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Abstract
In this paper, I reviewed the emerging field of endoscopic surgery and present
data supporting the contention that endoscopy can now be used to treat many
foregut diseases that have been traditionally treated surgically. Within each topic,
the content will progress as follows: “lessons learned”, “technical considerations”
and “future opportunities”. Lessons learned will provide a brief background and
update on the most current literature. Technical considerations will include my
personal experience, including tips and tricks that I have learned over the years.
Finally, future opportunities will address current unmet needs and potential new
areas of development. The foregut is defined as “the upper part of the embryonic
alimentary canal from which the pharynx, esophagus, lung, stomach, liver,
pancreas, and part of the duodenum develop”. Foregut surgery is well
established in treating conditions such as gastroesophageal reflux disease
(GERD), achalasia, esophageal diverticula, Barrett’s esophagus (BE) and
esophageal cancer, stomach cancer, gastric-outlet obstruction, and obesity. Over
the past decade, remarkable progress in interventional endoscopy has culminated
in the conceptualization and practice of endoscopic foregut surgery for various
clinical conditions summarized in this paper. Regarding GERD, there are now
several technologies available to effectively treat it and potentially eliminate
symptoms, and the need for long-term treatment with proton pump inhibitors.
For the first time, fundoplication can be performed without the need for open or
laparoscopic surgery. Long-term data going out 5-10 years are now emerging
showing extended durability. In respect to achalasia, per-oral endoscopic
myotomy (POEM) which was developed in Japan, has become an alternative to
the traditional Heller’s myotomy. Recent meta-analysis show that POEM may
have better results than Heller, but the issue of post-POEM GERD still needs to
be addressed. There is now a resurgence of endoscopic treatment of Zenker’s
diverticula with improved technique (Z-POEM) and equipment; thus, patients
are choosing flexible endoscopic treatment as opposed to open or rigid
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endoscopy options. In regard to BE, endoscopic submucosal dissection (ESD)
which is well established in Asia, is now becoming more mainstream in the West
for the treatment of BE with high grade dysplasia, as well as early esophageal
cancer. In combination with all the ablation technologies (radiofrequency
ablation, cryotherapy, hybrid argon plasma coagulation), the entire spectrum of
Barrett’s and related dysplasia and early cancer can be managed predominantly
by endoscopy.

Importantly, in regard to early gastric cancer and submucosal tumors (SMTs) of
the stomach, ESD and full thickness resection (FTR) can excise these lesions en-
bloc and endoscopic suturing is now used to close large defects and perforations.
For treatment of patients with malignant gastric outlet obstruction (GOO),
endoscopic gastro-jejunostomy is now showing better results than enteral
stenting. G-POEM is also emerging as a treatment option for patients with
gastroparesis. Obesity has become an epidemic in many western countries and is
becoming also prevalent in Asia. Endoscopic sleeve gastroplasty (ESG) is now
becoming an established treatment option, especially for obese patients with
body mass index between 30 and 35. Data show an average weight loss of 16 kg
after ESG with long-term data confirming sustainability. Finally, in respect to
endo-hepatology, there are many new endoscopic interventions that have been
developed for patients with liver disease. Endoscopic ultrasound (EUS)-guided
liver biopsy and EUS-guided portal pressure measurement are exciting new
frontiers for the endo-hepatologists.

Key words: Endoscopy; Foregut diseases; Gastroesophageal reflux disease; Endoscopic
sleeve gastroplasty; Endoscopic submucosal dissection; Per-oral endoscopic myotomy;
Endo-hepatology

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: In this paper, we demonstrate how foregut diseases, such as gastroesophageal
reflux disease, achalasia, Barrett’s esophagus with dysplasia and early cancer of the
esophagus and stomach, Zenker’s diverticulum, obesity, gastric outlet obstruction, and
gastroparesis, which have been traditionally treated surgically are now being diagnosed
and treated endoscopically. For each section, I will review “lessons learned”, then
discuss some “technical considerations” and consider “future opportunities”.
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BIOGRAPHY
Kenneth J Chang (Figure 1), MD, FACG, FASGE is Professor of Medicine and Chief,
Division  of  Gastroenterology  at  the  University  of  California,  Irvine,  School  of
Medicine. He is also Executive Director of the H.H. Chao Comprehensive Digestive
Disease  Center  and  Vincent  and  Anna  Kong  Endowed  Chair  in  GI  Endoscopic
Oncology.

Dr. Chang received his MD degree from the Brown University Medical School,
Providence, Rhode Island in 1985. He completed internship and residency in General
Internal Medicine at the Rhode Island Hospital, Providence, Rhode Island in 1988,
and an academic fellowship in gastroenterology and hepatology at the University of
California, Irvine, 1988-1991. From 1991 to the present, he had academic appointments
as an assistant, associate and full professor of medicine, respectively, at the University
of California, Irvine, in the Department of Medicine; and as a Professor in Clinical
Radiological Sciences, Department of Radiological Sciences. He is board certified in
Medicine  and  Gastroenterology;  is  a  Fellow  of  the  American  College  of
Gastroenterology  and  a  Fellow  of  the  American  Society  of  Gastrointestinal
Endoscopy.  He  served  2009-2015  as  Governor  of  the  American  College  of
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Figure 1

Figure 1  Kenneth J Chang, MD, FACG, FASGE.

Gastroenterology,  Southern California B,  and served in various capacities  in the
American Society of  Gastrointestinal  Endoscopy (EUS Committee,  Postgraduate
Education Committee Member, Scientific Program Committee Member and Chair,
and the Technology Assessment Committee Member). He was a Founding Member of
the American Endosonography Club, and recently was invited to be a founding Board
Member of the newly formed American Foregut Society.

Dr.  Chang  is  internationally  recognized  for  his  advanced  expertise  in
gastrointestinal  endoscopy and new technologies.  He developed and pioneered
endoscopic ultrasound (EUS)-guided fine needle aspiration (FNA), which broke the
critical technology barrier and enabled a world-wide application of this technique. He
then  developed  novel  techniques  for  EUS-guided  fine  needle  injection  (FNI),
including delivery of anti-tumor agents, paving the way to interventional endoscopy
and interventional EUS. More recently, he has made major contributions to in vivo
identification and diagnosing of  pancreatic  cystic  neoplasms with  needle-based
confocal laser endomicroscopy, and developed a new method of EUS-guided portal
pressure gradient measurement in humans with a simple novel device. Dr. Chang’s
career passion has been to expand the use of endoscopy within the field of oncology.
This has stemmed the entire spectrum of early and precise detection of cancer and
pre-cancerous  lesions  in  the  esophagus  and  pancreas,  accurate  local  staging  of
gastrointestinal (GI) malignancies, complete eradication of pre-cancerous Barrett’s
esophagus (BE), and the delivery of novel therapeutics. One of the most widely used
endoscopic device world-wide is the Barrx90 radiofrequency (RF) device, which bears
the  name  “Chang  Cap”.  More  recently,  his  focus  has  included  the  endoscopic
treatment of conditions that predispose patients to cancer, namely gastroesophageal
reflux disease (GERD) and obesity.

He has authored over 170 scientific papers, including papers in The New England
Journal  of  Medicine,  Nature  Genetics,  Gastroenterology,  Nature  Clinical  Practice
Gastroenterology and Hepatology, Cancer, Endoscopy, American Journal of Gastroenterology,
Gastrointestinal  Endoscopy,  Clinical  Cancer Research,  Digestive Diseases and Sciences,
Digestive  Endoscopy,  Gastrointestinal  Endoscopic  Clinics  of  North America,  Journal  of
Clinical Imaging Science,  Journal of Clinical Oncology,  Journal of Gastroenterology and
Hepatology, Journal of Physiology and Pharmacology, Journal of Hepatobiliary and Pancreatic
Science, Journal of Hepatobiliary Pancreatic Surgery, Annals of Surgery, Annals of Surgical
Oncology,  Pancreas,  United  European  Gastroenterology  Journal,  World  Journal  of
Gastroenterology  and others.  He authored 3 books, 3 CD-ROM teaching programs
distributed world-wide, 200 abstracts and had over 480 presentations at local and
national meetings (DDW/AGA/ASGE/ACG) including numerous papers at plenary
sessions.  He  has  5  United  States  patents:  (1)  Methods  of  Using  Nitroxides  in
Conjunction with Photosensitizers and Sonosenitizers; (2) Fluoroscopy-Free Guide
Wire  System  and  Methods;  (3)  Percutaneous  Transgastric  Gastroplication  and
Transgastric Minimally Invasive Surgery; (4) Ring Magnets for Surgical Procedures;
and (5) Hood Method and Device for Endoscopic Submucosal Dissection. Dr. Chang
was the key-note speaker at prestigious international meetings in Australia, Austria,
Brazil,  China,  France,  Hong Kong,  Hungary,  India,  Japan,  South Korea,  Taiwan,
Thailand and the United European Gastroenterology Week meetings. He received
numerous awards including American College of Gastroenterology Senior Governor
Award and the National Cancer Institute Clinician award. He has consistently been
included in Best Doctors in America, which recognizes the top 5% of physicians in the
country. He has mentored 42 Advanced Endoscopy Fellows, of whom 23 currently
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hold prominent academic positions in the United States, and 11 are respected faculty
in Japan, South Korea, and Australia.

INTRODUCTION
In this paper, I reviewed the emerging field of endoscopic surgery and present data
supporting the contention that endoscopy can now be used to treat many foregut
diseases that have been traditionally treated surgically. Within each topic, the content
will progress as follows: “lessons learned”, “technical considerations” and “future
opportunities”. Lessons learned will provide a brief background and update on the
most current literature. Technical considerations discuss procedural issues including
my personal experience - tips and tricks that I have learned over the years. Finally,
future opportunities will address current unmet needs and potential new areas of
development.

The foregut is defined as “the upper part of the embryonic alimentary canal from
which  the  pharynx,  esophagus,  lung,  stomach,  liver,  pancreas,  and  part  of  the
duodenum develop”. Foregut surgery is well established in treating conditions such
as  gastroesophageal  reflux  disease  (GERD),  achalasia,  esophageal  diverticula,
Barrett’s  esophagus  (BE)  and  esophageal  cancer,  stomach  cancer,  gastric-outlet
obstruction, and obesity. Over the past decade, remarkable progress in interventional
endoscopy has culminated in the conceptualization and practice of endoscopic foregut
surgery for various clinical conditions summarized in this paper.

GERD

Lessons learned
GERD is the most prevalent gastrointestinal (GI) disorder in the United States[1] and
the  extent  of  anatomical  alterations  underlying the  mechanism of  GERD can be
viewed as a spectrum from normal to a single anatomic alteration [e.g., weak lower
esophageal sphincter (LES)] to multiple anatomic alterations such as weak LES, open
diaphragmatic hiatus, hiatal hernia (Figure 2)[2,3]. The degree of anatomical alterations
also  appear  to  correlate  with  the  complications  of  GERD,  namely  degree  of
esophagitis, the presence of Barrett’s metaplasia[4], dysplasia and its progression to
esophageal adenocarcinoma. Thus, as GERD is a spectrum disorder, then treatment
should be individualized to the anatomic alterations of each patient. While medical
and  surgical  therapy  have  been  the  mainstay  of  treatment  for  GERD,  there  are
currently several Food and Drug Administration (FDA)-approved devices available
for  endoscopic  treatment  of  GERD,  thus  filling  in  the  therapeutic  gap  between
medications  and  surgery.  Endoscopic  treatment  options  are  now  considered
appropriate treatment in patients early in the GERD spectrum.

The first group in the spectrum would include patients with a normal LES tone, no
hiatal hernia,  and a closed diaphragmatic hiatus.  This has been called “Dynamic
Failure” (Hill  Grade I).  These patients have the phenotype of daytime reflux,  no
esophagitis or Barrett’s, and on ambulatory pH monitoring will have predominantly
upright reflux. The main mechanism for GERD in these patients is inappropriate
transient LES relaxation (tLESRs). The major stimulus for tLESRs is distension of the
proximal stomach[3].  Interventions that decrease the distensibility of the proximal
stomach  have  been  shown  to  decrease  tLESRs.  This  is  one  of  the  predominant
mechanisms for endoscopic radiofrequency (RF) treatment for GERD (Stretta; Figure
3)[5]. With this device, RF energy is delivered endoscopically to the muscle of the LES
and the gastric cardia. The hypothesis that Stretta alters esophageal gastric junction
(EGJ) resistance dynamically was established in a double-blind randomized crossover
study of Stretta and sham treatment in 22 patients with GERD[6]. Stretta decreased EGJ
compliance, while administration of sildenafil normalized EGJ compliance back to
pre-Stretta level,  arguing against EGJ fibrosis as the underlying mechanism. The
authors  concluded  that  decreased  EGJ  compliance,  which  reflects  altered  LES
neuromuscular  function,  may  contribute  to  symptomatic  benefit  by  decreasing
refluxate volume. A number of clinical trials have confirmed that Stretta effectively
improves GERD symptoms and reduces, but does not normalize esophageal acid
exposure[7,8]. There have also been several meta-analysis papers similarly showing that
Stretta is effective for symptom relief, is safe and well tolerated, and allows patients to
decrease intake of proton pump inhibitors (PPI) medications[9,10]. Interestingly, the
durability of Stretta’s effects may reach beyond 10 years[11,12].  Some of the Stretta
related  issues  and  pathophysiology  were  elegantly  elaborated  upon  by
Triadafilopoulos[13].
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Figure 2

Figure 2  Anatomic spectrum of gastroesophageal reflux disease. LES: Lower esophageal sphincter.

Lessons learned for Stretta
I have been performing Stretta procedures for over 15 years. In my opinion, it is the
least invasive procedure for GERD, takes about 25 min to perform, and if performed
on the appropriate patient, has high effectiveness in symptom relief with the majority
of patients able to come off PPIs. The main caveat is that the patients in this first
group (dynamic failure) are the most suitable candidates for Stretta. These are the
upright refluxers with minimal esophagitis (non-erosive reflux disease, or NERD).

Technical considerations for Stretta
The procedural goal of Stretta is to precisely deliver RF energy to the LES and the
cardia. Other than placement, practically every other parameter is automated and self-
regulated - including needle electrode temperature, mucosal temperature, 60 second
application, and impedance. After the first 2 levels in the esophagus, I routinely re-
insert  the endoscope to see if  the RF marks are properly placed starting at  1  cm
proximal  to  the  EGJ.  If  the  marks  are  too  distal,  I  will  adjust  the  next  2  levels
accordingly.  However,  it  is  my strong belief  that  the  most  important  RF energy
delivery is to the cardia. The 2 treatment levels at the cardia are done with the balloon
inflated in the stomach and then the catheter is gently pulled back so the balloon fits
snug up against the cardia. During the 3 applications at each level in the cardia, I find
it useful to unhook the suction from the device, allowing the balloon to slide freely
into position. The suction is applied just prior to advancing the needle electrodes. At
the end of a successful procedure, a retroflexed view of the EGJ should demonstrate a
cluster of RF marks around the cardia, creating a “swollen lip” appearance, with little
to no “stray” RF marks (Figure 4A and B).

Lessons learned for TIF
The second group of the spectrum (Figure 2) would include patients with a low LES
basal pressure, with no hiatal hernia, but the presence of a loose diaphragmatic hiatus
(Hill Grade II). These patients have the phenotype of both daytime and nighttime
reflux, with possible grade A or B esophagitis, and on ambulatory pH monitoring will
have both upright and supine reflux. The mechanisms for GERD in these patients are
an incompetent LES and/or an open diaphragmatic hiatus. These patients would be
ideally suited for trans-oral  incisionless fundoplication (TIF),  using the Esophyx
device (Figure 5). There have been 3 recent randomized control clinical trials using
TIF 2.0, which employs the most advanced technique, similar to laparoscopic anti-
reflux  surgery.  The  first,  known  as  the  TEMPO  trial,  consisted  of  63  patients
randomized  to  TIF  (40  patients)  vs  high  dose  PPI  (23  patients)[14].  The  primary
outcome was elimination of  daily  troublesome regurgitation or  extraesophageal
symptoms. Secondary outcomes were normalization of esophageal acid exposure, PPI
usage, and healing of esophagitis. At the 6-mo follow-up, troublesome regurgitation
was eliminated in 97% of TIF patients versus 50% of PPI patients (RR = 1.9, 95%CI, P =
0.006). Globally, 62% of TIF patients experienced elimination of regurgitation and
extraesophageal symptoms versus 5% of PPI patients (RR = 12.9, CI: 1.9-88.9, P  =
0.009). Esophageal acid exposure was normalized in 54% of TIF patients versus 52% of
PPI patients (RR = 1.0, 95%CI: 0.6-1.7, P = 0.914). 90% of TIF patients were off PPIs.
The authors  concluded that  at  the  6-mo follow-up,  TIF  was  more  effective  than
maximum standard dose PPI therapy in eliminating troublesome regurgitation and
extraesophageal symptoms of GERD. The second clinical trial studying TIF 2.0 against
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Figure 3

Figure 3  Stretta radiofrequency catheter.

PPIs was the RESPECT trial[15],  which was a prospective, sham-controlled trial to
determine if TIF reduced troublesome regurgitation to a greater extent than PPIs in
patients with GERD. 696 patients with troublesome regurgitation despite daily PPI
with  3  validated GERD-specific  symptom scales,  on  and off  PPIs,  were  initially
screened. 87 patients with GERD and hiatal hernias ≤ 2 cm were randomly assigned to
groups that underwent TIF and then received 6 mo of placebo, or sham surgery and 6
mo of once- or twice-daily omeprazole (controls, n = 42). Patients were blinded to
therapy during the follow-up period and reassessed at 2, 12, and 26 wk. At 6 mo,
patients underwent 48-h esophageal pH monitoring and esophagoduodenoscopy. By
intention-to-treat  analysis,  TIF  eliminated troublesome regurgitation in  a  larger
proportion of  patients  (67%) than PPIs (45%) (P  =  0.023).  A larger proportion of
controls had no response at 3 mo (36%) than patients who received TIF (11%) (P =
0.004). Control of esophageal pH improved after TIF (mean 9.3% before and 6.3%
after;  P  <  0.001),  but  not  after  sham surgery (mean 8.6% before  and 8.9% after).
Patients  from both groups who completed the protocol  had similar  reduction in
GERD symptom scores. The authors concluded that TIF was an effective treatment for
patients with GERD symptoms, particularly in those with persistent regurgitation
despite PPI therapy, based on evaluation 6 mo after the procedure.

The third clinical trial performed in a European study[16] was a double-blind sham-
controlled study in GERD patients who were chronic PPI users. Forty-four patients
were randomized equally to 22 patients in each group. The primary effectiveness
endpoint was the proportion of patients in clinical remission after 6-mo follow-up.
Secondary outcomes were: PPI consumption, esophageal acid exposure, reduction in
Quality of Life in Reflux and Dyspepsia and Gastrointestinal Symptom Rating Scale
scores and healing of reflux esophagitis. Results showed that the time in remission
after TIF procedure (197 d) was significantly longer compared to those submitted to
the sham intervention (107 d), P < 0.001. After 6 mo, 13/22 (59%) of the chronic GERD
patients  remained in  clinical  remission  after  TIF.  A  recent  meta-analysis[17]  was
conducted using data only from these 3 randomized studies that assessed the TIF 2.0
procedure compared to a control. The purpose of the meta-analysis was to determine
the efficacy and long-term outcomes associated with performance of  the TIF 2.0
procedure in patients with chronic long-term refractory GERD on optimized PPI
therapy, including esophageal pH, PPI utilization and quality of life. Results from this
meta-analysis, including data from 233 patients, demonstrated that TIF subjects at 3
years had improved esophageal pH, a decrease in PPI utilization, and improved
quality of life. Recent publications are also showing favorable durability with long-
term outcomes at 5 years[18,19] and even preliminary data at 10 years[20]. The FDA has
recently expanded the device label to include concomitant laparoscopic hernia repair
with TIF in patients with hiatal hernias greater than 2 cm in height.

Thus, with both Stretta and TIF showing level 1 data with durability, being FDA
approved and commercially available, with category 1 CPT codes and reimbursement
by many payors, endoscopic foregut surgery for GERD patients is now a reality. With
the emergence of effective endoscopic treatment for GERD, and the simultaneous
public concern over long-term PPI use, we have seen a dramatic growth in our GERD
referrals. To meet this growing demand, we recently established a Comprehensive
Heartburn Center at the University of California Irvine Medical Center, which allows
patients easy access to medical, endoscopic and surgical options under a one-stop-
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Figure 4

Figure 4  Endoscopic retroflex image of esophageal gastric junction prior to Stretta (A) and after Stretta treatment (B). The esophageal gastric junction and
cardia have a typical “swollen lip” appearance.

shop individualized approach to patients with GERD.

Technical considerations for TIF
The EsophyXTM device (Figure 5) is composed of the following: a handle with controls;
an 18 mm diameter frame through which control channels can run and a standard
front-view 9 mm diameter endoscope can be introduced; the tissue invaginator, which
consists of side holes stationed on the distal part of the frame, and to which external
suction can be applied; the tissue mold, which pushes tissue against the shaft of the
device; a helical screw, which is advanced into the tissue and allows for the retraction
of the tissue between the tissue mold and the shaft; two stylets, which puncture the
plicated tissue and tissue mold, and over which polypropylene H-shaped fasteners
can be deployed; and a cartridge, which holds 20 fasteners. In the TIF2 technique, the
device is introduced over the endoscope and into the stomach, and CO2 is used to
insufflate  the  gastric  cavity  (Figure  6A-G).  The  endoscope  is  positioned  in
retroflexion, and the lesser curve and the greater curve are located at 12 and 6 o’clock
positions,  respectively.  The tissue mold is  retroflexed,  closed against  the device,
rotated to 11 (posterior, Figure 6D), and withdrawn such that the tip may be located at
the EGJ. Once this is accomplished, the helical screw is advanced to engage tissue just
below the squamocolumnar junction. Traction is then applied to allow the gastric
cardia and distal esophagus to slide downward into the tissue mold. Plication is then
achieved by deploying multiple H-shaped fasteners while rotating the tissue mold
such that it slides the stomach over the esophagus. This results in a circumferential
tightening of  the  newly-created valve  ≥  270  degrees.  Twenty  fasteners  over  ten
plications are necessary to construct an adequate gastroesophageal valve (3 plications
in each of the posterior and anterior corners, and 4 plications on the greater curve).
The mechanism of action of the TIF procedure in many ways mirrors that of the
Laparoscopic Anti-reflux surgery Nissen (LARS)[21]. One paper, published by Rinsma
et al[22] characterizes such mechanisms. In their study involving fifteen patients, they
performed 90-min postprandial  combined with  high-resolution manometry  and
impedance-pH  monitoring  followed  by  an  ambulatory  24-h  pH-impedance
monitoring. EGJ distensibility was evaluated using an endoscopic functional luminal
imaging probe using the endoscopic functional lumen imaging probe (EndoFLIP)
before and directly after the procedures. The patients were followed for 6 mo. With
regards to the stationary esophageal  manometry and impedance-pH monitoring
performed directly after the procedure, TIF resulted in a marked reduction of both the
number of transient LES relaxation (tLESRs) (16.8 ± 1.5 vs 9.2 ± 1.3; P < 0.01) and the
number of tLESRs associated with liquid-containing reflux after the procedure (from
11.1 ± 1.6 vs 5.6 ± 0.6; P < 0.01). TIF also led to a decrease in the number and proximal
extent  of  reflux  episodes  and  an  improvement  of  acid  exposure  in  the  upright
position;  conversely,  TIF  had  no  effect  on  the  number  of  gas  reflux  episodes,
corroborating the low incidence of post-TIF gas-bloat symptoms. EGJ distensibility
was reduced after the procedure (2.4 ± 0.3 mm2/mmHg vs 1.6 ± 0.2 mm2/mmHg; P <
0.05). Also of note, the basal LES pressure in the fasted state was increased after TIF
(from 13.9 ± 1.0 to 20.5 ± 1.8 mmHg; P < 0.01). Thus, TIF reduces EGJ distensibility,
thereby decreasing tLESRs, which is the main mechanism for upright refluxers. It also
creates a 3-cm high pressure zone at the distal esophagus in the configuration of a flap
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Figure 5

Figure 5  Esophyx® Z device used for transoral incisionless fundoplication.

valve, which should decrease both upright and supine reflux. However, since it is a
270° partial fundoplication, and the flap valve luminal diameter is controlled by the
diameter  of  the  device  (prevents  over-tightening),  gas  can  still  escape  from the
stomach into the esophagus, minimizing the side-effect of gas-bloat.

Future opportunities for endoscopic treatment of GERD
We are  now exploring  the  role  of  TIF  among patients  with  BE -  including non-
dysplastic Barrett’s, and those patients with previous history of Barrett’s dysplasia,
who  have  now  reached  complete  remission  of  intestinal  metaplasia  (CRIM)  by
endoscopic resection and/or ablation, but are destined to life-long PPIs. In addition,
TIF after per-oral endoscopic myotomy (POEM) is a very exciting area of exploration -
as  the  benefits  of  POEM over  laparoscopic  Heller  myotomy (LHM) with  partial
fundoplication for patients with achalasia may be outweighed by the incidence of
post-POEM GERD. If, however, post-POEM GERD can be controlled either by PPI or
TIF, then it would tip the balance strongly to POEM as the procedure of choice for
achalasia patients. This will be discussed more extensively in the next section.

We are also developing new techniques and technologies for endoscopic treatment
of GERD among patients with altered anatomy (esophagectomy, sleeve gastrectomy,
gastric bypass, failed Nissen fundoplication) using endoscopic suturing alone (Apollo
Overstitch) and in combination with mucosal ablation and endoscopic resection. We
reported the first case series of 10 patients who underwent endoscopic augmentation
of the EGJ using the Apollo OverStitch endoscopic suturing system in patients with
GERD[23].  Using a double-channel gastroscope affixed to the endoscopic suturing
platform, interrupted (individual) sutures were placed on the gastric side of the EGJ
in 2 layers in order to create a narrowed and elongated EGJ (Figure 7A-F). Technical
success was achieved in all patients, including those with a history of previous anti-
reflux procedures (n = 7) and those with a hiatal hernia (n = 6). Patients with prior
esophagectomy  and  sleeve  gastrectomy  were  also  included.  The  median  pre-
procedure GERD-Health Related Quality of Life Questionnaire improved from 20
(range: 11-45) to a post-procedure score of 6 (range: 3-25) (P = 0.001). The median
duration of GERD symptom improvement after the procedure, however, was only 1
month (range: 0.5-4). Adverse events were limited to one patient who developed self-
limited nausea and vomiting. From this preliminary pilot study, we concluded that
the technique using a commercially available device for suturing to create a gastro-
gastric  plication was feasible and appeared safe,  especially among patients with
altered  anatomy  which  would  have  precluded  all  other  available  surgical  or
endoscopic options. However, it became apparent that the durability was inadequate.
The sutures were not predictably placed through the muscularis propria (MP) and
over time the sutures would easily cut through the mucosa and cause loosening of the
plication. In addition, since this was a mucosa to mucosa approximation, adhesion
would not be expected to occur, thus leading to a shortened durability. A potential
solution was to ablate the mucosa with argon plasma coagulation (APC), a technique
we use for  gastric  bypass revisions where we ablate  the gastric  mucosa prior  to
placing a purse-string suture around the pouch anastomosis to narrow the outlet. We
termed  this  technique  mucosal  ablation  and  suturing  of  the  EGJ  (MASE),  and
conducted a pilot trial in 27 patients with a typical procedural length of 25 min[24]

(Figure  8A-F).  The  mean  follow-up  time  was  124  days.  The  indications  for  the
procedure  included  either  poorly  controlled  symptoms  (48%)  or  a  desire  to
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Figure 6

Figure 6  Transoral incisionless fundoplication 2 technique. A: Baseline Hill Grade 2 Valve; B: Baseline patulous lower esophageal sphincter; C: Building short lip
valve along lesser curve at 12 o’clock; D: Rotating the device clockwise to create a partial fundoplication on the posterior side; E: Rotating the device counter-
clockwise to create a partial fundoplication on the anterior side; F: After placement of 36 fasteners, a 3-4 cm length flap valve is created; G: Fasteners can be seen
extending 3-4 cm in the distal esophagus.

discontinue their medication (52%). Seven patients (26%) had altered anatomy from
prior surgery: Fundoplication (n = 4), Billroth II (n = 1), Roux-en-Y (n = 1), and Sleeve
gastrectomy (n = 1). Pre-procedure, 22 patients (82%) were on once or twice daily PPI
therapy and 5 patients were on H2-receptor antagonists/topical antacids. Of the 22
patients on daily PPI, 13 patients (59%) were able to discontinue their medication, and
3  patients  (14%)  were  able  to  reduce  their  dose.  Of  the  7  patients  with  altered
anatomy, 4 patients  (57%) were able to discontinue or reduce their  PPI after  the
procedure. With regards to tolerance, the most common side effect was self-limited
epigastric  pain post-procedure (22%).  One patient  required an overnight  stay in
hospital for intravenous pain control. There were no other early or late complications.
Our experience thus far suggests that mucosal ablation prior to suturing helps to
increase its durability. The other variation of this method is to perform endoscopic
mucosal resection (EMR) prior to suturing. EMR or endoscopic submucosal dissection
(ESD) has been shown in a small  series to create scarring at the EGJ,  which then
decreases EGJ distensibility and improve reflux. This has been named anti-reflux
mucosectomy (ARM) and in a small series of ten patients showed improvement of
esophageal acid exposure[25]. Combining EMR and suturing was the next step and this
was done in a series of 10 patients with GERD[26] with over-all improvement of GERD
symptoms and 8 of 10 patients were able to stop their PPI medications. This is called
the resection and plication (RAP) procedure. We recently performed a combination
gastric-bypass  revision  plus  RAP  in  an  obese  patient  who  gained  weight  after
previous gastric-bypass and also had GERD, which was only partially responsive to
PPI (Figure 9A-D). We are currently performing both the MASE and RAP procedures
to examine the clinical benefits and nuances of each procedure. Since both can be
done in an antegrade fashion, and may be the only option for GERD patients with
altered anatomy, I anticipate that both of these techniques or a variation thereof, will
be helpful in these special situations. They also may become reasonable options in
patients who are in group 1 of the GERD spectrum, i.e.  the upright-predominant
phenotype without significant esophagitis.

ACHALASIA - POEM

Lessons learned
The LHM has been the standard of care for definitive treatment of achalasia for many
years[27,28]. POEM was first described by Inoue in 2010[29] and is now considered the
procedure of choice for treating achalasia in most tertiary centers[30-35]. POEM has also
been shown to be an effective rescue procedure in patients who have previously failed
LHM[30,36,37].  Recent  meta-analysis  show that  POEM may have better  results  than
LHM[38-41], but the issue of post-POEM GERD being higher than post-LHM still needs
to be addressed[42]. We need to keep in mind that LHM alone has a incidence of post-
operative GERD of approximately 50%, while LHM in combination with a partial
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Figure 7

Figure 7  Endoscopic Suturing for gastroesophageal reflux disease in a patient post-Sleeve gastrectomy. A: Narrowed gastric body post gastrectomy; B:
Retroflex view of loose esophageal gastric junction (EGJ); C: Patulous lower esophageal sphincter (LES); D: Suturing at EGJ; E: Post-suturing with tightened LES; F:
Retroflex view of tightened EGJ post-suturing.

fundoplication reduces post-operative GERD to approximately 10%[43].  Therefore,
most surgeons will automatically perform both operations together. If a substantial
number of  patients require anti-reflux surgery after  POEM, then it  could tip the
balance back towards LHM plus partial fundoplication as the preferred first line
option.  Fortunately,  there may be an endoscopic solution to post-POEM GERD -
namely  the  TIF  procedure[44].  In  our  experience  of  over  60  consecutive  POEM
procedures, only 3 patients were refractory to PPI medications and the TIF procedure
was able to control GERD symptoms and esophagitis in all 3 patients. Further studies
examining both efficacy and durability of TIF post POEM are underway. The other
consideration  between  POEM  versus  LHM  plus  fundoplication  is  -  while  the
durability of the myotomy (with both POEM and LHM) should be very long, perhaps
several decades, the durability of the partial fundoplication may be more limited,
probably less than 10 years. At the point of fundoplication loosening, these patients
would require either chronic PPI, a revision fundoplication, or the TIF procedure.
Ideally, a POEM with possible TIF among those patients refractory to PPI will prove
effective,  as  a  repeat  TIF  is  much  easier  to  perform  than  the  revision  of  a
fundoplication.

The POEM procedure has also now extended to other motility disorders such as
Jackhammer esophagus[45-48] and distal esophageal spasm[49,50], which are categorized
under spastic esophageal disorders (SED)[51].

Technical considerations
We are  currently  performing,  on  average  4-6  POEM procedures  per  month.  On
average, it takes 45-90 min to perform the procedure. We also include physiologic
compliance measurements at the EGJ (EndoFlip) immediately pre- and post-POEM
procedure. We also routinely perform a pre-procedure timed barium esophagram,
and repeat it 4-6 wk post procedure. We are currently examining whether the timed
barium swallow and/or the EGJ physiologic measurements will predict both response
to treatment of dysphagia (Eckart Score), as well as the risk of post-POEM GERD.
Based on current literature and personal experience, our current protocol for type 1
achalasia (aperistalsis and failure of LES relaxation) and type 2 achalasia (aperistalsis,
pan-esophageal pressurization and failure of LES relaxation) is to perform an 8 cm
myotomy in the esophagus (5 cm circular only, then 3 cm full thickness) and only 1.5-
2 cm in the stomach (full thickness) (Figure 10). This protocol seems to strike a good
balance between maximal relief of dysphagia while minimizing GERD. For type 3
achalasia (aperistalsis, failure of LES relaxation, and simultaneous contractions in the
esophageal  body),  a  much  longer  myotomy  is  usually  required,  based  on  high
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Figure 8

Figure 8  Mucosal ablation and suturing of the esophageal gastric junction in a patient with gastroesophageal reflux disease post-esophagectomy. A: Wide
open anastomosis along with unchecked reflux; B: Retroflex view showing open anastomosis; C: Ablation of gastric mucosa at the anastomosis using argon plasma
coagulation; D: Suturing at the anastomosis; E: Post-mucosal ablation and suturing of the esophageal gastric junction (MASE) tightening of anastomosis; F: Post-
MASE retroflex view showing tightened anastomosis.

resolution esophageal manometry (MREM), barium esophagram, and endoscopic
observance  of  spasm.  We  routinely  use  the  Erbe  i-knife  for  mucosal  incision,
tunneling,  and  circular  myotomy  (Figure  10A-E).  However,  for  full  thickness
myotomy at the EGJ, we prefer using the Olympus stag beetle (SB) knife (Figure 10F
and G)[52]  as in my experience it decreases the rate of spontaneous bleeding (from
vessels arising from the MP) and therefore is more expedient. I also use the SB knife
for  submucosal  tunneling  if  I  encounter  large  or  abundant  blood vessels  in  the
submucosa (Figure 10H and I). We have published our initial experience using the SB
knife for a small series of POEM cases[52].

As for closure of the submucosal tunnel, we have performed almost equal numbers
of clip closure (Figure 10H and I) vs suturing (Figure 11C and D). The cost differential
depends somewhat on the number of clips vs the number of sutures used, with a
trend towards lower cost for using clips[53]. The best configuration for suturing is to
perform  the  initial  mucosal  incision  in  a  horizontal  direction  (Figure  11B-D).
However, the best configuration for clipping is a vertical incision. The issue with a
vertical incision is that traction of the scope pushing inside the tunnel can actual cause
unintended elongation of the mucosotomy. This may result is difficulty maintaining
CO2 within the tunnel for optimal visualization as well a longer closure process. We
have found that a horizontal incision actually is optimal for either closure method,
while  decreasing the risk of  elongating the mucosotomy.  The best  technique for
clipping in this scenario is to identify the most distal midpoint of the incision (Figure
10H) and place the first clip 1mm distal to that point. This creates an elevated crease
and all  subsequent  clips  can  be  placed  adjacently  (Figure  10I).  Confirmation  of
adequate extension into the stomach can sometimes be challenging, and mere fluid
injection  into  the  tunnel  with  subsequent  endoscopic  evaluation  in  retroflexed
position in the stomach may not be adequate. In our center, we are routinely placing a
slim scope (4.9 mm) alongside the gastroscope and advancing into the stomach in
retroflexed position. Once in the stomach, the light can be turned off on the slim scope
and the light from the standard gastroscope within the submucosal tunnel can be
confirmed easily (Figure 10I).

Future opportunities
Technical  and device refinements are still  evolving with POEM. A single center,
prospective randomized trial  in  63 patients  suggested no difference between an
anterior versus a posterior myotomy[54], although larger studies with longer follow-up
are needed to validate this. Similarly, partial full-thickness myotomy versus circular
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Figure 9

Figure 9  Resection and plication technique for gastroesophageal reflux disease in a patient after gastric by-pass. A: Endoscopic revision of anastomosis was
performed followed by marking area for endoscopic mucosal resection (EMR) at the esophageal gastric junction (EGJ); B: EMR performed using band ligation
technique; C: Exposure of muscularis propria accomplished; D: Sutures now deeply placed through muscle layer; E: Post-resection and plication appearance of
tightened EGJ.

myotomy only has been compared in a small single center study and appears not to
affect  clinical  outcomes,  although the a partial  full-thickness myotomy took less
time[55]. The extent of myotomy in the proximal stomach is also being evaluated, with
a tendency towards 1.5-2 cm as compared to the initial 3 cm. The issue of post-POEM
GERD has already been addressed, and this will  continue to fuel both technique
refinements to minimize GERD as well as endoscopic solutions, such as TIF, in cases
that require further anti-reflux intervention.

ZENKER’S DIVERTICULUM - Z-POEM

Lessons learned
Zenker’s diverticulum has historically been treated by head and neck surgeons using
either an open or rigid endoscopic approach with a stapler. A recent meta-analysis
compared open to rigid endoscopic stapling approaches and found that failure of
open  and  endoscopic  approaches  was  4.2%  and  18.4%,  respectively,  and
corresponding complication rates  were  11% and 7%[56].  Similarly,  another  meta-
analysis  concluded  that  compared  with  the  open  surgical  approach,  the  rigid
endoscopic  treatment  appeared  to  result  in  a  shorter  length  of  procedure  and
hospitalization, earlier diet introduction, and lower rates of complications, but in
higher rates of symptom recurrence[57]. Flexible endoscopy, largely in the hands of
interventional gastroenterologists has emerged as a viable alternative for open or
rigid endoscopic approaches. A recent meta-analysis which included twenty studies
with a total  of  813 patients showed that the pooled success,  adverse events,  and
recurrence rates were 91%, 11.3%, and 11%, respectively[58].  A more recent meta-
analysis examining thirteen studies including 589 patients showed a response rate,
overall  complication,  bleeding  and  perforation  of  88%,  13%,  5%  and  7%,
respectively[59]. However, the pooled data still demonstrated an overall recurrence rate
of  14% (95%CI:  9%-21%).  Diverticulum size of  ≥  4  cm and < 4  cm demonstrated
pooled adverse event rates of 17% and 7%, respectively. Starting with a basic needle
knife, and progressing to more specialized knives (such as the hook knife)[60,61] and
endoscopic scissors[62-66],  have led to some improvement in clinical outcomes. The
challenge is to perform a complete myotomy of the cricopharyngeus muscle, without
increasing the risk of mediastinitis or perforation. The issue surrounds the fact that
most of these techniques involve cutting the entire septum (mucosa and muscle) from
proximal to distal with no precise visual cue as to when the myotomy is complete.
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Figure 10

Figure 10  Per-oral endoscopic myotomy procedure on 40-year-old female with type 1 achalasia, s/p pneumatic dilation 20-years prior, now with dysphagia
and chest pain/spasms (Eckardt Score 8). A: Dilated esophageal body; B: Endoscopic functional lumen imaging probe (Endo-Flip) 2.0 showing distensibility of 1.5;
C: Initial mucosal incision; D: Submucosal tunnel with coagulation of vessel using Hybrid i-knife; E: Circular myotomy using Hybrid i-knife; F and G: Full thickness
myotomy with scissor-type stag beetle (SB) knife; H and I: Closure of mucosotomy using 5 endoscopic clips; J: Thin scope retroflex view of esophageal gastric
junction showing light from standard gastroscope within the per-oral endoscopic myotomy tunnel.

The most  recent  advances include various tunneling methods,  similar  to  POEM,
where the mucosal incision is either proximal or superficial to the myotomy[67-70].

Technical considerations
This Z-POEM technique allows for complete excision of the muscle, while minimizing
the risk of mediastinitis or perforation due to the tunneling mechanism. We currently
employ a modified tunneling approach, with mucosal incision at the apex of the
septum (Figure 12B-D), followed by submucosal tunneling on both the esophageal
and  diverticular  sides  of  the  muscle  (Figure  12E).  This  allows  for  optimal
visualization, precise control of complete myotomy (Figure 12F), and closure of the
short tunnel with mucosal clips (Figure 12G).

Future opportunities
With these technical and device improvements, flexible endoscopy may become the
treatment of choice for most patients with Zenker’s diverticulum. Further prospective
trials are necessary to compare this most recent technique compared with standard
flexible and rigid instrument techniques.

BE AND EARLY ESOPHAGEAL CANCER

Lessons learned
It was not that long ago that the standard of care for treating BE with high grade
dysplasia (HGD) was esophagectomy[71-74].  Initial  endoscopic approaches to treat
Barrett’s  included  photodynamic  therapy  (PDT),  multipolar  electrocoagulation
(MPEC)  and  argon-plasma  coagulation  (APC).  While  these  sparked  initial
enthusiasm, they were not able to achieve high rates of complete eradication while
minimizing  complications[75].  The  emergence  of  RF  ablation  (RFA)  completely
changed  the  landscape  and  transformed  our  approach  to  Barrett’s,  with  the
expectation that Barrett’s can be completely eliminated by endoscopic treatment in the
vast majority of cases. I have been using RFA technology since 2004. At that time,
there  was  only  a  360-degree  balloon  device  available  for  treatment.  Given  my
experience  with  PDT (Figure  13)  and  using  ND:YAG laser  delivered  through  a
sapphire contact probe (Figure 14A and B), I was able to “touch-up” any small areas
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Figure 11

Figure 11  Per-oral endoscopic myotomy procedure on 43-year-old female with type 2 achalasia for 25 years, s/p prior failed Heller Myotomy and Botox
injection. A: Abundant submucosal vessels coagulated with stag beetle knife; B: Mucosal incision made in horizontal orientation facilitates closure with endoscopic
suturing; C: Double layer suturing, starting with initial bite just left of incision, then middle and right; D: Second running suture from right to left for completion of double
layer closure.

of residual Barrett’s post PDT. With this conceptual construct of devices for wide field
treatment  as  well  as  devices  for  focal  treatment,  the  Barrx  Halo  90  device  was
conceived.  My  contributions  were  acknowledged  by  having  the  product  “nick
named” the Chang Cap (Figure 15). With the combination of the 360 device and the
focal  device  (Figure  16),  published  clinical  trials  mounted  to  over  100  articles
establishing the efficacy and safety of this technology with the over-all rate of CRIM
of 77%, complete response of low grade dysplasia of 90%, and complete response of
HGD of 81%[76].  In this seminal NEJM study, patients who received RFA had less
disease progression (3.6% vs 16.3%, P = 0.03) and fewer cancers (1.2% vs 9.3%, P =
0.045). There are now multiple different RFA probes available for circumferential,
focal, long and short segment, as well as through the scope applications (Figure 17).

More  recently,  cryotherapy  has  emerged  as  an  alternative  means  of  treating
Barrett’s. There are now two delivery systems available: a spray catheter[77-86] and a
balloon based device[87-89]. While the number of published trials using cryotherapy
currently  pales  in  comparison  to  RFA,  the  potential  theoretical  advantages  of
cryotherapy may be better patient tolerance[80], slightly less stricture rate[90] and deeper
penetration  of  cold  energy[91]  .  Spray  cryotherapy appears  to  be  able  to  salvage
approximately 50% of dysplastic Barrett’s cases refractory to RFA[92] and provide a
reasonable  complete  remission  of  dysplasia  (CR-D)  in  76%  of  naïve  patients[77].
However,  the CRIM of  46% in non-dysplastic  BE is  considerably lower than the
established rate  with RFA. Therefore,  RFA still  remains the standard of  care for
treatment of flat dysplastic Barrett’s. The more recent development of a balloon-based
cryotherapy, using nitrous oxide to cool the temperature within the balloon (Figure
18), is quite intriguing with preliminary data suggesting very respectable treatment
and safety outcomes (CR-D of 95% and CRIM of 88%)[87].

The newest  emerging ablation technology is  argon plasma coagulation (APC)
preceded by high pressure needleless submucosal injection of saline via  a built-in
water  jet  within the same catheter  (called Hybrid APC).  An initial  ex-vivo  study
showed that submucosal saline injection decreased depth of coagulation by half[93].
This was followed by an initial series of 50 Barrett’s patients in whom 78% achieved
complete remission after a median of 3.5 APC sessions with a stricture rate of 2%[94].
We recently presented our initial Hybrid APC series of 17 patients with biopsy proven
non-dysplastic BE (NDBE) 59%, low grade dysplasia 18% and HGD 24%[95]. Of these
patients, 59% had undergone prior RFA, 18% prior EMR, 12% prior cryotherapy and
35% were naive. The average procedure time was 21 min. The pain scores were low
(2.39 at day 1, and 0.42 on day 7) with only one treatment-related stricture (4.2%). Our
protocol has been modified from the European reports, in that we utilize an EMR cap
in order to provide stable visibility and precise focal distance for application of APC
(Figure 19). After submucosal injection of saline (Figure 19B), APC is applied evenly
to all visible Barrett’s areas (Figure 19C and D). Then after removing the coagulated
tissue using the ESD cap and washing (with scope water jet), this is followed by a
second application of APC at a lower energy setting (Figure 19F and G). The final
visual result should be a tan colored, dry appearance similar to that achieved after
RFA. Long-term outcomes and larger studies are underway. Therefore, while RFA
remains “king of the hill” as standard of care for flat dysplastic Barrett’s, cryotherapy
and Hybrid APC may eventually contend for a subset of Barrett’s patients. I predict
that spray cryotherapy may be useful in patients with nodular dysplasia or early
cancer that are not suitable candidates for resection techniques (severe scarring, etc.),
while balloon cryotherapy and Hybrid APC may be viable options for patients with
short segment Barrett’s and for focal “touch-up” treatments. Capital equipment and
disposable accessory costs may become a deciding factor if outcomes are equivalent.
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Figure 12

Figure 12  Zenker’s - per-oral endoscopic myotomy procedure in a 91-year-old female with 4-cm Zenker’s diverticulum and dysphagia, including solids,
pills, and liquids. A: Pre- Zenker’s - per-oral endoscopic myotomy procedure (Z-POEM) esophagram showing 4.3 cm Zenker’s; B: Septum identified, with
diverticulum on left, and esophageal lumen on right; C: Start of mucosal incision (horizontal) over the septum; D: Mucosal incision completed with exposure of
cricopharyngeus muscle (CPM); E: Submucosal tunnel on each side of the CPM; F: Near completion of myotomy; G: Mucosal closure with 5 clips; H: Follow-up
esophagram 2 mo post Z-POEM, contrast flows freely, and patient has complete resolution of dysphagia.

Any nodular lesion should be treated, if possible, by endoscopic resection. This is
mostly accomplished with EMR, often requiring multiple piecemeal resections. Some
drawbacks of piecemeal EMR include depth of resection and inability to adequately
determine resection margins. Endoscopic Submucosal Dissection (ESD) while initially
developed for gastric and then colonic lesions, is now being used more frequently for
early esophageal cancer. The indications for ESD in esophageal squamous cancer
include: HGD to well (G1) to moderately (G2) differentiated, Paris 0-II lesions, with
suspected superficial invasion (m1-m2) with two thirds or less of the esophageal
circumference involved[96]. The expanded indications include m3 or sm < 200 micron
involvement, any size, with clinically N0 staging. While the role for ESD in early
esophageal squamous cell carcinoma (ESCC) is well established, the role of ESD for
esophageal  adenocarcinoma  (EAC)  arising  from  BE  has  been  less  studied  until
recently. This can be attributed to the low incidence of Barrett’s associated cancer in
Asia and the relatively recent adoption of ESD by endoscopists in western countries.
In a recent German study ESD was performed on 111 early esophageal cancers (87
EACs and 24 ESCCs)[97].  En bloc  resection rates were 95.4% for EAC and 100% for
ESCC (P = 0.575), and R0 resection rates were 83.9% and 91.7 %, respectively (P =
0.515). The R0 resection rate was higher in Barrett’s ≤ M3 vs > M3 (90% vs 70.4%; P =
0.029). The curative resection rate was 72.4% for EAC vs 45.8% for ESCC (P = 0.026).
Endoluminal recurrence was observed in 2.4% of EACs (8% in Barrett’s > M3, 0%in
Barrett’s ≤ M3), and 0% of ESCCs. Complications included strictures (11.7%) and
bleedings (0.9%), but no perforation. Disease-specific survival was 97.7% (EAC) and
95.8% (ESCC), and overall survival was 96.6% (EAC) and 66.7% (ESCC) with over 2-
year follow-up. These results are similar to an Asian single center experience with 91
patients with Barrett’s associated EAC[98].

Therefore, within the confines of these guiding principles, endoscopic treatment is
now the preferred approach for both BE and early esophageal cancer. In our center,
we have been gravitating more towards endoscopic resection - certainly for nodular
Barrett’s,  but  also  for  flat  Barrett’s  where  based on narrow-band imaging (NBI)
mucosal  pattern  or  advanced  imaging  (endomicroscopy  or  optical  coherence
tomography), there is suspicion for HGD or intramucosal carcinoma. For nodular
lesions larger than 1.5 cm, we are routinely performing ESD (Figure 20) instead of
EMR, with the caveat of avoiding circumferential resection.

Technical considerations
Considerations for ablation:  The goal  for ablation,  irrespective of  modality,  is  to
eliminate all Barrett’s epithelium, including buried Barrett’s, while minimizing the
risk of stricture and patient discomfort.  Ablation in the proximal esophagus and
length of treatment area seem to correlate with more patient discomfort during the
healing phase. In my experience, the addition of post-procedure sucralfate (as an oral
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Figure 13

Figure 13  Photodynamic therapy in a patient with Barrett’s esophagus and high grade dysplasia, performed by Dr. Chang and assistant (who consented to
publishing this figure); photo taken in 1997. A: Endoscopic image of 4 cm Barrett’s esophagus (BE) with high grade dysplasia (HGD); B: Photoactivation of photofrin
with 630 nm diffuser fiber; C: Room view of diffuser fiber advanced through endoscope; D: Forty-eight hours post photodynamic therapy - endoscopic view of mucosal
necrosis; E: Complete eradication of BE and HGD with mild stricture.

suspension taken 4 times a day for 4 wk) seems to reduce pain and promote quality
healing. In patients with long segment BE, one could consider treating the proximal
50% of the lesion during the first session, in order to “test” the patient’s tolerance to
treatment and to potentially decrease risk of stricture. For RFA, excellent contact
between the electrode surface and BE is critical. While recent studies have shown that
the routine removal of the device to clean the electrode surface is not required, in my
experience if the coagulation effect does not appear adequate on endoscopic viewing,
I would remove and clear the device surface of undesirable coagulum. For both RFA
and Hybrid APC, the final endoscopic appearance of a relatively “dry”, tan colored
surface, indicates an adequate ablation affect. For balloon-base cryotherapy, using the
new foot pedal control gives the physician much more control of all aspects of balloon
and spray nozzle movement and positioning. Since visualization is accomplished
through the inflated balloon, good contact between the therapeutic endoscope lens
and the balloon surface is important. When the balloon is inflated, sometimes focal
areas of Barrett’s can be difficult to visualize. Therefore, I routinely mark the focal
areas  using  the  tip  of  a  snare  to  create  coagulation  spots  on  the  mucosa  which
facilitates targeting through the balloon (Figure 18A).

Considerations for ESD
For ESD in the esophagus, our technique begins with marking the perimeter of the
lesion. A submucosal injection of carboxymethylcellulose (artificial tears) is used for
the initial lift. This is followed by mucosal incision using the hybrid i-knife (Erbe),
which has the ability of high pressure saline injection through the center of the needle.
This allows for sequential  inject-cut-inject  without the need for device exchange.
Other devices for concurrent energy delivery with water injection (mostly through the
catheter as opposed to the needle itself) are emerging. While the mucosal incision is
usually  straight-forward,  the  submucosal  dissection  can  be  more  challenging.
Changing the  energy settings,  creating  traction  of  the  lesion,  and the  tunneling
method[99] can often make the dissection go more smoothly. While forced coagulation
is the usual setting for dissection, I have found that spray coagulation, similar to my
preferred POEM technique, can often speed up the dissection. Counter-traction can be
achieved with a variety of methods involving clips and sutures[100,101]. In the esophagus
I  prefer  the  “yo-yo” technique[102,103]:  place  an endoscopic  clip  at  the  edge of  the
specimen, capturing the excised mucosa/submucosa, then remove scope; place a soft
rubber nasal airway trumpet (Robertazzi Style) into the nasal cavity, guide a standard
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Figure 14

Figure 14  ND:YAG laser for treatment of Barrett’s esophagus with low grade dysplasia. A: Endoscopy showing
sapphire contact probe back-loaded into scope channel; B: Focal ablation of Barrett’s esophagus using ND:YAG
contact probe.

snare catheter with a plastic tape at  the distal  tip to create a “fin” for grasping -
advanced  through  the  nasal  trumpet  into  the  proximal  esophagus,  advance
endoscope along the snare catheter, grab the fin with a grasping forceps and guide to
proximal edge of specimen, where snare can capture the clip. This allows for traction
in either forward or backward directions.  Finally,  if  the lesion is  long and wide,
consider using the tunnel technique[99], similar to the POEM procedure, to start the
submucosal dissection. Since tunneling does not require any traction for visibility, this
can save quite a bit of time.

Future opportunities
Treatment of Barrett’s and early esophageal cancer - this area has seen tremendous
progress in the past decade, and future areas of refinement will include indications for
treatment, the optimal modality for specific and individual situations, and pushing
the envelope with endoscopic resection. These resection and tunneling techniques
may also be employed to remove submucosal tumors (SMTs), such as leiomyoma, by
submucosal tunneling endoscopic resection (STER) technique[104-107].

Detection and staging Barrett’s - while endoscopic treatment of Barrett’s and early
esophageal cancer has progressed rapidly, the endoscopic detection and staging of
Barrett’s  has  not  progressed  to  the  same  extent.  We  still  live  in  the  world  of
uncertainty regarding who and how to screen for Barrett’s. There are 4 “buckets” of
unmet needs: (1) in patients with possible ultra-short segment Barrett’s, we need to be
confident in either ruling in or ruling out Barrett’s; (2) in patients with established
Barrett’s, we need to be able to detect the presence or absence of dysplasia with high
accuracy; (3) in patients with known dysplasia, we need to predict which patients will
respond to RFA or other ablative modalities and separate out those patient who
would require deeper and more aggressive treatment, such as endoscopic resection;
and (4) among patients undergoing endoscopic treatment for Barrett’s, we need to
detect residual Barrett’s that is not obvious by white light or narrow band imaging
(e.g., Buried Barrett’s, or residual neoplasm in the gastroesophageal junction) and risk
stratify  patients  who  are  more  likely  to  have  early  recurrence  of  Barrett’s  and
dysplasia. Improved imaging with high resolution white light, narrow band imaging,
acetic  acid  and  chromoendoscopy,  in  addition  to  new  technologies  such  as
endomicroscopy (Cellvizio)  and optical  coherence tomography/volumetric  laser
endomicroscopy (VLE) show promise in addressing the needs within these 4 buckets -
but we still have not fully addressed these important issues. The use of probe based
confocal laser endomicroscopy (pCLE) (Figure 21) in the evaluation of BE has been
recognized for a list of clinical situations, including its use in conjunction with narrow
band imaging[108,109], the surveillance of BE dysplasia in patients undergoing follow-
up[110-114] and the definition of the lateral extent of neoplasia prior to therapy[108,115]. The
pCLE-targeted biopsies appear to reduce the number of physical biopsies and to
increase the accuracy of the procedure, in real time[108,115-117]. As a result, the yield for
neoplasia  is  higher  than  that  of  white  light  endoscopy  and  random  biopsies.
However, the additional cost, skill,  and time for performing pCLE has limited its
widespread use in clinical practice.  I  have been involved with pCLE clinical and
translational research[108,118-122] and training since 2009 and in our practice, we use pCLE
routinely for “buckets” 1 and 2.

VLE is a wide-field, second-generation optical coherence tomography endoscopic
platform commercially available for advanced imaging in BE (Figure 22). We recently
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Figure 15

Figure 15  Radiofrequency ablation for Barrett’s using focal device (Halo90), photo taken in 2004. A: Prototype focal ablation device; B: Dr. Chang working
closely with Medical Director of Barrx Medical, Dr. David Utley, to refine technical aspects of focal device; C: Focal ablation device, Halo90, nicknamed “Chang Cap”
from 2004 to present. (Dr. Utley gave consent to publish this Figure).

published a review article summarizing current clinical data and knowledge gaps[123].
Based on ex-vivo studies, criteria have been established for identifying BE-associated
neoplasia. In addition, recent studies, case series, and case reports have demonstrated
that VLE is well tolerated, efficacious, and can target neoplasia. The current system
has the capability of placing laser markings in real-time in order to pin-point and
biopsy areas of  concern on VLE[124].  The following are needed to establish VLE’s
clinical role: studies showing incremental yield of dysplasia detection using VLE are
emerging[125], studies to determine VLE’s in-vivo diagnostic accuracy for identifying
and classifying BE-associated neoplasia, and studies on the cost-efficacy of VLE. In-
vivo diagnostic imaging criteria should be available soon, and may be augmented by
the artificial intelligence (AI) analysis[126,127].  In my experience, the use of VLE can
detect  wide-field abnormalities  very quickly,  both within and below the surface
epithelium. Figure 22 illustrates this nicely - a patient with BE and HGD where VLE
showed atypical glands covered by normal squamous epithelium, ie buried Barrett’s
(Figure 22A and B). I  performed endoscopic resection and the pathology showed
moderately differentiated adenocarcinoma in the background of HGD and BE. The
malignant glandular structures were buried beneath squamous epithelium.

EARLY GASTRIC CANCER AND SUBMUCOSAL TUMORS
(SMTs) OF THE STOMACH

Lessons learned
ESD has become standard of care in Asia and is the most effective treatment for early
gastric cancer when performed within established guidelines, including both absolute
and expanded indications[128-132] . ESD is absolutely indicated in mucosal differentiated
carcinomas  without  ulceration and a  diameter  of  <  2  cm.  Expanded indications
include differentiated carcinomas limited to the mucosa without ulcer and > 2 cm in
diameter or with ulceration but < 3 cm, as well as small undifferentiated carcinomas
(< 2 cm). Lymphovascular infiltration must to be absent in all cases. ESD has been
established in Asia to be superior to EMR for treating early gastric cancer. However,
outcomes from centers in Asia may not be representative of the western experience[133].
In  a  recent  article  by  Daoud et  al[134],  reviewed and compared outcomes  of  ESD
between  Eastern  and  Western  countries.  Their  meta-analysis  included  238
publications and 84318 patients who had ESD. The 90% of the studies were conducted
in Eastern countries (Japan, China, South Korea, Taiwan) and only 10% of the studies
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Figure 16

Figure 16  Radiofrequency ablation mechanism and technique. A: Tightly spaced electrodes (250 µm apart) with pre-set energy and power densities, generator
turns off when a pre-determined resistance level in the ablated tissues is reached (mean of 0.3 s); B and C: Circumferential radiofrequency ablation (RFA) delivered by
balloon electrode to treat 4 cm segment with single activation; D and E: The catheter is advanced to the next segment with slight overlap; F-I: Focal RFA delivered
with Barrx90 device which is secured onto scope tip and endoscopically directed over Barrett’s lesion.

reporting ESD outcomes in 2216 lesions were from Western countries (United States
and Europe). The percentage of curative, en bloc, and R0 resection was higher “in the
Eastern  studies;  82% (CI:  81%-84%),  95% (CI:  94%-96%)  and 89% (CI:  88%-91%)
compared to Western studies; 71% (CI: 61%-81%), 85% (CI: 81%-89%) and 74% (CI:
67%-81%), respectively”. Also, the percentage of perforation requiring surgery was
significantly increased in the Western countries (0.53%; CI: 0.10-1.16) compared to
Eastern countries (0.01%; CI: 0%-0.05%). ESD procedure times were longer in Western
countries  (110  min vs  77  min).  They concluded that  “ESD performed in  Eastern
countries is associated with better outcomes than studies reported from Western
countries  with  regard  to  R0,  en  bloc  and  curative  resection  rates”.  Moreover,
perforations requiring surgery are more common in Western studies. The clinical
decision-making for or against ESD vs EMR should consider regional outcomes and
locally available expertise as well as the necessity for resection according to oncologic
standard based on the risk for cancer versus pre-cancerous lesions. The differences in
outcomes may be partly related to the skills of the endoscopist, as case volume and
ESD mentors are more limited, and training in ESD is still in its developmental stage.
My learning curve was initially quite slow, but I had the great fortune of having
advanced fellows from Japan stay in my unit for 2-3 years at a time continuously since
2005. This afforded me ongoing in-house training and refinement. In addition, our
Digestive Disease Center at the University of California Irvine, Medical Center in
Orange, CA is situated in a relatively high density Asian population in Southern
California. Finally, having ready access to an animal lab, new techniques and devices
can be adopted very quickly. Therefore, the training for ESD in western countries
must take into consideration these factors and adopt a model that incorporates hands-
on ex-vivo, live animal, and a regional mentor/coach as described well in an article by
Draganov et al[135].

More  recently,  Submucosal  Tunneling  Endoscopic  Resection  (STER)  and Full
thickness resection (FTR) have emerged for the endoscopic treatment of SMTs. The
STER technique has predominantly been used to treat esophageal SMT’s, namely
leiomyoma and GIST lesions. For gastric SMT’s, techniques include either FTR or a
combination of ESD and FTR. For example, a gastric SMT arising from the MP can be
approached by initially performing an ESD until reaching the central attachment of
the tumor to the MP. At this point, FTR can be performed, but with a smaller diameter
than a de-novo FTR. For smaller lesions, FTR can be accomplished using the FTRD
device (Ovesco), which integrates a large suction cap with both over-the-scope clip
(OTSC) and snare (similar to some EMR devices).  Using this device,  FTRs in the
stomach can potentially be accomplished with great efficiency. We recently used
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Figure 17

Figure 17  Radiofrequency ablation device “family”. A: Barrx 360 express, 4 cm self-sizing balloon device; B:
Barrx 90 Ultra - 40 mm × 13 mm platform; C: Barrx 90 (Chang Cap) - 20 x 13 mm platform; D: Barrx 60 - 15-10 mm
platform; E: Barrx channel catheter - fits through biopsy channel, 15.7 mm × 7.5 mm platform when “wings”
expanded.

FTRD to perform en block resection of a gastric SMT (Figure 23) which turned out to
be a neuroendocrine tumor.

Technical considerations
For gastric ESD, lesions in the antrum and body along the greater curve tend to be
easier, while lesions in the proximal third of the stomach and those along the lesser
curve  tend  to  be  more  difficult[136].  We  tend  to  utilize  traction  techniques[137-140]

especially in the more difficult areas. Our most common traction technique for the
stomach and colon is what we call the multi-loop (M-loop) technique (Figure 24):
create 3 loops using either suture or dental floss (can tie loops around a 3-mL syringe
for sizing), grab one end of the loop with clip, pass the clip with M-loop through the
scope  channel  (Figure  24C),  open  the  clip  and  grasp  the  proximal  edge  of  the
specimen (Figure 24E) and release the clip and string, then using a second clip, grasp
and secure the distal loop to the opposite wall (Figure 24F), if needed, to tighten or
change angle of traction, use 3rd clip to grasp and secure middle loop to another spot
(Figure 24G and H). This is a simple method that does not require scope removal nor
any additional equipment other than clips and string.

Future opportunities
Although the instrumentation and energy sources have made tremendous progress,
we are still quite far from the instrumentation available to the laparoscopic or robotic
surgeon. There are a number of scissor-type cutting and coagulation devices emerging
that may be helpful. For the stomach, we routinely use the i-knife and in some cases
will also employ the SB knife[141]. This device can both coagulate and cut tissue using a
scissor motion. It is useful for mucosal incision around “corners”, but mostly for quick
and  efficient  submucosal  dissection.  Scissor-type  instruments  that  can  cut  and
coagulate  without  using  heat  energy  (e.g.,  harmonic  energy)  would  be  a  great
advancement. Traction for the endoscopic surgeon is still at its infancy. New devices,
such as magnets are emerging which may be useful, especially in areas where good
traction is paramount[142]. And finally, closure of large defects and FTR will require
robust  endoscopic  wound closure.  ESD for  duodenal  lesions have recently  been
shown to benefit from complete closure[143] as the risk of post ESD delayed bleeding
and  more  importantly,  delayed  perforation  (possibly  caused  by  the  high
concentration of bile and digestive enzymes) can be catastrophic. Complete closure
for  colonic  ESD  is  also  being  employed  by  expert  centers  who  have  reported
accelerated mucosal healing[144], decreased delayed bleeding[145], as well as decreased
need for post-ESD hospitalization[146]. For many of these larger closures, suturing is
emerging as an alternative to clip closure[147]. And for FTRs, suturing is becoming a
must (Figure 25). In my ESD practice, closure, especially with sutures is to be avoided
if possible if there is a possibility of residual neoplastic tissue. The mucosal healing
and scar formation make subsequent endoscopic resections quite difficult.  Small
defects in the muscle layer are best treated with clips. Otherwise, large defects in the
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Figure 18

Figure 18  Cryotherapy using nitrous oxide within balloon. A: Endoscopic view of focal cryoablation of multiple
islands of Barrett’s epithelium; marking around the lesion with a snare tip helps with targeting; B: In-room view of
hand-held control (by Dr. Chang) with nitrous oxide cartridges; C: New foot pedal console which controls nitrous oxide
flow as well as vertical and left-right rotational movement of the spray orifice.

stomach, duodenum, and colon, where-ever technically possible, should be closed
with suturing. In Figure 25, I share a case of a patient with a gastric neuroendocrine
tumor who have previous attempts at  EMR. The scarring was so severe I  had to
proceed with a full thickness strategy. Using the Overstitch device, closure in the
posterior aspect of the stomach is quite suitable. However, closure along the lesser
curve or anterior wall is much more difficult due to the scope stiffness. The technique
for suturing adheres to surgical principles - such as the distance from the suture to the
wound edge should be approximately equal to the thickness of the tissue, etc. If there
is concern for possible uneven edge approximation after the initial suture is placed, I
will place a second layer of suture. For POEM closure, I sometimes use sutures if the
mucosal incision is uneven. And in these cases,  I  routinely place double sutures.
Technologies are also emerging for more flexible suturing devices and those that do
not require a double channel therapeutic scope.

GASTRIC OUTLET OBSTRUCTION AND GASTRIC POEM

Lessons learned
For malignant gastric outlet obstruction (GOO), endoscopic gastro-jejunostomy is now
showing better results than enteral stenting in treating these patients[148] and may have
similar results to laparoscopic gastro-jejunostomy[149]. In patients with benign GOO,
namely gastroparesis contributed by a tight pylorus, gastric POEM (G-POEM) of the
pylorus is now emerging as a treatment option. After the initial case report of G-
POEM  in  a  patient  with  gastroparesis[150],  there  have  been  a  number  of  small
series[151-160] showing safety, feasibility, and good clinical outcomes with approximately
70% patients showing improvement in their quality of life scores at 1 year[152]. One
non-randomized study compared laparoscopic pyloroplasty (LP) vs  G-POEM and
found that patients who underwent LP had a longer average length of stay (4.6 d vs
1.4 d, P = 0.003), operative time (99.3 min vs 33.9 min, P < 0.001), and estimated blood
loss (12.9 mL vs 0.4 mL, P < 0.001). There were also more complications in the LP
cohort (16.7% vs 3.3%, P = 0.086), which included surgical site infection (6.7% vs 0%, P
= 0.153), pneumonia (6.7% vs  0.0%, P  = 0.153), and unplanned intensive care unit
(ICU) admission (10.0% vs 0.0%, P = 0.078). LP and G-POEM both resulted in similar,
significant improvements in both in GCSI scores and objective gastric emptying.

Technical considerations
The procedure begins with a mucosal incision approximately 5 cm from the pylorus
along the greater curve (Figure 26A-C). The submucosal tunnel is then extended until
the pylorus is reached (Figure 26D and E). A hook knife is used to carefully excise the
pylorus muscle (Figure 26F) and then extended proximally into the antrum (Figure
26G).  Closure  can  be  accomplished  with  either  clips  or  suturing  (Figure  26H),
although in this situation I prefer suturing, as positioning of the device is easy and the
sutures can be placed deep into the gastric wall.
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Figure 19

Figure 19  Hybrid argon plasma coagulation to treat residual diffuse, multi-focal Barrett’s after endoscopic submucosal dissection for early esophageal
cancer. A: Endoscopic view of multiple residual Barrett’s islands; B: Needle-free high pressure water jet to create saline cushion in the submucosal space; C: Pass 1
of argon plasma coagulation (APC) ablation with energy settings of Pulsed APC flow rate 0.8 L/min 60 W; endoscopic submucosal dissection (ESD) cap used for
visibility, traction and maintaining precise focal distance for even application; D: Completion of Pass 1; E: Repeat water jet into submucosa; F: Pass 2 of APC ablation
with energy settings of pulsed APC flow rate 0.8 L/min 40 W; G: Completion of Pass 2 with desired tan colored surface; H: Follow-up endoscopy 6 months post hybrid
APC treatment, with biopsy and WATS brushing confirming complete response of intestinal metaplasia.

Future opportunities
While the procedure is quite similar to POEM for achalasia, the patient selection and
prediction of response to treatment is much less developed. The mechanisms leading
to symptoms in patients with gastroparesis is still unclear and can be variable. The
amount of delay in gastric emptying does not seem to predict symptoms or relief of
symptoms post treatment. While “pylorospasm” may be one possible mechanism for
patients with gastroparesis[161], other factors may include fundic accommodation as
well as central nervous system factors. Although we routinely perform EndoFLIP to
measure  luminal  geometry  and  pressure  before  and  after  each  G-POEM,  the
parameters to predict clinical response have not yet been established. If a patient has
had a response, even if temporary, to botox injection to the pylorus, we consider this
somewhat predictive of positive response to G-POEM.

OBESITY

Lessons learned
Obesity has become an epidemic is many western countries and is becoming more
prevalent in Asia as well. Laparoscopic bariatric surgery with sleeve gastrectomy and
Roux-n-y gastric by-pass are the standard of care options for patients with BMI > 40
alone, or in patients with BMI > 35 and concurrent co-morbidity. However, for obese
patients  with  BMI between 30  and 35  who don’t  qualify  for  bariatric  surgery,  a
growing number of endoscopic treatment options are now available, including intra-
gastric balloons[162-165]. Among the endoscopic bariatric devices and procedures that I
offer my patients, most will choose the endoscopic sleeve gastroplasty (ESG), which I
believe is currently the most effective endoscopic option. This procedure falls squarely
in  the  paradigm  of  endoscopic  foregut  surgery.  A  recent  large  international
multicenter study of 112 consecutive patients with baseline BMI 37.9 ± 6.7 kg/m2

underwent ESG[166]. At 1, 3, and 6 mo, Δweight was 9.0 ± 4.6 kg (Total Body Weight
Loss - TBWL 8.4% ± 4.1%), 12.9 ± 6.4 kg (TBWL 11.9% ± 4.5%), and 16.4 ± 10.7 kg
(TBWL  14.9%  ±  6.1%),  respectively.  Three  (2.7%)  severe  adverse  events  were
observed.  Another  multicenter  study  with  248  patients  showed  robust  clinical
outcomes with a 24-month follow-up[167]. Baseline BMI was 37.8 ± 5.6 kg/m2. At 6 and
24 mo, %TBWL was 15.2 (95%CI: 14.2-16.3) and 18.6 (15.7-21.5), respectively. At 24
mo, % of patients achieving ≥ 10% TBWL was 84.2 and 53% with PP and ITT analyses,
respectively.  On multivariable  linear  regression  analysis,  only  %TBWL at  6  mo
strongly predicted %TBWL at 24 mo (adjusted for age, gender, and baseline BMI, β =
1.21,  P  <  0.001).  This  is  in  contrast  to  %TBWL of  20-30 in patients  who undergo
bariatric surgery and about 10% TBWL for intra-gastric balloons[167]. Moreover, intra-
gastric  balloons  are  all  removed  after  6  mo,  and  only  2/3  of  the  weight  loss  is
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Figure 20

Figure 20  Endoscopic submucosal dissection of early esophageal adenocarcinoma arising from Barrett’s esophagus. A: Nodular, polypoid (Paris IIa) lesion
within long segment Barrett’s esophagus; B: Endoscopic submucosal dissection completed; C: En-bloc resected specimen; D: Histology showing poorly differentiated
adenocarcinoma (blue dots), T1b pathologic staging, lateral and deep margins negative (> 300 microns), no lymphovascular invasion.

sustained at 1 year[168].  Thus, I explain to my patients that they can expect to lose
approximately 35-50 pounds with the procedure, and if they are successful at 6 mo,
they can also expect to maintain or lose more weight out to 2 years. In some select
cases, I have performed ESG “touch-up” or revisions after 6 mo in successful patients
in order to achieve further weight reduction. These are technically even easier than
the initial ESG.

Technical considerations
There are some slight differences in techniques among experts performing ESG. My
technique (Figure 27)  starts  with marking the anterior  and posterior  wall  of  the
stomach using APC starting from the level of the incisura all the way back to the
proximal fundus, approximately 3-4 cm from the EG junction (Figure 27A). The first
running suture starts by taking a bite at the anterior marking adjacent to the incisura,
followed by a bite at the greater curve, then over the posterior marking (Figure 27B).
Next,  I  move about 2 cm proximally and cross over to take the 4th  bite along the
anterior wall, then greater curve, and posterior wall again. The suture anchor is then
released and the suture is tightened, crimped and cut with the accessory device. The
second suture is then placed in a similar “Z” pattern, starting approximately 2 cm
more proximally and taking between 6 to 8 bites. Usually a total of 6 to 8 sutures are
placed to create an adequate length sleeve (Figure 27C and E). I have modified this
technique to include a tight entrance to the sleeve portion. This is accomplished by
placing a final suture in a purse-string fashion around an inflated 8mm balloon to
prevent complete closure (Figure 27D). I have even added mucosal ablation in the cuff
just prior to suture placement to maximize narrowing at the neck of the sleeve. This
modification results in a proximal “pouch” (Figure 27F) which typically will hold
about 50-60 mL of water. The rationale behind this technique is as follows: the pouch
functions similar to a gastric by-pass, causing restriction of oral intake with a rapid
sense of satiety after a very small portion; the pouch then empties through a very
small  opening  at  the  neck  of  the  sleeve,  again  similar  to  a  gastric  bypass  or  a
laparoscopy band placement, which then causes severely delayed gastric emptying
(Figure 27H). This helps patients feel a prolonged period of satiety. Then food passes
through a long, narrow sleeve. The tight sleeve neck prevents reflux back into the
pouch. Then finally, food lands in the antrum where grinding function is intact. In
select patients who also suffer from GERD, I may perform an anti-reflux procedure at
the same time - either MASE, RAP or even TIF can be performed on the same session.
For ESG plus TIF combination, I start with the TIF first as it requires the device and
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Figure 21

Figure 21  Probe-based confocal laser endomicroscopy in patients with Barrett’s esophagus. A: the probe is advanced through the biopsy channel, while
stabilizing the scope against the mucosa, the probe makes gentle contact with the surface epithelium; B: Probe-based confocal laser endomicroscopy (pCLE) image
showing non-dysplastic Barrett’s esophagus (BE). *goblet cells; C: pCLE image showing BE with high grade dysplasia; D: pCLE image showing early adenocarcinoma
arising from BE.

scope to maneuver into a retroflexed position, which is difficult after ESG. The MASE
and RAP procedures can be accomplished immediately before or after ESG, although
I prefer the latter. These patients usually stay overnight, in our own short-stay unit for
23-hours  observation,  intravenous  hydration,  and  as-needed  anti-emetics  and
analgesics. The patient shown in Figure 27 started with a weight of 327 and has lost
100  pounds  over  a  1  year  period,  has  no  reflux  or  gastroparesis  symptoms and
remains off PPI medications.

Future opportunities
Endoscopic bariatrics is still early in its development. There are ample opportunities
to explore innovative techniques and devices in this space, including those that target
gastr ic  res tr ic t ion ,  bypass ing  the  duodenum,  as  wel l  as  duodenal
resurfacing[162-165,169,170].

ENDO-HEPATOLOGY

Lessons learned
Endo-Hepatology is a term that I coined in a published paper where I described many
of  the  emerging endoscopic  techniques  and devices  which may be useful  in  the
diagnosis and treatment of liver disease (Figure 28)[171]. Among these, EUS-guided
liver biopsy and EUS-guided portal pressure measurement are exciting new frontiers
for the endo-hepatologists. I wish to share my personal perspective on how these
techniques and devices evolved over the past 30 years. My faculty career began in the
early 1990’s with the development of EUS-guided FNA[172-182] having reported the first
case of EUS-guided FNA to diagnose a small pancreatic cancer in 2004[172], followed
the same year by a series of 38 patients who underwent EUS-guided FNA (Figure
29)[173].  Many  papers  followed[174-182],  with  application  of  EUS-guided  FNA  to
diagnosing and staging pancreatic  tumors[174,176],  aspiration of  pleural  and ascitic
fluid[175],  left  adrenal gland[178],  mediastinal tumors and lymph nodes[181]  and liver
lesions[182]. I subsequently joined forces with the other early pioneers of EUS-guided
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Figure 22

Figure 22  Volumetric laser endomicroscopy in patient with Barrett’s esophagus and high grade dysplasia. A: Volumetric laser endomicroscopy showing an
area of atypical glands covered by normal squamous epithelium; B: Magnification of region of interest (dotted box in image A) showing presence of 2 atypical glands;
C: This area underwent endoscopic resection with pathology showing moderately differentiated adenocarcinoma in the background of high grade dysplasia and
Barrett’s esophagus. The malignant glandular structures (arrows) were buried beneath squamous epithelium.

FNA in the United States and Europe[183] to publish the first multicenter study on EUS-
guided FNA. After establishing EUS-guided FNA, I started developing EUS-guided
FNI (fine needle injection), including the delivery of anti-tumor agents and EUS-
guided brachytherapy[184-197]. This then led to EUS-guided fine needle imaging with
through-the-needle  fiber  optic  probe  combined  with  endomicroscopy  in  the
evaluation of  pancreatic  cystic  neoplasia[118,119,198-203].  EUS-guided FNA eventually
become the mainstream modality for the tissue diagnosis of pancreatic cancer[185,204-209].
At this point,  I  coined a new term “Interventional EUS” in 1997[210]  since we had
moved away from mere diagnostic imaging to tissue acquisition and intervention. The
next iteration for tissue acquisition was to move from EUS-FNA to EUS-FNB (fine
needle biopsy). Larger gauge needles and needles designed to obtain histologically
intact core specimen began to emerge[211-220]. EUS-guided FNA in the liver began with
targeting local lesions - those suspicious of metastatic or primary tumors[182]. However,
with the development of specialized histology needles,  we started to explore the
possibility of EUS-guided liver biopsy for benign liver disease[221-223]. We published the
first  case  report  of  autoimmune hepatitis  diagnosed using a  new 19G histology
needle[211] in 2012. Over the past few years, many studies[224-232] have supported the
current notion that EUS-guided liver biopsy is as good as percutaneous biopsy[233] and
may be better than trans-jugular biopsy[227].

Moving from EUS-guided liver biopsy, I innovated the possibility of performing
EUS-guided porto-systemic pressure gradient (EUS-PPG) measurement. Working
together with the engineers at Cook Medical, I was able to help develop (through
bench and animal testing) a simple compact hand-held manometer that attaches to a
25G FNA needle. The background and rationale for this development is as follows.
Portal hypertension (PH) is a serious adverse event of liver cirrhosis. The hepatic
venous pressure gradient or portosystemic pressure gradient (PPG) accurately reflects
the degree of  PH and is  the single best  prognostic factor in liver disease.  This is
usually  obtained  by  interventional  radiology  (IR)  via  a  transjugular  approach
requiring  radiation  and  intravenous  contrast  exposure.  The  transjugular  PPG
measurement is not routinely performed as a stand-alone diagnostic test, and in most
instances is done only in conjunction with transjugular intrahepatic portosystemic
shunt (TIPS). In the animal study, we tested this novel EUS-guided system using a
25G FNA needle and compact manometer to directly measure PPG and evaluated its
performance against the current gold standard - transjugular hepatic venous pressure
gradient[234].  Manometry was performed in venous (baseline and PH) and arterial
(aorta) systems. The PH model was created by rapid Dextran-40 infusion peripherally.
Under EUS guidance a 25G FNA needle with attached compact manometer was used
to puncture (transgastric-transhepatic approach) and measure pressures in the portal
vein,  right  hepatic  vein (RHV),  inferior  vena cava (IVC),  and aorta.  With the IR
approach, RHV (free and wedged), IVC, and aorta pressure were measured with an
occlusion balloon.  Pressure correlation was divided into 3  groups;  low pressure
(baseline),  medium pressure (noncirrhotic  portal  hypertensive model),  and high
pressure (arterial). Correlation between the 2 methods of measurement was charted in

WJG https://www.wjgnet.com January 7, 2019 Volume 25 Issue 1

Chang KJ. Endoscopic foregut surgery and interventions: The future is now

25



Figure 23

Figure 23  Full thickness resection using FTRD Device for submucosal tumor in the gastric pylorus. A: One point five centimeters submucosal tumor at the
level of pylorus; B: Endoscopic ultrasound showing 1.3 cm × 1.1 cm submucosal tumor concerning for neuroendocrine tumor; C: Lesion viewed through double
channel therapeutic scope with 21-mm transparent cap; D: Helical retractor was used to secure the lesion and pull it into the cap; E: Entire lesion is now within the
cap; F: The entire wall was captured in the large clip and resection was completed above the closed clip; G: Lesion resected en bloc; H: Histologic specimen showing
complete specimen with negative deep and lateral margins.

scatter plots, and the Pearson’s correlation coefficient (R) was calculated. Our results
showed that EUS identification, access, and manometry was successful in all targeted
vessels. There was excellent correlation (R: 0.985-0.99) between EUS and IR methods
in all pressure ranges. No adverse event occurred. We then went on to conduct a
human pilot study performing EUS-PPG measurement on 28 patients with suspected
cirrhosis[235]. The portal vein and hepatic vein (or inferior vena cava) were targeted
using  a  transgastric-transduodenal  approach.  Clinical  parameters  of  PH  were
evaluated in each patient. Feasibility was defined as successful PPG measurement in
each patient. Our results showed 100% technical success and no adverse events. EUS-
PPG values ranged from 1.5 to 19 mmHg and had excellent correlation with clinical
parameters of PH including the presence of varices (P = 0.0002), PH gastropathy (P =
0.007), and thrombocytopenia (P = 0.036). EUS-PPG was increased in patients with
high  clinical  evidence  of  cirrhosis  (P  =  0.005).  We  concluded  that  “This  novel
technique of EUS-PPGM is feasible and safe. Given the availability of EUS and the
simplicity of the manometry setup, EUS-guided PPG may represent a promising
breakthrough for procuring indispensable information in the management of patients
with liver disease”.

Technical considerations
We recently published a comprehensive video article which includes animal and
human data as well as equipment set-up and an illustrative case[236]. The procedure
itself takes only about 20 min (Figure 30). Identifying the vascular structures within
the liver is key[237]. The hepatic veins all converge into the inferior vena cava (IVC).
The middle hepatic vein is usually best suited for EUS-PPG given its size and angle to
the  FNA  needle  (Figure  30A  and  B).  The  25G  needle  (primed  with  heparin)  is
advanced through liver parenchyma which stabilizes the needle and also tamponades
the needle tract  upon withdrawal (Figure 30C).  Once in the vessel,  the needle is
flushed  (few  drops)  and  the  pressure  is  measured  by  the  compact  hand-held
manometer (Figure 30C). This measurement is repeated for a total of 3 consecutive
measurements. The needle is then slowly withdrawn into the liver parenchyma, and
Doppler flow is applied to make sure there is no blood flow within the needle tract.
Once this is established, the needle is withdrawn. Next, the portal vein is identified.
The umbilical portion of the left portal vein is the most common target (Figure 30D
and E), with its characteristic pulse wave showing a continuous venous hum. The
needle is then advanced through liver parenchyma into the left portal vein (Figure
30F), where 3 consecutive manometry pressure measurements are taken in a similar
fashion. The EUS-PPG is then calculated by calculating the difference between the
mean pressures of each vessel.

Future opportunities
Both EUS-guided liver biopsy and EUS-guided PPG measurements are novel and
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Figure 24

Figure 24  Endoscopic submucosal dissection of 15-mm IIa+c intramucosal carcinoma of stomach along lesser curve body using multi-loop technique. A:
The lesion is marked using spot coagulation; B: Circumferential incision is performed using the i-knife, however the angle of approach on the proximal side is difficult
for submucosal entry and dissection; C: Three loops are created using dental floss, captured with a clip passed through the biopsy channel (no need for scope
removal or additional equipment); D: The clip is opened (the string can be pre-tied to one leg of the clip) and positioned to grasp the proximal edge of the specimen; E:
The 1st clip is released, anchoring the string to the specimen; F: A 2nd clip is used to catch the distal loop and anchor to opposite wall of stomach; G: If necessary, a
3rd clip can be used to grasp the middle loop; H: This can be helpful to further tighten or re-direct the traction angle; I: the submucosal space is much easier to enter
with multi-loop traction; J: submucosal dissection in the antegrade approach is greatly facilitated; K: The specimen is resected en bloc; L: Histology confirmed a well
differentiated grade 1 adenocarcinoma with invasion to the muscularis mucosa with negative deep and lateral margins, no lymphovascular invasion.

exciting  new  technologies  within  endo-hepatology.  The  fact  that  both  of  these
procedures can be combined in the same session makes it very appealing[238].  The
potential application of these techniques is substantial. In an editorial to our EUS-PPG
publication, Adler et al[239] mention some of these possible applications: pre-operative
risk stratification, variceal management, and primary hemorrhage prevention are on
their  list.  Patients  who  are  started  on  non-selective  beta  blockers  as  primary
prevention would have  a  more  precise  and liver-specific  paradigm for  titrating
medication dosages. New therapeutic drugs for liver disease, including anti-viral,
anti-fibrosis, and anti-inflammatory medications, perhaps may employ EUS-PPG as
an objective outcome measure in clinical trials. Patients with hepatocellular carcinoma
and cirrhosis may benefit from EUS-PPG in determining liver function prior making
the decision between lobectomy versus liver transplantation.

CONCLUSION
In conclusion, I have been truly blessed with a career in GI endoscopy that spans 3
decades of discovery, teaching, healing, and collaboration. I have been an eye witness
to the evolution of endoscopy from diagnosis to tissue acquisition and staging, to
advanced imaging, and finally, endoscopic surgery. As we consider where we’ve been
and the  current  acceleration  of  advancements,  the  future  is  full  of  promise  and
opportunities  for  new  developments  that  will  impact  many  patients  and  their
families. The future for endoscopic foregut surgery is now!
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Figure 25

Figure 25  Large gastric defect after full thickness resection of neuroendocrine tumor closed with endoscopic suturing. A: Four-centimeter full thickness
wound in posterior body of stomach, omental fat seen at base of defect; B: First suture - use helical tissue retractor to grab left edge of distal defect; C: After taking
first bite on distal left (needle going from mucosa to serosa), second bite on distal right (needle going from serosa to mucosa); D: Approximately 8 bites are taken,
alternating from left to right, with the last bite having the needle from mucosa-serosa-mucosa in single throw; E: First continuous running suture completed and needle
anchor released for tightening and suture release; F: Second row of running suture placed for double reinforcement; G: Double suture closure completed; H: Contrast
study shows luminal narrowing with no leak.

Figure 26

Figure 26  Gastric per-oral endoscopic pyloromyotomy in a patient with severe gastroparesis. A: Markings made for mucosal incision on the antrum greater
curve, 4-5 cm proximal to the pylorus; B: Submucosal injection; C: Initial mucosal incision; D: Submucosal tunnel extended with i-knife until pylorus muscle is
identified; E: The hook knife is then used to carefully cut the pylorus muscle; F: Myotomy of the pylorus; G: The myotomy is extended proximally for approximately 2
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cm along the antrum; H: Closure of the mucosotomy is accomplished with Overstitch suturing device; I: Upper gastrointestinal contrast X-ray study shows no leak, with
free flow of contrast through the pylorus.

Figure 27

Figure 27  Endoscopic sleeve gastroplasty plus mucosal ablation and suturing of the esophageal gastric junction in a 45-year-old female with super
morbid obesity, gastroparesis and gastroesophageal reflux disease. Her body mass index was 51 (327 lb) and she declined bariatric surgery. A: Markings
created along anterior and posterior gastric wall to guide suture placement; B: First suture placed by taking bites at anterior, greater curve, posterior wall × 2; C: Total
of 8 running sutures placed to complete the “sleeve”; D: At the very proximal aspect of the sleeve, a final suture is placed in a purse-string fashion around an 8 mm
balloon to prevent complete closure; E: Endoscopic appearance within the completed sleeve; F: Endoscopic appearance of the proximal “pouch” which filled up with
approximately 60 mL of water; G: Mucosal ablation and suturing of the esophageal gastric junction (MASE) procedure was performed as well, using 3 additional
sutures, to treat her gastroesophageal reflux disease; H: UGI X-ray with contrast 1 d post endoscopic sleeve gastroplasty and MASE shows contrast filling the small
gastric pouch with little to no passage through the sleeve at 1 h.

Figure 28

Figure 28  A promising new paradigm “Endo-Hepatology” intersects and integrates endoscopy in the diagnosis and treatment of liver disease. This
includes: evaluation of the liver surface [by endoscopic ultrasound (EUS)], elastography to determine liver stiffness and fibrosis, contrast enhanced harmonic EUS to
detect focal lesions, EUS-guided intrahepatic porto-systemic shunt, EUS-guided liver biopsy, endoscopic variceal band ligation and intra-variceal injection with glue +/-
coil (by EUS), evaluation of the portal circulation and EUS-guided portosystemic pressure gradient, and detection of ascites with EUS-guided paracentesis. EUS:
Endoscopic ultrasound; PPG: Portosystemic pressure gradient; IPSS: Intrahepatic porto-systemic shunt.
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Figure 29

Figure 29  Endoscopic ultrasound guided fine needle aspiration initial series of 38 patients reported in 1994. A: Diagram of endoscopic ultrasound (EUS)
guided fine needle aspiration (FNA) created on first generation Apple Macintosh computer; B: Black and white photo of prototype 23G 4-cm FNA needle attached to
Teflon tubing; C: Photo of needle specimen, much of which was probably blood clot; D: Early linear array EUS image showing needle coming from left side, as
established by ultrasound convention at the time, into a pancreatic tumor; E: EUS image of FNA needle into a 1.5-cm celiac lymph node. (Reprinted with permission
from reference 173).

Figure 30

Figure 30  Endoscopic aultrasound guided portosystemic pressure gradient measurement in a patient with suspected cirrhosis. A: Diagram showing fine
needle aspiration (FNA) needle within the middle hepatic vein; B: Endoscopic ultrasound (EUS) image of middle hepatic vein with Doppler wave form demonstrating 4
phases (ASVD); C: 25G needle placed directly through liver parenchyma into the middle hepatic vein; compact hand-held manometer showing a pressure of 13
mmHg; D: Diagram FNA needle within the left portal vein; E: EUS image of left portal vein (umbilical portion); typical Doppler waveform showing venous hum; F: 25G
needle placed directly through liver parenchyma into the left portal vein; compact hand-held manometer showing a pressure of 15 mmHg. Thus, the EUS-
portosystemic pressure gradient measurement is 2 mmHg, which is within normal range.
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