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The recent development of per oral endoscopic myotomy (POEM) has been
a game changer in the management of patients with achalasia. However,
approximately 1 in 10 patients will not experience clinical success. The aim of
this mini-review is to describe the current state of knowledge about the risk
factors associated with POEM failure for the treatment of achalasia. Suspected
risk factors are detailed into pre-, intra-, and post-procedural factors and
put into perspective. Pre-procedural factors have been described, such as
pre-treatment Eckardt score, previous treatments for achalasia, sigmoid type
esophagus, significant esophageal dilatation, non-type Il achalasia, young age
and long duration of symptoms. An intra-procedural factor, mucosal injury
during POEM, has also been associated with POEM failure. The occurrence
of post-POEM GERD was identified as a controversial post-procedural factor
associated with failure. The presumed mechanisms of POEM failure are
incomplete myotomy or ineffective LES disruption, as confirmed by high-
resolution manometry. However, when manometry confirms a significant
decrease in LES pressure, it is likely that either impaired peristalsis or a
morphologic abnormality such as extreme esophageal dilatation or severe
tortuosity, which are not treated by POEM, should be suspected. Notably,
a recently described adverse effect of POEM is the formation of a pseudo-
diverticulum at the site of the myotomy (blown out myotomy). We finally stress
the importance of performing a complete workup in case of POEM failure as
different mechanisms of POEM failure should lead to different management.

achalasia, per oral endoscopic myotomy (POEM), clinical success, risk factors,
predictive score

Introduction

The recent development of Per oral endoscopic myotomy (POEM) has been a game
changer in the management of patients with achalasia. POEM involves the creation
of a submucosal tunnel in the esophagus wall using a standard gastroscope, allowing
myotomy of the circular muscle layer to reduce pressure at the lower esophageal
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sphincter (LES) and then closing of the tunnel to protect the
myotomy site from infection (1). It is primarily used to treat
achalasia, a functional condition of the esophagus, characterized
by the combination of failed esophageal peristalsis and lack of
relaxation of the LES, as reflected by a high integrated relaxation
pressure on high-resolution manometry (2). Over the past
12 years and despite its innovating concept, POEM has grown
dramatically due to its excellent clinical results and tolerance
(3, 4). However, short-term clinical success is not achieved in
approximately 1 in 10 patients (5, 6).

The mini review aims to describe the current state of
knowledge about the risk factors associated with POEM failure
in the treatment of achalasia.

Definition of clinical failure

The Eckardt score is the most widely used symptom score
in achalasia; it was developed to assess clinical response to
treatment, at the time pneumatic dilation (7). It consists of
4 items, namely weight loss, dysphagia, retrosternal pain, and
regurgitation, each scored from 0 to 3. It has been suggested that
the Eckardt score could be refined, as retrosternal pain, which
is inconstant in patients with achalasia, and weight loss, which
is multifactorial, appear to be less reliable than other factors (8).
In most studies evaluating the efficacy of achalasia treatment,
clinical failure is defined by an Eckardt score > 3 (6, 9-11) but
other outcomes such as other scores or the need for further
treatment have been used (12).

Risk factors

Suspected risk factors can be classified into pre-procedural,
intra-procedural, and post-procedural factors (Table 1).

Pre-procedural factors

Several pre-procedural factors have been described that
may be used to better inform patients and select the best
treatment options.

The pre-treatment Eckardt score was identified as a
predicting factor for failure in a prospective Chinese study of 115
patients (odd-ratio (OR) 2.24) (13). A score > 9 was associated
with high sensitivity and specificity in predicting POEM failure.
This was confirmed in 2 Japanese studies that identified a
positive association of pretreatment Eckardt score with failure

Abbreviations: BOM, blown out myotomy; FLIP, functional luminal
imaging probe; GERD, gastro-esophageal reflux; HR, hazard ratio;
LES, lower esophageal sphincter; OR, odd ratio; POEM, per oral
endoscopic myotomy.
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(OR 1.17 to 1.45 for a one-point increment in preprocedural
Eckardt score) (14, 15).

Conversely, a Chinese retrospective study of 564 patients
(16) found no impact of pre-treatment Eckardt score but
identified long disease duration (> 10 years) as a risk factor
with an hazard ratio (HR) of 2.45. Similarly, a Norwegian series
showed that symptom duration of 5 years and more had a
negative impact on POEM outcome (OR 6.67) (17).

A previous treatment for achalasia was associated with
POEM failure, with the risk increasing from 1.12 to 3.75
in Asian studies (15, 16, 18). Another study found that
the risk of POEM failure was greater in case of prior
Heller’s myotomy (OR 4.55; reference: no previous treatment)
than when patients had a history of pneumatic dilation.
One explanation could be that patients with prior treatment
often have a longer duration of disease and are more
likely to have sigmoid esophagus and submucosal fibrosis
(19). Submucosal fibrosis at the gastroesophageal junction
caused by previous endoscopic treatment, i.e., botulinum
toxin injection, pneumatic dilation or a first POEM, or
surgical myotomy, could increase the difficulty of submucosal
dissection. In addition, patients with prior treatment may have
esophageal motility disorders that are inherently refractory to
treatment. However, data are conflicting, with several studies
demonstrating the safety and efficacy of POEM in non-naive
patients (20, 21).

Dilated esophagus and sigmoid shaped esophagus were
found to be risk factors for POEM failure. Urakami et al. found
that sigmoid-type esophagus, characterized by subsequent
tortuous angulation <135° of esophageal lumen (22), and
esophageal dilation grade > II, i.e., with a diameter >3.5 cm,
were associated with POEM failure (OR of 3.68 and 3.75
respectively) (15). Similarly, an achalasia stage of II or
higher, i.e., esophageal diameter >3 cm or sigmoid esophagus
(23), was associated with failure assessed by timed barium
esophagogram in the series by Evensen et al. (OR 10.6)
(17). As esophagogram is less sensitive than high-resolution
manometry (24), it is not always performed during achalasia
workup, therefore esophageal diameter and angulation are
not routinely measured, which might explain why these
parameters do not appear in all achalasia series. The role
of esophageal morphology in POEM failure is probably
related to the persistence of delayed esophageal transit in
dilated esophagus, even after LES myotomy (25). However,
esophageal morphology was not an independent factor in a
large Japanese series, probably because it is closely related to
disease duration, history of previous treatment and the type of
achalasia (14).

The type of achalasia also seems to play a role, with type
II achalasia having the most favorable profile compared with
types I and III. A meta-analysis (12) confirmed that POEM was
more likely to achieve clinical success than surgical treatment in
type I and type III (OR 2.97 and 3.50, respectively). However,
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TABLE 1 Risk factors for clinical failure of peroral endoscopic
myotomy in achalasia.

Putative factors Level of risk
Pre-procedural factors

Pre-treatment Eckardt score +++

Long disease duration ++

Prior achalasia treatment +++

Dilated esophagus and ++

sigmoid-shaped esophagus

Non-type II achalasia +++

Young age +

Sex -

Cardiac muscle thickness +
Intra-procedural factors

Location of the myotomy -

Length of the myotomy —

Experience of the operator ++

Mucosal injury +
Post-procedural factors

Gastro-esophageal reflux +

(+ + +) probable; (+ +) likely; (+) possible; (£ ) conflicting data; (—) unlikely.

this analysis also reported that clinical success after POEM was
achieved in 95% of patients with type I achalasia, 97% of those
with type IT and 93% of those with type III, highlighting both
the excellent results of POEM and the better prognosis of type
IT achalasia. Another meta-analysis (26) showed inconclusive
results regarding the impact of achalasia subtypes. Type III
achalasia is less common than type I and II; in a Japanese
multicenter study (14) types I, II, and IIT accounted for 55.4%,
38.9% and 5.7% of achalasia cases, respectively. The favorable
profile of type II achalasia may be due to pressurization which
improves esophageal emptying after treatment (27).

Young age is often considered a risk factor for POEM
failure, by analogy with pneumatic dilation. A series from
Western countries showed that clinical success was increased
by a factor of 1.6 per 10 years (28). However, a meta-analysis
exploring the risk factors for clinical failure of different achalasia
treatments, while confirming that age was a risk factor for failure
of pneumatic dilation, found no relationship between age and
POEM failure (26). In the same study, sex was not associated
with POEM failure.

Cardiac muscle thickness was associated with POEM
outcome in a Chinese retrospective study in which an
endoscopic ultrasound examination was performed before
POEM with achalasia (29).

(< 3mm) was associated with more frequent POEM failure

in patients Thin muscle
than thick muscle.

Panometry profile using functional luminal imaging probe
(FLIP) has not been associated with POEM outcomes but the
level of evidence remains low (30).
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Intra-procedural factors

As they are directly dependent on the procedure, these are
the factors on which the operator can have the most influence.

Technical factors such as the orientation of the myotomy
(anterior or posterior) (31, 32) as well as the length of the
myotomy (33) do not seem to have an impact on the clinical
outcome of POEM in prospective series. The experience of the
operator could also be associated with POEM outcome but
there are conflicting data on how many POEM cases must be
performed to be competent (34).

Mucosal injury during POEM has been associated with
POEM failure (18). In this Chinese study mucosal injury were
divided into two categories: stage I, i.e., small superficial mucosal
injuries, that could be easily repaired, and type II, ie., large
full-thickness perforations with an irregular border, which were
difficult to repair. Compared with no mucosal injury, stage II
mucosal injuries were associated with a higher risk of POEM
failure (HR 6.35; p < 0.001), whereas there was only a trend for
stage I injuries. The authors hypothesized that wound scarring
may induce re-constriction of the LES.

Post-procedural factors

Post procedural factors cannot be used to plan the patient
management but would be early predictors of POEM failure. To
our knowledge, only one, post-POEM gastro-esophageal reflux
(GERD) has been discussed but its role remains controversial,
as an adverse event inherently linked to the decrease in LES
that is induced and sought by POEM. Therefore, the occurrence
of post-POEM GERD should not be considered a failure per se
but different teams have investigated whether it could be related
to the effectiveness of POEM. Clinical GERD, defined at either
symptomatic reflux assessed by a questionnaire or esophagitis,
was identified by Liu and colleagues (18) as a post-procedural
factor associated with failure (OR 3.01). However, endoscopic
evidence of GERD 3 to 6 months after treatment was associated
with POEM clinical success in another study (OR 6.76) (28).

Scoring systems

Several recent initiatives to develop a scoring system
the risk of POEM failure have been published
(Supplementary material).

for

First, in a Chinese single-center retrospective study (18)
a point-scoring system was developed by assigning 2 points
to prior treatment, 2 points to type I mucosal injury, 6
points to type II mucosal injury, and 3 points to clinical
GERD. In the validation cohort, patients with 4 points
or more had a 4-fold higher risk of POEM failure than
patients with fewer than 4 points. However, this score, which
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encompasses pre-, intra- and post- procedural variables cannot
be used pre-operatively and therefore cannot guide early
patient management.

Second, in a Japanese single-center retrospective study (15)
designed to predict clinical failure of POEM for esophageal
motility disorders, risk points were assigned for pretreatment
Eckardt score (1 point for a one-point increment in the
preprocedural Eckardt score), previous treatments (4 points),
sigmoid-type esophagus (4 points), and esophageal dilation
grade > II (4 points). In the low-risk group (<10 points),
intermediate-risk group (10 to 15 points), and high-risk group
(>15 points) the percentage of poor responders was 6.6, 16.3
and 66.7%, respectively. One limitation is that the type of
achalasia was not analyzed although it is likely to be an
important predictor.

Third, a large Japanese multicenter case-control study
(14) developed a score to predict clinical failure of POEM
for esophageal motility disorders, with non-achalasia motility
disorders grouped with type III achalasia in “non-type I/II
achalasia.” Three preoperative factors were identified in a
multivariate analysis and points were assigned accordingly:
preprocedural Eckardt score (1 point for a one-point
increment), manometric diagnosis (-4 points for type II
achalasia), and previous treatments (1 point for pneumatic
dilation or 12 points for surgical/endoscopic myotomy). Risk
was categorized as low when the score was <9 points, with an
estimated risk <5%, and high when the score was >9 points
with an estimated risk >5%. The discrimination capacity of
this promising score was not considered sufficiently robust by

10.3389/fmed.2022.1099533

the authors, who hypothesized that other predictors remain
to be identified.

Most studies on predictors of POEM failure have been
conducted in Asian patients and data are needed regarding risk
factors in Western countries (35).

Mechanisms of per oral
endoscopic myotomy failure

Various hypotheses have been discussed regarding the
mechanisms of POEM failure. The main presumed mechanism
of POEM failure is incomplete myotomy or ineffective
LES disruption, as confirmed by high-resolution manometry.
However, when manometry confirms a significant decrease in
LES pressure, it is likely that either impaired peristalsis or a
morphologic abnormality such as extreme esophageal dilatation
or severe tortuosity, which are not treated by POEM, should
be suspected (36). Notably, a recently described adverse effect
of POEM is the formation of a pseudo-diverticulum at the
site of myotomy (blown out myotomy-BOM) (Supplementary
material). In a US study, esophagograms of patients who
underwent surgical myotomy or POEM for achalasia were
examined to assess the presence of a BOM, defined as a
distal wide-mouthed (>2 cm) diverticulum in the area of the
prior myotomy with more than a 50% increase in esophageal
diameter, potentially favorized by a weakness in the esophageal
muscle due to the myotomy. Myotomy failure was more

Endoscopic or surgical myotomy

Score Eckardt 2 4

|

Evaluation of persistent symptoms

Retrosternal pain

Dysphagia

Regurgitation

Persisting premature Impaired esophageal s
contraction dearance +failed LES < GERD
relaxati%
/N 7 |
yes no no yes yes
Redo-POEM Symptomatic Redo-POEM/Heller PPI £ reflux surgery
or botulinum treatment or

toxin injection at
the contraction
site

FIGURE 1

Esophageal dilation

A proposed algorithm of management after failure of an endoscopic or surgical myotomy for the treatment of achalasia (Expert opinion).
*Search by esogastroduodenoscopy for esophagitis and peptic stenosis. EGD, esogastroduodenoscopy; FLIP, functional luminal imaging probe;
GERD, gastroesophageal reflux; HRM, high-resolution manometry; PPI, proton pump inhibitors.
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common in patients with BOM, which was associated with
type III achalasia, high post treatment integrated relaxation
pressure and surgical myotomy (37). The authors hypothesized
that BOM could be prevented by a shorter myotomy in type I
and II achalasia and that fundoplication by increasing pressure
above the gastroesophageal junction might increase the risk
of BOM (38).

Finally, other causes of esophageal symptoms must be
investigated when Eckardt score fails to decrease after POEM.

A better understanding of the pathophysiology of achalasia
would allow to adapt the treatment, which can be considered
as palliative at present. Current theories on achalasia were
apprehended through the study of esophagectomy specimens
but several teams have attempted to take advantage of the
myotomy tunnel to sample muscle to study the mechanisms
leading to achalasia (39, 40).

Management of per oral
endoscopic myotomy failure

The different mechanisms of POEM failure should lead to
different management.

After the careful interview of the patient and treatment of
a potential GERD, a complete workup should be performed,
including upper GI endoscopy, manometry, pH study and
esophagogram. The role of FLIP has also been advocated
in this indication (41). The type of persistent symptoms
should be investigated, with retrosternal pain being the most
difficult to treat. If the integrated relaxation pressure is still
elevated, incomplete myotomy is likely and retreatment such
as repeat POEM or pneumatic dilation may be advocated
(42). When upper GI endoscopy demonstrates esophageal
stricture, especially in patients experiencing symptoms of
GERD, hydrostatic dilation can be performed. Options for
patients with low integrated relaxation pressure and endoscopy
and esophagogram showing esophageal distension with food
stasis are still limited. The authors suggest an algorithm for
the management of persistent symptoms after endoscopic or
surgical myotomy based on their experience (Figure 1).

Patients should be informed by their physician that all
achalasia-related symptoms may not disappear after POEM
since the esophagus body remains abnormal.
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