD as the borders of colorectal lesions
are more distinct and readily identified. The
lesion is lifted by injecting a submucosal injec-
tion agent to create a submucosal cushion.
Suboptimal lifting may indicate either deep sub-
mucosal tumour invasion or the presence of fibro-
sis which in severe cases may preclude further
ESD. The addition of dyes (e.g. indigo carmine)
to the injectable enables clearer delineation of the
submucosal plane of dissection though some
experts advocate avoiding the addition of dyes to
enable better visualisation of submucosal vessels
during dissection.

Following lifting, a partial mucosal incision is
made around the lesion to gain access to the sub-
mucosa to facilitate submucosal dissection.
Instead of creating a circumferential mucosal
incision, a partial marginal incision, either at the
oral or anal end, is recommended before submu-
cosal dissection is commenced. This is to ensure
that the submucosal cushion is sustained without
dispersion of fluid during dissection. The authors
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Fig.8.4 (A) Diagram of conventional ESD. Before ESD,
the depth of tumour invasion is estimated using a combi-
nation of magnified NBI and chromoendoscopy with
indigo-carmine and crystal-violet staining for pit pattern
diagnosis. (a) 0-1Ia + Ilc (laterally spreading tumour non-
granular type, LST-NG) lesion in a transverse colon, and
the estimated tumour size was 25 mm in diameter. Fold
convergences were recognised and submucosal invasion is
suspected by a conventional endoscopy. (b) An NBI
image revealed the tumour margin clearly, and NICE clas-
sification might be type 2 suggesting an intramucosal neo-
plasia. (¢) A magnified NBI revealed variable calibre and
irregular distribution of vessel pattern/irregular or obscure
surface pattern, therefore, diagnosed as JNET type 2B
suggesting a high-grade intramucosal neoplasia or sub-
mucosal superficial invasive cancer. (d) An indigo-
carmine dye spray revealed a tumour margin and surface
structure clearly. (e) A magnified image after indigo-
carmine spray revealed type IIIs and IIIL pit pattern in this
relative depressed area. (f-h) After crystal-violet staining

(f), IIs pit (g) and Vi1 slight irregular pit (h) were observed
in the centre, but the area of type VI was relatively small;
therefore, a type VI (non-invasive pattern) suggesting
intramucosal or submucosal superficial invasion was
diagnosed. (B) Diagram of conventional ESD. (a) A retro-
flexed view of a LST-NG after indigo-carmine dye spray-
ing. A short-type ST hood (Fujifilm Medical Co.) was
attached to PCF260J (Olympus Medical Co.). (b) After
submucosal injection under the lesion and the surrounding
normal mucosa, an initial partial mucosal incision (i.e.
one-quarter of the circumference) is made and submuco-
sal dissection is performed beneath the incision. (c)
Repeat partial mucosal incision and dissection in a seg-
mental fashion similar to pocket-creation method. (d)
After completing 50% of the dissection, a partial marginal
resection is planed from anal side using a straightforward
view. (e) Repeat submucosal dissection. (f, g) Completion
of the en bloc resection. (h) A resected specimen was
stretched out using fine needles for detailed histopatho-
logical analysis
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Fig. 8.4 (continued)
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Fig. 8.4 (continued)
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Fig. 8.4 (continued)

advocate initial submucosal dissection to be per-
formed just beneath the mucosal layer to prevent
perforation. Once the submucosal layer has
opened sufficiently to allow adequate visualisa-
tion of the cutting area, dissection may be
extended to the lower third of the submucosal
layer. Repeated injections are made to maintain
the submucosal fluid cushion to minimise the risk
of perforation.

As the lesion is dissected in a segmental
fashion, the position of the patient may be
changed periodically to enlist the effect of
gravity to achieve traction or counter-traction
on the lesion. The lesion is repositioned by
rotating the patient to use gravity to keep the
field of vision clear of blood and water. This
allows the endoscopist to have a clear field of

vision and achieve traction. The use of con-
scious sedation in this instance facilitates
changes in patient’s position.

Following resection, the base of resection is
examined for bleeding and perforation. Unlike
gastric ESD, the routine coagulation of visible
vessels following colorectal ESD is minimised to
prevent thermal injury.

Pocket-Creation Method (PCM)
(Fig. 8.5)

The PCM is a newer ESD technique that is based
on the creation of a submucosal pocket beneath
the lesion using a needle-type knife [22, 23]. It
involves the following basic steps:
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1. Submucosal injection

2. Creation of tunnel entry with 20 mm mucosal
incision on the anal side of the lesion

3. Creation of a submucosal pocket by dissection
under the lesion

4. Lateral dissection on the dependent side (i.e.
closer to gravity)

5. Lateral dissection on the antigravity side (i.e.
away from gravity)

6. Completion of en bloc resection.

The PCM offers the following potential
advantages. As only a minimal incision is made
to introduce the knife into the pocket for subse-
quent dissection, the submucosal fluid cushion is
sustained during ESD with minimal dispersion of
injected fluid. The position of tip of the scope is
stabilised within the pocket which facilitates tis-
sue retraction allowing for dissection to proceed
tangential to the muscle layer. This may be par-
ticularly helpful in navigating dissection across
semilunar folds as these substantially alter the

Fig. 8.5 (A) PCM-1. (a) A LST-granular (nodular mixed
type) in the transverse colon. (b) Submucosal injection to
the anal side of this tumour. (¢) Creation of tunnel entry
with 20 mm mucosal incision on the anal side of the
lesion. (d, e) Creation of a submucosal pocket by dissec-
tion under the lesion. (f) Lateral dissection on the depen-
dent side (i.e. closer to gravity). (g) Additional submucosal

dissection using a traction by short-type ST hood (Fujifilm
Medical Co.). (h) Lateral dissection on the antigravity
side (i.e. away from gravity). (B) PCM-2. (a) Creation of
a submucosal pocket by dissection using IT knife nano
under the lesion. (b, ¢) Lateral dissection using IT knife
nano away from gravity. (d—f) Completion of en bloc
resection
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Fig. 8.5 (continued)
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angle of the mucosal layer, thus predisposing to
failure of en bloc resection and perforation [24].
Emerging data suggest PCM may be associated
with higher en bloc resection rates and shorter
procedure times compared to the conventional
method although this requires confirmation from
prospective trials [25].

Hybrid ESD Technique

In view of the technical difficulty of performing
colorectal ESD, a hybrid EMR-ESD has been
described that is characterised by a circumfer-
ential mucosal incision followed by snare resec-
tion of the lesion [26, 27]. However, compared
to the conventional technique, the hybrid tech-
nique is associated with lower RO and en bloc
resection rates and has a similar rate of adverse
events [28, 29].

Management of Complications

While ESD has been associated with a higher rate
of complications than EMR, most ESD compli-
cations can be managed endoscopically, and only
a small proportion of patients require surgery for
complications. Hence the risk of ESD complica-
tions that require surgery is low (<1%). In addi-
tion, the risk of ESD complication for tumours
larger than 20 mm in diameter may be compara-
ble to EMR. However the complication rates are
higher in Western countries compared to Asian
countries (3.1% vs 0.8%) [29, 30].

Intraprocedural Bleeding

Intraprocedural bleeding is an expected occur-
rence during ESD. Hence its prevention and
management are important aspects of perform-
ing colorectal ESD. Bleeding is often encoun-
tered during mucosal incision and submucosal
dissection. This may be largely avoided by using
appropriate electrosurgical settings during the
pre-cut and dissection phases and coagulation of
exposed vessels. Bleeding may be arrested with
soft coagulation using the ESD knife and, if
unsuccessful, with the use of haemostatic for-

ceps. The connective tissue surrounding the ves-
sel is dissected to isolate the vessel. The vessel is
then either hooked by the ESD knife or grasped
by the haemostatic forceps and coagulation cur-
rent is applied. The use of clips is avoided as it
may interfere with continued dissection of the
tumour. Intraprocedural bleeding may be avoided
by identifying larger non-bleeding submucosal
vessels during dissection and coagulating them
prophylactically. Intraprocedural bleeding rarely
requires surgery for haemostasis.

Delayed Bleeding

Delayed bleeding has been reported in an average
2.7% and up to 13.9% of patients [29, 31]. The
risk factors for delayed bleeding include lesion
size, rectal location, presence of submucosal
fibrosis and low-volume centres [31, 32]. The
rate of bleeding with the hybrid technique is sim-
ilar to the conventional technique [29]. Delayed
bleeding may be treated endoscopically with
deployment of clips. The use of thermal methods
is less favoured so as to avoid further thermal
injury to the muscle layer.

Perforation

Perforation rates of 4 to 10% have been reported
with higher-volume centres reporting lower com-
plication rates [33-36]. More recent data report a
perforation rate of 1-2%. Tumour size, location
and presence of submucosal fibrosis and endos-
copist inexperience (<50 cases) are risk factors
for perforation [34, 37-40]. While ESD has a
higher perforation rate than EMR, the reported
rate of ESD complication-related surgery is low
at <1% as the majority of complications may be
treated endoscopically [30]. Prediction models
have been developed to stratify the risk of perfo-
ration that may be potentially useful in clinical
decision-making [40, 41].

The risk of perforation is minimised by ensur-
ing an adequate submucosal cushion with repeated
injection during dissection. The incorporation of a
contrast dye (e.g. indigo carmine), which stains
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the submucosa but not the muscularis propria,
guides the plane of dissection and allows for iden-
tification of exposed muscle during dissection.
The use of pure cutting or coagulation current is
also avoided to minimise the risk of bleeding and
delayed perforation, respectively [14]. Biopsies of
the lesion before ESD should be avoided as the
resultant fibrosis may predispose to perforation
during ESD.

Prompt identification of perforation during
ESD enables immediate treatment that reduces
mortality and the need for surgery [42]. Upon
identification of a perforation, the patient’s hemo-
dynamic status should be promptly reviewed to
identify a tension pneumoperitoneum. A tension
pneumoperitoneum is an emergency character-
ised by the presence of hypotension and gaseous
distension of the abdomen and is treated by
immediate needle decompression.

Perforations that are recognised during ESD
are amenable to primary endoscopic clip closure.
A spectrum of endoscopically recognisable inju-
ries to the muscularis propria that encompasses
perforation has been described [43]. The pres-
ence of a hole with or without observed contami-
nation, a specimen target sign or a mirror target
sign would mandate prompt clip closure of the
defect to avoid peritoneal contamination [44].

Successful endoscopic clip closure may be
achieved by bearing in mind the following prin-
ciples. Prior to clip closure, it may be advisable
to reduce luminal gas insufflation to reduce the
tension on the defect and clean the field by suc-
tioning the fluid pool and repositioning the
patient. It may be necessary to continue with
dissection of the tissue adjacent to the defect to
enable clip deployment without compromising
subsequent completion of the dissection.
During clip closure, the mucosa is suctioned
into the opened clip, gentle pressure from the
clip is applied and with further suction the
lumen is deflated and the clip is closed. The
lumen is re-insufflated to ensure adequate
apposition of the defect edges before the clip is
deployed [45].

In addition to clips, perforations have also been
successfully closed with other devices such as the
over-the-scope clips and suturing devices [46, 47].

However, the need for scope withdrawal and rein-
sertion may potentially compromise outcomes.

Delayed Perforation

Delayed perforation occurs in 0.1-0.4% of cases
and results from thermal injury [32, 34]. Patients
may present more than one or two days after the
ESD. CT is performed to confirm the diagnosis
and assess the degree of peritoneal contamina-
tion. The presence of peritoneal contamination
resulting from egress of luminal contents usually
precludes endoscopic closure, and surgery is usu-
ally required.

Electrocoagulation Syndrome

Electrocoagulation syndrome is a consequence of
transmural thermal injury to the colon resulting
in localised peritonitis. It is characterised by clin-
ical features of inflammation (i.e. fever, raised
inflammatory markers) and peritoneal signs in
the absence of radiological evidence of perfora-
tion [48, 49]. Patients usually present within
hours to days of the ESD. The incidence of elec-
trocoagulation syndrome following ESD is 8.6—
9.5% [50, 51]. It is more common following ESD
compared to EMR. Lesion size (>30 mm) and
colonic location increase the risk of electrocoag-
ulation syndrome [52]. The vast majority of
patients may be treated conservatively with
bowel rest, intravenous fluids and antibiotics.
Most patients improve within 24 hours without
any sequelae and any worsening should prompt
re-evaluation.

Strictures

Strictures following ESD are rare and have been
reported in a very specific instance — following
ESD of near circumferential colorectal lesions. In
patients requiring more than 75% circumferential
ESD, strictures have been reported in 3.8-19.7%
of patients [53, 54]. These strictures may be treated
with one or two times endoscopic dilatations.
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Histological Assessment of ESD
Specimen

Dissected specimens should be retrieved and
handled with care to prevent fragmentation. If the
resected specimen is large, a rectal overtube may
be used to aid removal of the specimen without
fragmentation [55]. Once the specimen is
retrieved, it is stretched and fixed on the board. It
is useful to determine the spatial orientation and
cutting direction of the resected specimen.

Resections with clear vertical and horizontal
margins, tumour budding grade I, submucosal
invasion up to I mm, no lymphovascular invasion
and no poorly differentiated or mucinous compo-
nent are considered curative. A positive vertical
margin implies deep invasion and is an indication
for surgery.

ESD Outcomes

A recent meta-analysis reported a pooled RO
resection rate of 92.9% and en bloc resection
rates of 91%. However, there was substantial
variation in the rates reported in individual
studies with significantly lower rates in non-
Asian countries compared to Asian countries.
The hybrid resection technique was associated
with lower rates of RO resection and en bloc
resection than the conventional method [29].
The risk of recurrence following ESD is low but
higher in Western compared to Asian countries
(5.2% vs 1.1%) [29]. Recurrences are more
likely with piecemeal resection, with incom-
plete resections with positive margins on histol-
ogy, and in cases of non-curative resection [56].
Compared to EMR, ESD achieves higher rates
of en bloc resection and curative resection. This
is, however, at the expense of higher rates of
perforation [34].

Conclusions

ESD has emerged as an effective treatment for
superficial colorectal neoplasia but still remains a
challenging procedure as demonstrated by the

wide variation in clinical outcomes. While ESD
enables surgery to be avoided in patients with
superficial invasion, patients with clear morpho-
logical evidence of deep submucosal invasion
should be sent for surgery instead. Optimal
outcomes may be achieved by careful patient
selection, the use of appropriate endoscopic
instruments, training in techniques and the man-
agement of complications.
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Introduction

Gastrointestinal subepithelial tumors (SETs) are
rare and majority of patients are asymptomatic
[1]. With the widespread use of cross-sectional
imaging and endoscopy in clinical practice, the
incidence of SETs is on the rise and more SETs
are being detected incidentally on both screening
modalities [1]. However, some may experience
symptoms such as nonspecific abdominal pain,
overt or occult gastrointestinal (GI) hemorrhage,
duodenal obstruction, and intussusception [2—4].
SETs with central ulceration are more suscepti-
ble to present with overt GI hemorrhage second-
ary to tumor rupture [3, 4]. Tumors involving the
major papilla are more likely to result in jaundice
and pancreatitis secondary to biliary or pancre-
atic duct obstruction, respectively [2].

There has always been a grand vision to
develop a minimally invasive, incisionless
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resection of SETs by accessing a natural orifice
using flexible endoscopes. Since the demise of
traditional NOTES, the “new NOTES” proce-
dures have been entering an exponential phase of
growth with emergence of a large number of new
endoscopic techniques and rapid development of
new endoscopic devices. The new NOTES evolu-
tion has fueled development of new endoscopic
techniques, and subepithelial tumors are increas-
ingly amenable to endoscopic curative resection
in specialized centers. Endoscopic submucosal
dissection (ESD) has been used to resect superfi-
cial lesions arising from the mucosal and submu-
cosal layers [5—15]. However, certain SET such
as gastrointestinal stromal tumor (GIST) may
arise from muscularis propria and have extralu-
minal or serosal extension. As a result, ESD may
not be sufficient to fully resect the tumor that
may lead to an incomplete resection. Additional
new techniques such as endoscopic submucosal
excavation (ESE) or endoscopic muscularis dis-
section (EMD) have been developed in an attempt
to overcome the limitation of ESD and to exca-
vate muscularis propria (MP)-originated subepi-
thelial tumors [16-22]. However, the major
drawbacks of ESE and EMD are similar to ESD
in that these techniques may fail to guarantee a
complete resection of the muscularis propria
layer [19]. This may result in partial tumor exca-
vation and positive resected margin especially
for tumors that have an extraluminal growth pat-
tern or grow in close proximity to the serosa.
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In addition, procedure-related complications
such as wall perforation, bleeding, and infection
are major drawbacks of such techniques [19].
Submucosal tunneling endoscopic resection
(STER) and endoscopic full-thickness resection
(EFTR) of SET may provide a solution to some
of the limitations encountered by the techniques
described above.

Endoscopic Full-Thickness
Resection (EFTR)

Endoscopic full-thickness resection (EFTR) was
first described by Suzuki and colleagues in 1998
[23]. Since then, EFTR has been gaining new
proponents all over the world and is now a widely
accepted endoscopic treatment option for gastric
and colorectal subepithelial tumors in Asian
coutries [24-30]. The major advantage of EFTR
over other current techniques such as endoscopic
mucosal dissection (EMD) and endoscopic sub-
mucosal dissection (ESD) that are widely used
for en bloc resection of superficial mucosal
lesions or submucosal lesions includes the ability
to achieve a complete en bloc resection with RO
resected margin especially for tumors arising
from the muscularis propria with or without an
extraluminal extension [24]. As a result, EFTR of
SET may reduce the risk of residual tumor, pre-
vent tumor recurrence, and improve the accuracy
of histological diagnosis and tumor staging [24].
EFTR also offers several advantages over sur-
gical resection. EFTR permits endoscopic access
into the intra-abdominal cavity through a natural
orifice without the need of a skin incision [24].
Based on previous study comparing endoscopic
and laparoscopic resection of SET, endoscopic
resection was associated with less postoperative
pain, postoperative complications, a shorter hos-
pital stay, and less cost [28]. In addition, there
may be certain anatomical locations that may not
be accessible by laparoscopic surgery, particu-
larly tumors located within retroperitoneal space
[31]. However, complete closure of the iatrogenic
perforation of GI wall after EFTR remains a
major consideration and is the main reason for its
limited implementation in clinical practice [29].

EFTR Techniques

EFTR can be performed either with or without
laparoscopic assistance [23, 24, 30-33]. For
small SETs, EFTR with laparoscopic assistance
was previously described [23]. This technique
involves endoscopic resection of SET followed
by laparoscopic suture of the resected wound.
EFTR without laparoscopic assistance also
known as “pure free-hand EFTR” was first
reported in 2011 [24]. “Pure free-hand EFTR”
negates the need for laparoscopic-assisted clo-
sure of the wall defect and simplifies the EFTR
technique. With the advancement in endoscopic
technology and availability of new endoscopic
suturing or closure devices, the ability to achieve
a curative en bloc resection of SETS is becoming
a reality. To date, device-assisted EFTR has been
reported for SETs [34, 35]. Device-assisted
EFTR such as the over-the-scope clip (OTSC)
device also known as full-thickness resection
device (FTRD, Ovesco Endoscopy, Tubingen,
Germany) has the advantage of a one-step clip-
and-snare of pre-closure prior to tumor resection
[29, 36, 38].

The full-thickness resection device (FTRD)
constitutes of a modified 14 mm OSTC system
that can be uploaded on a conventional endo-
scope with diameter of 11.5-13.2 mm. This mod-
ification is in terms of a longer transparent cap
which is 23 mm in length, compared to the con-
ventional 6 mm one, so that it can anchor more
tissue and grasp up to 30 mm size lesions. Also,
the FTRD clip has additional lateral teeth to
ensure a safe closure of the defect before resec-
tion. It has a 13 mm monofilament high-frequency
polypectomy snare which is preloaded into the
tip of the cap. Meanwhile the handle of the snare
runs on the outer surface of the scope under a
plastic sheath not in the working channel.
A grasping forceps is introduced into the working
channel of the scope to pull the lesion into the
transparent cap [38].

Steps of FTRD

e Step (1): Endoscope is introduced without the
FTRD to inspect the lesion carefully followed
by marking of the lateral margins of the lesion
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with APC probe.
withdrawn.

e Step (2): The endoscope is reintroduced with
FTRD mounted on it. The grasping forceps is
introduced through the working channel to
grasp the lateral margins of the lesion into the
transparent cap till the markings are visible.

e Step (3): The preloaded clip is then deployed,
and the lesion is resected with the snare
applied immediately afterward.

e Step (4): The scope is withdrawn with the cap
containing the lesion. Then, reintroduction of
the scope is done to inspect if the lesion is
fully resected [36].

Then the scope is

FTRD was first applied in humans by Schmidt
et al. [38] when he published the first case series
on three patients with non-lifting adenomas. In
several retrospective studies followed but were
performed on small number of patients that
reached maximum of 33 patients, the technical
success ranged from 93 to 100%. RO ranged from
75 to 100% as shown in table (1). The indications
among these studies were non-lifting adenomas
from either recurrent or primary incomplete resec-
tion, difficult locations as adenoma in diverticu-
lum or in the appendix, submucosal tumors as
GIST or NET, and early carcinomas [37—42]. The
main adverse outcomes included post-polypectomy
syndrome secondary to serosa irritation resulting
in fever, leukocytosis and abdominal pain, failure
of application of FTRD related to hindrance pas-
sage of the scope through the stenotic area, perfo-
ration, and bleeding [37, 39-42].

The FTRD was Conformite” Europe’enne
(CE) marked and available throughout Europe
since September 2015. FDA in the United States
has also recently approved the use of FTRD in
clinical practice. Compared to the first FTRD, the
current device is smaller and easier to use in the
entire colon. Recently, Schmidt and colleagues
presented their interim results of an ongoing pro-
spective multicenter study known as the “WALL
RESECT” study, involving nine centers in
Germany [43]. The purpose of the study is to
assess the safety and efficacy of the FTRD system
in non-lifting colorectal adenoma. In the interim
analysis, 106 patients with indication for endo-

scopic colorectal full-thickness resection were
included in the study. Technical success (macro-
scopically complete and en bloc resection) was
achieved in 94 patients (88.7%) and RO-resection
rate was 79.6%. More than 70% of all FTRD clips
spontaneously detach from the colonic wall
within 3 months after full-thickness resection.
Complications occurred in 4.7% of cases (two
minor bleedings, three perforations) [43].

FTRD-associated complication may necessi-
tate removal of OTSC. An experimental study
and small case series have reported on a bipolar
direct current (DC) grasping device (remove sys-
tem, Ovesco, Tubingen, Germany) [44-46].
Short direct current impulses are delivered to the
two opposing sites of the OTSC in order to frag-
ment and release it from the tissue.

There are several major drawbacks of FTRD
including (i) the limited size of tumor that can be
resected, (ii) the inability to ensure a negative
tumor margin due to the mobility of the GI wall,
and (iii) the large 21 mm outer diameter of the
device that may hamper scope passage through
the cricopharyngeus limiting its use to mainly
colorectal lesions [47].

Table 9.1 summarizes studies published to
date on clinical outcomes of FTRD.

Indications and Contraindications
of EFTR

To date, several major guidelines recommend
that subepithelial tumor in particular GIST
>2 cm or symptomatic tumors should be resected
[48-50]. There is currently no consensus of the
maximum size of the lesion amenable to
EFTR. Sumiyama proposed that EFTR technique
can be used to resect large submucosal tumor and
laterally spreading tumor (LST) involving the
submucosa or muscularis propria [8].

The management of small tumors less than
2 cm is highly debated. Most guidelines recom-
mend periodic endoscopic surveillance [48-50].
However, limitations of endoscopic surveillance
include a delayed diagnosis of malignancy,
increased patient’s anxiety, and patient’s lost to
follow-up and therefore may not be cost-effective
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Indications and contraindications for endoscopic full-thickness resection

Indications:

1. Submucosal Gl tumors arising from the muscularis propria based on EUS and CT
imaging with diameter <5 cm. Particularly SETs at locations that are difficult to approach
with laparoscopic techniques such as the gastroesophageal junction

2. Recurrence of mucosal neoplasms in a post EMR/ESD scar or at a surgical resection
site.

1. High surgical risk due to severe comorbid disease including severe cardiopulmonary
disease, blood disorders, coagulation disorders, and anticoagulant/antiplatelet treatment

Contraindications:

aggressive behavior.

that cannot be interrupted or discontinued.

2. Anesthesia related contraindications such as anesthetic drug allergies, pregnancy.
3. Mucosal neoplasms associated with a high risk of lymph node metastasis or
periprocedural intraperitoneal dissemination of carcinoma cells

4. SETs with features on preoperative imaging or histology predicting high risk for

Fig. 9.1 Indications for EFTR

in the long term. There is currently no consensus
on the association between tumor size and the
likelihood of lymph node metastasis [50]. There
are several reported cases of small subepithelial
tumor <2 cm with malignant potential that
presented with early lymph node metastasis
[51-53].

We propose the following as indications of
EFTR (Fig. 9.1):

We recommend that only skilled endoscopists
with experience in ESD, ESE, and the manage-
ment of perforation should perform EFTR
procedures.

Pre-procedural Assessment

Pre-procedural assessment is a crucial step prior
to EFTR. As in any other endoscopic procedures,
informed consent is necessary. Patients should be
fully informed about the intraoperative and post-
operative risks that may occur including the pos-
sibility of emergency surgery in the event of a
major complication such as torrential bleeding or
perforation that failed endoscopic closure.
Detailed medical history is vital to ensure there
are no contraindications to EFTR as highlighted
above. For patients on antithrombotic or anti-
platelet medications, it is recommended to stop
taking both drugs for at least 1 week prior to
EFTR if there is no contraindication to cease

these medications temporarily and after discus-
sion with their primary physicians.

Tumor characteristics, size, and location and
exclusion of tumor metastasis are also vital infor-
mation that can be obtained from computed
tomography (CT) and endoscopic ultrasound
(EUS).

EFTR Procedure

EFTR is a complex procedure that requires the
collaboration and support of various departments
that include the anesthetist, intensive care unit,
surgeon, and pathology department. The success
of EFTR not only relies on the endoscopist’s tech-
nical skill but also experienced trained endoscopic
nurses. Both endoscopist and nurses must be
familiar with all endoscopic devices and suturing
techniques to manage any procedure-related com-
plications. All procedures are performed under
general anesthesia with airway intubation. It is
recommended to give a single dose of prophylac-
tic intravenous antibiotic at least half an hour
prior to EFTR. An infusion of a second- or third-
generation cephalosporin tends to be the preferred
choice of antibiotic prophylaxis for gastrointesti-
nal tract given the broad-spectrum activity against
a wide range of gram-positive and gram-negative
bacteria. It is crucial to use carbon dioxide insuf-
flation throughout the EFTR procedure.
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Instruments
The instruments used for EFTR were similar to
those used for ESD that included a standard
single-channel forward-viewing gastroscope
(180H Olympus Optical Co., Ltd., Japan) with a
transparent cap (D-201-11804, Olympus, Tokyo,
Japan) attached to the tip of the endoscope to
improve endoscopic visualization, to assist in tis-
sue traction, and to facilitate in hemostasis in the
event of bleeding. A dual-channel endoscope
(GIF-2T240, Olympus Corporation, Tokyo,
Japan) is occasionally used for closure of iatro-
genic GI wall defect using a purse-string tech-
nique. A grasping forceps (FG-8U-1, Olympus)
is also used to prevent inadvertent dislodgment of
enucleated tumor into the abdominal cavity.
There are a variety of electrosurgical knives
that are available and can be used for EFTR. At
our center, an insulated-tip (IT) electrosurgical
knife (KD-611L, Olympus), a hook knife
(KD-620LR, Olympus), or a needle knife
(KD-10Q-1, Olympus) are commonly used to
resect the wall layers around the tumor. Other cru-
cial equipment includes injection needles (NM-
4L-1, Olympus), snares (SD-230U-20, Olympus),
basket (MWB-2 x 4, Cook), hot biopsy forceps
(FD-410LR, Olympus), hemostatic clips (HX-
610-90, HX-600-135, Olympus), endoloop (MAJ-
339, Olympus), over-the-scope-clip (OTSC) (also
known as Ovesco device (GmbH, Tubingen,
Germany)), argon plasma coagulation unit
(APC300, ERBE), and high-frequency electrosur-
gical generator (VIO200, ERBE).

EFTR Steps
EFTR steps are as follows (Video 9.1, Fig. 9.2):

e Step 1: For deep lesions or small lesions
(<10 mm), several marking dots around the
periphery of the SET are made using either the
tip of the electrosurgical knife or argon plasma
coagulation catheter because the location may
become vague after submucosal injection.
Otherwise, marking can be omitted.

e Step 2: A submucosal injection of a mixture of
100 ml of normal saline and 1 ml of indigo
carmine to create a protective submucosal

“cushion” to prevent deep thermal injury dur-
ing tumor resection.

e Step 3: A circumferential mucosal incision is
made 1-2 mm outside the marked dots or the
contour of the SET. Another option is to per-
form mucosal excision to unroof the SET.

e Step 4: Submucosal and subtumoral dissection
is performed surrounding the tumor capsule to
ensure a complete en bloc resection of the
tumor. Meticulous care must be taken to avoid
interruption of the tumor capsule. All visible
vessels must be coagulated, and prompt hemo-
stasis must be achieved to avoid accumulation
of blood in the GI lumen. To avoid inadver-
tently losing the specimen into the peritoneal
cavity, snare can be used for the final cut of the
lesion and immediate specimen retrieval after
resection. Another method is to use a double-
channel endoscope with a grasping forceps
inserted into one channel to grasp the lesion
while the electrosurgical knife is inserted into
the second channel to excise the lesion.

e Step 5: Once the tumor is enucleated, the clo-
sure of excisional wall defect can be per-
formed using various available methods as
described below depending on the size of the
GI wall defect. The diameter of the wall defect
can be reduced by air suction to assist in clo-
sure of the defect.

In the event of an iatrogenic wall perforation,
continuous CO, insufflation must be avoided to
prevent pneumoperitoneum and regular suction
of content within the GI lumen is vital to avoid
spillage of fluid and blood into the abdominal
cavity. Throughout the procedure, care is taken to
constantly monitor the patient’s positive end
expiratory pressure (PEEP) and for clinical signs
of raised intra-abdominal pressure. When neces-
sary, a 20-gauge needle is inserted under aseptic
technique directly into the abdominal cavity to
relieve pneumoperitoneum during and after the
procedure. Patients are on kept nil by mouth after
surgery and nursed in semi-Fowler’s position.
A nasogastric tube is routinely placed to deflate
the stomach; in addition it also helps detect early
post-procedural bleeding.
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Fig. 9.2 Steps of EFTR for gastric SET originating from
muscularis propria. (a) Endoscopic view of a gastric SET
originating from muscularis propria. (b) Circumferential
incision was made as deep as muscularis propria around
the lesion with IT knife. (c¢) Incision into serosal layer
around the lesion was performed with IT knife to create
active perforation. (d) The full-thickness gastric wall

defect after tumor resection. The liver could be seen
through the gastric wall defect after EFTR. (e) The
resected tumor was removed by snare. (f, g) The gastric
wound was closed with several metallic clips and
endoloop by “purse-string” method (double-channel
scope). (h) The resected specimen
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Fig. 9.2 (continued)

Fig. 9.3 Metallic clips closure. (a) The full-thickness gastric wall defect after tumor resection. (b) The gastric wound
was closed by several metallic clips successfully

Closure of latrogenic Gl Wall

Perforation

There are various endoscopic methods to close
the iatrogenic GI wall perforation after EFTR. This
step can be very challenging depending on the
size of the wall defect and the location of wall
defect. An adequate and reliable closure of the GI
wall defect is the most important factor to deter-
mine the success of the EFTR procedure. We will
focus on several closure techniques that include
traditional metallic clips, purse-string technique,
and other newer closure devices available.

(i) Metallic clips closure (Fig. 9.3)

There are a variety of metallic clips available
in clinical practice to close GI wall defects.
Endoluminal metallic clips have been widely
used in clinical practice for closure of GI
wall defects, anastomotic fistulas, and small
perforations after endoscopic resection and
to achieve hemostasis. The successful appli-
cation of endoscopic metallic clips to close
perforation in the stomach was first reported
in 1993 by Binmoeller et al. [54] Minami
et al. [55] reported a study of 121 patients, in
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(i)

(iii)

which 117 patient had successful closure of
ESD perforation using metallic clips, achiev-
ing success rate of 98.3%. At our center,
metallic clips are generally used to close
elongated wall defects that are less than 2 cm
in cross-sectional diameter.

Purse-string closure technique (metallic
clips combined with endoloop)

Matsuda first introduced the metallic clips
combined with endoloop snare to close EMR
defects successfully [56]. This technique can
be divided into two ways:

Linear closure: This is applicable for
small defects with a single endoloop and two
metallic clips anchoring over the proximal
and distal edges of the defect to close.

Purse-string closure: This way is suitable
for large defects. It uses a single endoloop and
about five to six metallic clips gathering
mucosa around the defects to the center to close
[57] (Video 9.1). This technique has many vari-
ations; the commonly used maneuver was per-
formed by a double-channel gastroscope,
introducing endoloop through one channel and
metallic clips through the other channel. For
centers without double-channel gastroscope,
single-channel method can be used with a spe-
cially designed loop (LeClamp™, LEOMED,
Changzhou, China) (Fig. 9.4).

Omental patch method

An omental patch method is not commonly
used now; because of the advances in clo-
sure devices, most of the defect can be suc-
cessful closed endoscopically. Hashiba et al.
reported successful endoscopic repair of
gastric perforation with an omental patch
[58]. Dray et al. using animal model reported
technical feasibility of omentoplasty for
gastrotomy closure [59]. This technique is
usually reserved for large wall defects (more
than 3 cm in size) that has failed closure
using the purse-string technique. This tech-
nique utilizes the greater omentum or the
lesser omentum as a patch. The omentum is
suctioned into the GI lumen through the per-
foration site to seal the wall defect, and the
omentum is anchored to the edge of the wall
defect using several metallic clips.

(iv) Endoscopic suturing device

Endoscopic suturing device is an indispens-
able component of any advanced endoscopic
resection. There is a recent rapid expansion
of endoscopic suturing devices that are cur-
rently available, and we are now able to
achieve closure of full-thickness resection
defects. However, these endoscopic closure
devices are generally not widely available,
are costly, and are at early stages of develop-
ment. In addition, there is only very limited
preliminary data in regard to its safety and
effectiveness. We hereby focus on several
endoscopic closure devices that are avail-
able and used in clinical practice.

(a) Over-the-scope clips (OTSC)

Among all the closure devices available,
OTSC has been increasingly used to close
various wall defects and bleeding ulcers.
The OTSC consists of a nitinol alloy and is
installed on an applicator that is mounted
onto the tip of the gastroscope. The clip is
applied by stretching a wire that is led
through the working channel of the endo-
scope (similar to common endoscopic band
ligation systems) [60—62].

In contrast to other mechanical closing
devices, the new OTSC clips can grasp much
more tissue and offer a strong and long-
standing closure of the wound margins in a
one-step application technique. The new
OTSC system was originally developed and
used in humans for hemostasis of ulcer bleed-
ing and for closure of iatrogenic perforations
of the GI tract [63—64]. However, one big
concern of this device is the device residual
in the wound (Fig. 9.5).

(b) OverStitch™ suturing system

Apollo OverStitch suturing device has
evolved from the previously developed
Eagle Claw device. This device was
approved in 2011 by the Food and Drug
Administration and is used for closure of
fistulas and perforations, oversewing ulcers,
and bariatric endoscopy in the United States
[59]. However, in Asia, the OverStitch is not
yet available and many endoscopists used
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Fig. 9.4 Purse-string suturing technique (single-channel  clips were anchoring at the defect edge. (d—f) The loop
method). (a) Endoscopic view of a gastric wall defect hook was introduced to tighten the loop to achieve com-
after EFTR. (b) A loop was placed above the wall defect plete closure of the full-thickness defect

and detached from the loop hook. (¢) Several metallic
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Fig. 9.5 A case of residual OTSC 5 years after initial remove the clip by resecting the underlying tissue. (d)
EFTR. (a) Retained OTSC was found on 5-year follow-up ~ Removed OTSC with grasped tissue. (e, f) OTSC
endoscopy after initial EFTR. (b, ¢) A snare was used to
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Fig. 9.6 A case of colonic defect after EFTR closed by  originated from MP layer. (d) The wound after EFTR. (e,
OverStitch. (a) Endoscopic view of a colonic SET. (b) f) Continuous suture of the wound was achieved success-
Mucosal incision after submucosal injection. (¢) The SET  fully by Overstitch suturing device

endoloop and clips to close EFTR defects rupted and continuous suture application
[65-66]. This device is a single-use device and allows full-thickness suturing as well as
that is mounted onto a double-channel gas- tissue approximation or plication in the gas-

troscope. This device enables both inter- trointestinal tract (Fig. 9.6). This suturing
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device has been shown to have the ability to
attain durable closure of gastric defects
ranging from 18 mm to 50 mm in an animal
model [66].

Kantsevoy et al. demonstrated in his study that
12 patients who underwent ESD for both gastric
and colonic lesions had successful closure of
defect using OverStitch device in all patients, and
all patients were discharged home on the same
day of the procedure [67].

Rajan et al. demonstrated in a porcine study
the feasibility of suturing to seal full-thickness
gastric defects with an average size of 11 mm
without site ulceration [63].

Since then, there are an increased number of
studies that demonstrated the effectiveness of
OverStitch in closure of wall defect [68, 69].

Pathologic Evaluation

The specimens are fixed, embedded with paraf-
fin, and then sectioned. Hematoxylin and eosin
and immunohistochemical staining (CD34,
CDI117, actin, S-100, desmin, vimentin, Ki-67,
etc.) are carried out. Complete resection is
defined as en bloc resection, in which the capsule
of the tumor is intact and the basal and lateral
margins are free of tumor cells.

Post-procedure Management
Post-procedure care is crucial. All patients are
kept strictly nil by mouth after EFTR and
nursed in a semi-Fowler’s position. A nasogas-
tric (NG) tube is recommended to decompress
the stomach and to detect early post-procedure
bleeding, and vital signs and abdominal signs
are monitored closely. At our center, a third-
generation cephalosporin is used for the first 3
postoperative days. Oral proton pump inhibi-
tors are prescribed for 2 months and used to
protect gastric mucosa in patients with upper
GI lesions.

The NG tube is typically removed after
48 hours if there is no sign of bleeding or worsen-
ing of abdominal pain. The patients are started on
a liquid diet and gradually upgraded to a soft and
then finally to a normal diet prior to discharge
from hospital.

Clinical Outcomes of EFTR

As shown in Table 9.2, EFTR with closure of the
defect has shown promising clinical outcomes,
with technical success nearly reaching 100%,
with complete en bloc resection in almost all
studies. The main indications in these studies
were SETs. This may owe to the fact that SETs
usually arise from the muscularis propria layer,
which requires full-thickness resection. The
adverse events are related mainly to the iatro-
genic perforation with resultant abdominal pain,
distension, fever, and localized peritonitis, all of
which had been successfully managed in the
mentioned studies. On comparing this to the use
of FRTD, inferior results with FTRD as shown in
Table 9.1 may be due to the big size of the device
that hinders technical success in all cases. FTRD
is approved to use only in the colon as it has a
wider lumen, and hence most of the studies are
on colonic lesions, while EFTR was studied
mainly in the stomach and colon. Besides, FTRD
is a previously set device with one-step resection
technique limiting its use in different locations
such as the stomach and in bigger lesions (>3 cm).
On the other hand, EFTR, is a free-hand tech-
nique, enabling precise full resection of the
lesions as well as closure of the defects with vari-
able methods under complete supervision of the
endoscopist. Some closure devices such as the
suturing device are very expensive and not widely
available; however the purse-string technique
using the endoloop and metallic clips had offered
a convenient substitution. Meanwhile, there are
very few studies on the EFTR which are mainly
retrospective.  So, prospective randomized
controlled trials including larger number of
patients are required comparing the different
closure techniques and comparing FTRD and
EFTR to one another.

Post-procedure Complications

(a) Hemorrhage
Bleeding can occur during or after EFTR
and the severity of bleeding can vary from
mild to severe torrential bleeding. Post-
procedure bleeding typically occurs within
24 h after EFTR procedure. During EFTR,
prophylactic hemostasis of any visible
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stomach

Fig. 9.7 A salvage surgery for uncontrollable bleeding.
(a) The laparoscopic view of an uncontrollable bleeding
of a gastric GIST treated by EFTR. The tumor was lifted
by laparoscopic graspers showing the full-thickness

vessels is recommended to avoid bleeding,
and in the event of bleeding, flushing of the
bleeding site to identify the bleeding point
and prompt hemostasis are crucial to main-
tain a good endoscopic view. Hemostasis
can be achieved by using the tip of the elec-
trosurgical knife or by coagulation grasper.
Metallic hemostatic clips can also be used
to achieve hemostasis. If there is uncontrol-
lable torrential bleeding, urgent surgical
consult should be obtained in preparation
for salvage laparoscopic or surgical treat-
ment (Fig. 9.7).
(b) Pneumoperitoneum

Pneumoperitoneum during EFTR is unavoid-
able given iatrogenic wall perforation is nec-
essary to achieve an en bloc resection. During
the creation of GI wall perforation, it is
important to limit the amount of carbon diox-
ide insufflation and regular suctioning of any
fluid or blood in the lumen to avoid spillage
into the abdominal cavity. Endoscopic visi-
bility within the GI lumen can be limited by
the expansion of trapped gas within the peri-
toneal cavity that can collapse the gastric
wall inward, and closure of the wall defect
can be challenging under this circumstance.
A 20-gauge needle is often used to relieve
pneumoperitoneum during EFTR and is
generally safe.

defect on gastric wall. (b) A salvage surgery was per-
formed laparoscopically to resect the gastric GIST and to
suture the full-thickness defect

(c) Peritonitis and intra-abdominal infections
As mentioned above, it is vital to avoid fluid
or blood escaping into the peritoneal cavity
to reduce the risk of post-procedure perito-
neal infection that can lead to serious
complications such as peritoneal adhesions
and intra-abdominal abscess. Occasionally,
changing patient’s position to shift fluid or
blood away from the operative field may be
necessary.

Once a wall defect occurs, excessive
flushing of fluid should be avoided to prevent
transfer of fluid into the peritoneal cavity.

(d) Adjacent organ injury
In some animal studies, the reported rate of
adjacent organ injury was up to 21.4% [70,
71]. However, in clinical practice, it appears
the risk of organ injury is very low.

Submucosal Tunneling Endoscopic
Resection (STER)

Since our group first described the STER tech-
nique in 2012, there has been evolving experi-
ence with this technique throughout the world
[73]. This new technique was inspired by the suc-
cess of peroral endoscopic myotomy (POEM)
and was developed as an offshoot of natural ori-
fice transluminal endoscopic surgery (NOTES).
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STER is a minimally invasive technique for
resection of esophageal or gastric cardia SETs. In
contrast to conventional endoscopic procedures,
this technique is unique given that it utilizes the
submucosal space between the mucosal and mus-
cular layers as a working channel for endoscopic
insertion and resection of tumor [74-75].

The key advantage of STER over endoscopic
submucosal dissection (ESD) is the ability to
maintain mucosal integrity, promote rapid
wound healing, and reduce the risk of postop-
erative GI leaks and cavitatory infection com-
pared to ESD. In STER, the mucosal incision is
created proximal and away from the tumor site.
A submucosal tunnel is created between the
mucosal incision site and the tumor to avoid the
risk of postoperative GI tract leakage and sec-
ondary infection. Therefore, it is crucial to
maintain the integrity of the mucosal flap as a
protective barrier. Standard ESD technique
results in inevitable perforation and direct com-
munication between the GI lumen and the
mediastinum. Hence, GI leakage and cavitatory
infection are much higher [76]. STER permits
an en bloc resection even for lesions extending
beyond the muscularis propria layer into the
extraluminal space where, traditionally, laparo-
scopic surgery was recommended to remove
such tumors [77].

Indications and Contraindications
for STER

There is currently no firm consensus on the pre-
cise indications for STER; however studies to
date demonstrated that STER is indicated for
subepithelial lesions (SEL) originating from the
muscularis propria layer. For lesions located
within the esophagus, the maximum tumor size
ranges from 3.5 cm to 5.5 cm confirmed either on
EUS or CT scan. For gastric lesions, most studies
included tumor size of <3 cm without any high-
risk EUS features [78-83].

The majority of resected tumors were leiomy-
omas or GI stromal tumors (GIST) with the
minority including calcifying fibrous tumors,
schwannomas, nerve sheath tumors, glomus

M. Cai et al.

tumors, intramuscular lipomas, aberrant pan-
creas, or granular cell tumors [84-89].

STER generally requires a 5 cm tunnel proxi-
mal to the location of the tumor [73]. Therefore,
lesions located in the proximal (upper) esopha-
gus may be challenging for STER to be per-
formed. For gastric lesions, tumors in the gastric
fundus and lesser curvature of the stomach were
previously excluded [73].

We propose the following as indications of
STER:

Absolute Indications

1. EUS and CT evidence of tumor arising
from muscularis propria or extraluminal
extension.

2. Diameter < 5 cm. (The reason for limit-
ing the lesion size to 5 cm is due to the
narrow space of the submucosal
tunnel.)

3. Tumor located in the mid-esophagus,
lower esophagus, or cardioesophageal
junction.

Absolute Contraindications

1. Severe  cardiopulmonary
(ASA > 3)

2. Coagulation disorders, thrombocytope-
nic disorders, or on anticoagulant/anti-
platelet therapy

3. Pregnancy.

4. Evidence of metastatic disease

disease

We recommend that only skilled endoscopist
with experience in ESD, ESE, and the manage-
ment of perforation should perform STER.

Pre-procedural Assessment

Similar to EFTR, pre-procedural evaluation is
crucial to assess the tumor characteristics, size,
and location. Routine EUS examinations (high-
frequency miniprobe, UM-2R, 12 MHz, UM-3R,
20 MHz; Olympus Optical Co., Ltd., Tokyo,
Japan) are often performed: (1) to confirm that



9 Endoscopic Full-Thickness Resection (EFTR) and Submucosal Tunneling Endoscopic Resection (STER) 143

Fig.9.8 EUS examinations for an esophageal SET. (a) An esophageal SET was found in the lower esophagus. (b) EUS
showed the lesion originated from the MP layer

the tumors originated from the MP layer
(Fig. 9.8), (2) to measure the maximum lesion
size, (3) to observe the growth pattern of tumor
(predominantly intraluminal or extraluminal
growth), and (4) to initially distinguish benign
from malignant lesions.

Sometimes, EUS-guided FNA is attempted to
obtain histological diagnosis. However, the most
challenging aspect in the diagnosis of SMTs by
needle biopsy is the sampling error, which may
show only focal areas of malignant change [85].
CT and/or MRI scan is used not only to assess the
origin, size, and growth pattern of tumor but also
to provide information of local invasion and dis-
tant metastasis.

STER Procedure (Video 9.2, Figs. 9.9
and 9.10)

Most of the equipment used for STER is similar to
the tools used for POEM or EFTR as described
above. A standard single accessory-channel gas-
troscope is used during procedure. A transparent
cap is attached to the front of the endoscope. The
patient is positioned left lateral, and the procedure
is carried out under general anesthesia with endo-
tracheal intubation. Prophylactic intravenous anti-
biotics (third-generation cephalosporin) are given
30 minutes before procedure. Figure 9.10 describes
the five major steps in the STER technique [73].

Key Steps in STER Technique
(Video 9.2, Fig. 9.10)

e Step I1: Tumor location.
Identifying tumor location can be challenging
especially when the tumor is not prominent and
located within the deeper layer. Occasionally,
prodding using the tip of a biopsy forceps may
aid in identifying the surface of the subepithe-
lial tumor.

e Step 2: Creation of a submucosal tunnel to
expose the tumor.
Once the subepithelial tumor is identified,
submucosal injection using a mixture of
saline, indigo carmine, and epinephrine is
used to create a submucosal cushion and to
expand the submucosal space at 5 cm proxi-
mal to the SMT. A 2 cm longitudinal mucosal
incision is made using either a hook knife or
hybrid knife to enter the third space (submu-
cosal space).

The submucosal space is used as a work-
ing channel. A submucosal longitudinal tun-
nel is created between the mucosal and
muscular layers until the submucosal tumor is
identified.

During the creation of the submucosal tun-
nel, utmost care is required to avoid injuring
the overlying mucosa by dissecting the sub-
mucosa closer to the muscularis propria. In
addition, care is required to coagulate any
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Fig. 9.9 STER technique. (a) Mucosal incision: a 2 cm
longitudinal mucosal incision is made 5 cm proximal to
the tumor. (b) Submucosal tunneling: a submucosal tun-
nel is created 5 cm proximal to and 1-2 cm distal to the
tumor. (¢) Tumor resection: the SMT is resected under
direct endoscopic viewing. (d) Finished resection and

visible vessel to prevent bleeding within the
submucosal tunnel.

e Step 3: Resection of the SMT under direct
endoscopic view.
Once the tumor is identified, endoscopic resec-
tion of the SET is carried out using either IT
knife, hook knife, or hybrid knife. The submu-
cosal tissue is dissected around the tumor cap-
sule. The submucosal tunneling should end at
least 1-2 cm distal to the tumor to ensure there
is enough working space for tumor resection.
Utmost care is needed to avoid interruption of
tumor capsule and not to damage the esopha-

A. mucosal incision
B. submucosal tunneling
C. tumor resection

D. finish resection and
hemostasis

E. mucosa closure

Yizhou Me

hemostasis: when finishing tumor resection, we perform
careful hemostasis of the MP defect and the tunnel. (e)
Mucosal closure: the mucosal incision site is closed by
using four to six hemostatic clips. (Reprinted from Xu
et al. [73]. Copyright (2012), with permission from
Elsevier)

geal adventitia or gastric serosa. For extra-
gastrointestinal tumor or tumor located within
the deep muscularis propria layer or adjacent to
the serosa, full-thickness GI wall dissection is
necessary to ensure an en bloc tumor resection.
A dual-channel gastroscope is occasionally
needed to extract the tumor into submucosal
tunnel using a grasping forceps to prevent
tumor displacement into the peritoneal cavity.
A snare can also be used to retrieve the tumor
out of the submucosal tunnel. Care should be
taken not to inadvertently resect the tumor dur-
ing tumor retrieval.
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Fig.9.10 Key major steps in STER technique. (a) A SET  was dissected in the tunnel. (e) Several clips were used to
was found in the esophagus. (b, ¢) A submucosal tunnel  seal the mucosal incision site. (f) The resected specimen
was created 5 cm above the tumor location. (d) The tumor
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o Step 4: Closure of the mucosal incision site.
Prior to closure of mucosal incision, close
inspection of the submucosal tunnel and ade-
quate hemostasis around the resected site is
vital to ensure there is no bleeding into the
abdominal cavity. The gastroscope is then
withdrawn from the submucosal tunnel and
the mucosal incision site is closed using sev-
eral metallic clips.

Postoperative Care

Postoperative care is similar to that after
EFTR. All patients are kept fasting for at least
24 hours and given intravenous proton pump
inhibitor and prophylactic intravenous antibiotic.
Radiological examinations, such as chest X-ray
and CT chest, are routinely performed to assess
for pneumothorax and/or hydrothorax after
STER. Monitoring for any development of any
post-procedure symptoms such as chest pain,
dyspnea, abdominal pain, and abdominal disten-
tion is important and prompt management of any
complications.

If patient remains asymptomatic on day 2,
patient is upgraded to liquid diet and subse-
quently to full diet.

Patient Follow-Up

Patients are followed up with endoscopy and/or
EUS at 1, 2, 4, 6, and 12 months after STER and
annually thereafter to assess for residual tumor or
tumor recurrence. For patients with tumors with
malignant potential, a contrast-enhanced CT is
performed on an annual basis to rule out distant
metastasis.

Clinical Outcomes of STER

STER is becoming a convenient method for the
removal of SMTs of the gastrointestinal tract,
gaining a lot of attention in the past few years.
Many studies came out in the last 6 years of
which we included the most important ten studies

in Table 9.3. The technical success of the STER
reached up to 100% in almost all the studies with
the en bloc resection rate around 90 %. The aver-
age time taken during the procedure is around
1 hour; meanwhile the size of the lesions included
a mean of less than 3 cm [80]. The complications
encountered after STER are mainly related to the
air leak during tumor resection as pneumoperito-
neum, pneumomediastinum, pneumothorax, and
very rarely esophageal-pleural fistula [83, 84].
Long-term outcome trials are few, the largest one
performed by Chen et al. which included 290
patients with 1 patient needing additional sur-
gery, 2 patients lost for follow-up, and 178
patients who had no recurrence after a mean fol-
low-up period of 36 months [86].

The use of the STER has recently extended for
the resection of extraluminal lesions. Cai et al.
recently published a study on the use of the STER
to excise eight extraluminal lesions whether these
lesions originated from the GI wall or just in
close proximity to it [90]. The study showed
complete resection in all cases with en bloc
retrieval for 7 (87.5%.) cases. The complications
were unremarkable apart from pneumoperito-
neum, which is expected during tumor resection
and was managed with decompression needle
and a single case of mucosal injury that could be
managed endoscopically [90].

Complications

There is a wide variation of reported complica-
tions across available studies to date. The com-
plication rates vary from as low as 0% to as high
as 42.9% [74, 75, 79-84, 86]. The most com-
mon reported complications included subcuta-
neous emphysema, pneumothorax,
pneumomediastinum, pneumoperitoneum, and
pleural effusion. There are reported cases of rare
complications such as mucosal tunnel perfora-
tion, esophageal fistula, and diverticulum. Most
of the adverse events can be managed conserva-
tively with good outcomes. A study by Chen and
colleagues demonstrated that adverse event rate
was 23.4% and only half of these patients (10%)
required an intervention to treat the complica-
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tions [72]. On the other hand, Wang and col-
leagues reported a lower complication rate of
8.8% and none required any intervention to treat
the complications [84].

Summary

Over the last few years, an increasing number of
patients are being treated with STER and EFTR
at our center. In expert hands STER and EFTR
appear promising and safe with minimal
procedure-related complications. Both tech-
niques are regarded as minimally invasive treat-
ment options for en bloc resection of GI SETs
arising from muscularis propria layer. In the
future, as we accumulate more experience, we
will have more long-term data to establish the
long-term outcome of such techniques.
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Colon Polyps

Large colon adenomas, generally defined as those
>20 mm in size, are associated with a high risk of
progression to invasive cancer [1]. These lesions
are commonly referred to as lateral spreading
tumor (LST) in the literature. With rapid advance-
ments in our endoscopic armamentarium and
refinements in endoscopic resection techniques,
there has been a shift in the management of LST
over the last couple of decades. Endoscopic
resection of these lesions is now considered the
standard practice as opposed to surgery. It is
associated with a lower cost, morbidity, and
length of hospitalization compared to surgical
resection [2]. Additionally, using validated
scores, it has been predicted that surgical removal
of large polyps would carry a 3% mortality rate
compared to no mortality observed with endo-
scopic resection [3]. Furthermore, in a population-
based study using the SEER database, endoscopic
treatment and surgery showed comparable mid-
and long-term cancer-free survival rates in
patients with malignant colorectal polyps without
invasive cancer [4].
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Endoscopic mucosal resection (EMR) and
endoscopic submucosal dissection (ESD) are the
two techniques for removal of LST. EMR is
defined as an endoscopic technique for the
removal of sessile and flat neoplasms confined to
the superficial layers of the GI tract. EMR uses a
snare for the removal of LST either en bloc or in
a piecemeal fashion. It may involve submucosal
injection of fluidlike saline to separate the muco-
sal lesion from the muscularis propria. ESD, on
the other hand, involves removal of the lesion en
bloc. After submucosal injection of fluid, meticu-
lous dissection is performed in the deep submu-
cosal plane using a variety of different kinds of
knives. This en bloc and potential RO resection
(microscopically margin negative) ensures lower
residual/recurrence rates on follow-up and facili-
tates a more reliable and accurate evaluation of
the histopathology specimen, especially if there
is invasive cancer. As a result ESD may afford a
potential cure for even LST with early invasive
cancer. These have been the main arguments set
forth by the proponents of ESD. Fragmentation
of the lesion associated with piecemeal EMR
may lead to suboptimal histologic assessment
when invasive cancer is present with respect to
the depth of invasion and also whether the lateral
and deep margins are clear [5].

Although, with these inherent advantages, it
may seem that ESD should be the preferred strat-
egy compared to EMR for removing LST, there
are several other aspects that merit discussion in
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this debate. Herein, we review the pros and cons
of these two procedures for removal of LST with
respect to different factors like resection rate,
recurrence, adverse events, costs, and procedural
complexity.

Resection Rates and Recurrence

A meta-analysis of studies comparing ESD and
EMR determined that the rate of en bloc resec-
tion of sessile or flat colorectal lesions >20 mm
was 90% for ESD compared to 35% for EMR
[relative risk (RR) = 1.93; p < 0.001] [6]. The
same study reported that the rate of RO resection
or curative resection was 79.6% in the ESD group
and 36.2% in the EMR group (RR 2.01;
p <0.001). The recurrence rate after ESD (0.7%)
was significantly lower than after EMR (12.7%),
with an overall RR of 0.06 (95% CI 0.03-0.11;
p < 0.001). Similar results were reported by
another meta-analysis [7]. The rate of en bloc
resection for ESD was 91.7% compared to 46.7%
with EMR, with an odds ratio (OR) of 6.84 (95%
CI 3.3-14.18). The rates of curative resection
were 80.3% with ESD and 42.3% with EMR,
odds ratio of 4.26 (95% CI 3.77-6.57). Rates of
recurrence were 0.9% for ESD and 12.2% for
EMR (OR 0.08, 95% CI 0.04-0.17). These data
would support the use of ESD for these lesions.
However, patients undergoing endoscopic resec-
tion are typically followed up with a repeat colo-
noscopy in 3—-6 months followed by another one
12 months later. The residual/recurrent adenomas
after EMR are usually small and diminutive and
can be easily removed on follow-up colonoscopy
in majority of the cases. This was shown in a
large prospective study evaluating the long-term
adenoma recurrence after wide-field EMR. Out
of 1000 successful EMRs of lesions >20 mm,
799 patients underwent follow-up surveillance
colonoscopy at 4 months. Residual/recurrent
adenoma was detected in 16% (128) and was
diminutive in 72% of these cases. Furthermore,
of the 670 patients with normal exam at 4 months,
426 patients underwent second follow-up colo-
noscopy at 16 months. Late recurrence of ade-
noma was seen in 17 (4%) patients. Of the total

145 (128 + 17) patients with residual/recurrent
adenomas on follow-up, endoscopic treatment
was successful in 135 cases (93.1%). Therefore,
after initial successful EMR, 98.1% of the
patients were adenoma- free and were able to
avoid surgery at 16 months [8]. It is important to
note that none of the recurrences had cancer. So
although EMR may have initial higher rates of
residual/recurrent adenoma, but with follow-up
colonoscopies, high rates of complete resection
can be achieved that are comparable to ESD. One
could also argue that patients who would not or
may not return for a follow-up colonoscopy after
EMR may benefit from ESD of the lesion at the
outset, given the lower rates of residual/
recurrence.

LST with Submucosal Invasive Cancer

Another central argument favoring the use of
ESD over EMR is the possibility of achieving
curative or RO resection in adenomas with inva-
sive cancer limited to the submucosa (T1 dis-
ease). This is primarily because pathologists
cannot reliably confirm adequacy of resection in
terms of negative lateral and deep margins when
the lesion is removed and submitted in multiple
pieces that are not oriented, as is the case with
piecemeal EMR. Resection in one piece by ESD
therefore provides superior histologic assess-
ment for the adequacy of resection as well as the
precise depth of invasion by cancer. However,
even for LST with cancer invading the submu-
cosa, ESD can be considered curative for only a
subset. In a meta-analysis of patients diagnosed
with T1 adenocarcinoma, the incidence of lymph
node metastasis was determined to be 11.4%, the
risk being higher among those with lymphovas-
cular invasion, tumor budding, and submucosal
invasion of greater than 1000 um [9]. As the
lesions with these poor prognostic features have
a significant risk for lymph node metastasis, they
would warrant a surgical resection for removal
of locoregional nodes, even if the lesion itself
was removed successfully by ESD. Therefore,
ESD can essentially be deemed curative for
lesions with cancer limited to the submucosa and
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without any of the abovementioned high-risk
features [10].

In order to appropriately triage lesions to
EMR, ESD, or surgery, endoscopists have to
assess for presence of submucosal invasive can-
cer which can be either evident or covert. A pro-
spective, single-center, cohort study identified
endoscopic features associated with the presence
of submucosal invasive cancer in LST [11]. These
include the presence of Kudo pit pattern V, a
depressed component (Paris 0-Ilc), rectosigmoid
location, O-Is or O-Ila + Is Paris classification,
non-granular surface morphology, and increasing
size. Of these the two strongest predictors of sub-
mucosal invasive cancer were Kudo pit pattern V
and depressed lesion (Paris 0-IIc). After exclud-
ing lesions that had obvious submucosal invasive
cancer on endoscopic evaluation, i.e., those with
Kudo pit pattern V and depressed component,
factors found to be associated with covert submu-
cosal invasive cancer were rectosigmoid location,
0-Is or combined Paris classification, non-
granular surface morphology, and increasing size
(> 5 cm). It is these select lesions with increased
risk of covert malignancy where en bloc resec-
tion with ESD may have diagnostic and therapeu-
tic superiority over EMR. Furthermore, it is not
clear if there are any strong predictors to differen-
tiate between lesion with superficial and deep
invasive submucosal cancer. Therefore if these
lesions are removed by ESD and then found to
have deep invasive cancer on histopathology,
then surgery would still be required to resect the
locoregional nodes to decrease the risk of meta-
static spread. Risk stratification of lesions based
on these features is not perfect, but provides a
practical guide in decision-making regarding
optimal treatment strategy. While lesions with
overt features of invasive cancer should be
referred for surgical resection, LST without
endoscopic features of overt or covert invasive
cancer can be effectively removed by piecemeal
EMR as the pathologist is not hampered by the
presented multiple disoriented pieces, in the
absence of cancer.

With that being said, the crucial question that
arises is — how common are these lesions with
early submucosal cancer and without the poor

prognostic features? The prevalence of these was
3% among lesions >20 mm in one study [12]. A
recent meta-analysis compiled all colorectal ESD
series reporting the histology of dissected lesions.
Data on 11,260 colorectal lesions from 51 studies
were included [13]. Submucosal cancer was seen
in 15.7% lesions, but only 8% had invasion depth
of <1000 pm. Therefore, the number needed to
treat (NNT) by ESD to avoid one surgery would
be 12.5. Furthermore, the authors estimated that
if the oncologic curative rate was 75% for malig-
nant lesions, the rate of curative resection low-
ered to 6% with the NNT rising to 16.7. These
data highlight that only a select group of lesions
benefit from being removed by ESD, i.e., those
with invasive cancer and without poor prognostic
features. This remains the main counter-argument
for proponents of EMR, questioning the indis-
criminate use of ESD for all large colonic LST. A
selective ESD approach appears to be more
justifiable.

Adverse Events

The overall risk of perforation is significantly
higher for ESD, estimated to be 4.9%—-5.7% com-
pared to 0.9-1.4% with EMR [6, 7]. There is no
significant difference in the overall rate of bleed-
ing, ranging from 1.9% to 2% for ESD and 2.9%
to 3.5% for EMR [6, 7]. The risk of surgery due
to procedural complications, such as perforation,
was reported to be significantly higher in the
ESD group compared to patients undergoing
EMR (3% vs. 0.4%; p < 0.001) [6].

Cost

Per procedure, ESD is more expensive than
EMR. It is associated with a greater use of endos-
copy time, equipment, and anesthesia resources
and usually requires inpatient hospital stay.
A cost-effectiveness analysis was performed tak-
ing into account individual procedural cost, need
for follow-up endoscopy, and cost associated
with surgery either due to recurrent adenoma or
procedural complications [12]. Assuming a 100%
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RO resection with ESD, it was estimated that, per
1000 lesions, the cost of ESD was US $ 6.9 mil-
lion compared to US $ 4.3 million for EMR. The
most cost effective strategy was selective use of
ESD for high-risk lesions and use of EMR for the
rest. This strategy was estimated to cost US$ 4.2
million. Sensitivity analysis was performed to
evaluate the impact of various scenarios on the
cost. Even after assuming a higher rate of recur-
rence after EMR, the cost rose only to US$ 4.7
million. The inclusion of nonmedical costs
increased the cost of EMR and ESD per 1000
procedures to US$ 5.3 and US$ 8.3 million,
respectively. It was noted that across all the sce-
narios, the selective utilization of ESD remained
the most cost-effective strategy. With the current
trends in rising healthcare costs and depleting
healthcare resources, endoscopists must be mind-
ful of delivering the most cost-effective care.
With that aim, ESD can be justified only in a
minority of colorectal LST and will be a superflu-
ous enterprise in the majority.

Procedural Complexity and Other
Challenges for the Adoption of ESD
in the West

ESD is a complex and time-consuming proce-
dure that originated in Japan and is routinely
performed in other Asian countries in both the
upper and lower gastrointestinal tract [14]. It is
technically more challenging and tedious com-
pared to EMR, and this is reflected in the dura-
tion of these respective procedures. A
meta-analysis determined that the mean proce-
dure duration for an EMR was 29-30 minutes,
while that for ESD ranged from 66 to 108 min-
utes [7]. Of all the regions in the GI tract, the
stomach is probably the safest to learn ESD. As
early gastric cancer is more common in Japan, it
affords the Japanese endoscopist the opportunity
to learn and master the technical aspects of ESD
that can then be extended to other regions like
the colon. Proficiency can be achieved during
fellowship under expert mentors. On the other
hand, early gastric lesions are much less com-
mon in the West, and therefore the Western
endoscopists are limited in the opportunities to

learn ESD and hone their skills. They are also
handicapped by the lack of experts in ESD in the
west. Those wishing to learn ESD have to start
with the basics on animal models, attend hands
on workshops, or travel to expert centers in Asia.
Given the steep learning curve of ESD, these
issues continue to be a challenge for the Western
endoscopists who have significantly lower rates
of en bloc (81.2% versus 93%) and RO (71.3%
versus 85.6%) resections compared to their
Asian colleagues [13]. Studies have demon-
strated a significant learning curve associated
with this ESD before acceptable rates of RO
resection, complications, and procedure duration
can be achieved [15, 16]. Although the number
of procedures required for achieving proficiency
will vary between endoscopists, data from Japan
indicate that at least 40 procedures are required
for gastric ESD and 80 for colonic ESD [17]. It
is recommended to start training in animal mod-
els followed by its application in gastric lesions
that are more forgiving due to the thick muscula-
ris layer [10, 18].

EMR, on the other hand, is more routinely
performed in the West and requires less addi-
tional training with a less steep learning curve. It
is an outpatient procedure that does not require
hospital stay as opposed to ESD where hospital-
ization is routinely recommended. Compounding
these issues is the fact that adverse event rates
are higher with ESD compared to EMR as out-
lined above. This is of relevance given the medi-
colegal climate in the USA. Furthermore, there
is no specific CPT (Common Procedural
Terminology) code for ESD in the USA, denying
any financial incentive for the endoscopist.
Given the higher risk and technical complexity,
lower financial gain, and increased expense
associated with ESD procedures in the USA,
their uptake by even expert endoscopists has
been and will continue to be a challenge [19].
EMR will continue to be the preferred option for
the vast majority of LST. Hybrid technique that
involves a circumferential incision around the
lesion as in ESD followed by en bloc EMR,
other methods to shorten the ESD learning
curves, and tools to make ESD faster and easier
may encourage more Western endoscopists to
adopt this procedure in the future [19].
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Summary

In conclusion, both EMR and ESD are effective pro-
cedures for endoscopic resection of LST in the colon
and avoid surgery. EMR is technically easier and
faster to perform and is associated with lower risk of
complications and lower costs compared to
ESD. While ESD is a more complex procedure that
requires more extensive training, its main advantage
over EMR is for colorectal lesions that have invasive
cancer limited to <1000 pm of the submucosa and
without lymphovascular invasion or tumor budding.
For this select subset of lesions, en bloc resection by
ESD may be considered curative given the low risk
of lymph node metastasis. While piecemeal EMR of
these lesions will require referral for surgery, as the
pathologist cannot reliably comment on the depth of
submucosal invasion or completeness of resection
given the fragmented and poorly oriented nature of
the piecemeal EMR specimen. Since these lesions
represent only a small proportion of large LST, the
vast majority can therefore be effectively managed
by EMR. The other advantage of ESD is the higher
rates of en bloc resection and lower risk of residual/
recurrent adenoma on follow-up. This advantage
over piecemeal EMR is negated by the easy removal
of residual/recurrent lesions on follow-up colonos-
copy. Given the higher medicolegal liability and lack
of financial incentive for a more time-consuming,
complex, and costly procedure, ESD is unlikely to
become standard of care for endoscopic resection of
large colorectal lesions in the USA. However, with
improvements in tools and techniques that can make
ESD faster and easier to perform, we may see it
being incorporated more into clinical practice in the
USA, at tertiary referral centers, tailored for select
group of lesions that may benefit from this. In the
meantime, EMR will continue to be the more com-
monly performed procedure for endoscopic resec-
tion of large colon polyps.

Esophageal Cancer

Esophageal cancer is the eighth most common
cancer worldwide and the sixth leading cause
of cancer-related mortality. Squamous cell carci-
noma and adenocarcinoma are the two histologic
subtypes. While the former is the predominant

type in Asia, the latter is seen more commonly in
Europe and the USA [20].

Endoscopy is the gold standard for diagnosing
precancerous mucosal lesions and early cancers
of the esophagus. Subtle mucosal changes in the
esophagus can go undetected when evaluated
with standard white light. Therefore, dye-based
chromoendoscopy and virtual chromoendoscopy,
like NBI, are currently being advocated and used
to improve detection of early dysplastic lesions
[21]. For detecting early neoplastic lesions in the
esophagus, endoscopists should be familiar with
the associated subtle mucosal changes. A study
by Scholvinck et al. showed that 76% of patients
with HGD or cancer on random BE biopsies and
“no endoscopic abnormalities” reported from
community hospitals, in fact, had visible endo-
scopic lesions when evaluated by expert endos-
copists at tertiary centers [22]. Esophagectomy
used to be the conventional treatment for high-
grade dysplasia and early-stage esophageal can-
cer in the past. Due to significant associated
morbidity, mortality, and poor quality of life post
esophagectomy, endoscopic resection has now
become the accepted standard of care (Table 10.1).

Table 10.1 Histologic differences of EESC and EEAC
and their preferred endoscopic resection technique

Early esophageal
squamous cell Early esophageal
cancer adenocarcinoma
Absolute T1 ml-m2 T1 ml-m3
indication for
endoscopic
resection
T1 sml 200 pm depth 500 pm depth

invasion cutoff |into submucosa | into submucosa

for endoscopic

resection

Relative T1 m3-sml T1sml without

indication for | without histologic risk

endoscopic histologic risk factors (good to

resection factors (good to | moderate
moderate differentiation,
differentiation, no LV invasion,
no LV invasion, | absence of tumor
and radical budding, and
vertical margin) | radical resection)

Preferred ESD EMR

endoscopic

resection

technique
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Early Esophageal Adenocarcinoma
(EAC) or Barrett’s-Related Dysplasia

Barrett’s esophagus is the only identifiable pre-
malignant condition for EAC. BE is character-
ized by the replacement of stratified squamous
esophageal mucosa with metaplastic intestinal-
type columnar epithelium in distal esophagus.
The estimated annual risk of BE progressing to
adenocarcinoma is 0.1% to 0.5% and increases to
around 5-10% per year if HGD is present. The
progression of BE to EAC is believed to be step-
wise from intestinal metaplasia to low-grade
dysplasia, high-grade dysplasia, intramucosal
cancer, and finally invasive EAC [23-25].
Visible lesions on endoscopy are usually clas-
sified using the Paris classification (protrude, flat,
and excavated). Macroscopic appearance of
lesions was shown to correlate with the grade and
degree of mucosal/submucosal invasion, in a pro-
spective study by Pech et al. Completely flat
lesions (Paris type 0-IIb) had no risk of submu-
cosal involvement. On the contrary, slightly ele-
vated (Paris type 0-Ila) lesions had a 9% risk and
protruded lesions (Paris type Is and O-Ip) had
25-26% risk of submucosal invasion [26]. While
there is no risk of nodal involvement in high-
grade dysplasia, it is also very low in intramuco-
sal cancer with a reported rate of 0-2%. This
makes endoscopic resection the treatment of
choice for these early lesions. Although a bit con-
troversial, superficial submucosal cancer (sml,
depth of invasion <500 pm) with low-risk fea-
tures (lack of lymphovascular invasion, tumor
budding, or poor differentiation) may also be
amenable to endoscopic resection [27, 28].

Esophageal Squamous Cell
Carcinoma (ESCC)

ESCC is the predominant subtype in the Middle
East, Africa, and Asia with abuse of alcohol and
tobacco being the most common risk factors [20,
29]. Unlike Barrett’s-related neoplasia, early
ESCC has a higher rate of nodal metastasis even
when confined to the mucosa. The risk of LN

invasion in T1 m3-T1sm1 has been reported to
be as high as up to 15%, and therefore these
lesions are considered relative indications for
curative endoscopic resection as long as there are
good or moderate differentiation and absence of
lymphovascular invasion. Furthermore, the cutoff
for depth of invasion for sml lesion is 200 pm.
Moreover, in ESCC, submucosal glands can har-
bor epithelial squamous neoplasia that extends
from the luminal epithelial layer, and therefore en
bloc resection of early ESCC is highly recom-
mended [30, 31].

Endoscopic Resection

This can be accomplished by either EMR or
ESD.

Endoscopic Mucosal Resection

En bloc resection is generally possible by EMR
for lesions less than 20 mm in diameter. For
larger lesions, piecemeal technique is usually
required. The two common EMR techniques for
resection of esophageal lesions are the cap (lift-
suck-cut) technique and the multiband mucosec-
tomy (ligate and cut) technique. In both
techniques, the borders of the lesion should ide-
ally be marked with cautery, prior to resection.

The cap technique requires the use of a trans-
parent cap (straight or oblique) attached to the tip
of the endoscope. First, the lesion is lifted with
submucosal saline injection and then sucked into
the cap creating a pseudopolyp. This is then cap-
tured by a snare that is pre-positioned along the
rim of the cap and resected by electrocautery.
These steps can be sequentially repeated for
larger lesions that need piecemeal resection.

The multiband mucosectomy technique on the
other hand does not require submucosal lifting
and uses a modified banding apparatus similar to
that used for variceal banding. The identified
lesion is sucked into the cap, and a rubber band is
released creating a pseudopolyp that is subse-
quently resected using a hexagonal snare and
electrocautery. The banding and resection can be
repeated to remove larger lesion in a piecemeal
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fashion taking precautions not to leave bridges or
islands of neoplastic tissues in between the
resected areas. Both the cap and band techniques
are comparable in effective piecemeal resection
and complete eradication of neoplasia, but the
former is more time consuming and requires a
higher skill level [32, 33].

Endoscopic Submucosal Dissection

En bloc resection of early esophageal cancers by
ESD offers the advantage over piecemeal resec-
tion due to the superior ability to assess the depth
and lateral extent of invasion. ESD can achieve
en bloc resection for lesions larger than 20 mm.
After marking the margins of the lesion with cau-
tery, submucosal saline injection is performed to
lift the lesion. Then a circumferential incision is
made using an electrosurgical knife followed by
dissection of the submucosa under direct endo-
scopic visualization until the entire lesion is
removed in one piece. As in the colon, ESD is
technically more challenging and carries higher
rate of complications when compared to EMR in
the esophagus [34].

EMR Versus ESD in Early Esophageal
Cancer

The goal of using ESD in removing superficial
esophageal cancers is to ensure an en bloc resec-
tion, which is optimal for histopathologic evalua-
tion, with the aim of curative resection. ESD does
confer a higher rate of RO resection when com-
pared to EMR in both subtypes of early esopha-
geal cancer [31, 35]. However, there was no
significant difference seen in complete remission
of BE-related neoplasia at 3 months in one study.
In this randomized control trial from Germany by
Terheggen et al. comparing EMR versus ESD in
BE, RO resection was achieved more frequently
in the ESD group (58.8%) versus 11.7% in the
EMR group. However, there was no difference in
complete remission from neoplasia at 3 months
or during the follow-up period of the study
(23.1 £ 6.4 months). ESD had a higher rate of
adverse events, but that was not statistically sig-

nificant [35]. Therefore, the advantages of ESD
do not appear to culminate into clinically impact-
ful difference as any residual BE and related neo-
plasia after EMR can be treated with adjunctive
modalities like radiofrequency ablation. ESD
may have an edge over EMR in selective situa-
tions like large lesions with higher likelihood of
submucosal invasion and those with bulky intra-
luminal component that may be difficult to cap-
ture in a band or cap [36].

On the other hand in early ESCC, ESD is pre-
ferred as it offers higher rates of en bloc curative
RO resections and lower rates of local recurrence.
A retrospective cohort study from Japan on 300
cases comparing ESD to EMR in early ESCC
reported a 100% rate of en bloc resection in the
ESD group compared to 53.3% in the EMR
group. Subsequently there was lower local recur-
rence rate in the ESD group versus EMR 0.9%
vs. 9.8%, respectively [31].

In the esophagus too, ESD has higher rates of
perforation when compared to EMR. A meta-
analysis comparing ESD and EMR for resection
of superficial esophageal cancers reported a 4%
perforation rate in ESD compared to 1.3% for
EMR [34]. Many of the perforations can be usu-
ally managed endoscopically and do not require
surgical intervention. Pneumomediastinum is
another complication of ESD, which is not
uncommon and seen in up to 30%. This usually
resolves within 24 hours as carbon dioxide is
used for insufflation [37].

EMR, on the other hand, has a higher risk of
esophageal stenosis, up to 26%. The risk of ste-
nosis is higher with longer treated segments
and with more circumferential area of resection
[38, 39].

As discussed earlier, in the colon section, ESD
remains more expensive than EMR, requiring
more time and costlier equipment as well being
technically more challenging. Furthermore, the
complexity of ESD may be more obvious in the
esophagus especially in BE-related neoplasia due
to the limited endoscopic working space, fibrotic
submucosa, angulations in the distal esophagus,
and movement due to respiration, motility, and
heartbeat [36].
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Early Gastric Cancer

Gastric cancer is the fourth most common cancer
and the leading cause of cancer-related mortality
worldwide. Gastric cancer is more prevalent in
the countries of East Asia, Eastern Europe, and
South America compared to Europe and North
America [40]. Because gastric cancer is more
prevalent in those countries, especially Japan,
national screening programs have been devel-
oped for early detection and endoscopic resection
techniques for early gastric cancer have become
extremely refined and sophisticated. Endoscopic
resection offers a less morbid and less expensive
alternative compared to surgery for early gastric
cancer.

The Japanese Gastric Cancer Association
(JGCA) has recommended criteria for endo-
scopic resection of EGC. Based on these criteria,
to be amenable for endoscopic resection, the
tumor had to be differentiated-type adenocarci-
noma without ulcerative findings, mucosal based
(i.e., invading the lamina propria or muscularis
mucosae) with a diameter of 2 cm or less. With
the development of ESD in the late 1990s in
Japan, allowing for en bloc resection of larger
lesions, the JGCA updated their guidelines intro-
ducing “expanded indications” for endoscopic
resection of EGC [41] (refer to Table 10.2 for
JGCA absolute and expanded indication).

Resections Rates and Recurrences

En bloc resections should be the goal of endo-
scopic therapy of early gastric cancer. This
ensures complete pathologic evaluation includ-
ing vertical and horizontal margins as well as for
lymphovascular invasion and also has higher
chance of RO resection and cure. The stomach
has a thicker mucosa and muscular layer allow-
ing for more invasive endoscopic techniques, like
ESD, to be safer with a relatively low risk of
complications. Moreover, the thick gastric
mucosa is harder to lift with submucosal injec-
tion making EMR technically more challenging
with less access to deeper tissue risking positive
vertical margin. Therefore ESD has become the
preferred technique for endoscopic resection of

Table 10.2 JGCA absolute and relative criteria for endo-
scopic resection of EGC [41]

Absolute A differentiated-type adenocarcinoma

criteria without ulcerative findings of which
the depth of invasion is clinically
diagnosed as T1la (invades the lamina
propria or muscularis mucosae) and
the largest diameter of lesion <2 cm

Expanded Depth of invasion is clinically

criteria diagnosed as T1la (invades the lamina

(ESD should | propria or muscularis mucosae)

be employed, | AND

not EMR) (a) Differentiated-type, without

ulcerative findings, but >2 cm in
diameter
(b) Differentiated-type, with ulcerative
findings, and <3 c¢m in diameter
(c) Undifterentiated-type, without
ulcerative findings, and <2 cm in
diameter

EGC owing to the high rate of curative resections
and relatively low risk of complications when
compared to other parts of the bowel (esophagus
and colon).

A meta-analysis of 10 retrospective case con-
trolled studies and 4328 lesions (8 Japanese, 1
South Korean, and 1 Italian study) showed a sig-
nificantly higher rate of en bloc and RO resections
in the ESD group compared to EMR, OR 9.7 and
5.7, respectively. This also was reflected in a sig-
nificant low recurrence rate in ESD group com-
pared to EMR with an OR of 0.09 [42].

Moreover, in the expanded criteria, the JGCA
indicates that lesions falling in this category
should be resected with ESD and not EMR. This
is mainly related to the limitations of EMR with
larger EGC owing to the even lower rate of en
bloc resections with larger lesions. Expanded
criteria were received with a lot of caution espe-
cially in Western countries, but studies from
Asia are showing comparative outcomes to
absolute criteria [43, 44]. A retrospective multi-
center Korean study of 1105 patients compared
the outcomes of ESD between absolute and
expanded criteria based on the EGC lesion char-
acteristics. The study showed similar en bloc
and curative resection rates on both groups. The
rate of disease-free survival at 1 and 3 years was
also similar in absolute and expanded criteria
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groups, 99.3% and 99.6% and 98.1% and 97.1%,
respectively [45].

Adverse Events

As previously discussed, the thicker mucosa and
muscular layer of stomach are more forgiving
than the thinner layers in other parts of the GI
tract as it pertains to procedural complications
especially perforation. This makes the stomach
the organ of choice for those starting to learn
ESD. Actually, it is recommended in Japan that
an endoscopist should perform 50-100 super-
vised ESDs in the gastric antrum before moving
to other organs to ensure adequate training and
competency [46, 47]. However, ESD continues
to have a significantly higher risk of perforation
in EGC resection compared to EMR albeit lower
than the esophagus and colon. The previously
referred to meta-analysis reported a higher rate
of perforation with ESD compared to EMR,
4.3% versus 0.86%, respectively. There was no
significant difference in the rate of bleeding [42].
In a recent case-control study from Italy, 36
cases of ESD of large (>20 mm) EGC were
matched and compared to 40 EMR cases.
Perforation occurred in two patients in the ESD
group, with one requiring emergent surgery for
delayed perforation, compared to no perfora-
tions in the EMR group, although this difference
was not statistically significant [48].

Procedural times are higher in EGC resection
with ESD. In the case-control study by Gambitta
et al., the mean procedural time in the ESD group
was significantly higher than that of the EMR
group, 96.7 £ 51.3 versus 24.6 + 14.6, respec-
tively [48].

In conclusion, ESD is the preferred mode of
endoscopic resection of early gastric cancer and
should be considered the first line of therapy. As
discussed above, ESD has a higher rate of en
bloc resections and curative endoscopic resec-
tions, as well as lower risk of recurrence when
compared to EMR [42, 45]. Unlike other regions
of the gastrointestinal tract, the rate of complica-
tions of endoscopic resection of EGC does not
seem to be significantly different between ESD
and EMR [48].
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Introduction

The accurate identification and consistent endo-
scopic removal of intraepithelial neoplasia within
the luminal gastrointestinal (GI) tract are a crucial
responsibility of the modern endoscopist. When
considered alone, colorectal cancer (CRC) repre-
sents the fourth most common neoplasm and is the
third leading-cause of cancer-related mortality in
the United States (USA), according to the National
Cancer Institute Surveillance, Epidemiology, and
End Results Program (SEER) database [1]. The
predictable development of most CRCs from ade-
nomatous or serrated precursor lesions provides
the conceptual basis for modern endoscopy-based
screening guidelines [2] and likely explains the
consistent evidence that CRC incidence and mor-
tality decline following the adoption of such
screening [3-5]. Screening on its own does not
prevent or cure cancer. Rather, the linchpin of
colorectal cancer prevention through colonoscopy
is the effective and complete removal of precursor
lesions via endoscopic resection [6, 7]. Despite
lesser prevalence among Western populations,
successful endoscopic management of superficial
neoplastic lesions within the esophagus [8], stom-
ach [9], and small intestine [10, 11] is of equiva-
lent value when it comes to providing high-quality
care for individual patients.

Broadly, techniques employed in endoscopic
resection can be subdivided into traditional pol-
ypectomy, endoscopic mucosal resection (EMR),
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and endoscopic submucosal dissection (ESD).
Regardless of the technique chosen by an endos-
copist, the complete and durable resection of
neoplastic or precursor tissue is critical to a desir-
able outcome. Failure to achieve complete polyp-
ectomy or curative resection can have dire
consequences, such as the development of cancer
between surveillance intervals [12—-14].

Despite these stakes, and the near-ubiquitous
practice of colonoscopy among gastroenterolo-
gists [15], there is often wide quality variation in
the effectiveness of polypectomy among practi-
tioners. In a landmark study done at Dartmouth
University and the nearby Veterans’ Administration
Hospital, Pohl et al. [12] demonstrated that mar-
ginal residual neoplastic tissue was routinely left
behind (10.1% of the time) during polypectomy,
despite the appearance of a macroscopically
“complete” excision. More significant, however,
was the incredible observed heterogeneity among
individual proceduralists for this outcome. In this
unblinded study, rates of incomplete resection
ranged from 6.5% to nearly 23%, dependent
solely upon the endoscopist performing the
polypectomy.

This staggering level of variability in colonos-
copy quality is not confined to polypectomy
alone, but rather includes other metrics of endos-
copist performance as well [7]. In an era where
the successful removal of superficial mucosal
neoplasia increasingly falls to the endoscopist
rather than the surgeon, assuring the delivery of
consistent, high-quality mucosal resection is of
paramount importance to society. These complex
procedures require significant training, valuable
experience, and meticulous attention to detail in
clinical practice. In this chapter, we will review
paradigms for institutional training in mucosal
resection, the challenges associated with measur-
ing competency, and the importance of feedback
and discuss some considerations inherent to
training “nontraditional” endoscopic students.

Experiential Learning in Endoscopic
Resection

The goal of training in endoscopic resection, be it
polypectomy, EMR, or ESD, is the acquisition of
a new skill by the learner, along with subsequent

refinement, to the level of consistently demon-
strated competence. The process of skill acquisi-
tion through experiential learning has been
extensively described, modeled, and observed to
occur in definable phases [16-19]. The stages of
competence model [18], introduced by Noel
Burch in the 1970s, subdivides learners into four
sequential categories:
tence, conscious incompetence, conscious com-
petence, and unconscious competence. In its
purest form, this model implies that all learners
arrive as novices within the first category and
proceed sequentially to the fourth category in lin-
ear fashion. At the unconscious incompetence
stage, a learner does not understand how to per-
form a given task but also does not recognize that
he or she has a skill deficit. With experience and
instruction, the learner first recognizes the deficit
in skill (conscious incompetence) and then
becomes able to perform the task with effort and
concentration (conscious competence). Finally,
with practice dependent upon task difficulty and
aptitude, the learner refines and automates the
skill so that it no longer requires conscious cogni-
tive involvement to perform (unconscious
competence).

This progressive model of learning can be
applied to a myriad of activities, including the
practice of endoscopy. This model does have sev-
eral limitations: learners may not universally
arrive at phase one, not all subjects progress
through each of the four phases, and skill regres-
sion is entirely possible without maintenance
[20]. For example, it is possible for technical
skills to be acquired by observation and persis-
tent repetition alone, without conscious under-
standing by the subject of the precise movements
needed to achieve success.

In addition, the achievement of competence in
endoscopic resection typically involves ensuring
gains in a number of parallel domains, which are
supportive of the psychomotor skills required to
actually perform the task. Complementary non-
technical domains include both cognitive and less
tangible integrative skills [21]. In the context of
mucosal resection, cognitive skills include a thor-
ough understanding of the steps involved in EMR
or ESD, indications for each procedure, contrain-
dications, selection of equipment, as well as the
ability to readily recognize both success and

unconscious incompe-
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adverse events. Integrative skills are less discrete
and prevail at the intersection of cognitive skills,
physical skills, and communication. Such ability
often requires leadership, team interaction, judg-
ment, adaptability, and situational awareness. It
can be successfully argued that the importance of
these nontechnical skills is paramount, as a fail-
ure to develop them alongside psychomotor
prowess can result in significant adverse events
regardless of technical expertise [22].

The Apprenticeship Model

Historically, training in EMR in Western coun-
tries has followed a traditional mentor-apprentice
model, commonplace in both surgical and endo-
scopic pedagogy. The stage at which trainees are
typically first exposed to mucosal resection is
variable and may occur either during the course
of a structured 3-year gastroenterology fellow-
ship program or as a component of additional,
dedicated advanced endoscopy training (AET)
[23]. The decision to include learners of different
educational levels is center specific and is typi-
cally determined by local faculty with expertise
in mucosal resection. Frequently, this decision
may be the result of long-standing, top-down cur-
riculum design rather than the needs or interests
of the individual learner. In addition, exposure of
trainees to appropriate cases and overall volume
can be unpredictable, often reflective of clinical
assignments and the particulars of cases that are
scheduled on a given day [24].

Traditional training under the apprenticeship
model generally incorporates the learner in a pro-
gression of graduated responsibility, beginning
with observation of endoscopic resection per-
formed by an expert mentor. Over the course of
training, often defined by the term of enrollment,
learners are expected to progress to the level of
independent practice under direct supervision by
their proctor. Put simply, the paradigm of most
EMR training programs is “‘see one, do one, teach
one” where one is replaced by an integer deter-
mined mostly by the instructor. Importantly, the
acquisition of competence under this model is
frequently defined in nebulous fashion: gestalt on
the part of the instructor or the completion of a
time-based curriculum. Rarely, if ever, is compe-

tence in EMR currently measured among trainees
with the use of a validated objectives, observa-
tional tools, or other reproducible outcomes [21].

The most frequent objective measure used in
order to obtain professional certification in most
endoscopic procedures is often caseload. Under
the traditional model, this can be defined as a
“critical mass” or minimal threshold of proce-
dural volume above which competence can be
reliably expected. Such a threshold is frequently
variable, and therefore potentially dubious, even
for basic procedures such as routine colonoscopy.
As an example, the American Board of Surgery
recommends that trainees perform a total of 50
colonoscopies during a surgical residency pro-
gram to obtain basic competence [25]. The UK
Joint Advisory Group recommends that learners
perform of at least 200 cases [26]. These numbers
are widely discordant, and, if both standards are
acceptable for certification, such inconsistency
raises questions about the concept of using an
arbitrary minimum threshold as the sole measure
of success [26]. Even so, there exists no well-
established algorithm or even an identifiable min-
imal case volume necessary to confirm
competence in EMR under a traditional instruc-
tional approach [27].

Western training in ESD is even more problem-
atic than EMR when considered under a traditional
model. In Japan, where the practice of ESD is
well-established, most training programs fall into
the category of a traditional mentor-apprenticeship.
These training opportunities are physically located
at institutions which possess a discernible history
of performing submucosal dissection [28]. In
Europe and the United States, no such mature
infrastructure of programmatic experience exists,
and there are comparatively few endoscopists with
sufficient ESD experience to proctor any form of
widespread training [23]. Those experts who do
possess experience have frequently received their
instruction via markedly nontraditional means,
usually after extensive experience as a therapeutic
endoscopist. This model is disparate from other
forms of Western endoscopy training, which are
typically incorporated as a part of graduate medi-
cal education or structured AET [29]. Further
compounding the problem of dissemination, there
is a significant paucity of gastric dysplasia and
superficial carcinoma in Western populations,
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which has long been considered by Japanese
experts to be the preferred target upon which to
begin one’s training in ESD [30]. This combined
scarcity, of both mentors and disease-state, serves
to dramatically inhibit any training model, thereby
making experiential learning extremely difficult.

Competency-Based Education

Over the past two decades, there has been a para-
digm shift throughout graduate medical educa-
tion away from traditional structured or
time-driven curricula toward competency-based
education (CBE). In contrast to traditional
approaches, CBE may be distinguished by sev-
eral features: (1) a focus on outcomes, (2) empha-
sis on ability, (3) reduced emphasis on time-based
learning, and (4) the promotion of learner-
centeredness [31]. This model promotes the
incorporation of predetermined competencies
and the measurement of definable outcomes,
rather than assuming that learning has occurred
due to time spent in training. Defined competen-
cies should be targeted to reflect the needs of
stakeholders (in the case of endoscopic resection,
patient outcomes such as residual neoplasia
would be logical), and feedback during learning
is provided through formal means. This feedback
takes the form of assessments and per-competency
measures to highlight deficiencies and improve
learner performance [31]. When well designed,
CBE curricula support the development of learn-
ing, target the strengths and weaknesses of indi-
vidual trainees, and provide both attainable and
applicable goals. Such a design could offer sig-
nificant advantages over traditional training
methods for many procedural skills, including
mucosal resection.

Even though a CBE model is based upon
sound educational principles, there are numerous
barriers to the adoption of this format with respect
to training in EMR and ESD. First and foremost,
there must be clearly defined and validated crite-
ria for identifying competency among learners
(“outcomes”). At the present time, no established
metrics for measuring competence in mucosal
resection training exist. Despite the conspicuous

lack of concrete procedure-based learning objec-
tives, professional societies such as the American
Society for Gastrointestinal Endoscopy (ASGE)
do provide suggestions for the development of a
competency-based mucosal resection training
program [27].

The “Core curriculum in EMR and ablative
techniques,” published in 2012 by the ASGE
Training Committee [27], outlines potential goals
of training in EMR and sets basic facilities and
faculty requirements for an aspiring program.
The ASGE also defines expected prerequisites
for an incoming trainee (i.e., completion of a
2-3-year GI fellowship program with basic com-
petency in upper and lower diagnostic endos-
copy, submucosal injection, and management of
complications) and describes the training pro-
cess. They also present an overall strategy for
assessment—as the ASGE adopts the core com-
petency model employed in general by the
ACGME for graduate medical education. The
ASGE suggests that programs evaluate learners
within the established GME competencies of
patient care, medical knowledge, interpersonal
and communication skills, professionalism,
practice-based learning, and systems-based prac-
tice [32]. For each competency, the ASGE pres-
ents expectations and goals for trainees which,
essentially, focus on the important cognitive and
integrative funds necessary to successfully per-
form EMR.

Despite the usefulness of the proposed core
curriculum, what is conspicuously lacking are
directly observable benchmarks for the technical
portion of learning and performing EMR. No
formal criteria are presented or discussed in
order to delineate a trainee’s success in terms of
the critical steps of mucosal resection. Rather,
instructors are advised to ‘“determine... (the
number of procedures necessary)... based upon
the trainee’s individual performance,” to expect
competence, and that “objective criteria for com-
petence should be developed and met [27].” In
this way, the ASGE Core Curriculum falls short
of transitioning entirely away from the tradi-
tional apprenticeship model, but does offer an
inroad toward the subsequent goal of a CBE
curriculum.
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Directly Observable Skills
as Potential Metrics of Competence
in Mucosal Resection

The ASGE has defined competence in endoscopy
as “... the minimum level of skill, knowledge,
and/or expertise, derived through training and
experience, required to safely and proficiently
perform a task or procedure.” [32] Mucosal
resection is considered an advanced technique
[23], and, as previously discussed, the metrics by
which this specialized procedure should be mea-
sured are at best unclear. Although raw procedure
numbers have been used in the past, reliance on
this metric may be subject to inconsistency. Other
metrics of outcome have been proposed includ-
ing the rate of en bloc resection, the rate of resid-
ual or recurrent neoplasia, total procedure time,
and adverse events. Unfortunately, none of these
metrics have been validated independently as
measures of competency in EMR [33]. Also,
there are nuances to each of these potential com-
petency measures. For example, the rate of en
bloc resection for EMR generally applies only to
smaller lesions which do not require piecemeal
resection. Residual neoplasia, an important EMR
outcome, may be predicted by lesional character-
istics that are separate from an endoscopist’s
capability at performing the procedure [34]. In
the following section, we will discuss a few of the
various procedural steps involved in mucosal
resection and review where and how the inclu-
sion of direct observational assessments could be
employed in progressing toward competency-
based learning for the technical component of
mucosal resection training.

Lesion Identification
and Characterization

Regardless of the technique employed, perform-
ing high-quality resection of intraepithelial neo-
plasia begins with a comprehensive and accurate
assessment of the lesion to be removed. A vari-
ety of inspection and classification schema have
been extensively described for lesion morphol-
ogy, topography, and pit or vascular pattern(s).

Perhaps the most straightforward and widely
adopted means of describing lesion morphology
is the “Paris classification of superficial neoplas-
tic lesions [35].” In principle, first-stage accurate
morphological diagnosis can assist a learner in
determining which lesions are most suitable for
traditional polypectomy vs. those that require
EMR or ESD vs. those that should be referred
for laparoscopic surgery. For example, Paris
Classification O-Ip lesions are pedunculated and
may be removed without a lift or advanced inter-
vention. Paris 0-ITa + IIc lesions are both super-
ficially elevated and depressed (Fig. 11.1), and
such lesions might require more complex inter-
vention and harbor an increased risk of neoplasia
associated with submucosal invasion (SMI).
Despite its widespread use, there are no reports
available that succinctly define the learning
curve, inter-rater reliability, or intra-rater reli-
ability of the Paris classification for lesion mor-
phology, particularly among trainees. If such
data were available, and there were consensus
regarding acceptable proficiency levels, morpho-
logic characterization of lesions would represent
a useful and directly observable skill that could
be included in CBE for EMR.

The acquisition of other skills in lesion assess-
ment has been evaluated, though these are fre-
quently more complicated. Togashi et al. [36]
have described the learning curve and accuracy of
optical diagnosis of neoplastic and nonneoplastic
polyps using the Kudo pit pattern [37]. In this
study, sequential observation of lesions under
chromo- and magnification endoscopy demon-
strated an improvement to over 90% sensitivity
for correctly identifying neoplastic lesions after at
least 200 sequential assessments. While this does
suggest a threshold for competence, assuming the
benchmark of 90% is appropriate, implementa-
tion outside of Japan may be challenging. Many
endoscopic platforms which are routinely avail-
able in the West do not offer a true optical magni-
fication capability. Use of chromoendoscopy for
optical diagnosis of the mucosal pit pattern using
a high-definition endoscope that lacks optical
magnification may introduce issues with fine-
detail image resolution and therefore might not be
sufficient to perform this task consistently [38].
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Fig.11.1 Two large Paris 0-IIa + IIc colonic lesions were
found in the same person. High-definition white-light (a)
and NBI (b) images are shown of the lesion in the cecum.
White-light images of the second large polyp (c¢) with a

More applicable to Western training programs,
the learning curve for assessment of lesions using
narrow-band imaging (NBI) and the meshed cap-
illary pattern [38, 39] has been described [40]
(Fig. 11.2). In this study [40], four experienced
endoscopists with no NBI experience underwent
a 4-hour training course in both NBI principles
and the capillary pattern classification system.
After as few as 30 cases, the subjects were able to
distinguish between lesions appropriate for endo-
scopic resection (adenomas and superficial neo-
plasms) and those which required only biopsy
(hyperplastic lesions and those with overt deep
cancer). The subjects were highly discriminatory,
with over 95% diagnostic accuracy. When com-
bining the advantages of a short learning curve,
excellent threshold for accurate diagnosis

mucous cap that remained despite irrigation were found in
the ascending colon. Both polyps were removed by under-
water EMR and found to be serrated sessile polyps with-
out dysplasia

(>95%), and the widespread availability of NBI-
capable equipment, assessment of vascular capil-
lary patterns represents an ideal target as a
directly observable skill and potential metric that
can be included in a mucosal resection training
program.

Mucosal Resection Technique

Following lesion identification and character-
ization, the endoscopist then prepares to tackle
the fundamental act of removing the superficial
neoplastic lesion. As the practice of mucosal
resection has matured, understanding of the
technical aspects of both EMR and ESD has
become increasingly developed [41, 42]. For
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Fig. 11.2 A 1.5-cm sessile polyp (Paris 0-Is) was found
in the splenic flexure and high-definition white-light
images (a) do not show the surface pattern well. NBI (b)
better demonstrated the meshed capillary pattern, which
in this case showed disordered vessels with some areas of
avascularity. While there was concern for early invasive
cancer (Sano type IIIB), given the relatively small size
and lack of other surface features that might suggest
deeper invasion (tenting, bridging folds, etc.), en bloc
underwater EMR was performed (¢) with complete resec-

each technique that could be employed, there
are fundamental steps associated with perfor-
mance of an optimal resection. These may vary
based upon lesion location, characteristics,
technique, or equipment utilized. An extensive
discussion of how to perform these procedures
is beyond the scope of this chapter and is dis-
cussed elsewhere in the textbook.

In the case of traditional mucosal resection,
simply the process of creating a submucosal lift
has numerous technical considerations: choos-
ing the proper submucosal injectate solution,

tion and no bleeding or perforation (d). Pathology showed
a well-differentiated adenocarcinoma with invasion into
the superficial submucosa but negative margins (>1-mm
negative deep margin). In this case, the risk of lymph node
metastasis is likely around 5%, and the patient was
directed to meet a colorectal surgeon to discuss the risks
and benefits of further laparoscopic surgical resection,
with the alternative being close endoscopic surveillance
and yearly CT scans

injecting the lesion appropriately to facilitate a
lift without obscuring visualization, assessing
for an adequate or inadequate lift, and interpret-
ing if the presence of poor lifting represents
tumor invasion or benign submucosal fibrosis
[43]. Snare resection is no less complex with
regard to optimal technique and has several fac-
ets: lesion and scope orientation to facilitate
technical success, incorporating a normal muco-
sal border within the snare (i.e., a 2-3-mm rim of
normal tissue), maintaining a submucosal plane
in piecemeal resection using the snare edge, and
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the application of cautery by using a modern
electrosurgical generator. Each and any of these
technical steps could be observed and evaluated
as a measure of competence, were there a consis-
tent methodology available to do so. Additionally,
there are a number of other higher-level deci-
sions made by endoscopists during EMR:
attempting en bloc resection whenever possible,
removing large or dysplastic appearing nodules
in a single piece (given an increased risk of focal
malignancy), and minimizing the number of
overall fragments when en bloc resection is not
possible [43, 44].

Learning Curves and Direct
Observation of Polypectomy Skills
(DOPyS)

Although no societal recommendation for a
threshold number of EMR cases in training has
been established, there does exist limited data
regarding skill acquisition and the learning
curves for EMR among practicing academic
interventional endoscopists. In a retrospective
series by Bhurwal et al. [34], a total of 578 con-
secutive colonic EMR procedures, performed by
3 endoscopists over a 9-year period, were tabu-
lated and analyzed. Three relatively narrow out-
comes were included: residual neoplasia upon
interval surveillance, immediate assessment that
an EMR was incomplete, and the occurrence of
immediate bleeding as an adverse event. For
each of three physicians, the occurrence of resid-
ual neoplasia (grossly and by surveillance biop-
sies) fell below 20% and plateaued by procedure
number 100. Immediate bleeding was generally
rare throughout the study and was acceptably
below 5% by case 100 for all of the endosco-
pists. Although there were several limitations
inherent in this series that may have prolonged
the learning curve (referral bias to a tertiary care
center, self-teaching environment, retrospective
series, etc.), the observed number of cases
required to establish a plateau of residual neo-
plasia was higher than expected. To date, this
study represents the only published learning

curve data with respect to EMR of large laterally
spreading lesions in the colon.

Published data evaluating the rate of acquiring
skills necessary to perform ESD in Japan exist
and are more robust. In 2005, Gotoda et al. [45]
reported that early proficiency in gastric ESD
could be seen after 30 cases during intensive
training. In 2012, Yamamoto et al. [28] provided
observational evidence that by 40 gastric ESDs,
trainees may have sufficient skill to reliably
remove superficial mucosal lesions, without
ulceration, that were less than 2 cm in size. With
continued instruction and experience through 80
cases, trainees routinely demonstrated outcomes
that approximated their expert instructors. In
2010, Hotta et al. [46] described the first learning
curve for colonic ESD in a single endoscopist
from Saku Central Hospital in Japan. They dem-
onstrated that 40 ESD procedures were required
to avoid an unacceptable rate of perforation (rate
dropped from 12.5% to 5%) and that a total of 80
procedures were required to establish an accept-
able rate of en bloc, RO resection (rate increased
from 85% to 92.5%). Translation of gastric ESD
experience to colonic lesions appears more
straightforward. In 2011, Sakamoto et al. [47]
reported that trainees with experience in gastric
ESD could successfully perform supervised
colorectal ESD safely after approximately 30
procedures.

The Western experience with ESD skill acqui-
sition has been more challenging, as the methods
used thus far to disseminate ESD skill in Europe
and the United States have been fractured and
inconsistent. While reports of learning curves for
Western endoscopists exist [29, 48, 49], these
experiences draw upon training that has been uni-
versally disparate. Each published experience is
similar only in that the individual pathways to
competence have been distinctly different than
others. As such, these data likely have only lim-
ited translational value to typical Western gradu-
ate (fellowship level) or postgraduate endoscopy
training concerning ESD.

While learning curves may provide insight
into the degree of experience necessary to attain
competency in mucosal resection, they may not
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be reliable measures at the level of an individual
trainee. This problem, and how it pertains to rou-
tine colonoscopy with polypectomy, has been
widely recognized [21]. Out of concerns for inad-
equate training in routine polypectomy, an expert
working group within the United Kingdom
deconstructed the process of polypectomy into a
33-item checklist entitled the Direct Observation
of Polypectomy Skills (DOPyS) tool [50, 51].
Skills were divided into several sections includ-
ing (1) optimizing the view of/access to the
polyp, (2) stalked polyps, (3) small sessile
lesions, and (4) post-polypectomy. Endoscopic
nontechnical skills were also included at the end
of the assessment form. For each item on the
checklist, a 4-point score is given which was
intended to evaluate the subject by maneuver: 1
(standards not met), 2 (some uncorrected errors),
3 (competent and safe), and 4 (highly skilled).
This methodology was developed, validated, and
shown to be reliable in two sequential publica-
tions by Gupta et al. [50, 51] These studies dem-
onstrated that assessors who had been formally
trained in DOPyS could successfully and consis-
tently delineate between procedures performed
by expert endoscopists and those performed by
trainees, so long as the assessor was able to
observe at least five separate polypectomies per-
formed by each individual.

Despite its promising value, the DOPyS has
not been validated for use in more advanced
mucosal resection. Polypectomies performed
during the DOPyS validation studies were uni-
formly less than 18 mm in size, which is smaller
than lesions typically considered for EMR or
ESD (usually >20 mm in size). Further, the tool
as written is not applicable to techniques apart
from  conventional injection-lift =~ EMR.
Nonetheless, a similar instrument could be of
great value in establishing uniform competency-
based mucosal resection training. If validated
appropriately, such a method could be applied
throughout a graduate or postgraduate training
program, and used at intervals guided by data
extracted from published learning curves, in
order to establish an individual trainee’s pro-
gression to competence.

The Importance of Feedback

Well-developed CBE is based upon the principle
of self-regulated learning. Perhaps the most criti-
cal aspect of this process is the capacity of an
individual to assess the results of learning (e.g.,
trainee’s performance) and make adjustments,
prospectively [52]. Feedback is central to this
process of assessment and adaptability, as it
allows the trainee to identify areas of weakness
that are in need of additional attention. Feedback
may be internal (self-assessment) or external,
with the latter frequently delivered by one’s
instructor, mentor, or program-director. Internal
feedback is important, but sometimes can be
unreliable, and is, in any case, outside the control
of an institutional training program. External
feedback is more likely to be accurate [53] and,
when delivered by a subject matter expert, can
include guidance for incremental improvement.

Despite its extremely high value, external
feedback typically suffers from poor delivery and
inadequate, poorly-timed, or generalized content.
Fundamentally, external feedback is difficult
because it takes place as an exchange within
interpersonal relationships of varying resiliency.
A strong relationship, with trust and credibility
by both partners, allows for valuable insight and
communication. A weak relationship may be
harmed by the delivery of criticism or corrective
feedback, making this either less effective or less
likely to be delivered in the first place. While not
explicitly stated, one of the major conceptual
advantages of a traditional apprenticeship is this
relationship. In the classical sense, a mentor and
apprentice are expected to have both a close and
invested working relationship built on trust and
common interest. Such a relationship should
allow for the provision of regular and honest for-
mative feedback, which may even be bilateral
(How can you/I learn better? How can you/I
teach better?).

One potential drawback to an educational
model with explicitly defined competencies and
learner-directed focus is this need to provide fre-
quent and accurate feedback. Evaluating proce-
dural skills seems particularly susceptible to



172

D.S.Strand and A. Y. Wang

failures, especially at the outset of mucosal resec-
tion training, when trainees are expected to be at
the first stage of learning (unconsciously incom-
petent). During this time they may possess only
limited insight in order to make self-assessments,
and the relationship with a mentor may be nascent
or underdeveloped. Great care should be taken at
all times to ensure that feedback is given effec-
tively, frequently, and within a nonjudgmental
and constructive environment.

Training Considerations

for “Nontraditional Students”

and Continuing Medical Education
(CME)

Much of what has been discussed previously is
based upon the assumption that training in muco-
sal resection occurs in the milieu of a traditional
graduate GI fellowship or postgraduate educa-
tional program in advanced endoscopy (formal
advanced endoscopy fellowship training). While
this may be the standard setting in which such
skills are developed for new learners, most prac-
ticing endoscopists who perform EMR did not
develop this technique under such formal circum-
stances. Regardless of how experience in muco-
sal resection is acquired, societal and professional
expectations would suggest that the practicing
endoscopist should demonstrate competency that
is on par with graduates of established training
programs (and vice versa). This remains inher-
ently problematic, as there are no societally
endorsed criteria for judging competency, no
validated observational assessment tools, and
limited data on learning curves even to suggest a
minimum threshold volume of procedures neces-
sary to use as a surrogate for competence.

The previous example of Western experts who
perform ESD is perhaps the most striking con-
glomeration of skill acquisition by nontraditional
means [29, 49, 54] and may be beneficial in
devising a methodology for practicing endosco-
pists to acquire EMR skills at the CME level
(during active clinical practice and after comple-
tion of all endoscopic training). Draganov et al.?’
specifically highlight the impact that observation
of live cases can have on acquiring new skills for
an already experienced endoscopist. In his pub-

lished experience, Dr. Draganov’s ESD learning
curve was divided into three phases: (1) pre-
observation, during which ESD was performed
on animal models prior to observation; (2) obser-
vation, during which Dr. Draganov visited Japan
and observed live ESD cases at experienced cen-
ters over a 5-week period; and (3) post-
observation, where additional ex vivo animal
models were again used to garner additional
experience. Following the observation period,
resections were completed on models with sig-
nificant gains in efficiency (shorter time) and
observable trends toward reduced incomplete
resection rates and adverse events. This was nota-
ble, especially considering that ESD requires sig-
nificant technical expertise distinctly disparate
from traditional polypectomy, while traditional
EMR is more akin to an extension or refinement
of traditional polypectomy skills [23, 27].

Observation can be accomplished by practicing
endoscopists under a number of different circum-
stances. There are various national and interna-
tional endoscopy conferences at which practicing
endoscopists may attend didactic lectures, breakout
sessions, and live demonstrations which showcase
EMR or ESD techniques [55, 56]. In keeping with
the prior example, these courses may provide a
valuable adjunctive experience to solidify skills
among practicing physicians who already have
extensive polypectomy experience and wish to
gain skill in EMR or become exposed to ESD. These
courses have several limitations, as many provide
short-duration hands-on training limited to a few
hours and utilize ex vivo animal models that cannot
simulate intraprocedural hemorrhage or clinical
instability in the setting of perforation. While these
courses offer an important and convenient method
for endoscopists to be taught by experts, they may
be best digested by the endoscopic journeyman
rather than the apprentice.

Professional societies, including the ASGE,
American College of Gastroenterology (ACG),
and Society for Surgery of the Alimentary Tract
(SSAT), offer several opportunities for hands-on
training in mucosal resection which vary in scope,
duration, and intensity. These range from intro-
ductory 3-hour workshops in EMR and ESD at
annual meetings [57] to the formalized ASGE
Skills, Training, Assessment, and Reinforcement
(STAR) Certificate Programs in Lower GI and
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Upper GI EMR [58] and the joint ASGE-Japan
Gastrointestinal Endoscopy Society Masters
Course in ESD. The STAR EMR courses are mul-
tifaceted and are intended to be completed over the
course of 3—6 months by enrollees. Enrollment is
usually limited to practicing gastroenterologists
with at least 2 years of experience, greater than
500 independent colonoscopies, and “proficiency
in basic polypectomy, hemostasis, and injection
techniques.” Each course initially includes a self-
directed online curriculum which includes a base-
line knowledge assessment (pretest), reading
materials, online videos, and a summative assess-

ment upon completion (posttest). The live portion
of the course includes 10 hours of EMR-specific
didactic and hands-on training, proctored by
expert instructors using ex vivo animal models. On
the subsequent day, a 4-hour hands-on summative
assessment is performed and candidates who pass
successfully are awarded a certificate of comple-
tion by the ASGE. While the STAR Certification is
not a guarantee competency in EMR, it is con-
structed based upon competency-based educa-
tional principles, and the program offers a valuable
opportunity for established endoscopists to learn
this endoscopic technique (Fig. 11.3).

Fig. 11.3 A third-year fellow was being taught to per-
form conventional EMR. A 15-mm cecal polyp was found
and its morphology described using white-light endos-
copy as Paris O-IIa + Is (a). The lesion borders were hard
to define, and NBI was used to delineate the borders of the
polyp, which were then marked by using APC (b). No fea-
tures of invasive cancer were found on high-definition
white-light or NBI endoscopy. The lesion was submuco-
sally lifted using a commercially available lifting solution
tinted with methylene blue (¢). En bloc resection using a
15-mm stiff, braided, oval-shaped snare was performed.

The underside of the resected specimen showed no target
sign (d) nor did the remaining portion of the resected
colonic wall. However, a significant amount of mucosa
intended for resection remained, as delineated by the
marking dots (e). This mucosa was removed for complete-
ness sake (f). After ablation of the edges using APC, the
lesion was closed using two endoclips (g). Pathology
showed a serrated sessile polyp. This example highlights
many of the key steps necessary to teach, learn, and per-
form EMR, and this is also the standardized approach that
is taught in the ASGE STAR EMR course
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Fig. 11.3 (continued)

Competency Thresholds by Volume
and Outcome

As mentioned earlier, there is no established clear-
cut methodology to teach trainees EMR, let alone
ESD—particularly in countries where the preva-
lence of gastric cancer is low and where preva-
lence-based models are adopted where ESD
experience (and also often EMR) typically begins
in the colorectum [59]. It has been suggested that
at least 250-300 procedures are required before
competency can be assessed for conventional pol-
ypectomy [60]. Similarly, 100 procedures may be
required for EMR, 200 procedures for chromoen-
doscopy, and 30 procedures for NBI prior to
assessing or achieving competency [60]. After rig-
orous theoretical and experimental preparation, a
skilled interventional endoscopist can achieve
competence after 20-30 untutored ESD proce-

dures, but outcomes data from twice that caseload
are often required to support ongoing competence
[59]. Importantly, volume thresholds do not neces-
sarily equate to competency [27]. Furthermore, it
is understood that to maintain competency a skill
should be performed regularly, potentially weekly,
or at least 1-2 times each month.

Irrespective of the training methodology, it is
critical to remember that high-quality clinical
outcomes are paramount. Those seeking to
acquire skills in endoscopic resection must
remember that these superficial neoplastic lesions
are found in patients who present, not to provide
a model for gaining experience or for research,
but rather to attain a result equivalent to and less
risky than surgical resection.

We suggest certain achievable competency
thresholds, which can be applied to newly gradu-
ated trainees or to experienced endoscopists who



11 Training and Competency in Endoscopic Resection

175

have acquired new skills in endoscopic resection.
For EMR, the rate of residual neoplasia should be
no greater than 20%—25% [61] when only lesions
>15-20 mm are considered (i.e., for lesions
necessitating piecemeal resection). For endo-
scopically curable lesions (generally those with-
out invasive cancer or risk of lymph node
metastasis that do not require surgery, which can
vary by organ type), curative resection should be
achieved in 90%—-95% of cases by the third fol-
low-up procedure [62—64]. For example, if resid-
ual neoplasia is found on biopsies during the first
follow-up endoscopy, a second endoscopic pro-
cedure for eradication of residual neoplasia
would be indicated (alternatively, if treatment of
suspected macroscopically visible residual neo-
plasia was carried out at the first follow-up proce-
dure, then a second surveillance procedure would
be necessary 3—6 months later). It should be kept
in mind that variations in recurrence rates may
exist, as the odds of residual or recurrent neopla-
sia increase with larger lesions that are removed
in a greater number of pieces [65]. Thus, a 20%
rate of residual/recurrent neoplasia for an endos-
copist who only removes lesions up to 2 cm in
size might be considered high, whereas the same
20% recurrence rate for an endoscopists who
mainly removes very large lesions (>4 cm in size)
necessitating piecemeal EMR might be very
reasonable.

For ESD, particularly in the West, the focus
should probably be on rates of en bloc resection
and adverse events such as perforation. Less
focus should be applied to other outcomes (e.g.,
rates of RO or curative resection), as Western
endoscopists who perform ESD are often put in a
difficult predicament by referring surgeons and
oncologists and asked to resect lesions that fall
outside of traditional guidelines. Competency in
ESD should be demonstrated by en bloc resec-
tion rates of >80% with perforation rates of
<10%; expertise in ESD is associated with en
bloc resection rates of >90% with perforation
rates of <5% [59, 66].

Incumbent with use of outcome metrics,
patients should be followed closely, and it is rec-
ommended not to rely solely on endoscopic
visual assessment to rule out recurrent/residual

lesions but to also take biopsies from the center
and periphery of the resection scar and of any
nodularity that might be found.

Conclusion

EMR and by extension ESD have revolution-
ized the approach treating non-pedunculated,
superficial intraepithelial neoplasia at various
sites along the GI tract over the past two to
three decades. Together, these mucosal resec-
tion techniques represent a collection of
advanced endoscopic procedures that require
significant technical skill, experience, and cog-
nitive training to master. Although there is a
long history of producing capable and even
expert endoscopists through traditional training
pathways, significant variation among practic-
ing physicians suggests the need to establish a
mature, competency-based educational process
to ensure that both technical and nontechnical
skill development has been successful prior to
independent practice.

There are several barriers to implementation
of such standards and curricula at the present
time, which include paucity in information
regarding the learning curve to perform EMR, the
lack of accepted measures of intraprocedural
competency, and the absence of an applicable
direct observational tool such as the DOPyS for
advanced mucosal resection. Despite these chal-
lenges, training in mucosal resection appears to
be set on an inexorable tack toward competency-
based education, in lockstep with the remainder
of undergraduate and graduate medical educa-
tion. Given the adoption of ACGME principles
by professional GI societies, it is likely that a for-
malized CBE curriculum for mucosal resection
could be developed and adopted.
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Introduction

The prevalence of obesity and its associated comor-
bidities including diabetes, hypertension, and
hyperlipidemia is exponentially increasing, across
all age groups [1]. Lifestyle intervention is consid-
ered the first line of therapy with pharmacotherapy
and bariatric surgery used for patients meeting
BMI criteria in addition to failure to achieve weight
loss with lifestyle intervention alone [2]. Lifestyle
interventions including dietary change, exercise,
and behavior modification have limited effective-
ness in providing sustained long-term weight loss
[3]. Bariatric surgery is the most effective modality
for weight loss [4—6]. Bariatric surgery is associ-
ated with procedural morbidity and potential long-
term complications but in general is considered
safe procedure with acceptable adverse event rates
[4-6]. Despite this, rates of bariatric surgery among
patients who would qualify for surgery remain low,
with only 1.068% of eligible patients undergoing
bariatric surgery in 2015 [7]. There are likely mul-
tiple reasons why patients avoid bariatric surgery
including but not limited to risks associated with
surgery, cost, access to care, physician referral, and
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recovery time. Endoscopic bariatric therapies
(EBTs) may overcome some of these barriers to
bariatric surgical treatments. EBTs are less inva-
sive, reversible procedures and can be performed at
lower BMIs than bariatric surgery. These charac-
teristics are extremely attractive to patients seeking
effective weight loss without the potential compli-
cations associated with bariatric surgery.

The EBTs currently approved by the FDA
including three intragastric balloons and aspiration
therapy with the AspireAssist primarily reduce
calorie intake leading to weight loss through dif-
ferent mechanisms, but they are all considered
gastric EBTs. In general, gastric EBT’s improve-
ment on metabolic function is weight loss depen-
dent. This is in contrast to small bowel EBTs
which may have both weight loss-dependent and
weight loss-independent effects on metabolism, in
particular glucose control. This chapter will focus
on the currently approved EBTs for primary obe-
sity treatment, which include the ReShape Dual
Balloon, the Orbera Balloon, the Obalon Balloon
System, and the AspireAssist System for aspira-
tion therapy as well as two IGBs which are cur-
rently being studied in multicenter randomized
controlled trials in the United States.

Intragastric Balloons

IGBs are space-occupying devices that promote
weight loss by reducing food intake. The Garren-
Edwards gastric bubble (American Edwards
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Laboratories, USA) was the first commercially
available air-filled polyurethane balloon. It was
approved by the US Food and Drug Administration
in 1985 but was later removed due to risk of serious
adverse events including gastric ulceration, gastric
perforation, and bowel obstruction. Also, the size of
these balloons was not large enough to promote
effective weight loss [8]. Data suggests that at least
400 ml of volume is needed to for a space-occupying
device to result in weight loss [9]. The currently
approved IGBs have introduced design changes in
addition to the volume of space occupation in the
stomach to mitigate the adverse events seen with the
Garren-Edwards gastric bubble including spherical
or ellipse shape, soft pliable materials for balloon
construction, and elimination of sharp edges. In
addition, the fluid-filled IGBs have been shown to
delay gastric emptying, which, in turn, reduces the
frequency of food intake. A secondary analysis con-
ducted on a subset of 29 patients in the Orbera piv-
otal trial evaluated baseline 1- and 2-hour gastric
retention values between IGB and control groups
[10]. Gastric retention more than doubled during the
duration of IGB placement (8 and 16 weeks) and
returned to normal within 3 weeks of IGB removal.
Also, greater increase in gastric retention was sig-
nificantly associated with higher total body weight
loss at 24 and 52 weeks. Fluid-filled IGBs have also
been shown to reduce the fasting and postprandial
serum concentration of cholecystokinin and pancre-

Table 12.1 FDA-approved intragastric balloons

atic peptide hormones, which lead to delayed gastric
emptying [11]. Mion et al. showed that plasma ghre-
lin concentrations were reduced with IGB place-
ment and correlated with degree of weight loss [12].
This is in contrast to the effect of weight loss with
lifestyle therapy alone on ghrelin concentrations,
which increase with weight loss and correlate with
visual analogue scores for hunger and desire to eat
[13]. These changes may contribute to the effect of
IGBs on weight loss maintenance. The weight loss
achieved with IGB appears to be maintained for a
longer period of time as compared to lifestyle modi-
fications and weight loss medications. In one study
reporting 5-year outcomes after IGB removal, the
proportion of patients maintaining >20% total body
weight loss was 53%, 27%, and 23% at 1-, 2-, and
5-year follow-up, respectively [14]. Moreover,
weight loss maintenance of 70-90% has been seen
in the US pivotal trials of IGBs [15, 16].

Currently, there are three IGBs — Orbera,
ReShape and Obalon, FDA approved for treatment
of obesity in patients with a BMI of 3040 kg/m>.
Two other IGBs are in the process of obtaining
FDA approval — Spatz balloon and Elipse balloon.

Orbera Balloon

The Orbera balloon (Apollo Endosurgery,
Austin, Texas, USA, Table 12.1) was previously

Device Device image Characteristics FDA status
Reshape Dual Two medical-grade silicone Approved July 28,
Balloon System spheres joined by a flexible shaft 2015

ReShape Each balloon filled with BMI 30-40kg/m?

Medical, San
Clemente, CA

375-450 ml of saline dyed with
methylene blue

Endoscopically placed and
removed after 6 months

with one obesity-
related comorbidity

Orbera Medical-grade silicone sphere, Approved August 5,
Intragastric filled with 400-700 ml of saline 2015

Balloon, Endoscoically placed and BMI 30-40kg/m?
Apollo removed

Endosurgery,

Austin, TX

Obalon Thin polymer ellipse shape Approved September
Balloon ) ~ Filled with 250 ml of a nitrogen |8, 2016

System, Obalon a P S, |Mix gas BMI 30-40kg/m?
Therapeutics, : Three balloons administered over

Carlsbad, CA

8 to 12-week period
Swallowed and endoscopically
removed 6 months after first
balloon administration
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known as the BioEnterics Intragastric Balloon
(BIB, BioEnterics Corporation, Allergan, Irvine,
CA), which has been commercially available
since 1991 outside of the United States. It is
made of a silicone elastomer, filled with 400 to
700 mL of saline. The saline can be mixed with
methylene blue to aid in detection of leaks, but
this is not approved in the United States. It
required endoscopic placement and endoscopic
removal for a maximum duration of 6 months
[17]. The initial use of BIB was in patients with
BMI > 40 kg/m? as a bridge to bariatric surgery
or in patients with BMI 30-40 kg/m? with asso-
ciated comorbidities. The largest case series
evaluating the safety and outcomes data on BIB
reported a 33.8% + 18.7% EWL at 6 months of
follow-up [18]. The study reported improvement
or resolution of diabetes and hypertension in
86.9% and 93.7% of patients, with an acceptable
adverse event rate of 2.8%. Gastric perforations
were reported in five patients, four of whom had
previous gastric surgery. Gastric outlet obstruc-
tion, balloon rupture, esophagitis, and gastric
ulcer were other complications, managed either
with endoscopic removal of balloon or with con-
servative treatment.

In the US pivotal multicenter non-blinded ran-
domized controlled trial, 273 patients with a BMI of
3040 kg/m?> were randomized into one of two
groups: Orbera balloon plus behavioral modification
program (n = 125, BMI 35.2 + 3.2 kg/m?) or behav-
ioral modification alone (n =130, BMI35.4 +2.7 kg/
m?) [15]. At 26 and 52 weeks after balloon place-
ment, 71.8% and 45.9% patients in the Orbera bal-
loon group achieved >25% EWL compared to
31.9% and 32.6% of patients in behavioral modifica-
tion alone group. The mean %TBWL at 26 and
52 weeks in the completed analysis was 10.5% and
7.7% in patients who received the balloon compared
to 4.7% and 3.9% in patients on behavioral modifi-
cation alone, respectively [19].

A recent meta-analysis by American Society
for Gastrointestinal Endoscopy (ASGE) Bariatric
Endoscopy Task Force reported that Orbera
meets Preservation and Incorporation of Valuable
Endoscopic Innovations (PIVI) thresholds for
both primary and non-primary bridge therapy for
obesity [20]. The PIVI thresholds were published
in 2011 from a joint ASGE/American Society for
Metabolic and Bariatric Surgery (ASMBS) Task

Force which recommended that 25% excess
weight loss (EWL) at 12 months and difference
between active and control subjects in a random-
ized controlled trial should be at least 15% EWL
for primary therapies [21]. Although there are
issues with this white paper, namely, the differen-
tial effects of sham-controlled study design and
intensity of lifestyle therapy on overall weight
loss, the recommendations in this white paper
were used to evaluate Orbera. This analysis
included 17 studies and 1683 patients for weight
loss outcomes with %EWL using random effect
model at 12 months at 25.4%. The pooled percent
total body weight loss (%#TBWL) at 3, 6, and
12 months after Orbera balloon placement was
12.3%, 13.2% and 11.3%.

A few studies have evaluated the utility of
sequential or repeated IGB placements.
Dumonceau et al. reported outcomes on 19
patients who had repeat IGB therapy (using BIB)
per their own request, either immediately (n = 8)
or after device-free period (n = 11). Overall, the
9%EWL at 6 months and 1 year was higher for
patients with repeat IGB placement (49.3% vs
30.7% and 40.9% vs 20.8%, respectively), but
the difference was not significant at 3 years [22].
Another study reported outcomes on endoscopic
BIB placement (600-700 mL saline with 10 mL
methylene blue) in 714 consecutive patients.
Mean %EWL at 6 months was 41.6 = 21.8.

Hundred twelve patients underwent second
BIB placement, and mean %EWL at second bal-
loon removal was 31.5 = 23.2 [23]. Genco et al.
compared dietary therapy vs second balloon
placement after removal of first IGB in 100
patients with obesity (BMI 40 to 44.9 kg/m?). At
the end of study period, mean excess BMI loss
was significantly higher in patients with a second
balloon placement as compared to dietary ther-
apy alone (51.9 = 24.6% and 25.1 + 26.2%,
respectively) [24].

In addition to weight loss, IGBs have been
shown to be associated with improvement in meta-
bolic syndrome and obesity-associated comorbidi-
ties. In a multicenter European study including 261
patients, the EWL was 29.1% at 3 years [25].The
rate of hypertension decreased from 29% to 16% at
3 years, diabetes decreased from 15% to 10%,
hypercholesterolemia decreased from 32% to 21%,
and osteoarthritis decreased from 25% to 13%.
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Orbera IGB is generally well tolerated in clin-
ical practice with a low rate of serious adverse
events. In the above meta-analysis, pain and nau-
sea were reported in about one third of the
patients [20]. Migration and gastric perforation
were seen in 1.4% and 0.1%, respectively. The
most common nonserious adverse events in the
Orbera US pivotal trial include vomiting, nausea,
and abdominal pain which occurred in 86.8%,
75.6%, and 57.5% of subjects, respectively. Of
note, 30% of subjects either developed or had
worsening gastroesophageal reflux disease,
which may be a consideration when helping
patients choose an IGB. The rate of serious
adverse events in the Orbera US pivotal trial was
10%, half of which were device intolerance fol-
lowed by dehydration (two cases), gastric outlet
obstruction (one case), gastric perforation (one
case), aspiration pneumonia (one case), and
infected balloon (one case), all of which resolved
without permanent sequelae [15]. As with any
new device or therapy, the rates of adverse events
were significantly lower in clinical practice than
in original clinical trials, likely related to lack of
experience and heightened awareness in the clini-
cal trial phase. Data from a US registry demon-
strated a serious adverse event rate requiring
hospitalization of 1.7% [26].

The FDA recently issued warning statements
regarding hyperinsufflation, pancreatitis, and
death, which were not previously identified in
the US pivotal trials [27]. Pancreatitis likely
results from compression of pancreatic body
from the IGB, which resolves with balloon aspi-
ration, but likely affects <0.01% of patients
treated with IGB [28]. Moreover, a death rate of
0.08% was previously reported in the ASGE
meta-analysis listed above [20], and based on
recent publications from Apollo Endosurgery,
the current rate is likely <0.01%, which may be
related to improved patient selection and adverse
event prevention [29].

ReShape Balloon

The ReShape Integrated Dual Balloon System
(ReShape Medical, San Clemente, CA,

Table 12.1) is unique in design, consisting of two
medical grade silicone spheres connected by a
flexible shaft. Each balloon is filled with 375—
450 mL of saline mixed with methylene blue
depending on the height of the patient [30]. Both
placement and removal after 6 months of implan-
tation are performed under direct endoscopic
visualization. The dual balloon system is
designed to provide higher gastric volume occu-
pation and lower chances of migration into the
small bowel. The REDUCE pivotal trial was a
multicenter double-blind randomized sham-
controlled trial comparing ReShape Dual
Balloon System plus diet and exercise (n = 187,
BMI 35.3 + 2.8 kg/m?) with sham endoscopy
plus diet and exercise (n = 139, BMI
35.4 + 2.6 kg/m?) [31]. Patients in the balloon
group had a significantly higher %EWL at
24 weeks (25.1%) compared with diet and exer-
cise alone group (11.3%) in an intention-to-treat
analysis. For completed cases, balloon group
had a 7.6%TBWL as compared to 3.6% TBWL
for diet and exercise group. For patients that
completed a 48-week follow-up, the mean
%EWL was 18.8%. Hemoglobin Alc, serum tri-
glyceride concentrations, low-density lipopro-
tein cholesterol (LDL-C), systolic blood
pressure, and diastolic blood pressure signifi-
cantly decreased in the ReShape Dual Balloon
group compared with baseline, with continued
improvement compared with baseline in all
parameters except for serum triglyceride con-
centration. Improvement in quality-of-life score
and obesity-related quality-of-life scores, as
measured by physical function, public distress,
self-esteem, sexual life, and work productivity,
were significantly higher in the balloon group.
Balloon retrieval was required in 9.1% [24] cases
due to early intolerance and in 6% due to symp-
toms associated with ulceration. No gastric per-
forations, balloon migration, or bowel
obstruction was reported. Nausea, vomiting, and
abdominal pain were experienced by 54.5%—
86.7% of subjects, some of which required emer-
gency room visits (21 cases). The serious adverse
event rate was 10.6%; however, the majority of
serious adverse events were due to hospitaliza-
tion or ER visit for intravenous treatment of
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post-placement accommodative symptoms (nau-
sea, vomiting, abdominal pain). Non-
accommodative serious adverse events were
uncommon and included esophageal mucosal
tear during retrieval (one case), GE junction
ulcer (one case), contained cervical esophageal
perforation (one case), and pneumonitis post
retrieval (one case), all of which were managed
conservatively. Gastric ulceration, mostly near
incisura, occurred in 39% of patients in the ini-
tial trial phase, which was reduced to 10% after
subtle changes in balloon distal tip design.
However, it is to be noted that gastric ulceration
rates were highest with ReShape balloon as
compared to Orbera or Obalon balloon, which
may be a factor in choosing the right balloon for
patients at high risk for gastric ulcers.

Similar to Orbera balloon, weight loss in clini-
cal practice is higher with ReShape balloon as
compared to the above reported clinical trial.
Lopez-Nava et al. reported outcomes in 60
patients who underwent ReShape dual intragas-
tric balloon system placement, filled with a total
of 900 cc fluid, for 6 months. The study reported
15.4% TBWL and 47.1% EWL, compared to
7.6% TBWL and 25.1% EWL in the REDUCE
trial. Only one early removal for patient intoler-
ance, one early deflation without migration, and
one gastric perforation were reported [32].

The overall weight loss in REDUCE trial was
lower as compared to the Orbera balloon trial.
This is likely the result of difference in trial
design as the Orbera trial was not sham con-
trolled, and subject knowledge of intervention
may be associated with higher weight loss. A
recent retrospective cohort study compared 14
Orbera and 26 ReShape balloon cases [33] and
showed similar weight loss results despite higher
baseline BMI in Orbera group (10.5% +1.8%
TBWL in ReShape and 10.2 + 1.9% TBWL in
Orbera group). The overall adverse events requir-
ing intervention (defined as early IGB removal
due to intolerance, IGB deflation requiring
replacement, and upper gastrointestinal symp-
toms requiring emergency room visit or inpatient
admission) were significantly more common in
Orbera patients (43% vs 12%, P = 0.04) [33].
Another recent study compared tolerability of

Orbera and ReShape IGBs in a retrospective
study of 100 patients. The overall rate and sever-
ity of accommodative symptoms (nausea, vomit-
ing, and abdominal pain) were similar between
the two groups, but duration of nausea and vomit-
ing was longer in Orbera balloon group. Overall
weight loss was similar for both groups though
early retrieval rate due to intolerance was higher
in Orbera group (15.7%) as compared to ReShape
group (7.8%) [34]. These data suggest that the
weight loss seen with ReShape Dual Balloon is
the same as the Orbera balloon in clinical prac-
tice and that the ReShape Dual Balloon may be
slightly better tolerated by patients; however
more data is necessary to understand these
differences.

Obalon Balloon

The Obalon Balloon System (Obalon
Therapeutics, Carlsbad, CA, Table 12.1) is the
most recent FDA-approved IGB. The Obalon
Balloon System consists of a thin polymer Elipse
balloon filled with 250 cc of a proprietary nitro-
gen gas mixture. The Obalon balloon is enclosed
inside a 6-gram dissolvable capsule, attached to a
thin catheter. The balloon is swallowed in the
capsule form, and placement in stomach is con-
firmed using fluoroscopy and pressure monitor
readings using a manometer connected to the
catheter. As the capsule dissolves, the pressure
reading on manometer drops under 7 KPa. After
confirming on fluoroscopy, balloon can be
inflated (9-13 KPa) and catheter is removed.
Three balloons are administered over an 8- to
12-week period, followed by endoscopic removal
of all balloons at 6 months from the first balloon
placement [16].

The pivotal US multicenter double-blind
randomized sham controlled trial (SMART
trial) compared Obalon IGB plus lifestyle
counseling (n = 198, BMI 35.1 = 2.7 kg/m?) to
a sham control group of non-balloon capsules
and lifestyle counseling (n = 189, BMI
35.4 £ 2.7 kg/m?). For the per protocol analy-
sis, % TBWL at 24 weeks was 6.86% = 5.1% in
the Obalon IGB plus lifestyle counseling
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group as compared to 3.59 + 5% in the control
group. For the modified intention-to-treat
analysis (including patients who swallowed at
least 1 capsule), %TBWL at 24 weeks was
6.6 £5.1% in the treatment group and 3.4 + 5%
in the control group (p = 0.0354). For the com-
pleter analysis (including patients who com-
pleted study testing through week 24),
%TBWL at 24 weeks was 7.1 = 5.0% in the
Obalon IGB plus lifestyle counseling group as
compared to 3.6 = 5.1% in the control group,
p =0.0085) In addition to weight loss, signifi-
cant improvement was noticed in systolic
blood pressure, fasting glucose, LDL choles-
terol and triglyceride levels in the intervention
group [35].

The most common nonserious adverse events
in the SMART trial included abdominal pain,
nausea, and vomiting occurring in 72.6%, 56.0%,
and 17.3% of subjects respectively, with 99.6%
of all nonserious adverse events reported as mild
or moderate. Only one serious adverse event of a
bleeding gastric ulcer was reported in a patient
taking high dose NSAIDs which was prohibited
per protocol [36].

Obalon balloon has been used off-label in the
pediatric and adolescent population. De Peppo
et al. reported outcomes of a small study includ-
ing 17 children with obesity (BMI > 30 kg/m?)
and a mean age of 13.6 years (Range 9.9 to 17.1).
The overall %EWL was 20.1 + 9.8 (range
2.3-35.1) with significant reductions in mean
BMI (35.27 £ 5.89 to 32.25 + 7.1), mean excess
weight (36.2 + 15.9 t0 29.4 + 18.3 kg) and waist

circumference (109 = 12.3 cm to 99 + 10.5cm)
[37]. No studies comparing the Obalon Balloon
System to the ReShape or Orbera balloons have
been published to date.

Spatz Balloon

The Spatz balloon system (Spatz FGIA, Great
Neck, NY, Table 12.2) is a spherical silicone
saline-filled balloon with an attached inflation
catheter. The balloon requires endoscopic place-
ment and the volume of the balloon can be
adjusted endoscopically. The second generation
of the Spatz Balloon (Spatz3) balloon is cur-
rently under FDA approval but has been studied
for use up to 12 months after placement outside
of the United States. The main advantage of
Spatz balloon is the volume adjustability, which
allows for increase in size when more weight
gain is desired or reduction in size to improve
tolerability.

The first-generation Spatz balloon was studied
in 18 patients and showed a 26.4% EWL at
24 weeks and 48.8% EWL at 52 weeks.
Adjustments were successfully performed for
additional weight loss in ten cases. However,
seven balloons had to be removed prematurely
due to valve malfunction, gastritis, Mallory-
Weiss tear, NSAID-related perforation ulcer, and
balloon deflation [38].

A UK study including 73 patients with
I-year Spatz balloon placement (mean volume
417 mL) showed 45.7% EWL (excluding 21

Table 12.2 Investigational intragastric balloons in the United States

Device Device Image

Characteristics FDA Status

Spatz 11l Adjustable
Balloon System

- >
Spatz FGIA, Inc., (
Great Neck, NY - /

Spherical silicone balloon around a curved | Pivotal trial
catheter which extends outside the balloon
to adjust fill volume after implantation
Filled with saline dyed with methylene
blue 300-900 ml

Elipse Intragastric
Balloon

Allurion Technologies,
Wellesley, MA)

Spherical balloon made of a polymer film | Pivotal trial
Filled with 550 ml of saline

Swallowed

Self-deflates and passes through GI tract
at 4 months
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early removals). Balloon volume adjustment
was considered in 51 patients for plateaued
weight loss, but adjustment failed in 6 cases
and did not lead to additional weight loss in 7
cases. Catheter impaction requiring surgical
removal (4.1%) and failure of volume adjust-
ment (5.5%) were the main concerns in post-
marketing phase [39].

A recent study reported outcomes in 206
patients from three centers, implanted with the
second-generation Spatz3 adjustable IGB. The
overall %ZEWL was 55.6%, and %TBWL was
15.2% on balloon removal at 12 months.
Downward adjustment of balloon volume by
100-150 mL successfully allowed continua-
tion of IGB in 80% (12/15) cases. Increase in
balloon volume for weight loss plateau leads to
additional mean weight loss of 9.3 kg (range
3-24 kg). No serious adverse events were
noted [40].

Elipse Balloon

The Elipse balloon system  (Allurion
Technologies, Wellesley, MA, Table 12.2) con-
sists of a single spherical balloon made of poly-
mer filled with 550 mL of saline. The balloon
contained in a capsule is swallowed, and gastric
placement is confirmed using fluoroscopy. The
main design advantage of Elipse balloon is the
presence of an internal release valve that sponta-
neously deflates at 4 months, and the deflated
balloon passes through the GI tract, saving the
need for endoscopic removal.

The first European trial included 34 patients
with a mean BMI of 34.4 kg/m? and reported a
9.5% TBWL and 37.2% EWL at 4 months. All
patients safely excreted the balloon [41]. A recent
prospective Italian study included 38 patients
with a mean BMI of 38.6 kg/m? and reported
26% EWL and 11.6% TBWL at 16 weeks. The
study also reported significant improvement in
metabolic syndrome parameters including blood
pressure, waist circumference, blood glucose,
and triglyceride levels. No serious adverse events
were noted [42].
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Another single-center prospective pilot study
from Kuwait including 51 patients reported
10.4% TBWL, 40.84% EWL, and 3.42 kg/m?
change in BMI at 4 months. Five balloon remov-
als were reported due to intolerance, including
one case vomiting the balloon [43]. A recent mul-
ticenter prospective study including 135 patients
reports safety and efficacy outcomes. At
4 months, mean BMI reduction was 4.9 units and
mean %TWL was 15.1%. Two patients vomited
the balloon, three patients required early removal
due to intolerance, three patients had early defla-
tion, and one patient suffered small bowel
obstruction that required balloon removal via
laparoscopic enterotomy [44].

Aspiration Therapy

The Aspire Assist System (AspireAssist; Aspire
Bariatrics, King of Prussia, PA) functions on the
principle of removing a portion of ingested food
via a percutaneous endoscopic gastrostomy
(PEG) tube, to reduce the amount of food avail-
able for absorption. In addition, the device also
results in a decrease in food consumed at a meal
[45]. The device is FDA approved for use in
patients 21 years or older with BMI 35-55 kg/m?.
The device consists of components that are
implanted and components that are only used
during aspiration (Figs. 12.1 and 12.2).

The A-Tube is placed endoscopically with a
standard pull technique similar to a PEG tube.
General anesthesia is not required for A-Tube

Fig. 12.1 Implanted A-Tube with attached Skin-Port
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Fig. 12.2 Assembled AspireAssist System with
implanted A-Tube and components only used during
aspiration

placement, which makes it an attractive option
for patients with BMI > 50 kg/m? and who have
significant perioperative mortality associated
with bariatric surgery. One to two weeks after
placement, the skin port is attached to the exter-
nal cut end of tube and aspiration sessions can
begin. The patients remove about 30% of the
ingested meal 20 min after eating, and the pro-
cess takes about 5—15 min. In addition to aspira-
tion of a portion of caloric intake, patients also
notice a change in behavior leading to reduced
food intake. In order to avoid clogging of the
A-Tube, food particles must be <5 mm in diam-
eter on average, which requires patients to chew
food significantly longer than before initiation of
aspiration therapy and to drink sufficient water
with meals. These mealtime behaviors likely
contribute to the reduced intake of food at meal-
times reported by patients [46].

In the pivotal multicenter US trial, 171 sub-
jects with BMI 35-55 kg/m? were randomly
assigned in a 2:1 fashion and included in the
modified  intention-to-treat  analysis to
AspireAssist plus lifestyle counseling (n = 111,
mean BMI 42.2 + 5.1 kg/m?) or lifestyle counsel-
ing alone (n = 70, mean BMI 40.9 + 3.9 kg/m?).
The A-Tube was successfully placed in 97% of
patients with a mean procedure time of 15 min.
Three failed cases were due to inability to transil-
luminate, presence of gastric varices, and Roux-
en-Y anatomy diagnosed during endoscopy. The

mean %EWL and %TBWL at 52 weeks were
significantly higher in AspireAssist group as
compared to lifestyle counseling alone group in
the  modified intention-to-treat  analysis
(31.5+£26.7% vs 9.8 £ 15.5% and 12.1 £ 9.6% vs
3.5 = 6.0% respectively), with 58.6% of patients
in the AspireAssist group achieving at least 25%
EWL and 59% of subjects with at least 10%
TBWL. Also, metabolic syndrome parameters
improved significantly in the AspireAssist group,
including HbA c, triglyceride, and HDL choles-
terol levels, though the difference in metabolic
parameters between the two groups was statisti-
cally significant only for HbAlc. It is important
to note that most patients had normal glucose
control, lipid concentrations, and blood pressure
at baseline and would not be expected to have
significant changes with weight loss. A total of
five severe adverse events were reported includ-
ing one case of mild peritonitis after A-Tube
placement, two hospitalizations related to
abdominal pain after tube placement, one prepy-
loric ulcer at 53 weeks causing abdominal pain,
and one case of product malfunction requiring
replacement of A-Tube, all of which resolved
without long-term sequelae [46].

A European study including 11 patients with a
mean BMI of 66.5 kg/m? reported outcomes of
aspiration therapy. Overall, the %TBWL and %
EWL were 14.5% and 28.5% at 6 months, 21.4%
and 33.9% at 1 year, and 25.5% and 38.8% at
2 years. No serious adverse events were reported
and procedure was successful in all cases [47].

A recent European registry study including
201 patients with mean BMI of 43.6 + 7.2 kg/m?
reported 1- to 4-year safety and effectiveness out-
comes. Mean %TBWL at 1, 2, 3, and 4 years was
18.2% + 9.4% (n/N = 155/173), 19.8% + 11.3%
(n/N =82/114), 21.3% + 9.6% (n/N = 24/43), and
19.2% + 13.1% (n/N = 12/30). The mean %EWL
at 1, 2, 3, and 4 years was 46.3% + 26.3%,
482% =+ 282%, 503% =+ 262%, and
47.9% + 36.2%. There was significant reduction
in HbAlc (=0.39% = 0.44%), systolic blood pres-
sure (—12.1 = 19.3 mm Hg), diastolic blood pres-
sure (—6.0 = 14.0 mm Hg), and triglyceride levels
(—=25.5 = 49.1 mg/dL) including a significant
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HbA 1c reduction in diabetics (—1.0% + 0.5%) at
1 year. A few serious complications were reported
including seven cases of buried bumpers and one
case of peritonitis, which resolved with 2-day
course of antibiotics [48].

There are no studies comparing AspireAssist
device directly to IGBs. However, aspiration
therapy has been studied in comparison with bar-
iatric surgery [49]. A total of 103 patients were
sequentially enrolled to either the aspiration ther-
apy group (n = 54, BMI 42.0 = 5.1 kg/m?
120.2 + 23.6 kg) or Roux-en-Y gastric bypass
surgery n = 49, BMI 41.1 + 5.0 kg/m?
115.3 £ 17.8 kg). At 1 year, patients in the aspira-
tion therapy group achieved 21 + 11%TBWL
compared with 32 + 9% TBWL in the Roux-en-Y
gastric bypass surgery group. Although weight
loss was higher in the Roux-en-Y gastric bypass
surgery group, five serious adverse events requir-
ing a total of five additional surgeries and seven
additional endoscopies occurred in the Roux-
en-Y gastric bypass surgery group compared
with three serious adverse events that required a
total of six endoscopies and no surgeries in the
aspiration therapy group.

Conclusion

EBTs represent a new category of treatment
options for obesity. There are a variety of avail-
able EBTs, with different routes of placement,
weight loss outcomes, metabolic benefits, and
safety profiles. The three FDA-approved intra-
gastric balloons and the AspireAssist for aspira-
tion therapy are gastric EBTs and are able to be
placed with minimal additional training for most
endoscopists. Two additional intragastric bal-
loons are currently under evaluation in the United
States. Although not discussed in this chapter, a
comprehensive weight loss program involving
endoscopists, nutritionists, counselors, and bar-
iatric surgeons is essential for maximizing weight
loss and metabolic goals for patients with obesity
undergoing EBT. As all EBTs are increasingly
used, safety profiles will continue to improve
with experience.
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Introduction

The goal of endoscopic sleeve gastroplasty (ESG)
is to reduce the gastric lumen into a tubular con-
figuration, with the greater curvature modified by
a line of sutured plications [1]. Lopez-Nava et al.
have published clinical experiences with ESG,
showing that the use of ESG for the treatment of
obesity is safe and feasible, and resulted in both
significant weight loss and altered patient eating
behaviors [2-5].

Standard Scheme for Pre-, Peri-,
and Postoperative Treatment of ESG
Patients

ESG Indication Criteria

Specific indications for the procedure are based
on obesity parameters (body mass index [BMI]
30-49 kg/m?) with previous failed attempts at
weight loss with conventional treatment of obe-
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sity and the willingness and ability of patients to
be treated by a multidisciplinary team for at
least 1 year. Table 13.1 shows the pre- ESG
evaluation.

Peri-ESG Management

e Pre-procedure
A liquid diet is initiated 1 day before the pro-
cedure. Pre-procedure antibiotics are given
(cefotaxime 2 gm IV).
*  Procedure

The goal of the procedure is to reduce the gas-
tric cavity to resemble a tubular lumen with
the greater curvature modified by a line of
cinched plications. An esophageal overtube
(US Endoscopy, Mentor, OH, USA) is used to
facilitate both atraumatic passage of the endo-
scope with the suturing device and repeated
intubation with a second endoscope when
needed. Carbon dioxide gas insufflation is
used to distend the gastric lumen. The gastro-
plasty uses an endoscopic suture device
(OverStitch; Apollo Endosurgery Inc., Austin,
Texas, USA) fitted to a dual-channel endo-
scope (GIF-2 TI160; Olympus Medical
Systems Corp., Tokyo, Japan).

The technique uses endoscopic transmural

suturing throughout the gastric wall to provide a
gastric sleeve similar but not identical to sleeve
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Table 13.1 Pre-ESG evaluation

Complete history and
physical examination,
nutrition evaluation
Routine labs

Causes and obesity-related comorbidities,
weight, BMI, weight loss history, commitment.
Complete blood count, coagulation profile.
Fasting blood glucose, lipid panel, kidney

Exclusions:

Related to clinical risk: previous

gastric surgery, gastric ulceration, hiatal
hernia >5 cm, or pregnancy

Special labs functions, liver panel anticoagulation or coagulopathy
Psychological Psychosocial-behavioral assessment Exclusions: Psychiatric disorders and
evaluation abnormal psychologist interview

Endocrine evaluation

HbA,, with suspected or diagnosed prediabetes
or diabetes

TSH with symptoms or increased risk of
thyroid disease

Goal: Optimize abnormal results

Anesthesiology
evaluation

ECG, CXR, echocardiography if cardiac
disease or pulmonary hypertension suspected

Goal: Assessment of anesthetic risk

Personal interview

Check/improved analytical parameters

Goal: Sign informed consent

with results

Before

Fig. 13.1 Endoscopic sleeve gastroplasty

gastrectomy in shape. To perform the gastro-
plasty, we deploy interrupted sutures from distal
to proximal body. Each suture consists of six
bites along the anterior/greater curvature/poste-
rior gastric wall before it is cinched. Because this
is not a continuous staple line, but, rather, an
invagination of the greater curvature of the stom-
ach, intraluminal gaps exist along the plication
line. These gaps are of no clinical consequences
as far as trapping food and are analogous to gaps
seen with surgical plications of the greater curva-
ture for weight loss. Reinforcing stitches are usu-

ally placed in the upper body of the stomach. The
suture pattern has evolved from a very few cases
addressing the fundus to the majority in which
we leave the fundus open, so the patient can have
a pouch and some accommodation ability.

The technique is performed under general anes-
thesia with the patient in the left lateral position
and using endotracheal intubation. After proce-
dure completion a second endoscopy is carried out
to ensure the final tubular configuration, to exam-
ine any defects requiring supplemental closure,
and to rule out potential bleeding [3] (Fig. 13.1).
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Early Post-ESG

The immediate postoperative period includes
inpatient surveillance for 24 hours. Medication
during hospitalization includes omeprazole
20 mg/12 hours IV (optional: analgesia (met-
amizole IV) and antiemetic (ondansetron IV)).
Lopez-Nava et al. [4] showed that the procedure
does produce discomfort for patients in the
immediate post-procedure period, with 50%
experiencing moderate abdominal pain and 20%
experiencing nausea, both of which can be con-
trolled pharmacologically.

At 8 hours after the procedure, liquid toler-
ance is tested. Blood tests are performed at 6 and
24 hours after the procedure to rule out bleeding
[3]. An oral contrast study is performed the day
after the procedure (Fig. 13.2). Discharge is
planned within 24 hours.

Activity restrictions are not specifically rec-
ommended after the procedure (lifting weights,
return to work, travel, flight, etc.), beyond the
feeling of weakness that the patient could have
due to the low caloric intake.

Fig. 13.2 Post-procedure (next day) barium radiographs
(Lopez-Nava et al. 2015)

Follow-Up of Patients

Post-procedure care with a nutritionist and a psy-
chologist weekly or biweekly is maintained.
Patient communication includes personal inter-
views (face-to-face), telephone interviews,
e-mails, and text messages.

Nutritional intervention changes during the
course of treatment. Initially, the focus is on a
transitional diet post-intervention. A liquid diet is
initiated on the day before the procedure and is
continued for at least 2 weeks after. The patient
then progresses from hypocaloric liquids to small
semisolid meals over 4 weeks.

After patients are started on solid food, the
focus is on following the prescribed hypocaloric
diet and discussing healthy food choices and
alternatives. Once the first phase is completed,
nutritional support is shifted to providing patients
with a workable diet program that they could fol-
low over the long term, which is personalized to
their individual needs. The psychologist coaches
patients to follow the recommended lifestyle
modification program necessary to maintain their
weight loss over the long term. Furthermore,
patients were coached on how to interact with
food cues and obesogenic environmental stimuli.
Finally, they are taught how to recognize emo-
tional eating cues and deal with them. Gastric
cavity restriction facilitates caloric limitation.
Dietitians and psychologist are in continuous
contact to resolve problems and to design the best
strategy for treatment of each individual patient.

Exercise is recommended, taking into account
each patient’s limitations and as prescribed by an
exercise physiologist. An exercise plan that avoids
increase in intra-abdominal pressure is recom-
mended during the first month. Initially, walking
is encouraged, with a progressive increase in the
intensity of exercise as the diet progresses.

The team verifies weight loss results at differ-
ent times post-procedure.

Results

Fogel in 2008 [6] and Brethauer in 2010 [7]
showed the feasibility of endoscopic gastric vol-
ume reduction for management of obesity using a
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Fig. 13.3 Endoscopic findings after endoscopic sleeve gastroplasty

Table 13.2 Comparison of %TWL between the three centers in the study at 6 and 24 months (Multicenter Study)*

N N %TWL %TWL %TWL

Total |Lost to follow-up | %TWL Madrid | Rochester New York All P-value

6 months

248 |33 15.8 (0.62) 14 (1.2) 14.2 (1.0) 15.17 (0.45) 0.25
[14.6-17] [11.5-16.3] [12.2-16.25] [14.2-16.25]

24 months (18-24)

92 35 19.3 (2.1) 16.8 (2.6) 19.5 (3) 18.6 (1.43) 0.7
[15.1-23.5] [11.5-22.1] [13.5-25.6] [15.7-21.5]

“Both standard deviation and 95% confidence intervals shown

superficial endoscopic suturing device that mim-
icked vertical banded gastroplasty surgical anat-
omy. Subsequent to a pilot feasibility study in
2013 [1], that demonstrated the feasibility of the
ESG multiple groups have further demonstrated
the technical feasibility, safety, and short-term
efficacy in a variety of clinical settings [2-5, 8—
10]. A recent study also demonstrated statisti-
cally significant physiologic changes associated
with ESG including early satiety, delayed gastric
emptying, and a trend toward increased insulin
sensitivity [11]. Lopez-Nava et al. showed that at
1 year after the procedure, the number of nutri-
tional and psychological interaction was predic-
tive of success (Fig. 13.3). Sartoretto et al. [12]
showed that male sex, greater baseline body
weight, and lack of prior endoscopic bariatric
therapy were predictors of greater weight loss at
6 months.

In our experience with a sample of 25 patients,
a high percentage of patients improved nutri-
tional habits, level of physical activity, and sleep

quality. Initially, the worst habits were “not eat-
ing 5 meals a day” (94.1%) and “not eating
slowly” (93.3%). One year after the procedure,
the most notable changes were “not eating 5
meals a day” (from 94.1% to 29.4%) and binge
eating (from 68.8% to 12.5%). Among the ini-
tially sedentary patients, 55.6% began physical
activity (walking or doing cardiovascular exer-
cises in the gym), and 75% of those who were
initially not sedentary improved their level of
physical activity (e.g., increasing walking time or
doing other activities in the gym) [4].

We have recently reported the effectiveness,
safety, weight evolution, and 2-year outcome data
from a Multicenter Study of 248 Patients [5]. At 6
and 24 months, percentage of initial body weight
loss (%TBWL) was 15.2 [95%CI 14.2-16.3] and
18.6 [15.7-21.5], respectively. Weight loss was sim-
ilar between centers at both follow-up intervals
(Table 13.2). At 24 months, the percentage of
patients achieving >10% TBWL was 84.2 and 53%
with per-protocol and intention-to-treat analyses,
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respectively. On multivariable linear regression
analysis, only %TBWL at 6 months strongly pre-
dicted %TBWL at 24 months.

Five (2%) serious adverse events occurred:
two perigastric inflammatory fluid collections
(adjacent to the fundus) that resolved with percu-
taneous drainage and antibiotics, one self-limited
hemorrhage from splenic laceration, one pulmo-
nary embolism 72 hours after the procedure, and
one pneumoperitoneum and pneumothorax
requiring chest tube placement. All five patients
recovered fully.

Conclusions

Most individuals who opt for weight loss proce-
dures have usually struggled for many years with
their weight. Endoscopic bariatric techniques,
like the ESG procedure, provide an opportunity
to lose weight and help change lifestyle habits
necessary to perpetuate long-term success. A
team of healthcare professionals must be avail-
able to provide patients with ongoing education
and support.

The durability of the endoscopic sleeve gas-
troplasty at 2-year, along with the weight loss
results, suggests that this endolumenal technique
remains effective and helpful. It should be noted
that no irreversible anatomical alteration occurs
in the gastric cavity and the technique is repro-
ducible and repeatable, thus allowing reinterven-
tion in the future to achieve lasting results.

References

1. Abu Dayyeh BK, Rajan E, Gostout CJ. Endoscopic
sleeve gastroplasty: a potential endoscopic alternative
to surgical sleeve gastrectomy for treatment of obesity.
Gastrointest Endosc. 2013;78:530-5.

12.

. Lopez-Nava

. Lopez-Nava G, Galvao MP, da Bautista-Castafio I,

et al. Endoscopic sleeve gastroplasty for the treatment
of obesity. Endoscopy. 2015;47:449-52.

G, Galvio MP, Bautista-Castafio
1, Jimenez-Bafios A, Fernandez-Corbelle
JP. Endoscopic sleeve gastroplasty: how I do it? Obes
Surg. 2015;25:1534.

. Lopez-Nava G, Galvdo MP, Bautista-Castafio I, et al.

Endoscopic sleeve gastroplasty with 1 year follow-
up: predictive factors of success. Endosc Int Open.
2016;4(2):E222-7.

. Lopez-Nava G, Sharaiha RZ, Vargas EJ, Bazerbachi F,

Manoel GN, Bautista-Castafio I, Acosta A, Topazian
MD, Mundi MS, Kumta N, Kahaleh M, Herr AM,
Shukla A, Aronne L, Gostout CJ, Abu Dayyeh
BK. Endoscopic sleeve gastroplasty for obesity: a
multicenter study of 248 patients with 24 months
follow-up. Obes Surg. 2017;27:2649.

. Fogel R, De Fogel J, Bonilla Y, et al. Clinical expe-

rience of transoral suturing for an endoluminal ver-
tical gastroplasty: 1-year follow-up in 64 patients.
Gastrointest Endosc. 2008;68:51-8.

. Brethauer SA, Chand B, Schauer PR, et al. Transoral

gastric volume reduction for weight management:
technique and feasibility in 18 patients. Surg Obes
Relat Dis. 2010;6:689-94.

. Sharaiha RZ, Kedia P, Kumta N, et al. Initial experi-

ence with endoscopic sleeve gastroplasty: technical
success and reproducibility in the bariatric popula-
tion. Endoscopy. 2015;47(2):164-6.

. Galvao-Neto MD, Grecco E, Souza TF, et al.

Endoscopic sleeve gastroplasty—minimally invasive
therapy for primary obesity treatment. Arq Bras Cir
Dig. 2016;29(Suppl 1):95-7.

. Kumar N, Lopez-Nava G, Sahdala HNP, et al.

Endoscopic sleeve gastroplasty: multicenter weight
loss results. Gastroenterology. 2015;148(4):S179.

. Abu Dayyeh BK, Acosta A, Camilleri M, et al.

Endoscopic sleeve gastroplasty alters gastric physiol-
ogy and induces loss of body weight in obese individu-
als. Clin Gastroenterol Hepatol. 2017;15(1):37—43.el.
Sartoretto A, Sui Z, Hill C, Dunlap M, Rivera AR,
Khashab MA, Kalloo AN, Fayad L, Cheskin LJ,
Marinos G, Wilson E, Kumbhari V. Endoscopic
Sleeve Gastroplasty (ESG) is a reproducible and
effective endoscopic bariatric therapy suitable for
widespread clinical adoption: a large, international
multicenter study. Obes Surg. 2018;28(7):1812-21.
https://doi.org/10.1007/s11695-018-3135-x. PubMed
PMID:29450845.


https://doi.org/10.1007/s11695-018-3135-x

®

Check for
updates

Emerging Endoscopic Therapies
for Weight Loss

14

Thomas J. Wang and Marvin Ryou

Introduction

The prevalence of obesity (defined as BMI > 30)
in the US adult population was 36.5% between
2011 and 2014 [1]. Estimates of obesity-
associated healthcare costs ranged from $ 146 to
190 billion between 2005 and 2006 [2-3] and are
most likely even higher over the past few years
due to inflation and rising healthcare costs.
Lifestyle modifications are frequently attempted
by both clinicians and the general public, but they
are often inadequate in maintaining weight loss
and suppressing metabolic disease. Surgical
interventions have been shown to be effective for
weight loss but do require morbid obesity
(defined as BMI > 40 or BMI > 35 with an
obesity-associated comorbidity) and can put
patients at risk for significant postsurgical com-

Disclosures Thomas J. Wang: None.
Marvin Ryou: Covidien/Medtronic (consultant); GI
Windows (co-founder).

T. J. Wang
Massachusetts General Hospital, Department of
Medicine, Boston, MA, USA

Harvard Medical School, Boston, MA, USA

M. Ryou (<)
Harvard Medical School, Boston, MA, USA

Brigham and Women’s Hospital, Division of
Gastroenterology, Hepatology, and Endoscopy,
Boston, MA, USA

e-mail: mryou@bwh.harvard.edu

© Springer Nature Switzerland AG 2020

plications, though the safety profiles of these pro-
cedures have increased over the years [4].
Bariatric endoscopic interventions are often seen
as the middle ground between lifestyle modifica-
tions, which harbor the lowest risk, and surgical
procedures; over the past decade, these interven-
tions have become increasingly appealing given
their lower cost and invasiveness.

As of 2018, there exist four endoscopic
devices that have gained FDA approval as thera-
peutic interventions for weight loss, including
three intra-gastric balloons and one aspiration
device [5]. These devices are discussed in detail
in a prior chapter. Many more interventions exist
but have not received or have only very recently
received FDA approval. Many are undergoing
various stages of development, ranging from pre-
clinical concepts to devices that have seen multi-
ple iterations through randomized controlled
trials. These devices, however, all still require
alterations or additional, larger studies to demon-
strate their safety profile and efficacy.

Within this chapter, we will discuss each inter-
vention one by one in detail, along with a table at
the end of the chapter that summarizes the high-
lights of what we know about these devices: their
therapeutic benefits, mechanism of action, exist-
ing clinical trial results, and plans for the future.
We will start our discussion with gastroduodenal
implants, which can propagate both mechanical
and neurohormonal effects in achieving weight
loss, and then proceed to malabsorptive sleeves
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and interventions that impact gastric motility. We
will then end the chapter by discussing therapeu-
tic options aimed toward alterations of the small
intestine and colon, which have been shown to
not only help achieve weight loss but also other
aspects of metabolic syndrome, such as glycemic
control and fatty liver disease.

Gastroduodenal Implants
BAROnNova Transpyloric Shuttle

The TransPyloric Shuttle (BAROnova, Inc., San
Carlos, California, USA, Fig. 14.1) is a silicone
device composed of two bulbs connected by a
flexible tether that sits at the pylorus to enable to
weight loss by delaying gastric emptying and
promoting early and extended satiety. The device
is deployed into the stomach endoscopically and
migrates toward the pylorus via natural peristal-
sis, with the smaller bulb stationed in the duode-
num. The larger bulb serves as the anchor and
prevents migration by sitting at the pylorus.
Clinical data for the efficacy of the device is lim-
ited, with only one prospective, non-randomized
trial consisting of two groups of ten patients
showing successful excess weight loss of
25.1 £ 14.0% (mean += SD) in the 3 months group
and 41.0 £ 21.1% in the 6 months group [6].
Notably, two patients (10%) from the study
required early device removal due to acute-onset

epigastric pain. The most significant complica-
tion was gastric ulcers larger than 5 mm in the
antrum, seen in 50% of patients endoscopically,
most of which were asymptomatic and all
resolved with medications alone [6]. Since then,
the device has been reiterated, and the company
has recently presented their results from their
multicenter, double-blind, randomized sham-
controlled trial (ENDObesity II) of 302 patients
in Obesity Week 2018, in which they reported an
average weight loss of 9.5% for patients who
were treated with the device versus 2.8% for
patients with the sham device [7]. The company
also reported greater improvement in blood pres-
sure and cardiometabolic factors. Most common
adverse events were reported to be stomach pain,
nausea, vomiting, and dyspepsia, though notably
there were no mention of gastric ulcers for this
trial. Detailed results are not published or pub-
licly available. As of April 2019, the device has
gained FDA approval for patients with BMI of
30-40 kg/m for up to 12 months of treatment [8].

SatiSphere System

The SatiSphere Duodenal Insert (EndoSphere
Inc., Columbus, Ohio, USA, Fig. 14.2) is an endo-
scopically implanted device designed to delay
passage of nutrients through the duodenum. It
consists of a nitinol backbone with two pigtails to
stabilize the device between the pylorus and duo-

Fig. 14.1 The left image shows a digital model of the
device obstructing the pylorus, and the right image shows
intermittent migration that allows chyme to pass at a

slower rate. (Images taken with permission from video at
original ~site at:  https://baronova.com/technology/
baronova-products/)
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Fig. 14.2 Left image shows a digital model of the
SatiSphere system in the duodenum after deployment,
with a magnified image on the right. (Original images

taken with permission from https://www.e-sciencecentral.
org/articles/?scid=SC000010392)

Fig. 14.3 Artwork of the device implanted in the distal esophagus and gastric cardia. (Original image available at:
http://www.obesityhelp.com/articles/new-full-sense-device-to-combat-obesity)

denum and a series of polyethylene terephthalate
spheres attached to the backbone that slows down
the flow of chyme in the duodenum. The theoreti-
cal benefits of this device relate to hormonal regu-
lation and are twofold: first, the spheres and
increased chyme in the duodenum from slower
passage may cause increased mechanical stimula-
tion of duodenal walls, resulting in earlier satiety.
Second, delayed passage in the duodenum may
also cause prolonged neurohormonal signaling
(i.e., CCK and GLP-1) to promote extended appe-

tite suppression. An initial small randomized con-
trolled trial of 31 (2:1 ratio for intervention arm)
patients showed a significant excess weight loss
of 18.4% at 3 months for those who completed the
study (n =9) versus 4.4% in the control group [9].
However, 10 out of the 21 patients who received
the device resulted in migrations before the
3-month period, with two requiring surgical
removal, and thus the trial was prematurely ter-
minated. Device modifications have since been
made to address issues with migration.
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Full Sense Device

The Full Sense Device (BFKW LLC., Grand
Rapids, Michigan, Fig. 14.3) is a modified esoph-
agogastric stent with the intent to induce satiety. It
has two components, a cylindrical stent placed
above the gastroesophageal junction that is con-
nected to a disk situated below the junction, plac-
ing pressure on the distal esophagus and gastric
cardia. Although the exact mechanism is
unknown, it is thought theoretically that the
mechanical pressure from the device would likely
trigger gastric stretch receptors and neurohor-
monal signaling, which would promote a constant
state of fullness and thus appetite suppression.
The device is currently undergoing internal clini-
cal trials, most recently reporting having done
studies of 100 obese patients in Mexico. However,
no peer-reviewed data is available to date.

Malabsorptive Sleeves
EndoBarrier
The EndoBarrier (GI Dynamics, Boston, MA,

USA, Fig. 14.4) is a malabsorption bypass fil-
ter that prevents mixing of chyme and pancre-

Fig. 14.4 Artwork of the device after full deployment of
the EndoBarrier sleeve. (Image is credited to original
video available at: http://gidynamics.com/endobarrier/)

aticobiliary juice and digestion in the proximal
intestinal tract. The device is composed of a
60 cm fluoropolymer liner reversibly anchored
to the duodenal bulb and extending to the prox-
imal jejunum. Chyme passes from the stomach
and into the EndoBarrier, while pancreatic
enzymes and bile flow outside the liner. To
date, dozens of multicenter clinical trials and
observational studies around the world have
been conducted with success in achieving
excess weight loss as well as better glycemic
control when combined with other diabetic
therapies [10-13]. A recent meta-analysis of
recent trials showed significant reduction in
excess weight loss of 12.6% (95% C19.0, 16.2)
at 12 weeks when compared to diet changes
only. In addition, the meta-analysis showed a
decrease in glycated hemoglobin of 0.9% (95%
Cl —1.8, 0.0) and a reduction of fasting plasma
glucose of 3.7 mM (95% Cl —8.2, 0.8) [14].
Neither of the glycemic markers on aggregate
reached statistical significance, although the
results were close. The device so far is not
FDA approved due to a 3.3% incidence of
hepatic abscesses (7/212 in intervention arm)
in the recent US pivotal trial, which is higher
than the 2% safety threshold and thus resulted
in early termination of the trial [15]. Other
complications include abdominal pain and GI
bleeding, each noted to occur in 3.8% (8/212)
of patients in the interventional arm [14].
Overall, the EndoBarrier appears to be a prom-
ising therapeutic option for weight loss and
glycemic control. Further trials are planned
following device reiteration.

ValenTx Sleeve

The ValenTx Sleeve is a fluoropolymer bypass
sleeve that aims to mimic the physiological
benefits of a Roux-en-Y bypass, promoting
early satiety and malabsorption by circumvent-
ing the stomach and proximal small bowel. The
device extends from the gastroesophageal
junction at the Z-line to the proximal jejunum,
with a total length of 120 cm. So far, one
12-week pilot study and a follow-up year-long
single-center trial have been published. The
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pilot study of 17 patients reported an excess
weight loss of 39.7% after 12 weeks. In addi-
tion, patients taking antihyperglycemic or anti-
hypertensive medications prior to the trial no
longer required the medications at the end of
the 12-week trial due to improvements in glu-
cose control and blood pressure. Five out of the
original 22 patients could not complete the
trial due to early postoperative dysphagia [16].
The follow-up trial followed ten patients for a
year after device placement and reported a
mean excess weight loss of 36%. Four out of
ten patients had a partial cuff detachment.
When those patients were excluded, the excess
weight loss on average was higher at 54%. The
device was otherwise well tolerated [17]. A
larger follow-up study of 40 patients is set to
be complete by October 2018 [18].

Gastric Motility Therapies
Botulinum Toxin A Injection

Botulinum toxin injections are commonly used
for patients with GI smooth muscle disorders,
including achalasia, diffuse esophageal spasms,
gastroparesis, and sphincter of Oddi dysfunc-
tion [19]. Over the past decade, botulinum
injections have also been considered as a pos-
sible option in treating morbid obesity. Injected
onto the gastric antrum, botulinum has been
thought to delay gastric emptying by inhibiting
peristalsis, thus helping achieve earlier satiety.
There currently exist three randomized control
trials that have so far explored this option, with
mixed results [20]. One double-blind, random-
ized control trial with 24 patients showed sig-
nificant weight loss (11.0 vs. 5.7 kg, p < 0.001),
higher satiety, reduction in gastric capacity, and
delayed emptying 8 weeks after 200 IU of botu-
linum injection when compared to the placebo
group [21]. However, the two other studies
showed no significant weight loss after 5 and
16 weeks postinjection, respectively, even at
higher doses of 500 IU botulinum [22, 23]. It is
unclear the reason behind these mixed results,
though possibly due to the studies’ small cohort

size. Due to these mixed results, botulinum
injections are currently not medically indicated
or FDA approved for weight loss therapy.
Currently, one longer clinical trial of a cohort
of 20 patients is underway to determine the
benefit of repeated botulinum injections with
follow-up over the span of 5 years [24]. The
current study is set to be completed in 2022.

Endoscopically Placed Gastric
Stimulator

Although the exact mechanism is currently
unclear, implantable gastric stimulators are
hypothesized to impair physiological electrical
activity in the gastric system, causing delayed
gastric emptying and increased satiety.
Currently, multiple devices are actively under-
going clinical trials, with all studies achieving
some level of statistically significant weight loss
in the first 12 months [25]. At the moment,
larger and longer studies are actively being pur-
sued. However, these gastric stimulators cur-
rently require laparoscopic implantation due to
the size of the device. Versions of these devices
that can be endoscopically placed do exist,
although they are still in the preclinical stage
(Fig. 14.5) [26]. Further modifications and clini-
cal trials of these devices will need to be con-
ducted in the future before they can be
considered as possible therapeutic options for
weight loss.

Intestinal Alterations

Revita Duodenal Mucosal
Resurfacing

The Revita Duodenal Mucosal Resurfacing
(Fractyl Laboratories, Cambridge, MA) proce-
dure aims to improve glycemic control in dia-
betic patients via duodenal hydrothermal
ablation. The technique for the ablation first
entails a mucosal lift via submucosal saline
injection to protect the deep muscularis, fol-
lowed by circumferential thermal ablation (at a
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Fig. 14.5 Front and back images of a preclinical version of the device. (Original images available from Springer article

Lonys et al. [26])

Ablation of the duodenal lining

Fig. 14.6 Left image shows a digital model of the ablated
duodenal lining immediately after the procedure, and the
right image shows regeneration of the mucosa multiple

temperature of 90 °C) of the duodenal walls by
a balloon catheter. The mucosa walls then natu-
rally regenerate, which is hypothesized to mod-
ify enteroendocrine cell signaling and thus
glycemic control and insulin resistance
(Fig. 14.6). An initial trial of 39 patients was
conducted, with 28 receiving long-segment
(average 9.3 cm) and 11 receiving short-seg-
ment (average 3.4 cm) ablations between the
ampulla of Vater and ligament of Treitz [27].
Three months post-procedure, those who
received the long segment ablation saw a larger
reduction in hemoglobin Alc (2.5%, from an

Regeneration of mucosa

weeks after. (Original images available at: http://www.frac-
tyl.com/medical-professionals/#revita-dmr-procedure)

average baseline of 9.5%) than those who
received a short-segment ablation (1.2%). No
significant difference was noted at 6 months,
with 1.4% reduction in hemoglobin Alc for
long-segment ablation and 0.7% reduction for
short segment [28]. Patients also saw a reduc-
tion in their hepatic transaminases (AST
32 + 17 from baseline to 22 + 6 at 6 months;
ALT 40 = 23 from baseline to 27 + 12 at
6 months), thus invoking possible benefit for
fatty liver disease as well. Effects on weight
loss were minimal, with a mild decrease in total
weight from 86 + 11 kg at baseline to 82 = 11 kg
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Two standard endoscopes are
used to access the small bowel

each endoscope

fﬁ >/
The devices are connected to
create a compression anastomosis

Fig. 14.7 Six panels visually demonstrating how the
magnetic anastomosis system is deployed and the results
of the procedure 6 days after. (Original images taken with

at 1 month post-procedure that subsequently
reverted to near baseline at 6 months [1].
Although not aimed specifically at weight loss,
the procedure has shown metabolic benefits to
sequelae linked with obesity and metabolic
syndrome. The company is currently actively
recruiting patients for a larger clinical trial with
a longer follow-up of 48 weeks to further evalu-
ate the procedure as a possible therapeutic
option for type 2 diabetes and nonalcoholic
fatty liver disease (NAFLD) [29].

Partial Jejunal Diversion Procedure
Using Incisionless Magnetic
Anastomosis System

The Partial Jejunal Diversion procedure is an
endoscopic therapy designed to treat type 2 dia-
betes and obesity, performed using the
Incisionless Magnetic Anastomosis System
(IMAS; GI Windows, Boston, MA, USA). The
procedure uses simultaneous enteroscopy and

When the anastomosis is fully
formed, the devices are passed

-

Self-forming magnets are deployed from the working channel of

A treatment path is created, by-
passing a portion of the small

permission from GI Windows and available at: http://
giwindows.com/main-pages/product)

colonoscopy to place two self-assembling octag-
onal magnets in the jejunum and ileum, respec-
tively. The procedure concludes with the
coupling of these two magnets under endoscopic
and fluoroscopic visualization. Within 1 week, a
large-caliber, side-to-side anastomosis forms
between the jejunum and ileum, creating a par-
tial diversion for chyme while preserving the
native pathway to mitigate against complications
of malabsorption [30]. The coupled magnets are
naturally expelled in the stool (Fig. 14.7). Early
clinical results indicate significant durable gly-
cemic control from changes in neurohormonal
control in addition to sustained weight loss.
GIW has completed their first pilot study of ten
patients with reported post-procedure results up
to 12 months [32]. All anastomoses formed
within 1 week and continued to be patent. Mean
weight loss at 6 and 12 months was 28.3% and
40.2% EWL, respectively. Seven out of ten
patients were diabetic or prediabetic, and all
patients received significant reduction in
HbAlc (1.9% for diabetic and 1.0% for predia-
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betic at 12 months) and fasting blood glucose.
No serious complications were noted [31, 32].
Post-procedure nausea and diarrhea were
reported in some patients, with most symptoms
resolving within 2 weeks and all cases resolv-
ing with diet modifications or standard medical
therapy. Larger prospective trials are planned to
be conducted in the future.

Fecal Microbiota Transplant (FMT)

Fecal microbiota transplantation (FMT) is an
accepted treatment for refractory Clostridium dif-
ficile infection and is currently being studied as a
treatment option for inflammatory bowel disease,
irritable bowel disease, and pouchitis [33]. Given
its impressive results in C. difficile colitis, FMT is
also in clinical studies for treatment of metabolic
syndrome. At the moment, there is one clinical
trial published in the literature. In that trial, 29
patients received FMT from lean donors and after
6 weeks were found to have significantly increased
peripheral insulin sensitivity [34]. With continued
advances in this field, FMT represents an experi-

Fig. 14.8 Image showing a syringe filled with fecal
microbiota and an illustration of the fecal microbiota
deployed endoscopically

mental, but certainly thought-provoking treatment
option for obesity and diabetes (Fig. 14.8).
Multiple small clinical trials to evaluate FMT’s
efficacy in this domain are currently actively
recruiting patients [35-38], and therefore we
should see results for this possible therapeutic
option for weight loss within the next few years.
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Conclusion

New endoscopic bariatric therapies continue
to emerge. Some are geared for weight loss,
some focus on metabolic outcomes including
glycemic control, and some target both end-
points. Since bariatric surgery reaches only
2% of the eligible population, it is important
to have a robust pipeline of future, minimally
invasive therapeutic options. While all of these
emerging interventions still require further
studies to demonstrate their safety, benefits,
and cost-effectiveness, many of them appear
promising and some may have an impact in the
field of bariatric management in the near
future.
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Introduction

Over two-third of US adults are classified as
overweight and obese, and one-third are classi-
fied as morbidly obese [1]. The rising preva-
lence of obesity is coupled with the rising
number of bariatric procedures performed each
year in this country. Surgical treatment of obe-
sity offers the most substantial and durable
weight loss in this population [2, 3]. The safety
profile of these procedures has also improved
dramatically. However, despite such improve-
ment, up to 5% of patients undergoing Roux-
en-Y gastric bypass (RYGB) or sleeve
gastrectomy (SG) will experience a postopera-
tive leak [4] which has a mortality rate of 0.1—
0.5% [5, 6], and between 3 and 27% will
experience strictures of varying severity [7-9].
Historically, complications of bariatric surgery
have required operative therapy. The role of
endoscopy, however, is emerging as a more
common option to manage many of these com-
plications with a minimally invasive approach.
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Strictures

Bariatric procedures are unique because they
partly function by limiting the size of the con-
duits, and thus, some degree of stricture serves a
beneficial purpose. The pathogenesis of strictures
is not completely understood but is likely related
to technical factors such as choice of stapler or
suture, inflammatory response, ulceration caused
by acid-producing parietal cells remaining in the
stomach, ischemia, nonsteroidal anti-
inflammatory drug (NSAID) therapy, or alcohol
consumption [10, 11].

Strictures in RYGB at the gastrojejunostomy
and in SG patients can cause dysphagia, vomit-
ing, and unwanted, accelerated weight loss and
occur in 3-27% of patients [7-9]. Typically a
diagnosis of anastomotic stricture is suggested
at fluoroscopic evaluation and confirmed by
narrowing of the lumen or the lack of passage
of the gastroscope at endoscopic evaluation.
Several techniques have been used to treat stric-
tures, although endoscopic balloon dilations
are often the first-line treatment. Occasionally,
serial dilations every couple of weeks over a
period of time are necessary to achieve lasting
results usually starting with a 10 mm balloon
and progressing to a 15—-18 mm balloon. This
approach can achieve sustained long-term
results in >80% of patients [7, 8, 12] with a low
risk of perforation. More chronic or difficult
anastomotic strictures may require more
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aggressive endoscopic therapy such as steroid
injections or even a needle-knife strictureplasty
[13, 14]. When endoscopic management of
strictures fails, operative revision of the anasto-
mosis or surgical strictureplasty is appropriate.
The enteroenterostomy, when strictured, is
more difficult to manage endoscopically due to
its location. Such distal strictures often require
surgical revision. Strictures in SG appear to be
associated to a smaller bougie size, misapplied
staple lines, or efforts to make a tighter sleeve
[15]. Strictures close to the incisura appear to
be more refractory to balloon dilation then
proximal strictures and might require repeated
dilations, stenting, or surgical revision. More
aggressive dilation with larger balloons (30—
35 mm) have been advocated in the specific
instance of mid-sleeve strictures, although data
to support this approach is lacking and many
surgeons resort to conversion to a RYGB in this
instance [15-18].

Leaks

Anastomotic or staple line leaks after bariatric
surgery are uncommon but usually morbid and
potentially lethal. Their incidence is 2%—5% of
cases [4, 12]. Postoperative leaks carry a high
morbidity and a mortality of 0.5%—-10% in most
series [4, 19]. However, as many as 50% of
patients may be asymptomatic, with leaks
detected only on X-ray studies [19]. A slow leak
or chronic manifestation of an acute, self-limited
leak is termed a fistula, which occurs in 1.5%—
12.5% cases after RYGB.

Endoscopic treatment strategies may attempt
to exclude a leak (stenting) and/or occlusion of
the orifice (clips, plugs, glues, or sutures) [14,
20-23]. However as the time interval between
leak formation and attempted closure increases,
the more difficult it becomes to deploy clips
because of the inflammatory changes in the sur-
rounding tissues. When the orifice caliber is too
large for clip deployment or additional endolumi-
nal drainage is needed, a pigtail catheter or an
EndoVAC can be used to obtain additional source

control [24, 25]. These complications require a
thoughtful, multidisciplinary, and often long-
term approach to management. Control of
abdominal contamination, systemic antimicrobi-
als, and nutritional support are essential compo-
nents of treatment in these cases but are outside
the scope of this chapter.

Etiologies

Postoperative leaks occurring in the first 4 days
are most commonly attributed to a technical flaw.
A leak presenting 4 or more days after surgery
may be due to ischemia at the staple line or anas-
tomosis, poor nutrition, tension, or other host fac-
tors. With gastric bypass, most leaks occur at the
gastrojejunostomy [19, 26, 27]. After a sleeve
gastrectomy, high pressure in the gastric conduit
can result in a leak which most commonly occurs
at the former angle of His, where the staple line
meets the esophagogastric junction [28, 29].
After ligation of the short gastric arteries, this
area may be particularly susceptible to ischemic
perforation. These leaks are especially prone to
becoming chronic fistulas that resist attempts at
closure. Timing of the leak can offer valuable
information regarding its etiology. Despite sound
surgical principles, gastric ischemia or technical
failure may occur unpredictably resulting in such
complication.

Diagnosis and Classification

An early postoperative leak after bariatric sur-
gery can be challenging to diagnose. The
abdominal exam is often not reflective of the
severity of intra-abdominal spillage and usually
misleading in the obese patient. One of the most
sensitive indicators of a leak is isolated tachy-
cardia. Although normally patients are feeling
well and ambulating on the night of surgery,
someone who complains of severe pain, is not
ambulating, or is deviating from the standard
postoperative course should prompt suspicion
of a leak. Computed tomography performed
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with oral, water-soluble contrast provides the
most information and has a near 100% sensitiv-
ity [30]. Contrast esophagograms or upper gas-
trointestinal (GI) series are often employed but
have a sensitivity that as been reported as low as
33% [31].

Acute self-limited leaks, small, intermediate
leaks or failed closure attempts may present late
as chronic fistulas. These can present insidiously,
months to years after surgery, with nonspecific
abdominal complaints such as pain or malaise.
Additionally, fistulas between the gastric pouch
and gastric remnant can occur after RYGB and
may present with weight regain and/or nausea,
pain, or new-onset GERD. With appropriate clin-
ical suspicion, upper endoscopy or contrast upper
GI radiographs will usually make the diagnosis.
Careful endoscopic examination of the gastric
pouch or sleeve will demonstrate a granulated fis-
tula tract, often too small to permit passage of the
gastroscope. Cross-sectional imaging may
exclude other diagnoses or reveal occult abscesses
but is unlikely to show a fistula directly. Without
specific symptoms or apparent findings on clini-
cal exam, these diagnoses rely on clinical intu-
ition and interpretation of the imaging.

The literature suggests a classification of leaks
into (a) early leaks, occurring <3 days after sur-
gery; (b) intermediate leaks, occurring between 4
and 7 days after surgery; and (c) late leaks/fistu-
las, occurring 8 or more days after surgery [15,
18]. In early leaks, the local inflammatory and the
systemic responses to peritoneal contamination
can be dramatic but are often limited. With inter-
mediate leaks, inflammatory responses are likely
at their height, with friable tissue and substantial
contamination. Traditional surgical remedies
have high failure rates in these scenarios [18].
For late leaks, local inflammation may have sub-
sided, but the chronic healing of a fistulous tract
may hamper spontaneous closure. Fistulas result-
ing from such leaks remain a complex process
requiring synchronous application of multiple
techniques. Fistulas may form to the gastric rem-
nant after RYGB, resulting in a gastrogastric fis-
tula, often presenting as a loss of the benefits of
bariatric surgery. They can also form between

hollow viscous organs with variable effects or the
skin along a drain tract. Though less common,
bronchogastric fistulas have been reported [32].

Management

Patients with a systemic response to the leak, par-
ticularly if hemodynamically unstable, should be
aggressively resuscitated prior to interventions
for source control; nevertheless, it is crucial not
to delay their care. Nonoperative and endoscopic
therapies should be attempted only in hemody-
namically stable patients. Broad-spectrum anti-
microbials and close monitoring are essential
adjuncts. These are the treatment modalities
commonly available for endoscopic therapy:

Stents

The use of fully covered self-expandable metallic
stents (SEMS, Fig. 15.1) is a minimally invasive
and relatively safe and effective treatment
approach for leaks after bariatric surgery. SEMS
placement can be considered in patients who are
hemodynamically stable, have favorable anatomy
to allow for stent deployment and retention and
adequate source control [33].

It is important to point out that stent deploy-
ment requires suitable anatomy and sometimes it
can be challenging to securely place a stent
through a gastrojejunostomy leak. Sleeve leaks
which occur most often at the angle of His might
require a “nested” SEMS deployment to prevent
stent migration and to “depressurize the conduit,
which can result in significant pain and discom-
fort for the patient.

Endoscopic stenting diverts enteric contents
past the leak while maintaining GI continuity
allowing for immediate reintroduction of PO
intake; this allows for a significant decrease of
patient discomfort. In studies employing routine
stenting for early leaks, healing was complete for
>80% of patients at the predetermined time of
stent removal: usually 6 weeks [22, 33-35].
Despite being an attractive therapeutic option,
stent migration is a commonly reported compli-
cation in about 16% of cases [33] which can
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Fig. 15.1 Self-expanding metallic stents (SEMS). (a) Commercially available stents. (b) Radiographic image of
deployed stents

require stent revision or discontinuation. For this
reason one or multiple clips or an over-the-scope
clip (OTSC) can be deployed between the mucosa
and the proximal side of the stent to decrease its
likelihood to migrate [36, 37]. More secure fixa-
tion is possible with endoscopic suturing, though
this does adds cost to the procedure [38]. Less
commonly, stents have resulted in migration
beyond endoscopic reach, clinically significant
bleeding, and GI erosion requiring surgery [22,
39]. Other potential therapies such as endoscopic
clips, OTSC, fibrin sealants, plugs, or endoscopic
suturing (Figs. 15.2 and 15.3) exist and can be
coupled with stenting.

Internal Drainage
Internal drainage has been reported as a quite
effective, inexpensive, and safe means to drain an
enteric leak in bariatric patients. The pigtail can
be introduced through the operative channel over
a guide wire with the help of a pigtail pusher.
When the degree of contamination is high as
testified by purulent material exiting the cavity

and source control is incomplete, pigtail drain
placement (Fig. 15.4) with one lumen communi-
cating with the cavity and one in the enteric side
appears to be a safe option allowing for resolu-
tion in the majority of cases. In a retrospective
study, examining 100 patients with leaks after
sleeve gastrectomies internal drainage was suc-
cessful in 86% of cases [40] despite a median
resolution time of 6 months. An extramural cav-
ity diameter > 5 cm was associated with failure of
internal drainage.

Fibrin Glues

Good quality data about the use of fibrin sealants
in the early treatment of leaks following bariatric
surgery is lacking. One study examined 3
patients which underwent fibrin injections and
found that 2/3 had resolution at mean time of 33
days [41]. The efficacy of fibrin glue injections
appeared even lower in patients with late leaks
[42]. This treatment modality will require more
extensive investigation before implementation
on a large scale.
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Fig. 15.4 Pigtail internal drainage catheter (double J
stent)

Clips

Traditional hemostatic clips are usually not
effective when used alone for the closure of fis-
tulas. The larger over-the-scope clips, such as
the Ovesco OTSC (Ovesco Endoscopy,
Germany) or Padlock Clip (US Endoscopy, OH),
on the other hand, create a full-thickness closure
like a “bear trap” which is more suitable for this
application. Specialized grasping forceps are
also available for pulling tissue up into the cap
prior to deployment. Occasionally multiple clips
can be deployed next to each other to seal linear
defects >2 cm. Feasibility of any endoscopic clo-
sure with over-the-scope clips needs to take into
the account the narrow working space of a tubu-
lar gastroesophageal junction, the size and orien-
tation of the defect, the surrounding tissue
quality, and the difficulty in removing the clips
once fired.

While OTSC have been described in a variety
of intestinal leaks, the experience in bariatric
patients is limited. Surace et al. have described a
series of 19 patients, 11 with gastric fistulas fol-
lowing sleeve gastrectomy and a successful clo-
sure rate of 91% [43]. Another study by Winder
et al. with a patient population composed of 55%
bariatric patients demonstrated a similar pattern
in success rates, with long-term closure achieved
in 77.3 and 100% of fistulas and leak cases,
respectively [44]. Both studies emphasize the
necessity of multiple interventions and attempts
to close the leaks. Deployment of a stent over
these clips has been advocated in some previous
studies [45] to further aid in closure.

Chronic fistulae are difficult to treat endo-
scopically for multiple reasons; fibrosis and
inflammation which cause friability of the tis-
sues tend to increase the technical difficulty of
endoscopic closure. In cases where the tissue is
fibrotic and difficult to draw into the firing cap
with suction, two devices are available to help
assist with this which are the OTSC Twin
Grasper and the OTSC Anchor (Ovesco
Endoscopy, Germany). Both devices are used to
grasp the fibrotic edges of more chronic fistulae
to help draw the entire opening into the cap prior
to firing. Although these devices can effectively
grasp tissue and may assist in fistula closure, the
reported long-term failure rate exceeds 80% in
chronic fistulae [44].

EndoVAC

Endoluminal vacuum (E-Vac) (Fig. 15.5) therapy
has emerged as an alternative in management of
large leaks resulting from bariatric surgery. It
uses the same treatment principles seen with
vacuum-assisted closure therapy of external

Fig. 15.5 Self-assembled and commercially available
E-Vac devices. (Endo-SPONGE, Braun, Germany)
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wounds. Both improve and accelerate healing by
removing infected secretions, reducing edema,
increasing local perfusion, and promoting granu-
lation tissue formation [46, 47].

Most reported studies from European institu-
tions show an average closure rate approximating
90% and mortality rates of around 10% [46, 48—
53]. A commercially assembled system (Endo-
SPONGE, B. Braun Medical, Germany) is
available in Europe, but this system is only FDA
approved for treatment of colorectal leaks in the
United States. Therefore, it is necessary to
self-assemble the available devices in the United
States for implementation of this therapy.

The E-Vac insertion is performed under gen-
eral anesthesia for airway protection. A 16-Fr
Silastic nasogastric tube (NGT) is passed
through one of the nostrils and pulled out of the
mouth through the bite block. At this point, the
E-Vac is created and attached to the end of the
NGT. The E-Vac is adapted from the small gran-
ulofoam package from KCI (San Antonio, Texas)
negative pressure system. The size of the actual
E-Vac is limited by the necessity to pass it
through the esophageal lumen, so 3—4 cm width
and 6-8 cm length is the maximum size that can
be safely passed through the esophagus. Once
the E-Vac is cut to the appropriate size, a tunnel
is created through its center to the tip without
exiting the sponge. The NGT is then placed into
this tunnel to encompass the extent of the foam
making sure that all fenestrations on the NGT
are within the sponge. The tube may need to be
trimmed at the tip to accommodate this. Once in
place, a 2-0 permanent suture is used to fix the
E-Vac to the proximal portion of the NGT. A
U-stitch is used to wrap the suture around the
circumference of the E-Vac. Another suture is
used at the tip of the NGT, through the E-Vac,
and an air knot is created. This knot is used is to
grasp the E-Vac with rat tooth forceps and facili-
tate carrying it into place. The scope should be
driven into the cavity to get the tip of the NGT
and E-Vac extraluminally. The E-Vac can be
pushed, from its proximal portion into the fistula
cavity with the rat tooth forceps, and then should
be left in place. The NGT then should be adapted
to connect to the KCI negative pressure machine

(San Antonio, TX), and settings should be set to
175 mmHg, high, and continuous. The sponge
should be changed every 3 days. This procedure
should be repeated as the fistula cavity closes
and eventually seals.

Early/Intermediate Leaks

When diagnosed promptly, early and intermedi-
ate leaks have the best prognosis for the patient.
Early leaks can be approached through multiple
therapeutic options although there is little com-
parative data available in the literature. In the
appropriate setting and in most contained leaks, a
regimen of drainage, antimicrobials, nil per os,
and nutritional support (parenteral or jejunal)
result in closure within 5 weeks in 90% of
patients [19, 26, 54, 55]. Despite high resolution
rates, a traditional percutaneous approach comes
at the cost of significant distress for the patient
that needs to be placed nil per os in case of high
output leaks for several weeks and places him at
risk for the complications derived from paren-
teral nutrition and/or additional procedures to
gain enteric access which might be difficult to
obtain in a bariatric patient. On the other end, sur-
gical exploration and repair with drainage show
similar efficacy in early but not intermediate/late
leaks. Primary surgical repair performed after
2-3 days or in the face of significant peritoneal
contamination is unlikely to succeed [18]. In both
early and intermediate leaks, endoscopic thera-
pies offer important alternatives to classical ther-
apy. Further management should take into
account the diameter of the opening, the time
since inception, and size and degree of contami-
nation of the cavity. Generally speaking all the
previously described techniques used alone or in
combination provide successful means to achieve
resolution of the leaks.

Late Leaks and Fistulas

When presenting or diagnosed late, leaks will be
associated with significant and persistent soil-
ing. Similarly, leaks that have failed previous
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management may have inflammation or granu-
lation complicating treatment. In series with late
leaks, nonoperative strategies had success rates
between 40% and 80% [27, 29]. Failure requir-
ing alternative treatments was higher in patients
with late leaks and fistulas compared with those
with early leaks. However, in most of these
series, failures of nonoperative and operative
therapies responded to stenting. Fully covered
esophageal stents can improve healing by mini-
mizing soiling and inflammation of the wound.
Several small case series involving late leaks
diagnosed after postoperative day 8 reported
100% success rates when stents were left in situ
for 2-4 months, demonstrating complete heal-
ing on contrast esophagogram when removed
[28, 34, 56]. Other series of stenting on the other
end were less successful and demonstrated
50%—-80% healing rates of delayed fistulas with
stents alone [32, 57].

Other treatment options are available for
late leaks not amenable to stenting. Fibrin
sealants, fistula plugs, and endoscopic sutur-
ing are only a few of the other modalities
attempted for closure of fistulas. Though most
series are small, results are promising.
Injection of fibrin glue, biologic and degrad-
able, into the leak orifice was uniformly suc-
cessful in 11 selected patients coming from 4
series with no adverse events [23, 25].
Similarly, fistula plugs can provide a scaffold-
ing for healing a chronic fistula and were par-
ticularly useful for fistulas 1.5 cm or wider,
resulting in healing in ~80% of patients in
small series [58, 59]. Endoscopic plication of
the mucosa adjacent to the fistula over the ori-
fice has also been described [60, 61].
Increasingly complex fistulas may require sev-
eral technologies simultaneously. A few series
examined outcomes of multimodality therapy
for complex fistulas after bariatric procedures.
Employing a combination of transluminal
debridement, OTSC, fibrin sealants, and stent-
ing was shown to achieve 100% success in a
series of 27 patients with complex late fistulas
larger than 10 mm at a mean of 86 days and a
median of 4.4 endoscopies per patient [45].

Fistulization between the gastric pouch and
gastric remnant can occur after gastric bypass and
demands a separate discussion. This was more
common due to staple line failure when the pouch
was created with a nondividing stapler, which has
fallen out of favor. Other causes include incom-
plete division of the fundus during gastric bypass,
pouch staple line leak with abscess formation and
decompression into the remnant, and marginal
ulcer that erodes into the gastric remnant [62].
These fistulas can present with symptoms similar
to marginal ulcer, or with weight regain and lack
of satiety. Upper gastrointestinal series and endos-
copy are the initial diagnostic modalities of
choice. For small fistulas of a less than 5 mm in
size, endoscopic closure with over-the-scope clip
is a useful technique to achieve closure [20].
Surgical treatment including total gastrectomy
with esophagojejunostomy, conversion of SG to
RYGB, should be reserved only to patients with
chronic leaks that have failed initial endoscopic
management [17, 63, 64].

Conclusion

Historically, complications of bariatric surgery
required operative therapy. This was morbid and
sometimes even deadly for patients. Over the last
decade, the role of endoscopy has emerged as an
effective and less invasive approach to manage
many of these complications.

There are several endoscopic approaches that
have been found to achieve success in these dif-
ficult scenarios. Over-the-scope type of clips
appears to be particularly suited for small early
leaks <1 cm. Internal drainage with a pigtail stent
seems to achieve comparable resolution rates and
is useful for more chronic leaks with contained
extramural fluid collections. E-Vac application is
useful in leaks which have failed other therapeu-
tic means and where high degree of contamina-
tion is present. Fully covered SEMS are
successful in early as well as late leaks and fistu-
las, as a stand-alone treatment or as adjunct
modality when the anatomy of the patient favors
their placement.
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Introduction

Obesity has reached epidemic proportions with
almost 40% of Americans considered to have
obesity [1-3]. The evidence is clear that bariatric
surgery induces the most durable weight loss as
compared to other modalities and also results in
improvement of obesity-related comorbidities
[4-7]. However, despite this success, all bariatric
surgeries are associated with a degree of weight
recidivism [8-10]. After Roux-en-Y gastric
bypass (RYGB), over a third of patients will
regain more than 5% of their nadir weight, with
some groups reporting rates of weight regain
over 50%, depending on the criteria used to
define weight regain. While a consensus on the
definition of weight regain has not been reached,
greater than or equal to 15% weight regain has
been associated with decreased quality of life and
recrudescence of obesity-related comorbidities
[11]. The etiology of weight regain is multifacto-
rial [12, 13], including anatomical and nonana-
tomical factors such as a dilated gastrojejunal
anastomosis (GJA), an enlarged surgical pouch,
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presence of a gastrogastric fistula (GGF), nutri-
tional nonadherence, mental health disorders,
and poor post-bariatric clinical follow-up [10, 11,
14-17]. Indeed, GJA dilation (>20 mm) is one of
the most frequently identified and implicated
abnormalities associated with weight regain, and
revisional surgeries were increasingly being per-
formed for this indication [14, 15, 17]. However,
due to the increased risk of major complications,
including mortality, associated with surgical revi-
sion procedures [18], endoscopic approaches
were developed aimed at reducing GJA diameter
in a minimally invasive and safe approach. These
procedures include GJA sclerotherapy, GJA
argon plasma coagulation (APC) therapy, and the
endoscopic transoral outlet reduction (TORe)
procedures.

Sclerotherapy, APC, and Plication/
Suturing Platforms

Sclerotherapy was the first popularized endo-
scopic approach to reducing the size of the GJA
using 5% sodium morrhuate. This sclerosing
agent is typically injected around the anastomo-
sis site over several endoscopic sessions (2+)
aiming for a final GJA diameter of 10—-12 mm
with an average reported weight loss of 6.8—
19.9 kg [19]. While some studies revealed dura-
ble weight loss outcomes at 6—12 months, the
decreasing commercial availability of the toxic
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sclerosing agent has limited its growth and use
[19, 20]. The widespread availability of argon
plasma coagulation (APC) and familiarity with
its use led to its utilization to “resurface” the
GJA using electrocautery for outlet revision
[21]. In the most popular technique, the APC
probe is intentionally placed against the mucosa
in order to allow deeper submucosal extension of
electrocautery energy, presumably inducing
fibrosis that over several endoscopic treatments
has been shown to reduce the aperture size (typi-
cally 10-12 mm). A pulsed APC with settings of
flow 0.8 L/s, effect 2, and 55 W has been pre-
ferred, though expert centers have begun using
higher energy settings (flow 1.0 L/s, effect 2,
100 W) without allowing the probe to touch the
mucosa. One non-randomized study demon-
strated an average 15.5 kg weight loss of the
19 kg regained post-bariatric surgery was
observed after three sessions performed every
8 weeks [22]. APC is performed alone in or con-
junction with full-thickness suturing approaches
like TORe for improved efficacy [23].

With the advent of endoscopic suturing and
plication devices came procedural innovation in
the approach to endoscopic revision of dilated
GJA for weight regain after RYGB. The
StomaphyX was one of the earliest endoscopic
suturing devices (EndoGastric Solutions) used
for TORe and pouch reduction. Using vacuum
assistance, plications were placed in the pouch
and outlet toreduce their aperture. Unfortunately,
the randomized sham-controlled clinical trial
was terminated early due to preliminary results
indicating failure to achieve the primary end-
point [24]. The revision obesity surgery endolu-
menal (ROSE) is another endoscopic approach
using the Incisionless Operating Platform (IOP;
USGI Medical, San Clemente, CA, USA). The
device uses tissue anchors to create full-thick-
ness plications reducing the size of the gastric
pouch and GJA resulting in a mean 6.5 + 6.5 kg
weight loss at 6 months [25]. However to date,
the only randomized clinical trial showing
device efficacy over sham or placebo has been
the Bard EndoCinch suturing system
(C.R. BARD, Inc., Murray Hill, NJ, USA), a
superficial thickness suturing device initially
used for GERD, which was used to reduce the

size of the GJA diameter. The randomized mul-
ticenter ~ sham-controlled  clinical  trial
(RESTORe) using this device established level
1 evidence that the TORe procedure was effec-
tive in the management of weight regain after
RYGB, with a mean % weight loss treatment
difference of 3.2% compared to the sham group
(3.5% vs. 0.4%; p = 0.21). Following the ran-
domized trial, a study compared full-thickness
suturing using the OverStitch platform
(Fig. 16.1) (Apollo Endosurgery, Austin TX,
USA) with superficial thickness suturing with
the EndoCinch for TORe, revealing superior
12 month outcomes with full thickness over
superficial thickness (8.6 + 2.5 kg vs 2.9
1.0 kg; P < .01), leading to the international
adoption of full-thickness suturing using the
OverStitch platform for TORe [26].

Transoral Outlet Reduction (TORe)
Using the OverStitch Device

TORe using the OverStitch full-thickness sutur-
ing platform has been shown effective at induc-
ing clinically significant long-term weight loss in
patients who experienced weight regain after
RYGB [27-29]. Mean weight loss experienced
12 months after the procedure ranges from 5.7 to
10.6 kg, with % excess weight loss ranging from
11.3% to over 25%. Improved outcomes are con-
sistently seen when APC is combined with full-
thickness TORe [23].

Procedures are typically performed under
general anesthesia with endotracheal intubation.
A routine upper endoscopy is first completed to
evaluate the diameter and health of the anastomo-
sis along with the size of the gastric pouch. Pouch
diameter and length can be used to estimate gas-
tric volume (diameter x length). The OverStitch
platform is then mounted on the distal tip double-
channel endoscope (GIF-2T160 or 180 Olympus
America, Central Valley, Pennsylvania, USA)
which allows the use of the Helix device for tis-
sue acquisition for deep suture placement and the
catheter-based actuating needle for driving and
reloading sutures.

Prior to performing the TORe procedure, the
authors prefer to use APC along the gastric side
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Fig. 16.1 The Apollo
OverStitch device
(Apollo EndoSurgery)

Fig. 16.2 GIJA pre- and post-TORe

of the anastomosis to prepare the tissue for
suturing and to minimize bleeding. An esopha-
geal overtube may be placed prior to passing
the suturing system through the esophagus in
order to protect the esophagus from repeated
intubations with the suturing device but is not
employed across all expert centers.

Multiple suturing patterns have been used and
studied for TORe including simple interrupted,
figure of eight, and purse string. The end goal is
to reduce the aperture to 8—10 mm (Fig. 16.2), as

smaller diameters are associated with increased
nausea and vomiting that result in higher stitch
loss and poorer weight loss outcomes.
Endoscopists can expect to use anywhere from 1
to 12 sutures depending on the size of the GJA
and suturing technique employed. The patient is
maintained NPO for 24 hours after the proce-
dure. The authors occasionally prescribe a 5-day
course of antibiotics and at least 2 weeks of pro-
ton pump inhibitor therapy along with a liquid
diet for at least 2 weeks after the procedure, with
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gradual progression to solid food over the next
2 weeks. Nausea and abdominal pain are the
most common symptoms after the procedure, but
with intraoperative dexamethasone or aprepitant
injection, these are reduced significantly. A small
proportion (<2%) can experience stenosis after
revision, necessitating endoscopy to perform
balloon dilation of the stenosed GJA.

Simple Interrupted

The simple interrupted technique is illustrated
in Fig. 16.3. After the OverStitch device is
mounted on the endoscope and APC has been
performed around the mucosa, stitches are
placed through the gastric mucosa with aid of
the tissue helix from the lower left to the upper
right. The revised GJA may be edematous after-
ward, but a standard endoscope should trans-
verse the aperture in order to ensure patency.
Figure of eight suturing pattern is employed in a
similar fashion, and at times a combination of

Anterior

Posterior

simple interrupted and figure of eight sutures is
used due to the GJA anatomy.

Purse-String Technique

The second most common suturing technique
used for TORe is the purse-string technique. This
technique involves using a single suture (or in
some cases two running sutures) placed around
the margin of the GJA in a continuous ring. APC
is used to ablate the gastric side of the GJA prior
to suture placement. After the running suture has
made at least one full circle around the GJA, a
balloon is then passed through the second endo-
scope channel and inflated inside the anastomosis
to 6-8 mm. The suture is then tightened around
the balloon and cinched (Fig. 16.4). The

advantages of the purse-string technique include
the low number of sutures used, control over the
final aperture by using the balloon to tighten the
suture, and superior weight loss outcomes com-
pared to simple interrupted techniques [28, 29].

Fig. 16.3 TORe using simple interrupted suture technique. The GJA is reduced to approximately 8-10 mm
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Posterior

Fig. 16.4 TORe using a purse-string technique. The suture is tightened and cinched over a through-the-scope balloon
to size the final aperture

Tubular Reinforced TORe revised GJA anastomosis. The reinforced proxi-

mal tubular sleeve uses the same triangular
A novel approach to TORe involves the creation ~ suturing pattern as the endoscopic sleeve gastro-
of a reinforced tubular sleeve proximal to the plasty, reducing the size of the pouch. The GJA
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is reduced first using a combination of inter-
rupted and figure of eight sutures, and the proxi-
mal sleeve gastroplasty is then created
(Fig. 16.5). The technique was developed for
those with an eccentric GJA location, making it

Posterior

difficult to perform the purse-string technique
with a concomitantly enlarged gastric pouch.
Unpublished data suggests superior weight loss
outcomes at 3 months compared to simple inter-
rupted suturing.

Fig. 16.5 Reinforced “tubular” TORe. A reinforced tubular gastroplasty exit proximal to the revised GJA is

performed
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Pouch Revision

A variety of novel endoscopic techniques have
more recently been employed to reduce the size
of the gastric pouch. One study described the use
of radiofrequency ablation (Barrx™, Medtronic,
Minneapolis, MN) across the entire pouch and
GJA in 25 patients. The authors repeated the pro-
cedure at 4 and 8 months if the patients had not
met target weights. At 12 months, the median
%EWL was 18.4% [IQR 10.8-33.7] with an
absolute weight loss of 14 kg. The majority of
patients (>80%) required three RFA treatments
over the course of the study [30]. Further com-
parative trials are needed.

Sleeve Gastrectomy Revision

While the bariatric endoscopists have tradition-
ally focused on RYGB, a few case series have
reported successful revision of the sleeve gastrec-
tomy using the full-thickness suturing platform
as an alternative to conversion to RYGB, or “re-
sleeving” with endoscopic suture gastroplasty for
the treatment of weight regain or primary failure.
A pilot series of five patients reported 12-month
mean % EWL of 33% with %weight loss ranging
from 6.7% to 17.2% [31]. Further retrospective
studies are forthcoming.

Conclusion

Advances in endoluminal techniques have
allowed endoscopists to manage a variety of
complications after bariatric surgery in a safe
and effective fashion. With the rising preva-
lence of obesity and number of bariatric sur-
geries being performed, endoscopists are
poised to play an instrumental role in the
advanced management of bariatric patients
who experience leaks, fistulas, and weight
regain. Endoscopic revisions of the anatomical
factors associated with weight regain are effec-
tive at inducing weight loss and weight stabili-
zation. TORe with full-thickness suturing
techniques is effective in the revision of dilated

GJAs and should be offered to patients as part
of a comprehensive treatment approach with
level 1 data supporting its use. Concomitant
pouch revision is regaining popularity, with
innovative treatments such as RFA and pouch
gastroplasty representing the newest endo-
scopic approaches.
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Introduction

Over the past decade, POEM has developed into
one of the three principle treatments for achala-
sia, along with pneumatic dilation (PD) and lapa-
roscopic Heller myotomy (LHM) [1, 2]. These
therapies aim to disrupt the lower esophageal
sphincter (LES) with the goal of relieving esoph-
agogastric junction outflow obstruction (EGJOO).
POEM was first introduced in 2007, when
Pasricha et al. described endoscopic myotomy
using a porcine model in which a submucosal
tunnel was created using a biliary dilating bal-
loon followed by circular muscle myotomy using
a needle knife [3]. Subsequently, Inoue et al. per-
formed the first endoscopic esophageal myotomy
in humans in 2008 and published a case series of
17 patients with promising results for the treat-
ment of achalasia [4].

Achalasia is a rare disorder with a mean age
of diagnosis of 56 and an incidence rate of 2.3—
2.9 per 100,000 [5, 6]. The pathophysiology is
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incompletely understood, but it is thought to
result from an inflammatory process that leads to
the loss of ganglions of the myenteric plexus and
fibrosis ultimately resulting in aberrant neuro-
muscular signaling of both the esophageal body
and LES [7-9]. This aberrant signaling leads to
an absence of peristalsis in the esophageal body
and failure of the LES to relax. These are the two
quintessential physiologic features of achalasia
although current definitive therapies focus on
only one component, LES dysfunction.
Coincident with the development of POEM
was the widespread adoption of high-resolution
manometry and its interpretation using the
Chicago Classification (CC) [10]. The CC which
was originally proposed in 2008 led to a major
reclassification of esophageal motility disorders
[11, 12]. It is currently in its third version which
was published in 2015 and subdivides motility
disorders into minor and major disorders based
on the presence or absence of findings in asymp-
tomatic controls, respectively [10]. The CC uses
high-resolution manometry (HRM) which was
developed in the early 2000s and is measured
using a catheter-based system that has intralumi-
nal pressure sensors closely spaced to ensure lit-
tle data loss between them. HRM is most
commonly viewed using esophageal pressure
topography (EPT) plots or Clouse plots which
were named after the individual who developed
them [13-15]. These plots place time on the
x-axis and esophageal position on the y-axis with
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pressure represented as a color. Diagnoses are
made through the analysis of 10 supine or
reclined 5 ml saline swallows. HRM replaced tra-
ditional line tracing manometry and has led to
increased ease of use and uniformity, standard-
ization of objective measures used in the diagno-
sis of motility disorders, improved processes for
interpretation, and finally, improved diagnostic
yield from 84% to 97% for achalasia [16-18].
Despite these advances, HRM is a diagnostic tool
that requires special expertise and training to reli-
ably preform high-quality studies [19-21].
Healthcare professionals reading these studies
must be able to assess for technical adequacy,
which includes ensuring proper placement and
recognizing common artifacts and equipment
failure, in addition to being able to accurately
report the measurements used in the CC to allow
for an accurate diagnosis. HRM and interpreta-
tion using the CC are essential in the work-up
and evaluation prior to POEM. Unfortunately,
equivocal cases can make the diagnosis and sub-
sequent treatment decisions of motility disorders
difficult. For this reason, in addition to HRM and
prior to treatment with POEM, patients may
often need further testing to ensure an accurate
diagnosis. These tests include esophagogastro-
duodenoscopy (EGD), timed barium esophagram
(TBE), and functional luminal imaging probe
(FLIP) analysis. Once a global picture is obtained,
the physician may then make an informed deci-
sion regarding the best treatment options.

The goal of this chapter will be to review the
work-up and indications of POEM. The remain-
der of this section will go into further detail
regarding the technical aspects, efficacy, safety,
and training.

POEM Work-Up

Patients presenting for work-up and evaluation of
POEM most often present with nonobstructive
dysphagia, regurgitation, or chest pain [1, 22,
23]. After careful evaluation, a subset of these
patients may ultimately benefit from LES myot-
omy via POEM. Current practice suggests that at
a minimum, the work-up requires an upper
endoscopy and an appropriate HRM diagnosis in
the correct clinical context. Here we will discuss

HRM and upper endoscopy as well as additional
diagnostic tools (impedance manometry, TBE,
and FLIP) which may aid in identifying the sub-
set of patients who will benefit from POEM.

High-Resolution Manometry

HRM interpreted using the CC v3.0 is the current
gold standard in diagnosing esophageal motility
disorders. This in combination with EGD is the
minimum work-up required prior to POEM [10].
Patients presenting with dysphagia, reflux, regur-
gitation, or chest pain should start with an EGD
to rule out high-grade (Los Angeles classification
grade C or D) esophagitis or an anatomic abnor-
mality for their symptoms (e.g., stricture). These
findings obviate the need for motility testing, and
in addition to a history of prior foregut surgery
are exclusions to using the CC for interpretation
of HRM.

In the hierarchical model of the CC, the initial
assessment is to determine deglutitive LES relax-
ation [10]. This is done using the integrated relax-
ation pressure (IRP) which is the median value of
10 supine swallows of the 4 s of maximal degluti-
tive relaxation (contiguous or noncontiguous) in
the 10-s window beginning at UES relaxation ref-
erenced to gastric pressure [24] (Fig. 17.1). Of
note, although used as the measure of LES relax-
ation, the IRP is actually measuring EGJ resis-
tance which is the sum of the pressure from the
LES, crural diaphragm, and intrabolus pressure
[25]. Outflow obstruction is defined as an
IRP > upper limit of normal (15 mmHg for Sierra
design catheters). The IRP needs to be interpreted
with great care as patients may have achalasia
with normal IRP values [26]. In fact, patients with
type I achalasia can have values below 15 mmHg,
and a diagnosis of achalasia should always be
considered in patients with absent contractility,
pan-esophageal pressurization, or spasm.

Once the IRP is determined, the next step in
making a manometric diagnosis is to determine
the peristaltic activity of the esophagus. The key
parameters used to define the peristaltic activity
of the esophagus are distal latency (DL) and dis-
tal contractile integral (DCI) (Fig. 17.1). The DL
identifies premature contractions (spasms) and is
defined as the time from the start of upper
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esophageal sphincter relaxation to the contrac-
tile deceleration point (CDP) which is the inflec-
tion point along the 30 mmHg isobaric contour
at which the propagation velocity slows [10, 27].
Values of less than 4.5 s are considered prema-

DCl =2170.4
mmHg*s*cm

Color Pressure Scale (mmHg)
|
0 50

100 150

Fig. 17.1 High-resolution manometry parameters.
(Courtesy of the Northwestern Esophageal Center)

ture. Contractions are also assessed for their
adequacy according to the DCI which is defined
asthe amplitudesduration:xlength (mmHg:sscm)
of a contraction distal to the transition zone and
above 20 mmHg [10]. Using the combination of
these values, the CC can then be applied to define
achalasia, EGJOO, distal esophageal spasm
(DES), and jackhammer, the diagnoses amena-
ble to POEM. Beyond diagnosis, HRM can also
be used to assess for technical success following
POEM with multiple studies showing improve-
ment in IRP and lower esophageal basal pressure
following treatment [28-31].

A unique capability of POEM is to perform an
extended proximal myotomy, typically dictated
by HRM metrics, which is recommended for
patients with type III achalasia, type I or II with
symptoms of chest pain, abdominal contractions
on initial inspection, or spastic motility disorders
such as DES or jackhammer [32]. These data are
consistent with results that suggest that noncar-
diac chest pain may be associated with sustained
esophageal contractions and studies supporting
efficacy in extended surgical myotomy in reliev-
ing the pain [33, 34]. Figure 17.2 represents such
an example in which a patient had complete

Fig. 17.2 Type III achalasia treated with extended POEM, (a) Pre-POEM HRM, (b) HRM post 19 cm myotomy.
(Courtesy of the Northwestern Esophageal Center)
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symptomatic response (Eckardt score (ES) 6 pre-
treatment to O posttreatment) following an
extended 19 cm myotomy for type III achalasia.
The pre- and post-POEM EPT plots are shown
which demonstrate an improved LES pressure
and almost complete loss of the premature hyper-
contractile segment following therapy.

In addition to standard high-resolution manom-
etry, advanced metrics using impedance manom-
etry may also be useful in identifying those
patients that may benefit from POEM. Impedance
values decrease with bolus/fluid retention. This
allows impedance to act as a surrogate for this
cardinal feature of EGJ dysfunction. The imped-
ance bolus height which can be measured during
manometry with the addition of a 200 ml saline
challenge has been shown to correlate with bolus
retention on TBE (Fig. 17.3a) [35]. Furthermore,
the esophageal impedance integral ratio, defined

Fig. 17.3 Impedance
manometry, (a)
impedance bolus height
corresponds to barium
retention on TBE, (b)
EIl ratio approaches 1 in
patient with achalasia
(Z2+71), demonstrating
significant bolus
retention. (Courtesy of
the Northwestern
Esophageal Center)

as the ratio of bolus that does not clear the esopha-
gus (Z2) to that of bolus that does clear the esoph-
agus (Z1), has also been shown to be aid in the
diagnosis of nonobstructive dysphagia and can be
used to evaluate treatment outcomes in achalasia
(Fig. 17.3b) [36, 37]. Beyond assessing retention,
manometry with impedance is also able to mea-
sure bolus flow time (BFT) which uses impedance
manometry to evaluate EGJ opening and bolus
flow using a virtual high-resolution sleeve. This
approach relies on a flow-permissive pressure gra-
dient and assesses the nadir impedance as a sur-
rogate of bolus presence within the EGJ [38]. A
recent study demonstrated significantly reduced
BFTs (median (IQR)) in patients with achalasia
compared to healthy controls, 0.45 s (0.0-1.2 s)
vs 3.5 s (2.3-3.9 s), respectively. Additionally,
BFT was able to identify patients with clinical
achalasia and a normal IRP [39].

Esophageal Impedance
Integral (Ell ratio) = the
ratio of residual bolus
volume (Z2) relative to
the intra-esophageal
bolus volume following
the swallow, but before
the peristaltic wave (Z1)
(22 + Z1)

—
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Esophagogastroduodenoscopy

As described above, EGD is necessary for the
evaluation prior to POEM to ensure a patient
does not have high-grade esophagitis or an
anatomic etiology for their symptoms. EGD
can also be useful in assessing for esophageal
dilatation, the presence and location of diver-
ticula, and tortuosity which although is not a
contraindication to POEM should be recog-
nized prior to treatment to ensure proper proce-
dural planning. There is also debate in the
literature regarding the necessity of EGD to
rule out fungal infections prior to POEM. Some
centers administer empiric fluconazole or
nystatin in all patients for 2-3 days before the
procedure, due to the high rate of esophageal
stasis and candidiasis, while others treat only
overt evidence of fungal overgrowth [40-42].
It is our practice to treat only overt disease
prior to POEM.

Type |

Type Il

Timed Barium Esophagram

TBE is a modified version of the barium swallow
where patients drink 100-200 ml of low-density
barium followed by upright radiographs at defined
time intervals, typically 1, 2, and 5 min, post-swal-
low [43]. This test has classically been used to assess
esophageal emptying in patients with achalasia and
post-LES targeted therapy to assess for response to
treatment. Multiple studies have reported that
improvements in TBE correlate with improvement
in patient-reported outcomes following treatment for
achalasia [44-46]. The test has not been rigorously
evaluated as a diagnostic tool but can often aid in
defining esophageal anatomy and assessing for
esophageal retention which is one of the hallmarks
of achalasia aiding in its diagnosis (Fig. 17.4).
Furthermore, in the subset of patients with absent
peristalsis and borderline IRP values, liquid barium
retention may suggest that a patient would benefit
from LES targeted therapy such as POEM.

Type llI

Fig. 17.4 Achalasia subtypes on high-resolution manometry (top panels) and associated timed barium esophagrams
(bottom panels). (Courtesy of the Northwestern Esophageal Center)
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Endoscopic Ultrasound (EUS)
and Computerized Tomography (CT)

These tests are not regularly needed for the
assessment of esophageal disease prior to treat-
ment with POEM; however, in specific circum-
stances, they may help rule out pseudoachalasia
due to infiltrative disease or a vascular anomaly

Barium Retention

[23, 47-53]. A careful history and endoscopic
examination may prompt these tests if there is
lymphadenopathy, weight loss, or abnormal anat-
omy on a thorough endoscopic examination
including retroflexion to assess the cardia of the
stomach.

This is exemplified in Fig. 17.5 which demon-
strates a HRM and an esophagram of a patient

Aorta
Caompressing
EGJ

\
\
\
1
\

. \\
~
SailliOlL L -

M

Fig. 17.5 Pseudoachalasia due to vascular obstruction. (a) HRM, (b) esophagram, (¢) EUS. (Courtesy of the

Northwestern Esophageal Center)



17 POEM: Pre-procedural Work-Up and Indications

241

referred to our esophageal center for pneumatic
dilatation. The esophagram has the classic bird-
beak pattern associated with achalasia, and the
HRM met the criteria for type II achalasia; how-
ever, the LES pressure appeared to vary with the
patient’s heart rate prompting an EUS. The EUS
revealed a large aortic aneurysm compressing the
EGJ leading to an outflow obstruction.
Fortunately, the patient underwent vascular sur-
gery in lieu of a potentially life-threatening pneu-
matic dilation.

Functional Luminal Imaging Probe

The FLIP uses high-resolution impedance pla-
nimetry to measure esophageal cross-sectional
area and simultaneous pressure (distensibility,
mm*mmHg) during volumetric distention. This
technology is unique as it allows for the assess-
ment of esophageal motility during sedated upper
endoscopy [54]. Patients with treatment-naive
achalasia have consistently demonstrated esoph-
agogastric junction distensibilities (EGJ-DI) less
than 2.8 mm?*mmHg, and patients posttreatment
for achalasia with an EGJ-DI that remains below
2.8 mm*mmHg have demonstrated worse out-
comes [55-58]. At this point, this technology
functions as an adjunct to formal HRM motility
diagnoses, but more recent work identifying
esophageal body contractions has led to a diag-
nostic algorithm similar to that used in the CC
[54]. In combination with the correct clinical
context (HRM with absent peristalsis and normal
IRP, barium retention on esophagram, or EGD
suggestive of achalasia without evidence of
obstructive dysphagia), a FLIP distensibility
index of <2.8 mm?’mmHg suggests that these
patients may benefit from LES targeted therapy.
This has been demonstrated previously in a study
of 13 patients with symptoms consistent with
achalasia, absent peristalsis but normal IRP on
HRM, and distensibility indices consistent with
achalasia. These patients were treated with LES
targeted therapy (1 Botox, 9 PD, 3 LHM) and
subsequently had improvement in EGJ-DI and
Eckardt scores [59]. It is our experience that
POEM may also be an effective therapy for these

patients. Figure 17.6 demonstrates a patient who
presented with dysphagia and had absent peri-
stalsis with a normal IRP on HRM. This patient
would not meet the criteria for achalasia accord-
ing to the CC; however, she had an 11 cm barium
column on TBE at 5 min and a FLIP with an
EGJ-DI of 1.6 mm*mmHg. Following POEM,
she had complete resolution of her symptoms.

This technology also offers the ability to
assess the LES in real time during POEM, and
several studies have demonstrated immediate
increases in EGJ-DI at the completion of the pro-
cedure [60-63]. Furthermore, a recent study
reported that a final intraoperative EGJ-DI in the
range of 4.5-8.5 mm*mmHg was optimal for
reducing dysphagia and minimizing gastro-
esophageal reflux disease at 6 months post-
POEM [62].

Indications

POEM was first performed for uncomplicated
achalasia, but the technique was quickly adopted
for more complex cases including patients with
sigmoid anatomy of their esophagus [4]. There is
currently no consensus regarding formal indica-
tions for POEM, but substantial work has been
done to study various treatment applications
including achalasia (all three clinical subtypes),
non-achalasia motility disorders (DES and jack-
hammer esophagus), and following failed prior
LES targeted therapy for achalasia (Table 17.1).

Achalasia

Achalasia is defined according to the CC as a
major motility disorder with an IRP > upper limit
of normal (15 mmHg for Sierra design transduc-
ers) and 100% failed peristalsis or spasm.
Achalasia is subtyped into type I, no contractil-
ity; type II, >20% pan-esophageal pressurization
(with an isobaric contour line of 30 mmHg); or
type III, >20% spasm with a distal latency of
<4.5 s (Fig. 17.4). These subtypes define distinct
clinical entities with varying response to different
treatments; however, studies suggest that POEM



242 J.R.Triggs and J. E. Pandolfino

T

>
>

£8

s g

1 & 4

[0}

f: £

w20 3]

3 ©

2

c 15

[a] -

5 o

310
<
[$)
©
£
S
n

<€

300 sec

Fig. 17.6 Achalasia in the setting of a normal IRP. (a) HRM, (b) esophagram, (c¢) FLIP topography. (Courtesy of the
Northwestern Esophageal Center)

is effective at treating all types of achalasia [64— each also demonstrated the short-term success of
66]. A prospective multicenter study of POEM POEM in treating achalasia as measured by
demonstrated a 90% clinical success rate [67]. reduced ES and LES pressures [68, 69].
Two meta-analyses of more than 1000 patients Furthermore, POEM appears to be a durable
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Table 17.1 Indications for POEM

Indications

Achalasia (all subtypes)
Failed LHM
Failed PD
Failed POEM
Sigmoid anatomy/end stage
Pediatric population
EGJOO
DES
Jackhammer

treatment for achalasia with continued response
rates >88% in studies assessing patient outcomes
ranging from 2 to 5 years [44, 70, 71]. When
comparing POEM to PD and LHM, POEM
appears to be at least as effective in treating
type I and II achalasia and is likely more effec-
tive due to the ability to extend the myotomy
length in treating type III achalasia [40, 72-74].
FLIP analysis pre- and posttreatment with
POEM compared to LHM shows similar
increases in the EGJ-DI [60, 61]. Furthermore,
POEM had operative times that were similar or
up to 30 min faster, less blood loss, similar or
less post-op pain, shorter length of hospital
stay, and faster return to normal activity com-
pared to LHM [41, 42, 75, 76].

Non-achalasia Motility Disorders

In the hierarchical scheme put forth in the CC,
EGJOO, like achalasia, is defined as an elevated
IRP; however, there is sufficient peristalsis in iso-
lated EGJOO to exclude classic or spastic achala-
sia [10] (Fig. 17.7). Intuitively, POEM would
seem an ideal treatment for this disease; however,
EGJOO currently functions as a catchall diagno-
sis for a heterogeneous clinical entity making
management decisions difficult. Within EGJOO,
there is a subset of diseases which have been
shown to benefit from POEM including incom-
plete achalasia or achalasia in evolution, but this
represents only a small proportion of patients
[52, 77]. A large proportion of patients with
EGJOO (20-40%) improve without therapy, and
the majority has etiologies which will not respond

to LES targeted therapy (e.g., infiltrative disease
or cancer, vascular obstruction, hiatal hernia,
eosinophilic esophagitis, stricture, abdominal
obesity, or prior foregut surgery) [23, 51, 53, 78,
79]. Although some patients with EGJOO may
benefit from POEM, the heterogeneity of this
diagnosis dictates further evaluation which may
include impedance manometry, endoscopic ultra-
sound, computed tomography, timed barium
esophagram, or FLIP. Figure 17.7a demonstrates
representative images of HRM (left panel), FLIP
(top right panel), and EUS (bottom right panel)
for patients with EGJOO who would likely ben-
efit from POEM. The HRM shows a normal dis-
tal latency with an elevated IRP to 19.9 mmHg.
FLIP analysis of this patient demonstrated an
EGIJ-DI of 0.73 mm*mmHg which is less than
the cut-off of 2.8 mm?»mmHg and suggests that
this patient would benefit from LES targeted
therapy. The EUS shown here was also performed
on a patient with EGJOO to rule alternative eti-
ologies for the cause of the outlet obstruction.
The EUS did not identify an alternative etiology
for the outlet obstruction, but it did reveal a thick-
ened muscularis propria to 8 mm suggesting this
patient may benefit from POEM.

In 2013, an international survey of 16 expert
centers performing POEM demonstrated that
22.5% of patients undergoing POEM at that time
were treated for spastic esophageal disorders
including DES (>20% premature contractions,
distal latency <4.5 s) and jackhammer esophagus
(>20% of swallows with a distal contractile inte-
gral >8000 mmHg/s/cm) [80] (Fig. 17.7b, c). A
growing literature and a recent meta-analysis
demonstrate the efficacy of this approach with
88% and 72% success in DES and jackhammer,
respectively [80-84]. POEM is especially attrac-
tive in these diseases as it allows for customiza-
tion of the myotomy length based on the area of
high pressure on HRM, thickening on endoscopic
ultrasound, or intraoperative FLIP. Figure 17.7b
shows an HRM (left panel), FLIP (top right
panel), and esophagram (bottom right panel) of a
patient with a manometric diagnosis of DES. The
HRM meets the criteria for DES with a normal
IRP and a distal latency of less than 4.5 s. The
FLIP and esophagram further support the deci-
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Fig. 17.7 Non-achalasia motility disorders for which
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‘a No contractility
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impacted barium tablet on esophagram. (¢) Jackhammer
on HRM with poor bolus clearance and compartmental-
ization on both impedance manometry 200 ml challenge
and an esophagram. (Courtesy of the Northwestern
Esophageal Center)
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sion to proceed with myotomy given the low
EGJ-DI on FLIP and impaction of a 12.5 mm
barium tablet on the esophagram. Similarly,
Fig. 17.7c demonstrates the HRM (left panel),
impedance manometry (top right panel), and an
esophagram (bottom right panel) for a patient
with jackhammer. The DCI on HRM is signifi-
cantly elevated to >20,000 mmHgs*sxcm, and
both the impedance manometry and the esopha-
gram demonstrate spastic activity with compart-
mentalization and liquid retention. These findings
suggest that this patient would benefit most from
an extended myotomy to the top of the hypercon-
tractile segment.

Special Populations

In the treatment of achalasia, special consider-
ation is given to patients who have failed prior
LES targeted therapy (PD, LHM, or POEM) or
have abnormal anatomy (esophageal dilatation,
sigmoid anatomy, diverticula, and hernias) due to

the increased complexity of these individuals.
Primary treatment with PD, LHM, and POEM
shows near 90% clinical success rates; however,
there is a subset of patients who will fail treat-
ment or have recurrent symptoms [1]. In either
case, whether it is primary treatment failure due
to incomplete myotomy focused at the LES or a
more proximal myotomy in type III patients or
symptom recurrence due to disease progression
or scarring and remodeling at the previous myot-
omy site, POEM appears to be an effective option
for retreatment with clinical success rates rang-
ing from 81% to 100% [4, 70, 85-92].

As a chronic disease, achalasia has the pro-
pensity to worsen over time resulting in esopha-
geal dilatation which can often lead to the
esophagus taking on a sigmoid shape. POEM has
been shown to be >95% effective in both end-
stage achalasia and in patients with sigmoid
deformity; however, these studies are limited by
small numbers of patients and short follow-up
periods [4, 93-95]. It is our practice to discuss
complex cases at an interdisciplinary meeting
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potential etiology
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dictated by manometry
to include entire
spastic segment

Alternative diagnosis

Fig. 17.8 POEM pre-procedural algorithm. (Courtesy of the Northwestern Esophageal Center)

with esophagologists and surgeons to determine
the best treatment options for these patients with
difficult anatomy.

Although the mean age of diagnosis of achala-
sia is 56, patients can present at any age. There
does not appear to be specific age cutoffs for
POEM in the treatment of achalasia with case
studies demonstrating clinical success in patients
ranging from 3 to >90 years old [70, 96—100].

Summary

POEM was first performed less than a decade
ago, and its role in the treatment of esophageal
motility disorders continues to evolve. There is
evidence to support its use in patients with a diag-
nosis of achalasia (all clinical subtypes), DES
and jackhammer esophagus, and a subset of
patients with EGJOO. In current practice, these
entities are diagnosed with EGD and HRM at a

minimum. In difficult cases, additional studies
including impedance manometry, TBE, CT, EUS,
or FLIP can be used to differentiate patients who
may benefit from myotomy and those that will
not (Fig. 17.8).
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Introduction

Peroral endoscopic myotomy (POEM) is a novel
natural orifice flexible endoscopic procedure
which involves a submucosal tunnel approach
accessed through an esophageal mucosal inci-
sion, to perform endoscopic myotomy in the
esophagus and cardia. The technique was ini-
tially developed in Japan by Inoue et al. [1] as a
minimally invasive procedure for treatment of
achalasia but has evolved significantly as poten-
tial primary therapy for many different condi-
tions of the gastrointestinal (GI) tract.

Endoscopic Techniques for POEM
Pre-procedure Preparation

Risks and benefits of the different treatment
options, including medical, endoscopic, and
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surgical therapies, should be discussed with
patients and their families, ideally during a
clinic visit before the procedure. A full liquid
diet is recommended for 1-2 days before the
procedure to allow adequate esophageal clear-
ance for visualization during POEM and to min-
imize the risk of adverse events. General
anesthesia with endotracheal intubation and
muscle paralysis is required for POEM to safely
perform the precise dissection required during
the procedure. In some centers, POEM is per-
formed in the operating room, while others use
the GI endoscopy suite for POEM. There are no
direct comparative studies in terms of differ-
ences in efficacy and safety outcomes between
POEM performed by endoscopists in the endos-
copy unit and the operating room. POEM can be
safely performed in the endoscopy unit [2];
however, appropriate surgical and interventional
radiology backup should be available in case of
any adverse events.

Since POEM involves dissection into the sub-
mucosa and muscle layers of the esophagus and
stomach, with a risk of mediastinitis and perfora-
tion, periprocedural antibiotics are generally
given though there is no definite evidence to sug-
gest for or otherwise. Usually a fluoroquinolone
and metronidazole, third-generation cephalospo-
rin, or semisynthetic penicillin with beta-
lactamase inhibitor (ampicillin-sulbactam) 1is
preferred as broad-spectrum coverage. We also
continue antibiotic coverage for 7 days after
POEM.
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Setup for Endoscopy

Typically, the patient is placed in the supine posi-
tion for POEM, but the procedure can also be per-
formed with the patient in left lateral position.
The main advantage of the supine position is easy
identification of anterior and posterior orienta-
tions during endoscopy, based on pooling of fluids
posteriorly in the esophagus due to gravity. Also,
abdominal examination for distention and decom-
pression with a percutaneous needle can be easily
performed in the supine patient, if needed.

The use of carbon dioxide is an absolute must
for insufflation during endoscopy, and the proce-
dure should not be performed with air insuffla-
tion due to risk of major adverse events due to
barotrauma. We use a low-flow carbon dioxide
insufflator to further reduce the risk of hemody-
namic and cardiorespiratory compromise from
barotrauma resulting from the inevitable capno/
pneumomediastinum and capno/pneumoperito-
neum that is associated with submucosal endos-
copy and myotomy.

Serial abdominal examination is performed
at baseline and every 5—10 min during the pro-
cedure by the assisting nurse to assess for
abdominal distention. Peak airway pressures
are monitored during the procedure by the
anesthesia team, and increased peak pressures

associated with cardiorespiratory compromise
and/or difficulty with ventilation may suggest
capno/pneumoperitoneum requiring urgent
decompression. In this situation, the stomach is
first suctioned to reduce distention, and if
hemodynamic instability persists, urgent percu-
taneous decompression is needed. We therefore
recommend having a percutaneous abdominal
decompression kit (containing a Veress needle
or an angiocath) available in the endoscopy
room, if urgent abdominal decompression is
needed due to capno/pneumoperitoneum.

A diagnostic upper endoscopy is first per-
formed to assess the esophagus, gastroesopha-
geal junction (GEJ), and stomach. Any residual
food and fluid is suctioned to clear the endoscopic
field. This also allows inspection of the mucosa
for the presence of esophagitis, ulcers, bleeding,
and mass lesions, which may preclude
POEM. The GEJ is carefully traversed to assess
the resistance while crossing the lower esopha-
geal sphincter (LES) and to minimize trauma to
the mucosa at the GEJ. Normal esophageal and
gastric anatomical landmarks should be appreci-
ated such as pulsations from the left atrium (12-1
o’clock position) and the longitudinal ridgelike
prominence of the spine (7-8 o’clock position)
posteriorly in the esophagus, as shown in
Fig. 18.1a, b.

Anterior
myotomy

Greater

curve Posterior

myotomy

Fig. 18.1 (a) Prominence of the spine seen posteriorly in the esophagus. (b) Schematic representation of esophageal
landmarks and myotomy location. LHM laparoscopic heller myotomy
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Technique

POEM has evolved significantly since inception
with varying technical approaches based on the
indication and per endoscopist preference. To
understand the concept of POEM, it is critical to
understand the anatomy of the layers of gastroin-
testinal wall — mucosa, submucosa, muscularis
propria (inner circular and outer longitudinal
muscle layers), and adventitia/serosa. It is impor-
tant to note that the esophagus lacks a serosal

Fig.18.2 (a) Mucosotomy and endoscope entry into the sub-
mucosal space. M mucosa, SM submucosa, CM circular
muscle, LM longitudinal muscle. (b) Submucosal tunnel

layer unlike other parts of the GI tract. The beauty
of POEM lies in the expansion of the microscopic
submucosa to a space large enough to pass a
>1 cm diameter upper endoscope with a distal
attachment/cap, to perform myotomy under the
protective net of the mucosal flap [3]. The tech-
nique for esophageal POEM is discussed here
(Fig. 18.2a—e and Video 18.1), though the con-
cept remains the same for other sites in the GI
tract (the pylorus and rectum described elsewhere

in this book).
L

extended beyond the GE junction and into the cardia. (¢) Start
of myotomy distal to the site of mucosal entry. (d) Myotomy
extended to the cardia. (¢) Mucosotomy closure [3]
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Mucosal Incision

A distal attachment cap is fitted onto the tip of the
endoscope, which helps to improve endoscopic
visualization and accuracy of dissection during
the procedure, in addition to facilitating entry
into the submucosal space. A mucosal site for
entry into the submucosal space is first chosen
about 10-12 cm from the GEJ or based on the
desired length of myotomy, which can vary
depending on the indication (e.g., longer myot-
omy performed for type III achalasia). Any visi-
ble mucosal vessels or esophageal tortuosity is
avoided when choosing the site for mucosal inci-
sion which may make submucosal entry
challenging.

An injection needle is used to inject saline-
methylene blue mixture (or saline-indigo car-
mine) at the site of the desired mucosal entry to
create a submucosal lift (Fig. 18.3). Some endos-
copists also add epinephrine (0.5—1 mg/100 ml of
fluid) in the injection solution. After injection, an
endoscopic knife is used with blended current
(Endocut, ERBE USA, Marietta, GA) to make a
10-20 mm longitudinal mucosal incision. A
transverse incision is used by some endoscopists
as well, but less commonly since a longitudinal
incision is easier to close at the end of the proce-
dure. The mucosal incision is performed in the
1-2 o’clock position for an anterior myotomy or
in the 4-5 o’clock position for a posterior myot-
omy (Fig. 18.4a, b).

We typically use Endocut Q: effect 3, duration
1 and interval 1 for the mucosotomy, but other
variations such as Endocut Q: effect 2, duration 1
and interval 6, or effect 3, duration 2 and interval
4, or other settings can be used as well. The pro-
cedure can be performed with any endoscopic
knife, based on endoscopist preference, usually a
triangle tip knife (Olympus America, Center
Valley, PA) or a hybrid knife (ERBE USA,
Marietta, GA). Tang et al. showed shorter proce-
dure time and less frequent device exchange with
hybrid knife as compared to triangular tip knife,
despite similar rates of procedure success and
adverse events [4].

After mucosal incision, the exposed submu-
cosa is dissected to create space for advance-

Fig. 18.4 (a) Incision for anterior myotomy. (b) Incision for posterior myotomy
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ment of the endoscope. Special attention needs
to be paid to identify the esophageal wall layers
at this site and to not accidentally cut the under-
lying muscle layer since this would result in a
full-thickness esophageal perforation at the site
of mucosotomy. The endoscope is then care-
fully inserted into the submucosal space via the
mucosotomy.

Submucosal Tunneling

Once the endoscope with the distal cap is in the
submucosal space, the region is diligently
inspected to confirm orientation of the esopha-
geal wall layers. The loose submucosal tissue
(stained blue after injection) has a characteristic
blue “cotton candy” appearance (Fig. 18.5), with
the mucosa on one side and the white muscle
fibers on the other side. A submucosal tunnel is
created with frequent injection of saline-
methylene blue (or indigo carmine) solution and
careful dissection of submucosal tissue using
spray coagulation (effect 2, 50 W) or Endocut Q
(effect 3, duration 1 and interval 1; or effect 3,
duration 2 and interval 4) or forced coagulation
(effect 2, 50 W) (ERBE USA, Marietta, GA).
During tunneling, submucosal dissection should
be performed with the knife closer to the muscle
layer rather than toward the mucosal layer to
avoid inadvertent mucosal perforation. The sub-
mucosal tunnel should extend at least 2-3 cm

Fig. 18.6

into the cardia beyond the GEJ. Extension of the
tunnel into the cardia is confirmed by typical
landmarks (distance from the incisors, submuco-
sal space narrowing at the level of the lower
esophageal sphincter and widening once the
stomach is entered, and larger penetrating vessels
and spindle veins seen in the stomach) as shown
in Fig. 18.6a, b. This is also confirmed by retro-
flexed examination from the luminal side show-
ing a submucosal blue bleb at the cardia bulging
in the stomach (Fig. 18.7). Another strategy for
confirming the location of the GEJ during tunnel-
ing is to pass a tandem ultrathin endoscope in the
esophageal and gastric true lumen and visualiz-
ing transillumination from the endoscope in the

Fig. 18.5 Submucosal tunnel showing the submucosa
stained blue

Submucosal tunnel extending to the cardia showing (a) spindle veins and (b) penetrating vessels
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submucosal tunnel [5]. Kumbhari et al. recently
described fluoroscopic visualization of an endo-
scopically placed GEIJ clip or fluoroscopy-guided
placement of a 19G needle on the skin as marker
for GEJ. The authors reported extension of the
tunnel by a mean of 1.4 cm in about 20% cases
while adding 2—4 min to total procedure time [6].

Intervening submucosal vessels are coagu-
lated with spray or forced coagulation with the
dissection knife or with a Coagrasper (Olympus
America, Center Valley, PA) with soft coagula-
tion (effect 5, 50 or 80 W, ERBE USA, Marietta,
GA).

Gentamicin lavage of the submucosal tunnel
can be performed before beginning the myotomy
but is not mandatory. Bayer et al. showed no
major infectious complications post-procedure

i

Fig. 18.7 Retroflexed view of gastroesophageal junction
showing bluish bleb extending into the cardia

with or without gentamicin lavage, though leuko-
cyte count and CRP levels were lower in the
lavage group suggesting a possible reduction in
systemic inflammatory response [7].

Myotomy

Tunneling is followed by endoscopic myotomy.
Myotomy is started about 2 cm distal to mucosal
entry site to avoid esophageal perforation or leak
at the mucosotomy site. Just as for submucosal
tunneling, the choice of electrosurgical settings
during myotomy are variable as well, mainly
dependent on endoscopist preference. Spray
coagulation (effect 2, 50 W) or Endocut Q (effect
3, duration 1 and interval 1; or effect 3, duration
2 and interval 4; or effect 2, duration 1 and inter-
val 6) or forced coagulation (effect 2, 50 W)
(ERBE USA, Marietta, GA) can be used, but
these are often modified based on the endosco-
pist, indication and location for myotomy, and
the presence of scarring from prior interventions.
The location, type, and direction of myotomy is
evolving and being studied extensively.

Anterior Versus Posterior Myotomy

Anterior myotomy (2 o’ clock position, lesser
curve side of the stomach) was the original loca-
tion described in early Japanese literature as an
extrapolation of the ventral approach during lapa-
roscopic Heller myotomy (LHM) (Fig. 18.8a and
Video 18.2) [1]. A posterior myotomy, on the

Fig. 18.8 (a) Anterior myotomy. (b) Posterior myotomy
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Fig. 18.9 (a) Partial-thickness myotomy. The yellowish cut ends of the circular muscle are seen on the sides, and the
intact longitudinal muscle layer is seen deep to the circular muscles. (b) Full-thickness myotomy

other hand, is performed at the 4-5 o’clock posi-
tion (Fig. 18.8b and Video 18.1).

Partial-Thickness, Full-Thickness,

and Progressive Myotomy

Partial-thickness myotomy involves selective
incision of the circular muscles only, preserving
the longitudinal muscle layer (Fig. 18.9a and
Video 18.1), while a full-thickness myotomy is
an incision of both the circular and longitudinal
layers (Fig. 18.9b and Video 18.3). A progressive
myotomy is a partial-thickness myotomy proxi-
mally in the esophagus which then blends into a
full-thickness myotomy distally in the esophagus
and at the level of the GEJ and cardia. A progres-
sive myotomy toward the GEJ has been shown to
reduce procedure time with similar efficacy and
adverse events [8].

Antegrade Versus Retrograde Myotomy

An antegrade myotomy is performed in the prox-
imal to distal direction. Another variation
includes a retrograde myotomy starting at the
GEJ and extending proximally. Ponsky et al.
described this technique in five patients with
similar technical and clinical success as ante-
grade myotomy, without significant adverse
events [9]. One potential advantage of retrograde
myotomy is that the most critical portion of
myotomy (myotomy at the level of the LES and
cardia) is performed first, in case the procedure
has to be aborted due to hemodynamic changes

or adverse events such as uncontrolled bleeding
during the procedure. However, there is no data
to suggest that isolated myotomy at GEJ is ade-
quate to relieve symptoms.

One of the more common approaches nowa-
days is an antegrade, progressive posterior myot-
omy, starting 2 cm distal to the mucosal entry site
and extending 2-3 in to gastric cardia. This tech-
nique may be easier and may reduce risk of seri-
ous adverse events such as intra-procedural
bleeding. However, posterior myotomy may be
associated with a higher rate of post-procedure
acid reflux by disrupting the angle of His. Ominaru
et al. reported data on POEM in 21 patients, per-
formed posteriorly due to either prior surgery or
other anatomical constraints preventing an ante-
rior myotomy. The study showed a high rate of
reflux esophagitis on endoscopy performed post-
procedure (52% cases), though <10% patients
were symptomatic and easily controlled with pro-
ton pump inhibitor (PPI) therapy [10]. Currently,
there are multiple prospective comparative stud-
ies being performed (clinicaltrials.gov) assessing
types of myotomy. Optical coherence tomogra-
phy (OCT) can be also used to assess the submu-
cosal vascularity and thickness of circular muscle
layer, which can determine the location of myot-
omy. Desai et al. used OCT as a guide in 51
patients who underwent anterior (47%) or poste-
rior (53%) POEM and showed a reduction in pro-
cedural bleeding (8% vs 43%) and therefore total
procedure time (85.8 min vs 121.7 min) [11].
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Use of EndoFLIP during POEM

Endoscopic functional luminal imaging probe
(EndoFLIP) is a novel technology that uses
impedance planimetry to evaluate esophagogas-
tric junction distensibility and cross-sectional
area at GEJ. Familiari et al. showed that GEJ
diameter and cross-sectional area as measured by
endoFLIP improved significantly after POEM in
23 cases, though there was no correlation between
symptom improvement or GERD incidence and
GEJ diameter [12]. Another study showed that
intraoperative GEJ cross-sectional area corre-
lated with response to POEM and reflux esopha-
gitis after POEM [13]. Therefore, endoFLIP may
be an important tool to guide the location and
extent of myotomy in POEM.

The myotomy is extended 2-3 cm into the car-
dia beyond the GEJ during POEM. Grimes et al.
described a double endoscope technique (one
endoscope in the submucosal tunnel and a second
slim endoscope in the esophageal and gastric true
lumen) to confirm extension of myotomy into the
gastric cardia using transillumination from the
first endoscope in the tunnel as a landmark, in a
prospective randomized controlled trial (n = 100
total). Using a second endoscope added 17 min to
procedure time but resulted in significant myot-
omy extension in 34% cases by an average of
0.6 cm [14].

The extent of gastric myotomy has been an
area of debate, as LHM typically extends gastric
myotomy to about 3 cm. However, the length of
gastric myotomy can be adjusted in POEM, to
potentially reduce the chances of postoperative
reflux. Ramirez et al. compared outcomes in 35
prospectively enrolled POEM cases and 35 his-
torical LHMs. LHM patients had >3 cm gastric
myotomy as compared to <2 cm in POEM. The
rates of postoperative reflux were similar in
POEM and LHM patients, defined by symptoms
(20% vs 17.1%), esophagitis seen on endoscopy
(4.7% vs 4.5%), or PPI requirement (22.8% vs
20%) [15].

After completion of the myotomy, the submu-
cosal tunnel is carefully inspected for exposed or
bleeding vessels, which are diligently coagulated.

Mucosotomy Closure

The mucosal entry site is closed using multi-
ple hemostatic clips or with endoscopic
sutures. During clip closure, the first clip is
placed at the distal end of the incision, and
then subsequent clips are deployed proxi-
mally (Fig. 18.10). Pescarus et al. compared
endoscopic suturing versus clip closure in a
case-control study design and showed that
both techniques were similar in clinical effi-
cacy at preventing post-procedure leaks, but
closure time was significantly shorter with
endoscopic clips (16 min) as compared to
suturing (33 min). Procedure cost was slightly
higher with endoscopic suturing but can be
used if endoscopic clips fail to approximate
the defect [16].

POEM Techniques in Special Situations

(a) Type 3 achalasia and spastic esophageal dis-
orders (such as diffuse esophageal spasm
[DES] and jackhammer esophagus).

POEM has the advantage that a longer prox-
imal myotomy can be performed, tailored to
esophagram and manometric findings, and
recent studies have shown high rates of clinical
success in type III achalasia [17]. Type III
achalasia is traditionally considered most dif-

Fig. 18.10 Mucosotomy closure with endoscopic clips
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ficult to treat with lower response rates to LHM
and PD [18]. However, POEM may be the
answer for type III achalasia since a longer
myotomy can be performed and the myotomy
can be adjusted and even guided by FLIP intra-
operatively. Khan et al. performed a recent
meta-analysis showing 92.5% clinical success
rate in type III achalasia with an average myot-
omy length of 17.2 cm. The study also showed
good clinical outcomes in diffuse esophageal
spasm (88%) and jackhammer esophagus
(72%) [19].

Kumbhari et al. reported significantly higher
clinical response rate of POEM compared to
LHM (98% vs 80.8%) and longer myotomy
length (16 cm vs 8 cm) in 75 patients with type
IIT achalasia, despite shorter mean procedure
time (102 min vs 264 min) [20].

(b) Advanced
esophagus.

achalasia with  sigmoid

POEM can be challenging in patients with
advanced achalasia and sigmoid esophagus due
to difficulty in maintaining orientation during
submucosal tunneling and myotomy and due to
submucosal fibrosis that limits expansion of the
submucosal space. Hence, careful attention must
be paid during tunneling to dissect close to the
muscle layer, keeping the direction of tunneling
perpendicular to the circular muscle. The endo-
scope can also be intermittently withdrawn and
inserted into the true esophageal lumen assessing
the progress of the tunnel in the desired orienta-
tion. Repeated injections of fluid into the submu-
cosa also help delineate tissue planes separating
mucosa from the muscle.

(c) POEM after prior interventions.

Multiple prior interventions for achalasia
such as botulinum toxin injections, pneumatic
dilation, as well as prior surgical (Heller myot-
omy with fundoplication) or endoscopic (pre-
vious failed POEM) myotomy pose a special
technical challenge for POEM. These interven-

tions may result in submucosal fibrosis and
increased submucosal neovascularization,
reduced distensibility of the submucosal space,
and also may make identification of tissue
planes difficult. Diligent submucosal dissec-
tion along the muscle layer along with repeated
injections, coagulation of intervening vessels,
and carefully maintaining spatial orientation in
the tunnel is crucial as described above for
patients with sigmoid achalasia. POEM can be
performed safely and effectively regardless of
these prior interventions as shown in a few ret-
rospective studies. Tang et al. showed similar
operative time, improvement in Eckardt score,
and manometric outcomes at 1-year follow-up
in patients with and without prior endoscopic
interventions. The incidence of intraoperative
complications and gastroesophageal reflux
rates was also similar [21]. Tyberg et al.
showed that POEM can be successfully
repeated after a failed POEM (n = 46) with
excellent technical (100%) and clinical success
(85%), with an acceptable rate of adverse
events, primarily intra-procedural bleeding,
which can be managed endoscopically [22].
POEM has been performed after failed LHM in
small retrospective series with good outcomes
overall and may be preferred over repeating
LHM in a previous operative field. Kristensen
et al. showed significant improvement in post-
POEM Eckardt score in 14 patients with prior
LHM, though rates of improvement were lower
than patients without prior LHM at 3,12, and
24 months [23].

Louie et al. performed a prospective study
comparing three groups of patients undergo-
ing POEM - (1) no intervention (n = 19), (2)
prior intervention (submucosal injection or
dilation) (n = 11), and (3) sigmoid esophagus,
prior esophageal surgery, and/or balloon dila-
tion >30 mm (n = 8). The authors found no
difference in clinical improvement between
the groups though operative time was signifi-
cantly longer in the highest complexity group
[24]. Another study by van Hoeij et al. showed
modest clinical success (63% for POEM, 45%
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for LHM, and <20% for PD) with repeat inter-
vention for recurrent symptoms after failed
POEM [25].

Conclusion

The technique for POEM is evolving based on
patient characteristics, expanding indications,
operator experience and preference, and
advances in available tools and accessories.
POEM in patients with advanced achalasia and
complex anatomy is technically challenging,
and understanding the anatomy of esophago-
gastric wall layers is critical. POEM has been a
game changer in the practice of gastrointesti-
nal endoscopy, and this technique promises
further novel treatments using the submucosal
space.
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Introduction

Peroral endoscopic myotomy (POEM) is the
endoscopic approach of surgical myotomy for
patients with spastic esophageal disorders [1]. It
uses the concept of natural orifice transluminal
endoscopic surgery (NOTES) introduced by the
Apollo Group in 2004 [2—4]. Inoue et al. were the
first ones to perform POEM in human after initial
experimental steps by Pasricha et al. in 2007
[5, 6]. A submucosal esophago-cardial tunnel is
created as an operating space, and an endoscopic
myotomy is carried out by means of a micro-
knife and the tunnel subsequently closed by clips.
Due to its minimally invasive character, it appears
to be effective and safe even in old or multimor-
bid patients, regardless of prior therapy under-
taken [7-10]. POEM and balloon dilation have
replaced other endoscopic treatment modalities
such as intersphincteric botulinum toxin A injec-
tion [11, 12]. Multiple studies during the last
5 years have proven the clinical value of POEM
[13]. However, the POEM procedure can be a
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challenge for even advanced endoscopists.
Serious adverse events can arise, and endosco-
pists starting with POEM should be well trained
to handle these complications endoscopically or
minimally invasive and avoid open surgery.
These include bleeding, perforation, pneumotho-
rax, pneumomediastinum, pneumoperitoneum,
as well as infections such as mediastinitis and
abscess formation [14, 15].

Appropriate training and continuous practice
are crucial for success of this procedure. With
this chapter, we would like to give a short over-
view on efficacy, safety, training, and compe-
tency in POEM.

Efficacy of POEM
POEM Versus Heller Myotomy

POEM has shown to be highly effective in the man-
agement of achalasia in several short-term follow-
up studies. Its technical success does not seem to
differ significantly from that of Heller myotomy
(HM) [16]. Table 19.1 shows a summary of differ-
ent series comparing the efficacy of POEM in com-
parison to Heller myotomy (HM) in a
non-randomized retrospective fashion [17]. We did
not find any results of a prospective direct compari-
son until july 2019. Beside the management of
achalasia, preliminary data suggest that POEM is an
effective option for the management of spastic
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Table 19.1 Non-randomized comparisons for laparoscopic Heller myotomy (LHM) versus peroral endoscopic myot-

omy (POEM)
Number of | Follow-up in
Study, year patients month Posttreatment reflux, %| Efficacy, %
Peng, 2017 [25] POEM 13 54.2 No significant POEM 83.3
LHM 18 difference in GERD LHM 83
Leeds, 2017 [26] POEM 12 >6 Not reported POEM 82
LHM 11 LHM 66
Chan, 2016 [27] POEM 33 >6 POEM 15 POEM 100
LHM 23 LHM 26 LHM 87
Schneider, 2016 [28] | POEM 42 12 Not reported POEM 91
LHM 84 LHM 84
Sanaka, 2016 [16] POEM 36 2 Not reported No significant difference in
LHM 142 HREM after 2 months (p >0.05)
Kumbhari, 2015 [29] | POEM 49 9 POEM 39 POEM 98
LHM 26 LHM 46
Bhayani, 2014 [30] POEM 37 6 POEM 39 POEM 100
LHM 64 LHM 32 LHM 92
Teitelbaum, 2013 [23] | POEM 17 Not reported | POEM 17 POEM 100
LHM 12 LHM 31 LHM 87

From Kabhrilas et al. [31]
HREM high-resolution manometry

esophageal disorder. It permits an adapted myot-
omy according to HR-manometric changes and
radiologic findings even in the mid- and proximal
esophagus which is usually longer compared to
classical achalasia [18-21].

The majority of studies define technical suc-
cess as a post-procedure Eckardt score of <3,
decreased lower esophageal sphincter pressure,
and improved esophageal emptying [22-24].
Crespin et al. conducted a systematic review
including 1299 POEM procedures. Median fol-
low-up was 13 months (range 3-24). Pre- and
post-POEM Eckardt scores and lower esophageal
sphincter pressures differed significantly with a
reported technical and clinical success of
80-100% [13]. The most frequently reported
complications were mucosal perforation or
mucosotomies (circumscript minimal defects),
subcutaneous emphysema, pneumoperitoneum,
pneumothorax, pneumomediastinum, pleural
effusion, and pneumonia (see Table 19.1).

POEM after Heller Myotomy

Zhang, Stavropoulos and colleagues from
Mineola, NY, followed 318 patients for at least
3 months after POEM, performed between

October 2009 and October 2016 [9]. They com-
pared efficacy and safety of POEM in 46 patients
with prior Heller myotomy (HM) and the remain-
ing 272 patients without myotomy pretreatment.
Patients with prior HM had longer disease his-
tory, more advanced disease, more type I and less
type II achalasia, and lower before-POEM
Eckardt scores. Procedure parameters and fol-
low-up results (clinical success rate, Eckardt
score, LES pressure, GERD score, esophagitis,
and pH testing) showed no significant difference
between the two groups [9].

POEM Long-Term Data

There are only few long-term data exceeding
5-years follow-up at present [9, 10, 32-36]. The
group led by P.H. Zhou recently analyzed a col-
lective of 564 patients having undergone a
POEM procedure between August 2010 and
December 2012 in Shanghai, China [36]. Major
perioperative adverse events occurred in 36
patients (6.4%). After a median follow-up of
49 months (range, 3—68), the Eckardt score and
lower esophageal sphincter (LES) pressure
were significantly decreased (median Eckardt
score, 2 vs. 8 [p <0.05]; median LES pressure,
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11.9 vs. 29.7 mm Hg [p <0.05]). Fifteen fail-
ures occurred within 3 months, 23 between
3 months and 3 years, and 10 after 3 years. The
estimated clinical success rates at 1, 2, 3, 4, and
5 years were 94.2%, 92.2%, 91.1%, 88.6%, and
87.1%, respectively. Multivariate Cox regres-
sion revealed long disease duration (>10 years)
and history of prior interventions to be risk fac-
tors for recurrence. Clinical reflux occurred in
37.3% of patients (155/416). The authors con-
cluded that POEM is a highly safe and effective
treatment for esophageal achalasia with favor-
able long-term outcomes [36]. Teitelbaum and
Swanstrom analyzed their long-term data on 36
patients who had undergone a POEM procedure
from October 2010 to February 2012 in
Portland, Oregon. Current symptom scores
were obtained from 29 patients at a median fol-
low-up of 65 months. In the 23 patients with
achalasia, Eckardt scores were significantly
improved from preoperative baseline (mean
preoperative 6.4, mean current 1.7; p <0.001).
Nineteen patients (83%) with achalasia had a
symptomatic success (Eckardt <3) and none
required re-treatment for symptoms. Eckardt
scores were dramatically improved at 6 months
and maintained at 2 years. However, there was
a small but significant worsening of symptoms
between 2 and 5 years. Of the 5 patients with
EGJ outflow obstruction, all had current
Eckardt scores <3, but two needed re-
intervention for persistent or recurrent symp-
toms, one with a laparoscopic Heller myotomy
and another with an endoscopic cricomyotomy
and proximal esophageal myotomy extension.
At 6-month follow-up, repeat manometry
showed decreased EGJ relaxation pressures,
and esophagram demonstrated improved emp-
tying. 24-h pH monitoring showed abnormal
distal esophageal acid exposure in 38% of
patients. Fifteen patients underwent endoscopy
at 5 years, revealing erosive esophagitis in two
(13%), new hiatal hernia in two, and new non-
dysplastic Barrett’s esophagus in one. The
authors concluded that POEM resulted in a suc-
cessful palliation of symptoms in the majority
of patients after 5 years, though the results con-
firmed the importance of a systematic long-
term follow-up in all patients.

Adverse Events

As Peter Cotton et al. state: The most feared neg-
ative outcome is when something “goes wrong”
and the patient experiences a ‘“‘complication”
[37]. This term has unfortunate medicolegal con-
notations and is perhaps better avoided.
Describing these deviations from the plan as
“unplanned events” fits nicely with the principles
of informed consent, but the term “adverse
events” (AEs) is in common parlance [37].

Adverse events with POEM have to be classi-
fied in intra- and post-procedural AEs [15]. Pre-
interventional AEs such as aspiration pneumonia
in achalasia should be excluded prior to the pro-
cedure. There is up to now no consensus on a
standard classification of AEs associated with the
procedure [8, 10, 15, 32, 38—45].

In general, the POEM procedure can be seen
as safe procedure in the hands of an expert endos-
copist at a specialized referral center [8, 10, 32,
38-45]. Until 2015 only 1 death in about 4000
procedures had been reported [45]. Inoue et al.
presented in 2015 a large cohort study of 500
POEM procedures [32]. Adverse events were
observed in 3.2% of patients. However, compli-
cation rates in small series are not clear yet.

Single Center and Multicenter
Analysis of AEs in POEM

Haito-Chavez published in 2017 an international
multicenter study on adverse events in associa-
tion with POEM performed in a total of 1826
patients at 12 tertiary care academic centers
between 2009 and 2015 [8]. All authors were
expert endoscopists and pioneers in the field of
POEM. They found 156 AEs occurring in 137 of
1826 patients (7.5% of patients). Mild, moderate,
and severe AEs had a frequency of 116 (6.4%),
31 (1.7%), and 9 (0.5%), respectively. An AE was
defined as any symptomatic event related to the
POEM procedure itself or to anesthesia, requir-
ing temporary stop of the procedure and/or fur-
ther action to solve the event and/or to treat the
symptoms [8]. Any event that prevented comple-
tion and/or resulted in prolongation of hospital
stay required another procedure, or subsequent
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medical consultation was considered as AEs as
well. The ASGE lexicon’s severity grading sys-
tem was used to grade the AEs [37]. Incidental
findings of capnoperitoneum, capnothorax, or
capnomediastinum on post-procedure imaging
and subcutaneous emphysema were not consid-
ered AEs. The authors included different multi-
variate analyses to find out predictors for AEs.
They analyzed factors related to the patient
including age, gender, Charlson comorbidity
index, American Society of Anesthesiologists
(ASA) class, history of antiplatelet or anticoagu-
lation, immunosuppression drug or steroid use,
and previous therapies including botulinum toxin
injection, pneumatic dilation, and LHM. There
was no significant association between these
patient-related predictors and occurrence of AEs.

Multivariate analysis demonstrated that
sigmoid-type esophagus (odds ratio (OR) 2.28,
p =0.05), endoscopist experience <20 cases (OR
1.98, p = 0.04), use of a triangular tip knife (OR
3.22, p = 0.05), and use of an electrosurgical cur-
rent different than spray coagulation (OR 3.09,
p = 0.02) were significantly associated with the
occurrence of AEs [8].

The most common time of presentation of
AEs was intraprocedural in 89 patients (57.1%).
A total of 64 (41.0%) AEs presented during the
first 48 h, and only 3 (1.9%) AEs presented after
48 h. The most common AEs that presented

during the first 48 h were esophageal leak
(n = 13), submucosal hematoma (n = 10)
(Fig. 19.1a, b), and pneumonia (n = 8). A total
of 51 (2.8%) inadvertent mucosotomies
occurred, mostly closed by clips (Fig. 19.2a, b).
Only three AEs occurred after 48 h. There was
one case of empyema requiring thoracotomy
and chest tube insertion. The two remaining
cases were one patient with pneumonia and one
patient with delayed bleeding, both of whom
were treated conservatively [8].

As discussed most of the AEs were graded as
mild in 116 (6.4%), followed by moderate and
severe in 31 (1.7%) and 9 (0.5%), respectively.

Among the nine severe AEs, two were esopha-
geal leaks, two bleeding episodes during tunnel-
ing (one resulted in conversion to LHM and one
resulted in intensive care unit admission), one
perforation, one aspiration pneumonia, one
empyema, one capnomediastinum, and one
severe cardiac arrhythmia. There were two
patients with heavy bleeding during tunneling;
one patient with secondary bleeding could not be
managed endoscopically and required balloon
tamponade with a Sengstaken—Blakemore tube.
The second patient experienced intraprocedural
bleeding with extensive submucosal hematoma
that rendered completion of POEM impossible.
LHM was performed successfully during the
same session [8].

Fig. 19.1 Submucosal vessels at the enterance site appearing after mucosal incision (a). Bleeding submucosal vessel
after transsection during mucosal incision for tunnel creation (b)
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Fig. 19.2 2 mm arterial vessel crossing the submucosal tunnel. Soft or low wattage Forced Coagulation using a coag-

grasper over 3-5 mm before transsection of the vessel

Among the 13 patients who presented with
esophageal leak, there were two with severe
esophageal leaks; one of them required surgery
(washout surgery and drainage), while the second
patient was treated with endoclipping. However,
this latter patient progressed with a pleural effu-
sion requiring insertion of a chest tube and then
progressed with empyema requiring thoracotomy
and drainage.

Overall inadvertent mucosotomy was the most
common intraprocedural AE occurring in 51
patients, followed by insufflation related AEs in
28 patients (22 capnoperitoneum, 4 capnothorax,
1 pneumothorax, and 1 capnomediastinum), and
bleeding during tunneling in 6 patients [8].

Other successful treatment of the 13 esopha-
geal leaks included stent placement (n = 2) and
endoscopically assisted vacuum therapy (n = 1).
Three patients presented with contained leak into
the submucosal tunnel and responded to conser-
vative management.

Zhang and Zhou et al. presented their retro-
spective single-center analysis on only major
perioperative adverse events (mAE) in 1680
patients who underwent POEM between August
2010 and July 2015 at Zhongshan Hospital,
Shanghai, China [38]. They identified a total of
55 patients experiencing major adverse events
(3.3%): they found delayed mucosal barrier
failure (n = 13; 0.8%), delayed bleeding (n = 3;

0.2%), hydrothorax (n = 8; 0.5%), pneumotho-
rax (n = 25; 1.5%), and miscellaneous (n = 6;
0.4%). Four patients (0.2%) required ICU
admission. No surgical conversion occurred,
and 30-day mortality was zero. In stepwise
multivariate regression, institution experience
of <1 year (odds ratio [OR] 3.85; 95%CI 1.49—
9.95), air insufflation (OR 3.41; 95%CI 1.37—-
8.50), and mucosal edema (OR 2.01; 95%CI
1.14-3.53) were identified as related risk fac-
tors. After introducing CO, insufflation, the
major Adverse Event rate declined to 1.9%
(95%CI 1.2-2.7%) and seemed to plateau after
3.5 years at ~1%. The authors concluded that
POEM appeared to be a safe procedure. Major
adverse events were rare and could usually be
managed effectively.

CO,-Associated Problems
and Anesthesiologic Considerations

Already in early series, the need for CO, insuf-
flation instead of room air during POEM became
evident [46, 47]. CO, may inadvertently track
into surrounding tissues during POEM, causing
systemic CO, uptake and tension capnoperito-
neum. This in turn may affect cardiorespiratory
function. Gas-associated AEs include also pneu-
momediastinum, subcutaneous emphysema, and
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pneumothorax. In a meta-analysis of Akintoye
et al., subcutaneous emphysema was found in
7.5%, pneumothorax in 1.2%, pneumomediasti-
num in 1.1%, and pneumoperitoneum in 6.8%
[48]. Important guiding parameters indicating
the need for an intervention were significant
abdominal distension, increased end-tidal CO,
and increased peak airway pressure [40]. In
cases of tension pneumoperitoneum, a Veress
needle (or a 16-18 G intravenous cannula) is
inserted through the abdominal wall para-
umbilically respecting sterile conditions [15]. A
10-20 ml syringe is filled with saline and con-
nected with the canula, and the plunger is
removed. The appearance of bubbles shows a
successful drainage of the capnoperitoneum.
CO, is absorbed about 300 times faster than
room air. Only gas-related events requiring an
intervention should therefore be categorized as
adverse events [15].

The endoscopist should try to reduce the CO,
gas flow to the necessary minimum. The use of a
low-flow CO, gas tube has been described help-
ful in this regard. In case of a pneumothorax with
a volume of more than 30%, a thoracic drainage
should be introduced for 2 or 3 days. In the rare
case of capno-pericardium, a cardiac arrest may
occur the way that anesthetists and endoscopists
should be aware of this rare but possible compli-
cation [49].

Close anesthesiologic supervision of changes
in airway pressures and hemodynamics are
recommended, and an arterial line for monitor-
ing of arterial blood gases can be considered [15,
50]. Important guiding parameters indicating
the need for an intervention include significant
abdominal distension, increased end-tidal CO,,
and peak airway pressure. Increasing minute
ventilation is usually enough to manage an
increase in end-tidal CO, levels associated with
CO, insufflation [40]. Loeser et al. analyzed 173
consecutive POEM patients of a tertiary care
single center in Germany over a 4-year period
from an anesthesiologic standpoint [50]. During
POEM, cardiorespiratory parameters increased
from baseline: pmax 15.1 vs 19.8 cm H,O,

etCO, 4.5 vs 5.5 kPa [34.0 vs 41.6 mmHg],
MAP 73.9 vs 99.3 mmHg, and HR 67.6 vs
853 min(—-1) (p < 0.001 for -each).
Hyperventilation [MV 5.9 vs 9.0 L.min(-1),
p < 0.001] was applied to counteract iatrogenic
hypercapnia. Individuals with tension capno-
peritoneum are treated with percutaneous nee-
dle decompression (PND; n = 55). They had
higher peak pmax values [22.8 vs 18.4 cm H,0,
p < 0.001] than patients who did not require
PND. After PND, pmax [22.8 vs 19.9 cm H,0,
p = 0.045] and MAP [98.2 vs 88.6 mmHg,
p = 0.013] decreased. Adverse events included
pneumothorax (n = 1), transient myocardial
ischemia (n = 1), and subcutaneous emphysema
(n = 49). The latter precluded immediate extu-
bation in eight cases. Postanesthesia care unit
(PACU) stay was significantly longer in indi-
viduals with subcutaneous emphysema than in
those without (p < 0.001). The authors con-
cluded that carbon dioxide insufflation during
POEM produced systemic CO, uptake and
increased intra-abdominal pressure. Changes in
cardiorespiratory parameters included increased
pmax, etCO,, MAP, and HR. Hyperventilation
and percutaneous abdominal needle decompres-
sion helped to mitigate some of these changes.
Subcutaneous emphysema was common in
28.3% of cases and did delay extubation and
prolong PACU stay.

Bleeding

Bleeding is a common side effect during any of
the different steps of POEM, especially during
submucosal tunneling (Figs. 19.1, 19.2, 19.3,
and 19.4). Careful stepwise dissection will allow
vessels to be visualized and to be prophylacti-
cally treated using cautious coagulation with the
electrocautery knife itself or by means of a “Coag
Grasper” (Olympus, Center Valley, PA, USA)
using “Soft Coag” or low wattage “Forced Coag”
current. Caution should be applied in case bleed-
ing originates from a vessel running along the
mucosal surface side of the tunnel in order to
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Fig. 19.3 2.5 mm arterial vessel crossing the submucosal tunnel (a). Secondary severe bleeding after to short sealing
of the vessel ends by means of the coag-grasper (b)

Fig. 19.4 (a-d) Coagulation of minor vessels by means of the tip of the electrosurgical knife and soft of forced coagu-
lation current following the vessel course before transsection (a—c). Completed tunnel after dissection (d)
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prevent secondary mucosal defects and perfora-
tion after coagulation. A gentle compression with
the tip of the endoscope +/— cautious secondary
coagulation is carried out in these cases. The
placement of clips in the tunnel is usually avoided
as secondary perforation of the covering mucosa
should be feared.

Guidelines recommend to perform POEM
without anticoagulant or antiplatelet therapy
except for acetylsalicylic acid. It is recommended
that all patients should have a blood type and anti-
body screening before starting the procedure [51,
52]. Postoperative bleeding apparently is infre-
quent. In a large series of Li et al. with 428 patients,
delayed bleeding has been reported in 0.7% [53].

Secondary bleeding into the tunnel is infrequent
(Fig. 19.5a, b). However, a massive hematoma in
the tunnel can result in pressure necrosis of the
mucosal flap with potentially disastrous conse-
quences in case of wide perforation. A CT scan
should be performed to discriminate a mere bleed-
ing into the tunnel from additional mediastinal
effusion. Li et al. reported on three patients (0.7%,
3/428) who experienced delayed bleeding in the
submucosal tunnel after POEM. None of these
patients had any predisposing factor to bleeding,
such as hypertension, coagulation disorders, and
antiplatelet/anticoagulant therapy before undergo-
ing POEM. There were no special difficulties
related to tunnel creation or myotomy performance

in these cases. In one patient, a small hematoma
was observed by CT before any clinical manifesta-
tion occurred; this patient then reported progressive
serious retrosternal pain from the first day after sur-
gery and vomited fresh blood on the third day. Two
other patients suddenly vomited large amounts of
fresh blood on the first and third days after the
intervention, respectively; no submucosal hema-
toma was observed on CT scans before hemateme-
sis occurred in these two patients. Emergency
esophago-gastroscopy was performed immediately
on all three patients, revealing a hematoma in the
submucosal tunnel. After removing the metal clips
from the mucosal entry, a large quantity of blood
clots were discovered inside the submucosal tunnel
and were removed. In the first patient, the bleeding
source could not be identified, and a Sengstaken—
Blakemore tube was directly placed into the stom-
ach and lower esophagus to compress the bleeding
sites. In the other two patients, active bleeding
points were identified and coagulated with a hemo-
static forceps in the forced coagulation mode.
Almost all of the bleeding spots were from the cut
muscular edges. A PPI, antibiotics, and hemoco-
agulase were administered to all three patients.
Intermittent balloon deflation was performed every
24 h. The Sengstaken—Blakemore tube gastric bal-
loon was permanently deflated on the first day after
placement, and the esophageal balloon was deflated
on the second day after insertion.

Fig. 19.5 (a, b) Enormous secondary hematoma at the level of the submucosal tunnel developing within the first 48 h
post procedure possibly after repeat coughing
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Fig. 19.6 (a, b) Mucosotomy, definded as defect or
injury of the mucosal tunnel wall during electrosurgical
preparation happening especially during coagulation of
bleeding vessels on the side of the covering mucosa

Benech et al. from Lyon, France, reported on
successful conservative management [54]. The
patient had experienced massive epigastric pain
shortly after the procedure and showed a drop in
hemoglobin from 14.2 to 11.2 g/dl. We had a sim-
ilar case, managed conservatively (Fig. 19.5a, b).

Perforation

After dissection of the muscular layer, even a
small mucosal defect can become potentially
dangerous. In case such a mucosotomy is detected
during submucosal tunneling, closure should be
performed immediately as otherwise a significant
increase of the defect may occur (Fig. 19.6a, b)
[38]. Preoperative edema of the mucosa is sug-
gested a risk factor for mucosal injury during
intervention. Mucosal edema makes closure dif-
ficult and promotes perforation. Edema has been
seen in 8% of patients in a retrospective study of
over 1600 patients [38]. The endoscopic tunnel
should be created very close to the muscular lay-
ers to avoid injury to the mucosal flap and because
of a lower vascularity adjacent to the muscle
[55]. Most perforations happen at the level of the
lower esophageal sphincter due to a narrowing at
the cardia. If a mucosotomy is identified, it
should be closed immediately with endoscopic
clips. Larger mucosotomies have been closed

(a) Adaptation of the mucosa left and right of the coagula-
tion defect by means of three short arm clips (Hemoclip
green; Olympus Tokyo, Japan)

using a flexible endoscopic suturing device
(OverStitch; Apollo Endosurgery, Austin, TX,
United States) [56, 57]. Other salvage techniques
used included fibrin glue and over-the-scope
clips (OTSCs; Ovesco, Tuebingen, Germany)
[58, 59]. In case of multiple ruptures which can-
not be clipped, a covered retrievable stent may be
used as rescue technique [60, 61].

Postprocedural Chest Pain

The most common periprocedural side effect is
substernal chest pain. Data suggest an average
mild to moderate chest pain after the procedure
and during the following 3 days (4.6/10 immedi-
ately after POEM, 3.2-3.3/10 the following
2 days) [40]. As in tubular esophageal ESD, the
application of a fentanyl patch, adapted to
patients weight, age, and general condition, e.g.,
25 mcg/g (12.5-50 mcg/h), applied at the begin-
ning of the procedure, has been very valuable in
our own experience over the last 5 years.

Infections and Pneumonia
In general index gastroscopy should be per-

formed one to several days before the POEM pro-
cedure. In case signs of Candida esophagitis, a
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systemic antifungal treatment should be initiated
immediately. Remaining material in the lower
esophagus should be removed, and the patient is
set on a strictly liquid diet 24—48 h before treat-
ment. Single-shot antibiosis of, e.g., ceftriaxone
plus metronidazole, is usually sufficient in a non-
immunocompromised patient.

Sterility is still under debate as the endo-
scope is penetrating into a space in direct con-
tact with the mediastinum and abdominal
cavity. On the other hand, infectious complica-
tions have been reported less frequent as feared
in the initial era of procedure [46, 47]. As a rou-
tine, we remove the endoscope with sterile
gloves from the washing machine after repro-
cessing it shortly before the procedure. The
same is done if a drying cabinet is used for stor-
age. It is then placed into a tray with a sterile
cloth inside and covered which a second sterile
cloth until its use for the procedure. The use of
a sterile coat and sterile gloves is recommended
for the procedure [46, 47]. However, this prac-
tice varies from center to center and many units
perform POEM with the endoscope processed
and handled as for any other upper endoscopy.
Single centers ask the patients to flush the
mouth with chlorhexidine solution before the
intervention [62].

Pleural Effusion

Pleural effusion is noticed in 5-40% of POEM
patients. Depending on the size of effusion, labo-
ratory findings plus clinical signs of infection
(fever, etc.), antibiotics and early pleural drain-
age or just waiting for spontaneous absorption is
indicated [42].

Reflux After POEM and LHM

The most common long-term adverse event with
POEM seems to be gastroesophageal reflux
(GER). As the premise behind the POEM proce-
dure, similar to Heller myotomy, is to decrease
lower esophageal sphincter pressure, it is not sur-
prising that post-POEM GER is encountered
[63]. Early studies were focused on technical fea-

sibility and safety, with a short duration of fol-
low-up. Furthermore, a large proportion of the
early literature came from Asia, where GER is
less prevalent. Finally, the consequences of
asymptomatic or proton pump inhibitor (PPI)-
responsive GER after POEM had not been clear
at the time.

When objective data are reviewed, such as
erosive esophagitis in EGD and/or an abnormal
acid exposure on a pH study, the prevalence of
GER after POEM appears to be in recent studies
high and varies between 20% and 46% after
POEM [51, 63-65]. Barrett’s metaplasia has
been reported in first few cases as found earlier
after Heller myotomy [66, 67].

In patients with a hiatal hernia, the risk for
erosive esophagitis and GERD post-POEM
seems increased [68]. If the rates can be com-
pared to those seen with Heller myotomy plus
partial fundoplication had been long time con-
tradictory [69-71]. Kumbhari et al. note that
when Heller myotomy was first introduced, it
was not combined with an anti-reflux procedure
and initially not deemed necessary [72].
Subsequently a high rate of GERD became evi-
dent, and a partial fundoplication became stan-
dard practice [70, 73, 74].

Kumbhari et al. analyzed results from seven
tertiary academic centers (one Asian, two US,
four European). POEM had been carried out in
467 patients during the 5-year study period. A
total of 282 patients were included in the analy-
sis. One hundred eighty-five patients were
excluded because no pH study was performed at
>3 months after POEM. A post-procedure
DeMeester score of >14.72 was seen in 57.8% of
patients. Multivariable analysis revealed female
sex to be the only independent association (odds
ratio 1.69, 95% confidence interval 1.04-2.74)
with post-POEM GER. No intraprocedural vari-
ables were associated with GER. Upper GI
endoscopy was available in 233 patients, 54
(23.2%) of whom were noted to have reflux
esophagitis (majority Los Angeles grade A or B).
GER was asymptomatic in 60.1%. The authors
concluded that post-POEM GER was seen in the
majority of patients. No intraprocedural variables
could be identified to allow for potential altera-
tion in procedural technique.
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Repici et al. published a meta-analysis on gas-
troesophageal reflux disease after POEM as com-
pared with laparoscopic Heller’s myotomy plus
fundoplication published until February 2017
[65]. They identified 17 and 28 prospective stud-
ies, including 1542 and 2581 subjects who under-
went POEM and LHM, respectively. Pooled rate
of post-procedure reflux symptoms was 19.0%
(95% CI, 15.7-22.8%) after POEM and 8.8%
(95% CI, 5.3-14.1%) after LHM, respectively.
Pooled rate estimate of abnormal acid exposure
at pH monitoring was 39.0% (95% CI, 24.5—
55.8%) after POEM and 16.8% (95% CI, 10.2—
26.4%) after LHM, respectively. Rate of
post-POEM esophagitis was 29.4% (95% (I,
18.5-43.3%) after POEM and 7.6% (95% ClI,
4.1-13.7%) after LHM. At meta-regression, het-
erogeneity was partly explained by POEM
approach and study population. They concluded
that the incidence of reflux-disease appears to be
significantly more frequent after POEM than
after LHM with fundoplication. pH monitoring
and appropriate treatment after POEM should be
considered in order to prevent long-term reflux-
related adverse events [65].

However, long-term results after LHM indi-
cate that the antireflux effect of the fundoplica-
tion might only be of temporary nature. In their
editorial, Rosch et al. asked the question “Will
Reflux Kill POEM?” [66]. Rosch discusses that
only one small randomized controlled trial
(n = 43) has been published showing reflux rates
of 9.1% versus 47.6% in the groups of Heller
myotomy with and without Dor fundoplication,
respectively [73]. Kummerow Broman et al. pub-
lished the long-term symptomatic follow-up
results on part of this group in 2018 [75]. They
collected patient-reported measures of dysphagia
and gastroesophageal reflux using the Dysphagia
Score and the Gastroesophageal Reflux Disease-
Health-Related Quality of Life (GERD-HRQL)
instrument. Patient-reported re-interventions for
dysphagia were verified by obtaining longitudi-
nal medical records. Among living participants,
27/41 (66%) all completed the follow-up study at
a mean of 11.8 years postoperatively. Median
Dysphagia Scores and GERD-HRQL scores
were slightly worse for Heller than Heller plus
Dor but were not statistically different (6 vs 3,

p = 0.08 for dysphagia; 15 vs 13, p = 0.25 for
reflux). Five patients in the Heller group and six
in Heller plus Dor underwent re-intervention for
dysphagia with most occurring more than 5 years
postoperatively. One patient in each group under-
went redo Heller myotomy and subsequent
esophagectomy. Nearly all patients (96%) stated
that they would undergo operation again. The
authors concluded that long-term patient-reported
outcomes after Heller alone and Heller plus Dor
for achalasia were comparable, providing sup-
port for either procedure [75].

There is no consensus on how to manage
patients with symptomatic gastroesophageal
reflux disease, but a primary attempt with low-
dose PPIs seems to work well for most patients [8,
10, 32, 38-45]. In case of the necessity of a sec-
ondary fundoplication only a partial or “floppy”
fundoplication is recommended in order to not
impair esophageal emptying with secondary dys-
phagia again [8, 10, 32, 38—45]. Kumta et al. even
reported one case of endoscopic fundoplication in
an patient with gastroesophageal reflux symptoms
refractory to proton pump inhibitors [76].

Training in POEM
Requirements to Perform POEM

The first step for a “POEM learner” is an excel-
lent knowledge of the specific thoracic and
abdominal anatomy and the different steps of the
procedure [77]. The second step is usually an “ex
vivo” and “in vivo” training in the porcine model
similar to ESD training [78]. The first clinical
POEM cases in patients should be accompanied
by an expert endoscopist from an external POEM
referral center [79].

The NOSCAR (Natural Orifice Surgery
Consortium for Assessment and Research) has pro-
posed the following prerequisites for an endoscopic
team planning to perform POEM in the future [46]:

1. A multidisciplinary team
endoscopists and surgeons.

2. “Ex vivo” experience with animal or cadaver
models before planning to perform first
POEMs in humans.

encompassing
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3. Alocal institutional review board approval.

4. All cases should be registered in an outcome
registry maintained by the concerned scien-
tific societies.

Clinical Training in POEM

In general, it is recommended to start with
POEM after reaching the top level of the endo-
scopic learning pyramid [80]. However, until
today there are no valid data if an endoscopist
experienced, e.g., in endoscopic submucosal
dissection (ESD) acquires competence in POEM
faster than an endoscopist without this qualifica-
tion. Mittal et al. state that most advanced
endoscopy training programs in the United
States do not provide formal training in submu-
cosal endoscopy or POEM [7]. In Europe,
POEM procedures have been limited to a few
centers so far and have been performed by expe-
rienced endoscopists only. As the procedure is
carried out in the thoracic cavity close to the
mediastinum in case of complications such as
infection, bleeding or perforation consequences
may be severe. It seemed logic that an extensive
experience in interventional endoscopy, espe-
cially in hemostasis and perforation closure,
seems necessary as well as the need for a spe-
cialized surgical team in case of severe compli-

Fig. 19.7 Training for POEM in the animal model and

situation in ‘the real world’: discrepancy in thickness of

the tender muscular layer in the pig (a) and in a patient

cations. Furthermore the number of patients
concerned is limited.

The ASGE recommends that competence
acquisition in a “major skill” like POEM should
be performed at teaching institutions with
appropriate numbers using a preceptorship
model. A quorum of procedures required to
assess POEM has not been defined so far. In
centers familiar with POEM, clinical training is
mostly started by an advanced fellow or experi-
enced consultant [7].

Before starting POEM, an intensive study of
the literature, watching videos, attending live
demonstrations, and a hands-on training course
are usually recommended. Early training steps
of POEM include a progressive approach to the
technique in “ex vivo” pig esophagi. Training in
live pigs is a common next step to train the tech-
nique in an environment with natural GI motil-
ity and vascularization. However, the
discrepancy of the tender muscle layer in pigs
and the potentially hypertrophic muscle layer in
humans has to be noted as significant difference
and limitation (Fig. 19.7a, b). After having
attended a systematic course with practical
exposure to the technique, a visit to an expert
center is recommended to observe and assist the
performance of several procedures. A close stu-
dent—teacher relationship and sufficient phases
of watching the procedure seem important

with achalasia Type III and enormous hypertrophy of the
muscular layer (b)
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Table 19.2 POEM training steps and protocol according to Dacha et al. [35]

Steps Assessment parameters

Step 1: 1. Able to identify the orientation of the submucosal tunnel, including the location of the
Dissection, mucosal layer and the location of the muscular layer

establishing a 2. Able to judge need for more submucosal injection while performing submucosal dissection
submucosal to prevent inadvertent complications

tunnel 3. Able to secure hemostasis with a knife or a coagulation forceps

4. Able to perform all of the above without instructions and assistance from the mentor

Step 2: Myotomy
inside the
submucosal
tunnel

1. Continue all above listed in step 1

2. Able to identify gastroesophageal junction

3. Able to identify circular muscular layer

4. Able to identify longitudinal muscular layer

5. Able to perform myotomy either on circular muscular layer or full-thickness myotomy
6. Able to perform all above without instructions or assistance from the mentor

Step 3: Creating
a submucosal
tunnel orifice

1. Continue all above listed in step 1 and step 2

2. Ability to raise a mucosal bleb with submucosal injection prior to performing mucosotomy
incision

3. Able to enter submucosal tunnel efficiently after performing mucosotomy incision (2 and 3
should take no longer than 15 min)

4. Able to perform all of the above without instruction and assistance from the mentor

Other trainings

not encountered)

1. Ability to safely close mucosotomy incision with endoclips
2. Able to safely use a Veress needle to decompress symptomatic capnoperitoneum (even if it is

3. Able to perform all the above without instruction and assistance from the mentor

before a student goes to unsupervised clinical
procedure. A short course or workshop seems
not to be a good platform to gather sufficient
knowledge (see also below) [81]. Didactic train-
ing and hands-on fundamentals seminars are
available, e.g., from the American Society for
Gastrointestinal Endoscopy (ASGE) [82].

Mittal et al. suggest the following areas to be
covered during training for POEM [7]:

1. Interpretation of high-resolution manometry
and barium esophagram

2. Diagnostic endoscopic evaluation of the

esophagus, gastroesophageal junction, and

stomach

Appropriate site selection for mucosal entry

4. Identification of esophageal wall layers dur-
ing submucosal dissection

5. Identification of dissection planes and orien-
tation of mucosa and muscle layer during
submucosal tunneling

6. Identification of the anatomical changes and
structures at the gastroesophageal junction
and cardia

7. Identification of circular and longitudinal
muscle planes

(O8]

8. Performance of selective circular vs full-
thickness myotomy
9. Management of bleeding
10. Management of mucosal injury or perforation
11. Mucosotomy closure

A similar “checklist” for the single clinical
training steps in POEM has been described by
Dacha et al. [35] (Table 19.2).

Training in Porcine Models

For training purposes, first steps are usually per-
formed in the pig model even though the pig is
not optimal due to its thin muscular layer com-
pared to a patient with spastic esophageal motor
disorder (Fig. 19.7a, b). Training may include “ex
vivo” porcine specimens with an esophagus left
in its total length as well as training on live pigs
under general anesthesia in the acute animal
experiment. Table 19.3 shows advantages and
disadvantages of both models.

Ren et al. as well as Chiu et al. described the
learning curve for POEM in the early days of
POEM including “ex vivo” and live porcine
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Table 19.3 Advantages (+ to +++) and disadvantages (— to ———) of the “ex vivo” and “in vivo” porcine model for the

training of the POEM procedure

Assessment of trainee

Reality of environment
Training of complication management

Model Costs | Ethical concerns | performance (bleeding/perforation, etc.)
Ex vivo porcine model | ++ ++ ++ —
Live pig model — — ++ ++

models. Ren et al. trained the procedure in a total
of five ex vivo porcine specimen before starting
with the first patient (see below). Chiu et al.
trained in two acute and seven survival pig mod-
els. Perforations occurred in 3/5 “ex vivo” speci-
men and in 1/7 survival animal models with acute
fatal pneumomediastinum in one animal. The lat-
ter was attributed to the use of room air instead of
CO, during the experiments. Both groups rated a
training in “ex vivo” specimen and live pigs as
very valuable [83, 84]. With the clinical
experience in POEM of today, tutored experi-
mental experience and clinical proctoring would
have been strongly recommended.

Hernandez Mondragon described his per-
sonal preclinical learning curve for POEM in
50 procedures performed in the animal lab
[85]. He started with 30 procedures using a
mannequin containing an “en bloc” organ
package of the esophagus, stomach, and duo-
denum from the pig cleaned, prepared, frozen,
and then thawed 1 h before the procedure in
25 °C warm saline. In a second learning sec-
tion, POEM was carried out in 20 pigs with a
weight of 40-50 kg which were followed for
30 days. The learning process was defined as
ability to perform the five steps of POEM,
while mastery of the technique was considered
a complication-free procedure. Mucosotomies
(mucosal injuries with communication between
the submucosal space and esophageal or gas-
tric lumen) or free perforation by the endo-
scope were documented endoscopically and on
the specimen. Additionally, the animal group
included the incidence of hemorrhage or
procedure-related death. Subcutaneous emphy-
sema, pneumomediastinum, pneumoperito-
neum, or bleeding during the procedure were
considered as Adverse Event only if they could
not be controlled by endoscopic measures or

medical maneuvers. The study seems to have
been carried out meticulously but is hampered
by its design with the same endoscopist per-
forming procedures first “in vitro” and then “in
vivo” with comparison of two sequential learn-
ing curves. The authors concluded that 16 “ex
vivo” procedures and 10 in live pigs were nec-
essary to perform the procedure without com-
plications. After those numbers, the trainee
gradually improved speed without scarifying
safety [85]. The numbers given seem compa-
rable to those recommended for the training in
endoscopic submucosal dissection (ESD)
where at least 25 preclinical resections ‘“‘ex
vivo” and “in vivo” are recommended [78, 86]
(Fig. 19.3).

Clinical Learning Curve After Training

The role of prior experience of the trainee in
tunneling techniques (ESD, etc.) and in the
management of complications such as perfora-
tion and severe bleeding seems not completely
clear so far. Werner et al. reported 24-month
follow-up data of 80 patients who underwent
POEM in a MC trial. More than half of the fail-
ures were reported during the first 10 proce-
dures [39]. The authors concluded that there
was a significant learning curve for POEM
even for experienced interventional endosco-
pists. Kurian et al. analyzed their first 40 con-
secutive patients undergoing POEM. The
learning curve plateau was at about 20 cases
for an experienced endoscopist with no signifi-
cant further increase in myotomy speed and
length of procedure (LOP) thereafter. Patel
et al. presented a paper about the personal
learning curve of one of the first endoscopists
performing POEM in the western world,
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Stavros N. Stavropoulos from Mineola NY,
USA. He described the grade of efficiency and
mastery of POEM for 93 sequential proce-
dures. The “efficiency” was reached when the
procedure time started decreasing, and “mas-
tery” was defined as plateau in procedure time
(Fig. 19.8) [87]. In this analysis using penal-
ized basis spline regression and CUSUM anal-
ysis, 40 procedures were required to gain
“efficiency” and 60 procedures for “mastery”
(Fig. 19.9). When the authors used adjusted
regression analysis, only case number (opera-
tor experience) significantly affected proce-
dure time (p <0.0001). The “trainee” had had
prior experience in more than 60 upper and
lower GI ESDs and a long experience in the
management of complications such as severe
bleeding or perforation [87].

Currently the optimal curriculum for POEM
training is not clear. In every case, clinical proc-
toring at a high-volume institution seems an
important step for successful clinical implemen-
tation of this technique [47]. Dacha et al.

200

recently reported on the successful clinical inte-
gration of advanced fellows after their third year
fellowship and experience in hundreds of gas-
troscopies and colonoscopies and at least 100
ERCPs and 100 EUS procedures. All of them
had participated actively in at least five upper or
lower ESD cases. The authors did split the pro-
cedure in different training steps the trainees
had to successfully complete (Table 19.3). All
four trainees successfully completed step 1 after
an average of 4.25 patients (range 3-6), step 2
with an average of 4.0 patients (range 3-5), and
step 3 with an average of 5.0 patients (range
3-6). Three of the four trainees did in the fol-
lowing start performing POEM independently.
For each step in POEM, such as dissection,
hemostasis, and myotomy, trainees needed 3—6
patients to acquire the adequate skill and to
complete the step without instructions from the
mentor. Finally, each of the “learners” per-
formed two cases of an entire POEM with the
mentor but without instructions from the men-
tor. The authors therefore considered the total
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Fig. 19.8 Decrease of procedure time for POEM with
increasing experience of a single endoscopist during his

first 93 procedures. Sequential grouping of procedure
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time with median procedure time (interquartile range) in
minutes. Adapted from Patel KS, Stavropoulos S. et al.
[87]
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Fig. 19.9 Cumulative sum of distance to median proce-
dure time presented as CUSUM plot for a single operator
during his first 93 POEM procedures. The graph shows

threshold number to be able to perform POEM
independently about 20 cases per trainee [35].

POEM Training for All?

A study by Kishiki et al., published recently,
reported on the learning progress of 65 partici-
pants in dedicated 1-day POEM training work-
shops at two US institutions [88]. Participants
were mainly visceral surgeons in practice.
Participants with more than 100 upper GI endos-
copies were considered “experts,” with less than
100 gastroscopies “novices.” The authors called
their project “into the fire.” The I-day training
course included a hands-on pre—/posttest and a
short quiz designed to assess participants’ com-
prehension at the beginning and at the end of the
course. Participants took part in lectures on
patient selection, technique, troubleshooting, and
discussion. Hands-on POEM training and com-
petence assessment were evaluated on both “ex
vivo” and “in vivo” porcine models using a new

efficiency after 40 procedures and mastery after 60 proce-
dures. From Patel KS, Stavros S et al. [87]

metrics for POEM performance. The participants
were stimulated to start thereafter the procedure
at their home institution.

This approach seems risky in case the
procedure is carried out without adequate proc-
toring and sufficient competence in the endo-
scopic management of complications [47].
Unfortunately, an additional qualification of the
participants has not been reported but would be
desirable. One hundred diagnostic gastroscopies
correspond to the level of a first- to second-year
Gl-fellow who would by far not qualify for the
procedure. A surgical resolution of endoscopically
manageable problems cannot be considered ade-
quate for an endoscopic procedure. Clinical edu-
cation and proctorship in interventional
endoscopy including the early recognition and
management of complications, such as severe
bleedings or perforations and the handling of
patients under critical clinical situations, take a
long learning curve and are impossible to be
replaced by pure training on pig models and lec-
tures [89].
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