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Abstract

Peroral endoscopic myotomy (POEM) incorporates
concepts of natural orifice translumenal endoscopic
surgery and achieves endoscopic myotomy by utili-
zing a submucosal tunnel as an operating space.
Although intended for the palliation of symptoms of
achalasia, there is mounting data to suggest it is also
efficacious in the management of spastic esophageal
disorders. The technique requires an understanding of
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the pathophysiology of esophageal motility disorders as
well as knowledge of surgical anatomy of the foregut.
POEM achieves short term response in 82% to 100% of
patients with minimal risk of adverse events. In addition,
it appears to be effective and safe even at the extremes
of age and regardless of prior therapy undertaken.
Although infrequent, the ability of the endoscopist to
manage an intraprocedural adverse event is critical as
failure to do so could result in significant morbidity. The
major late adverse event is gastroesophageal reflux
which appears to occur in 20% to 46% of patients.
Research is being conducted to clarify the optimal
technique for POEM and a personalized approach by
measuring intraprocedural esophagogastric junction
distensibility appears promising. In addition to
esophageal disorders, POEM is being studied in the
management of gastroparesis (gastric pyloromyotomy)
with initial reports demonstrating technical feasibility.
Although POEM represents a paradigm shift the
management of esophageal motility disorders, the
results of prospective randomized controlled trials with
long-term follow up are eagerly awaited.

Key words: Peroral endoscopic myotomy; Achalasia;
Myotomy; Dysphagia
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Core tip: Peroral endoscopic myotomy (POEM) is a
minimally invasive, scarless approach to Heller myotomy
for the palliation of symptoms of achalasia and spastic
esophageal disorders. Current data demonstrates short-
term success with minimal adverse events. POEM is
no longer considered experimental with approximately
5000 procedures performed worldwide. In the future,
a personalized approach to POEM will be undertaken
with tailoring of the length of gastric myotomy based
on intraprocedural physiological measurements. This
will allow sufficient reduction in pressure at the lower
esophageal sphincter for adequate relief of symptoms
but also minimize gastroesophageal reflux.
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INTRODUCTION

Peroral endoscopic myotomy (POEM) is a minimally
invasive endoscopic procedure intended for long-term
recovery from symptoms of esophageal achalasia.
Achalasia is a benign motility disorder of the esophagus
which is characterized by incomplete relaxation of the
lower esophageal sphincter (LES) and aperistalsis of
the esophageal body. As the etiology of achalasia is not
known, all treatment options are directed at decreasing
the resting pressure at the LES.

The first reported endoscopic myotomy in humans
was published in 1980™, In this report, the myotomy
was carried out in an uncontrolled manner by incising
the mucosa through to deeper layers of the lower
esophageal sphincter with a needle knife. The method
achieved technical success in all 17 patients although
there was concern as the wound was directly exposed
to esophageal and gastric contents and if too deep,
there would be a direct perforation to the mediastinum
and/or peritoneum. There were three minor bleeding
episodes which were controlled endoscopically. The
clinical, manometric and radiological postoperative
results were promising. However, the direct incision
method was not considered a reliable and safe app-
roach and was therefore not adopted by the medical
community.

Developments in natural orifice translumenal en-
doscopic surgery (NOTES)™ have resulted in a sub-
mucosal endolumenal approach for the treatment
of achalasia using POEM. Sumiyama et a/® was the
first to describe the idea of submucosal tunneling.
However, Pasricha et al! initially described the concept
of POEM in 2007 in an experimental preclinical model.
This report demonstrated the safety and efficacy of
performing a myotomy under endoscopic visualization
in 4 pigs after the formation of a submucosal tunnel.
Inoue et al’”! championed translating this innovative
technique into clinical care in 2010 with the first human
study reporting favorable results in 17 achalasia pati-
ents.

Multiple studies from Asia, Europe and the United
States reveal that POEM is a safe and effective therapy
for achalasia when performed by expert endoscopists.
In addition, the recent white paper summary from
the American Society of Gastrointestinal Endoscopy
provided substantial data to support the notion that
POEM is a promising therapeutic modality™!. This
review illustrates the patient selection and preparation,
operative technique, clinical outcomes and future
directions for POEM.
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PATIENT SELECTION AND INDICATIONS

All patients with symptomatic, manometrically proven,
primary idiopathic achalasia are eligible candidates to
undergo POEM. Among initial published clinical studies,
exclusion criteria included previous esophageal or
gastric surgery (including Heller myotomy), sigmoid
type esophagus, age under 18 years or inability to
undergo general anesthesia. Other less common
scenarios that rendered patients unsuitable for POEM
included severe erosive esophagitis, significant coagu-
lation disorders, liver cirrhosis with portal hypertension
or prior therapy that may compromise the integrity of
the esophageal mucosa or could have led to submucosal
fibrosis (radiation, endoscopic mucosal resection,
radiofrequency ablation, etc.). Previous therapy, such
as uncomplicated pneumatic balloon dilation and
botulinum toxin injection are not contraindications to
POEM, although, in these cases inflammatory fibrosis is
often encountered during submucosal dissection.

There are now multiple series reporting the technical
success, efficacy and safety of POEM in patients who
have undergone a prior Heller myotomy". Successful
POEM in the setting of a Roux-en-Y gastric bypass has
also been reported™® where the extensive adhesions
and altered anatomy could have proven challenging
for the surgical approach. POEM has also been studied
in patients with with sigmoid-type achalasia with
similar outcomes as those with a non-sigmoid type
esophagus™. Age is no longer a contraindication to
POEM with successful procedures being performed
in those even at the extremes of age. In particular,
several series have reported its successful use in the
pediatric population*>**,

Though POEM is classically done for the palliation
of symptoms of achalasia, it is being increasingly used
for the treatment of other foregut disorders. There are
growing reports supporting its use in spastic esophageal
disorders such as diffuse esophageal spasm (DES)
and Jackhammer esophagus!'**?\. It is potentially
more efficacious than even surgical myotomy as it
allows myotomy not only of the LES, but also of the
esophageal body, where hypertensive contractions
occur*2%21 - additionally, POEM has even been
reported in the stomach (endoscopic pyloromyotomy)
as a treatment strategy for selected patients with
gastroparesis’®**’.

EVALUATION AND PREPARATION

It is obligatory that patients have a diagnosis of achalasia
or spastic esophageal disorder firmly established based
on clinical history, esophageal manometry, contrast
esophagram and esophagogastroduodenoscopy (EGD).
A standardized validated symptom assessment form is
completed by all patients, with the majority of centers
using the Eckardt score®". The Chicago classification of
esophageal motility disorders mandates high resolution
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Figure 1 Endosocopic image of the endoluminal functional lumen
imaging probe assessing the esophagogastric junction via impedence
planimetry.

esophageal manometry (HREM) to identify the precise
achalasia or spastic esophageal disorder subtype,
although the clinical significance of this classification
has been recently debated™”. Computed tomography
(CT) is not mandatory, however, some experts find
it useful as it provides information on the anatomic
features of adjacent structures as well as identifying
congenital anomalies or ectopic varices. In addition,
CT scan can be an adjunct to contrast esophagram in
establishing the presence of a sigmoid-type esophagus.

Our institutional protocol is to perform an EGD on all
patients 2 wk prior to their procedure. All patients are
placed on a clear liquid diet 2 d prior to this endoscopy
and an endoscopic assessment is made of the quantity
of residual esophageal contents. If there is persistent
solid residue, then even more stringent dietary res-
triction is advised prior to POEM. This will allow for a
clear endoscopic view and may avoid aspiration during
induction of anesthesia. Additionally, this evaluation
allows for exclusion of underlying malignancy, erosive
esophagitis, Barrett’s esophagus and Candidal
esophagitis. On occasion, a HREM catheter is inserted
as passage without endoscopic guidance can be chall-
enging in patients with a tight LES and/or sigmoid
esophagus.

In case of use of anticoagulant or antiplatelet
therapy, it is generally recommended that these medi-
cations be stopped with the exception of acetylsalicylic
acid when prescribed as secondary prophylaxis. All
patients have a blood type and screen performed on
the day of the procedure.

POEM PROCEDURE

Our institutional protocol has been to perform POEM in
the endoscopy suite. This is in contrast to most other
centers where POEM is performed in the operating
room!*?®!, We have performed over 50 cases in the
endoscopy unit without a major intraprocedural adverse
event. The procedure is performed with the patient
in the supine position under general anesthesia with
endotracheal intubation and complete paralysis. Our
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protocol is to use a specialized endotracheal tube that
has a taper-shaped cuff with an evacuation port and
suction lumen (TaperGuard Evac, Covidien, Mansfield,
MA, United States). We have noted that approximately
100mls of fluid is aspirated through this specialized
endotracheal tube during each procedure with no
episodes of aspiration or pneumonia in our cohort’®”.,

Carbon dioxide (COz2) insufflation is mandatory
for safe POEM and to reduce the risk of mediastinal
emphysema, tension pneumoperitoneum, pneumo-
thorax and air embolization. An arterial line may
be inserted such that an arterial blood gas can be
performed and CO: levels monitored as needed. An
indwelling urinary catheter is inserted and a forced air
warming blanket is used to cover from the waist down.

The patient’s abdomen remains in unrestricted
view to allow for an immediate diagnosis of severe
pneumoperitoneum. The abdomen is palpated perio-
dically and if tidal volumes begin to diminish or the
abdomen is markedly distended, decompression is
accomplished using a Veress needle.

A thorough cleansing of the esophageal lumen is
performed prior to commencement of the intervention.
In certain cases, a therapeutic gastroscope with a
3.8mm working channel (GIF-Q260J; Olympus, Center
Valley, PA, United States) equipped with a water jet
is necessary. If adherent residue is present on the
esophageal mucosa, a soft cleaning cap (Barrx RFA
Cleaning Cap - Medium: CP-002A, BARRX Medical Inc.,
Sunnyvale, CA) can be used to safely scrape off the
residue. Broad-spectrum intravenous antibiotics are
administered.

Measurements of esophagogastric junction dis-
tensibility can be performed using the endoluminal
functional lumen-imaging probe (EndoFLIP; Crospon,
Galway, Ireland) (Figure 1). This provides a baseline
by which the operator can assess the adequacy of
the myotomy and may play a role in predicting which
patients will likely be non-responders®®*°!. Subse-
quently, the esophagus is lavaged with 240 mL of sterile
saline solution mixed with 180 mg of gentamicin.

A high-definition gastroscope fitted with a trans-
parent cap is used. It is recommend to secure the cap
on the endoscope tip with tape as anecdotal reports
exist of dislodgement of the cap within the submucosal
tunnel. A gastroscope that has a dedicated water jet
channel such as the GIF-HQ190/GIF-H180J] (Olympus,
Center Valley, PA, United States) or EG2990i/EG2990k
(Pentax Medical Corp., Montvale, New Jersey, United
States) is recommended. For all our procedures, a
bottle filled with saline and a second bottle of saline
mixed with indigo carmine are attached to the water jet
channel via a stopcock. Individual foot pedals activate
each bottle™® (Figure 2).

Four step approach to poem

The procedure can be split into four consecutive steps:
the mucosal incision, formation of the submucosal
tunnel, myotomy and closure of the mucosal incision®?.
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Step 1: Mucosal incision: The level of the esophago-
gastric junction (EGJ) is identified and determines the
level submucosal tunneling is commenced. In most
centers, an anterior (2 o’clock position) is used for the
submucosal tunnel and myotomy. However, in some
centers a posterior orientation (5 o’clock position)
is favored. An anterior myotomy may decrease the
damage to the angle of His, a barrier to post-operative
GERD. If there is doubt as to the identification of the
anterior and posterior walls, water can be injected into
the esophageal lumen and will pool on the posterior
aspect when the patient is positioned supine.

A submucosal cushion is then made 3 cm proximal
to the proposed commencement of myotomy using
0.01% epinephrine, 0.25% indigo carmine and 0.9%
saline solution. A 1.5 cm vertical mucosal incision
is made using a hybridknife (HK) (ERBE, Tubingen,
Germany) or triangular tip (TT) knife (KD 640 L,
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Figure 2 Endoscope setup for jet injection of
dyed saline. A: One bottle of saline and a second
bottle of saline mixed with indigo carmine are directly
connected to the water jet channel via a stopcock; B:
Separate foot pedals control injection of either pure
saline for optimizing visual field or dyed saline for
submucosal tunneling.

Olympus, Center Valley, PA, United States) using a
dry cut mode at 50 W on effect 3 (ERBE, Tubingen,
Germany) (Figure 3). The gastroscope is then inserted
into the submucosal space after dissection of the
submucosal fibers at the level of the mucosal incision.

The length of the submucosal tunnel (and hence
myotomy) must be determined prior to commencement
of the mucosal incision. In patients with achalasia
subtype I and II, a 6-10 cm esophageal myotomy
is performed. In patients with spastic esophageal
disorders, the length of myotomy is determined based
on the proximal extent of the hypertensive contractions
on HREM and/or the level of visible spastic contractions
seen endoscopically.

Step 2: Creation of submucosal tunnel: The

submucosal tunnel is created distally using a technique
similar to endoscopic submucosal dissection. Using
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Figure 3 Longitudinal mucosal incision 1.5 to 2 cm on
the anterior esophageal wall.

Figure 4 Creation of the submucosal tunnel. A: Dissection of the submucosal fibers using spray coagulation with the triangular tip knife (KD 640L, Olympus, Center
Valley, PA, United States); B: Dissection of the submucosal fibers using the hybridKnife (ERBE, Tubingen, Germany) which allows for both submucosal dissection and

fluid injection into the submucosal space.

a TT knife or HK, the submucosa is dissected with a
no-touch technique using spray coagulation mode
at 50 W on effect 2 (ERBE, Tubingen, Germany)
(Figure 4). The dissection plane is located nearly on
the surface of the muscularis propria. Recurrent jet
injection of indigo carmine mixed with saline is done
to increase the delineation between the submucosal
fibers and muscularis propria whenever the planes
become ambiguous (Figure 5). Care must be taken
to avoid injury to the mucosal layer during creation
of the submucosal tunnel as the mucosal layer is
the only barrier between the esophageal lumen and
mediastinum after myotomy. Large vessels in the
submucosa are coagulated using the Coagrasper
(Olympus, Center Valley, PA, United States) in soft
coagulation mode at 80 W on effect 5 (ERBE, Tubingen,
Germany).

An alternative technique for centers that do not
have a water jet for injection is to use the HK (ERBE,
Tubingen, Germany). This device obviates the need
for multiple accessory exchanges between needle
injector and knife as needless submucosal injection
using a high-pressure water jet and electrosurgical
dissection can both be performed. A randomized
controlled trial demonstrated that the HK resulted
in statistically significant quicker operating times as
compared to using the TT knife. This was primarily the
result of a statistically significant lower average number
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of accessory exchanges during the procedure (2 vs
19.2, P < 0.0001)"%, However, the above-described
water jet injection method obviates the need for these
frequent exchanges as well.

Another technique uses a balloon, such as a stand-
ard biliary stone extraction balloon, to dissect the
submucosal fibers without the use of electrosurgery.
Operators who use this technique claim that it allows for
a more rapid creation of the tunnel without substantial
bleeding as the vessels are momentarily displaced
rather than ruptured using this technique. Proponents of
this technique also state that this method is particularly
useful at the LES when the space between the muscle
and mucosal layer is limited.

The submucosal tunnel is extended 3cm beyond
the EGJ (Figure 6). This is essential as an adequate
gastric myotomy is considered critical to eradicate the
sling and clasp fibers which are considered essential
to maintain LES continence®***), The techniques to
assess the location of the EGJ include: insertion depth,
narrowing of the submucosal space and resistance of
passage of the endoscope through the EGJ followed
by prompt expansion of the space at the gastric
cardia, change in vasculature, visualization of aberrant
longitudinal muscle fibers at the EGJ] and injection of
epinephrine or indocyanine green (ICG)®**”), Many of
these methods are subjective. Our preference is to use
one of two objective techniques: double endoscope

May 16,2015 | Volume 7 | Issue5 |



Figure 5 Repeated jet injection (arrow) of dyed saline is performed
during submucosal tunneling to improve the demarcation between the
submucosal layer and muscularis propria whenever the submucosal
dissection plane becomes unclear.

transillumination technique or intraprocedural fluoro-
scopy[38'39].

Double endoscope transillumination for extent
confirmation technique

After the submucosal tunnel is created, the gastroscope
is withdrawn and an ultraslim, 5.9-mm endoscope
is inserted through the mouth into the stomach and
then retroflexed. The cap fitted gastroscope is rein-
serted alongside the ultraslim gastroscope into the
submucosal tunnel. The brightness of the light of the
ultraslim gastroscope is reduced while transillumination
is switched on for the standard gastroscope within
the submucosal tunnel. The transilluminated light is
seen by the ultraslim gastroscope and hence allows
exact appreciation of the extent of the tunnel into the
proximal stomach (Figure 7).

Intraprocedural fluoroscopy

After the formation of a submucosal tunnel, a radio-
opaque marker (endoscopic clip placed at EG] on the
opposite side to the submucosal tunnel or fluoros-
copically guided placement of a 19-gauge needle on the
skin) is used to mark the EGJ. The endoscope is then
re-inserted to the terminal aspect of the submucosal
tunnel. Using a C-arm, a fluoroscopic image is obtained
in the anterior-posterior axis. The distance between
the jaws of the endoscopic clip or needle, and the
endoscope tip is calculated using the known diameter
of the endoscope as a scale (Figure 8). This allows
for an objective measurement of the length of the
submucosal tunnel below the EGJ.

Step 3: Myotomy: Selective myotomy of the inner
circular muscle is performed 1cm below the end of the
mucosal incision. The HK or TT knife is used to grasp
and lift circular muscle fibers followed by cutting with
spray coagulation current at 50 W on effect 2 (ERBE,
Tubingen, Germany). Selective myotomy of the inner
circular muscle, preserving the outer longitudinal
esophageal muscular layer is usually preferred during

WIJGE | www.wjgnet.com
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POEM (Figure 9). The selective circular muscle
myotomy is intended to prevent the endoscope entering
the pleural space and decrease morbidity. However, it
can be difficult to accomplish because the longitudinal
muscle fibers of the esophagus are very thin, and
therefore inadvertent splitting of these fibers often
occur during POEM. Either trauma from maneuvering
the endoscope in the tunnel, electrocautery damage,
or CO: insufflation alone can result in splitting of the
longitudinal muscle layer and adventitia and hence
direct exposure to the mediastinum or peritoneum™?
(Figure 10). Moreover, the ability to differentiate
between circular and longitudinal muscular layers
becomes particularly challenging at the level of the
EGJ and stomach. Therefore, some experts are of the
opinion that a full-thickness myotomy at this level is
mandated for adequate and long-term reduction of
pressure at the LES.

Li et al™® compared the outcomes between 131
patients that underwent selective inner circular muscle
myotomy and 103 who underwent full-thickness myo-
tomy. The average procedure times were briefer in the
full-thickness myotomy cohort (42 min vs 49 min, P
= 0.02). No difference was found in the frequency of
adverse events between the cohorts. During follow-
up, clinical success (Eckardt score < 3) persisted for
115/121 (95.0%) of patients in selective inner circular
myotomy cohort and 95/99 (96.0%) of patients in full-
thickness myotomy cohort (P = 0.75). There were
no significant differences in absolute (pre and post)
or mean reduction in LES pressures between groups
(both P > 0.05). There was no statistically significant
difference in the rate of clinical reflux events (21.2%
vs 16.5%, P = 0.38). The authors concluded that
there was no meaningful difference between the two
methods in terms of symptom relief and manometric
outcomes.

It is believed that selective inner circular myotomy
adds an element of extra safety to POEM and hence
may lead to easier dissemination, especially when
performed by endoscopists with lesser experience.
Although the myotomy is not the most challenging
part of the procedure, it must be performed carefully
such that there is adequate separation of muscle
fibers and inadvertent damage to vessels is avoided.
Once the myotomy is completed, smooth passage of
the endoscope through the area of the LES into the
stomach should provide confirmation of complete
myotomy.

Step 4: Closure of the mucosal incision: Prior to
closure of the mucosal incision, a careful inspection of
the submucosal tunnel is performed and any oozing is
controlled. Then the esophageal mucosa is interrogated
and any laceration or mucosotomy is addressed.
Lower esophageal sphincter relaxation is evaluated by
retroflexed visualization of the gastric cardia. Repeat
EndoFLIP measurements can now be performed to
determine post myotomy distensibility.
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Figure 7 Transillumination can be seen 2 cm below the gastroesophageal
junction indicating that the submucosal tunnel can be extended a further
1 cm prior to commencing the myotomy.

The mucosal entry can be closed with endoscopic
clips®*! or the use of a flexible endoscopic suturing
device (OverStitch; Apollo Endosurgery, Austin, TX,
United States)™ ! (Figure 11). When endoscopic clips
are used, the initial clip is deployed at the most distal
part of the mucosal incision to facilitate approximation
of the incisional borders. Placement of subsequent clips
is performed in a proximal direction until complete
closure. Salvage closure techniques have been reported
when standard methods fail. These include over-the-
scope clip and a covered esophageal stent****,

POSTOPERATIVE CARE

Patients are admitted overnight for observation and
kept nil per oral. Intravenous prophylactic antiemetics
and broad-spectrum antibiotics are prescribed. A
contrast esophagram is obtained the following mor-
ning and a soft diet is commenced after exclusion
of an esophageal leak. Routine thoracic CT scan is
not warranted because of the high rate of minor and
clinically irrelevant findings™®. Patients are routinely
prescribed broad-spectrum antibiotics for 5 to 7 d.
Patients remain on soft diet for 2 wk after which a
normal diet can be commenced. In order to avoid
any potential damage to the esophageal mucosa, we
prescribe twice daily proton pump inhibitor for 2 wk.
Follow-up clinic visit to assess for delayed complications
and assessment of clinical response (Eckardt score)

WIJGE | www.wjgnet.com

JRaishideng®

502

Figure 6 Submucosal tunnel after the submucosal
fibers have been dissected away. The myotomy can
now be commenced.

occur at 3 mo post procedure. Additionally, repeat
HREM and esophageal acid exposure testing are
ordered routinely.

EFFICACY OF POEM

The published literature to date illustrates that POEM
is highly effective in the short-term management of
achalasia. In the almost all series, clinical success was
defined as postprocedure Eckardt score < 3. It should
be noted that a patient could suffer dysphagia at each
meal despite an Eckardt score of 3. Other metrics
used are decrease in LES pressure, improvement in
esophageal emptying and quality of life. It must be
noted that most data are derived from studies that
are uncontrolled and open label. Additionally, the
follow-up interval is often short and frequently not
standardized. Only one prospective multicenter study
exists which reports outcomes to 12 mo™**.. The recent
white paper summarized data from 14 studies with
outcomes based on 804 patients'®. Clinical success was
reported in 82% to 100% of patients with significant
reductions in Eckardt score and LES pressure. Several
studies have described efficacy based on timed barium
esophagram (an objective measurement of esophageal
emptying)*>*’“*%l, Recent reports have also documented
a significant improvement in several measures of
quality of life after POEM™>*,

EndoFLIP has been increasingly reported as a
method of assessing the adequacy of myotomy during
the POEM procedure. This method involves using a
balloon catheter outfitted with a series of electrodes
that is placed across the EGJ and allows measurement
of luminal diameter, cross-sectional area and balloon
pressure via impedence planimetry (Figure 12). An
index of EGJ] distensibility can be determined and this
has been shown to correlate better with postoperative
symptoms than manometric pressure measurements®”,
Patients within a “sweet spot” of postoperative EGJ
distensibility (4.5-8.5 mm?/mmHg) are almost twice
as likely to have optimal symptom outcomes as those
outside this window'®.,

The literature to date supports the notion that
POEM is feasible, safe and efficacious in patients
that have undergone prior botulinum toxin injections
or pneumatic balloon dilation and is comparable to
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Figure 8 Using fluoroscopy to assess the adequacy of
gastric myotomy during peroral endoscopic myotomy.
A: The needle is fluoroscopically lined up with the tip of the
endoscope and leveled with the EGJ; B: The endoscope
has a diameter of 1 cm, and therefore, the endoscope tip is
measured to be 3 cm below the needle marking the EGJ.
EGJ: Esophagogastric junction.

Figure 9 Selective myotomy of the circular muscle fibers. The longitudinal muscle fibers have been preserved.

Figure 10 Splitting of the longitudinal muscle fibers despite attempted
selective cardiomyotomy. Peritoneal fat can be seen through the translucent
adventitia.

patients who are treatment naive®*?, In the IPOEMS
survey, 40% of patients had undergone POEM after
prior endoscopic therapy™®. The consensus from
POEM operators is that botulinum toxin injections
injections induce submucosal fibrosis and results in a
more challenging dissection (which can be overcome
by operator experience) with undiminished efficacy®®.
POEM after prior pneumatic balloon dilation did not
render the procedure more technically challenging or
increase the rate of complications and the efficacy was
undiminished"®®,

Relapse or persistence of symptoms after a Heller
myotomy happens in 10% to 20% of patients at
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2-year follow-up™*., There are 3 studies that specifically
examined the utility of POEM in patients that have
undergone a prior Heller myotomy. A prospective
study of 12 patients by Zhou et a® with relapse or
persistence of symptoms after Heller myotomy under-
went technically successful POEM after a mean of 12
years from the time of the primary Heller myotomy.
No major adverse events related to POEM were enco-
untered. Treatment success was achieved in 11/12
(91.7%) patients (mean Eckardt score pretreatment vs
posttreatment: 9.2 vs 1.3; P < 0.001) at a mean follow-
up of 10.4 mo. Onimaru et al”? reported their series of
11 patients who had relapse or persistent achalasia and
had undergone Heller myotomy as initial therapy. Ten
patients underwent salvage POEM which was performed
successfully without adverse events. One patient
responded to pneumatic dilation. At 3 mo follow-up, a
significant reduction in Eckardt symptom scores (6.5 vs
1.1, P < 0.001) and LES resting pressures (22.1 vs 10.9
mmHg, P < 0.01) were noted. Finally, Vigneswaran et
al®! reported 5 patients who had symptom recurrence
after Heller myotomy and subsequently underwent
POEM. The average procedure time was 149 min. In all
patients, there was a significant reduction in average
postprocedure Eckardt score (6.8 vs 0.6, P < 0.001).
Therefore, its appears that POEM may be a worthwhile
treatment option for patients with relapse or persistent
symptoms after Heller myotomy.

While POEM is usually performed for the mana-
gement of achalasia, preliminary data suggest it is a

May 16,2015 | Volume 7 | Issue5 |



Kumbhari V et a/. Peroral endoscopic myotomy

Figure 11 Closure of the mucosal entry after completion of the myotomy. A: A posterior mucosal incision was closed with three endoscopic clips; B: A posterior
mucosal incision was closed with a running suture pattern using transoral flexible endoscopic suturing (OverStitch; Apollo Endosurgery, Austin, TX, United States).

viable option for the management of spastic esophageal
disorders since it permits myotomy of the proximal
esophagus (where hypertensive contractions occur). It
is has been suggested that in those patients, a greater
improvement in dysphagia is noted compared to chest
pain in patients undergoing POEM®"**), Based on expert
opinion, it is recommended that a longer esophageal
myotomy be performed for spastic esophageal disor-
ders and the level of commencement should be based
on the findings of HREM and endoscopy!**..

ADVERSE EVENTS

POEM is a safe endoscopic technique associated with
a low rate of perioperative and postoperative adverse
events when performed by experienced operators.

Intraprocedural adverse events

Subcutaneous emphysema and pneumoperitoneum
are often encountered during the procedure and are
no longer considered adverse events. Pneumothorax
is infrequently encountered and does not usually
require treatment as CO: is rapidly absorbed. If there
is respiratory compromise then a chest tube should
be inserted and the procedure continued. In cases
of tension pneumoperitoneum a Veress needle can
be inserted through the abdominal wall. Excessive
hypercarbia resulting from extended CO2 administration
may require the endoscopist to momentarily remove
the endoscope from the patient for 5 to 10 min.

The most feared complication is an inadvertent
mucosotomy which results in a perforation. As the
submucosa and muscle have been dissected, even
a small mucosotomy is potentially dangerous. Most
mucostomies happen at the level of the LES and cardia
as this is the site of narrowing in the submucosal
tunnel. If a mucosotomy is identified it should be
closed with endoscopic clips. Larger mucosotomies
have been closed with a flexible endoscopic suturing
device (OversStitch; Apollo Endosurgery, Austin, TX,
United States)®®*”). Other salvage techniques used
have included fibrin glue®® and over-the-scope clips'*?..
If the mucosotomy is detected during submucosal
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tunneling then it should be addressed immediately as
delayed closure may result in significant increase is the
size of the mucostomy (Figure 13).

Bleeding during submucosal tunneling is not uncom-
mon although the need for specialized interventions is
rare (Figure 14). Careful step-wise dissection will allow
vessels to be visualized and prophylactically treated
using coagulation with the electrocautery knife itself
(forced coagulation 25 W effect 2) or hemostatic forceps
(Coagrasper; Olympus, Center Valley, PA, United
States) for treatment of bigger vessels that are usually
encountered in the gastric cardia. If bleeding appears
to originate from a vessel along the mucosal surface,
hemostasis can be achieved with gentle pressure using
the tip of the endoscope for several minutes.

Late advers events

Delayed bleeding has been reported in 0.7% of patients
in a large series of 428 patients™”. Hematemesis with
or without chest pain requires an emergent endoscopy
and removal of the clips or sutures from the mucosal
entry so that the submucosal tunnel and muscle can be
assessed. In the aforementioned series, the bleeding
point was identified in 2/3 cases and in the third
patient there was no focus found and the patient was
effectively treated with a Sengstaken-Blackmore tube.
It is important to note that hematoma in the tunnel
can result in pressure necrosis of the mucosal flap with
potentially disastrous consequences. The safety of
the Sengstaken-Blackmore tube in this setting is also
debated as it can potentially result in pressure necrosis
of the already devascularized mucosa.

The most common adverse event with POEM is
gastroesophageal reflux (GER). When objective data
are reviewed, such as erosive esophagitis on EGD
and/or an abnormal acid exposure on a pH study,
the prevalence of GER appears to be between 20%
to 46%"®. This is similar to the rates seen with Heller
myotomy with partial fundoplication®*®!, There is no
consensus on how to manage patients with objective
GER. One center reported the use of transoral endoscopic
fundoplication in an patient with GER symptoms
refractory to proton pump inhibitor®®*.
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POEM IN THE MANAGEMENT
ALGORITHM FOR ACHALASIA

For decades, pneumatic balloon dilation and Heller
myotomy were the primary methods for the palliation
of symptoms of achalasia. POEM appears to have
potential advantages over these techniques. POEM
appears to be associated with decreased need for
retreatment and a lower rate of perforation than
pneumatic balloon dilation although no comparative
studies exist. There are several uncontrolled studies
comparing POEM to Heller myotomy which reveal that
they have similar short term efficacy and safety™*%,
Aside from POEM, insertion of self-expandable meta-
llic stents across the EGJ have been studied as an
alternative management strategy. Although early
reports show promise in terms of symptom palliation,
stent migration and intolerance appear to be an
issuel®6el,

At this stage, there are no gastrointestinal or surgical
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Figure 12 Endoluminal functional lumen-imaging
probe (EndoFLIP; Crospon, Galway, Ireland).
A: EndoFLIP measurements performed prior to
commencement of POEM. A tight hourglass shape at
the EGJ can be seen; B: On completion of the myotomy
the waist is widened with a corresponding increase
in the distensibility index. POEM: Peroral endoscopic
myotomy; EGJ: Esophagogastric junction.
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society guidelines that have incorporated POEM into
their treatment algorithm for achalasia. The American
College of Gastroenterology clinical guideline on the
management of achalasia cautioned against the use
of POEM until the results from further clinical studies
are available®. Similarly, Vela et a/”® in his expert
review, comments that POEM should only be performed
in the context of clinical trials and that more data is
needed before it can be incorporated into the treatment
algorithm for achalasia patients. As POEM disseminates
worldwide, it is inevitable that it will establish its place in
management algorithms of the future.

GASTRIC PERORAL ENDOSCOPIC
MYOTOMY (ENDOSCOPIC
PYLOROMYOTOMY)

We have published the first human endoscopic
pyloromyotomy for medication refractory gastropa-
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Figure 13 Inadvertent mucosotomy at the gastric cardia. A: Coagulation injury seen on the gastric mucosa at the level of the cardia during the process of
submucosal tunneling; B: The procedure continued, however, on completion of the myotomy a frank 12 mm mucosotomy was now present.

Figure 14 Bleeding encountered during gastric myotomy. This was treated
with the use of coagulation graspers.

resis®?. One year later Shlomovitz et al*® reported
gastric peroral endoscopic myotomy in 7 patients
with gastroparesis. Six of the 7 patients experienced
significant improvement in symptoms with normali-
zation of gastric emptying seen in 4 out of 5 patients.
This procedure appears viable and can be executed
using similar techniques to that of esophageal POEM.
It should be noted that only a subset of patients with
refractory gastroparesis are likely to benefit from this
approach.

COMMENCING A POEM PROGRAM

It is general consensus that institutions commencing
a POEM program do it with institutional review board
approval®. POEM is a technique that requires a unique
set of skills combining good endoscopic manipulation
and recognition of anatomical structures. In particular,
knowledge of the EGJ] anatomy and pathophysiology
of achalasia is necessary. Of significant importance,
is the maintenance of a consistent team throughout
the learning curve. This includes nursing as well as
anesthetic staff. Additionally, knowledge of the use of
accessories necessary to deal with complications is
mandatory. Expert operators propose that an efficient
training method involves careful observation of POEM
by an expert, experience using live animal models
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and then performing the procedure in humans with a
proctor present.

The learning curve for POEM has not been clearly
defined. Kurian et al’'! used the duration of the
procedure per centimeter of myotomy and the incidence
of inadvertent mucosotomies and calculated that the
learning curve appeared to plateau at approximately
20 procedures. Teitelbaum et al”*! found that reduction
in time for the mucosal entry and myotomy as well as
reduction in the incidence of inadvertent mucosotomies
occurred at a “learning rate” of 7 procedures. Expert
operators comment that the creation of the submucosal
tunnel, particularly at the LES, is likely the most difficult
aspect of POEM.

FUTURE DIRECTIONS

Given that achalasia is a chronic disease, long-term
outcomes for POEM are essential. Furthermore,
POEM needs to be compared to Heller myotomy and
pneumatic balloon dilation in multicenter prospective
randomized controlled trials.

Progress is being made to simplify POEM in order
to increase its efficiency and safety. We published
our experience of a novel technique of “auto-tun-
neling” during POEM in 5 pigs'’?. After creation of
the submucosal bleb at the site of the mucosal entry,
a proprietary submucosal lifting gel (Cook Medical,
Winston-Salem, NC, United States) was injected and
resulted in a complete submucosal tunnel to the level
of the EGJ. This and other innovative modifications may
alleviate current technical challenges.

The most contentious issue surrounding POEM
remains the frequency and clinical importance of gastro-
esophageal reflux. Rigorous evaluations of patients post
POEM using pH measurements are required in patients
from the East and West. Individualizing the length of
the gastric myotomy based on the results of EndoFLIP
may reduce the incidence of this problem. Additionally,
performing a transoral partial fundoplication in all
patients or those that have abnormal acid exposure on
post procedure testing may improve outcomes.

Further investigation needs to be performed to
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study other technical considerations for POEM. Is an
anterior or posterior myotomy the preferred approach?
Is it cost-effective and safe for POEM to be performed
in the endoscopy unit? Is same day discharge suitable
if an immediate contrast esophagram demonstrates no
extravasation? These, as well as other questions, will
need to be answered by high quality controlled trials.

CONCLUSION

POEM likely represents the first sentinel application in
NOTES and has the potential to supplant the current
treatment methods for achalasia. It fulfils an important
clinical need as both pneumatic balloon dilation and
Heller myotomy have their short comings. POEM is an
elegant minimally invasive treatment with a short-term
clinical response of 82% to 100% and with a low risk of
adverse events. The results of prospective multicenter
randomized controlled trials are awaited.
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