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International multicenter experience with peroral endoscopic
myotomy for the treatment of spastic esophageal disorders
refractory to medical therapy (with video)
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Background: Limited data exist on the use of peroral endoscopic myotomy (POEM) for therapy of spastic esoph-
ageal disorders (SEDs).

Objective: To study the efficacy and safety of POEM for the treatment of patients with diffuse esophageal spasm,
jackhammer esophagus, or type III (spastic) achalasia.

Design: Retrospective study.

Setting: International, multicenter, academic institutions.

Patients: All patients who underwent POEM for treatment of SEDs refractory to medical therapy at 11 centers
were included.

Interventions: POEM.

Main Outcome Measurements: Eckardt score and adverse events.

Results: A total of 73 patients underwent POEM for treatment of SEDs (diffuse esophageal spasm 9, jackhammer
esophagus 10, spastic achalasia 54). POEM was successfully completed in all patients, with a mean procedural
time of 118 minutes. The mean length of the submucosal tunnel was 19 cm, and the mean myotomy length
was 16 cm. A total of 8 adverse events (11%) occurred, with 5 rated as mild, 3 moderate, and 0 severe. The
mean length of hospital stay was 3.4 days. There was a significant decrease in Eckardt scores after POEM (6.71
vs 1.13; P Z .0001). Overall, clinical response was observed in 93% of patients during a mean follow-up of 234
days. Chest pain significantly improved in 87% of patients who reported chest pain before POEM. Repeat manom-
etry after POEM was available in 44 patients and showed resolution of initial manometric abnormalities in all cases.

Limitations: Retrospective design and selection bias.

Conclusion: POEM offers a logical therapeutic modality for patients with SEDs refractory to medical therapy.
Results from this international study suggest POEM as an effective and safe platform for these patients. (Gastro-
intest Endosc 2015;81:1170-7.)
(footnotes appear on last page of article)

1

This video can be viewed directly
from the GIE website or by using
the QR code and your mobile de-
vice. Download a free QR code
scanner by searching “QR Scanner”
in your mobile device’s app store.
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In the current iteration of the Chicago classification of
esophageal motility disorders, spastic esophageal disorders
(SEDs) include spastic (type III) achalasia, diffuse esopha-
geal spasm (DES), and hypercontractile (jackhammer)
esophagus. Despite differences in pathophysiology, these
disorders share many similarities in their clinical presenta-
tions, including dysphagia, chest pain, regurgitation, and/
or heartburn. The identification of these spastic disorders
is based on the contractile pattern observed by using
www.giejournal.org
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Figure 1. Long submucosal tunnel performed during peroral endoscopic
myotomy performed for treatment of a patient with a spastic esophageal
disorder.

Figure 2. A, Selective inner circular myotomy during peroral endoscopic
myotomy performed in a patient with jackhammer esophagus. B, Longi-
tudinal muscle is preserved.
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high-resolution manometry (HRM) with esophageal pres-
sure topography.

With the more refined criteria of the Chicago classifica-
tion,1 the combined prevalence of DES, spastic achalasia,
and jackhammer esophagus is approximately 2%.2 DES is
characterized by normal mean integrated relaxation pres-
sure (IRP) and R20% premature contractions. Spastic
achalasia is characterized by a mean IRP greater than the
upper limit of normal (15 mm Hg), no normal peristalsis,
preserved fragments of distal peristalsis, or premature
(spastic) contractions with R20% of swallows. Jack-
hammer esophagus is an extreme pattern of hypercontrac-
tility and is defined manometrically as R1 swallow with a
distal contractile integral (DCI, the metric of contractile
vigor) O8000 mm Hg-s-cm.3 Jackhammer esophagus may
be associated with esophagogastric junction outflow
obstruction, which can be associated with hypercontractile
swallows.2 Management of these SEDs is challenging.
Symptoms such as chest pain are due to hypertensive con-
tractions in the esophageal body, and standard pharmaco-
logic and endoscopic therapy (pneumatic dilatation,
botulinum toxin injection) fail in as many as 74% of
patients.4

Peroral endoscopic myotomy (POEM) was first
described in a swine model5; 5 years later, O5000 clinical
cases have been performed in several centers across the
world as another treatment modality for achalasia. Initial
clinical data from Asia, Europe, and the United States has
demonstrated the effectiveness and safety of this procedure
when performed by experienced endoscopists.6-12 POEM
typically is performed for the treatment of achalasia.
However, POEM is potentially an ideal endoscopic therapy
for refractory SEDs because it not only allows myotomy of
the lower esophageal sphincter (LES) but also of the esoph-
ageal body, where the hypertensive contractions occur.
www.giejournal.org V
Shiwaku et al13 previously reported successful treatment
of a patient with DES by POEM in which a 17-cm myotomy
was performed. Sharata et al14 reported successful treat-
ment of 2 patients with DES and 4 patients with nutcracker
esophagus by POEM. We have previously reported on
successful treatment of a patient with jackhammer esoph-
agus by using POEM and suggested POEM as a platform for
the treatment of SED refractory to medical therapy.15 Here
we present an international multicenter experience with
the use of POEM for the treatment of SED.
PATIENTS AND METHODS

This retrospective study was approved by the Institu-
tional Review Board for Human Research and complied
with Health Insurance Portability and Accountability Act
regulations at each institution. All patients who underwent
POEM for treatment of SED refractory to medical therapy
at 11 centers (5 United States, 2 European, and 4 Asian)
between January 2011 and November 2013 were included.
Diagnosis was based on manometric findings. Relevant
clinical (chest pain, Eckardt score), manometric (type of
SED, LES pressure, proximal extent of hypertensive con-
tractions), and endoscopic (length of submucosal tunnel,
length of myotomy) data were abstracted. Symptoms
before and after the procedures (eg, Eckardt scores) and
manometry also were recorded. Clinical response was
defined by improvement of symptoms and decrease in
Eckardt score to %3. Chest pain was reported as severe
if it occurred daily, moderate if it occurred occasionally,
and mild if it occurred rarely. Results of esophageal acid
exposure testing after POEM were collected when avail-
able, and positive testing results were defined as a
DeMeester score of O14.72. GERD was diagnosed by the
olume 81, No. 5 : 2015 GASTROINTESTINAL ENDOSCOPY 1171
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Figure 3. A, Esophageal manometry depicting resolution of initial manometric abnormalities after peroral endoscopic myotomy in a patient with jack-
hammer esophagus. B, Preprocedure evidence of spastic hypercontractile swallow, with distal contractile integral O12,000 mm Hg-s-cm, consistent with
jackhammer esophagus. The amplitude is drastically reduced by myotomy, and the spastic jackhammer esophagus is relieved after peroral endoscopic
myotomy.

Peroral endoscopic myotomy for spastic esophageal disorders Khashab et al
presence of symptoms or esophagitis on follow-up upper
endoscopy. Adverse events were graded according to the
American Society for Gastrointestinal Endoscopy lexicon
severity grading system.16

All procedures were performed by using high-definition
gastroscopes fitted with transparent caps, with patients
under general anesthesia and insufflation by using carbon
dioxide. Intravenous antibiotics were administered before
the procedure. Briefly, a submucosal bleb was created
on the anterior or posterior wall at the discretion of the
1172 GASTROINTESTINAL ENDOSCOPY Volume 81, No. 5 : 2015
endoscopist in the upper or mid esophagus by using saline
solution and 0.25% indigo carmine solution. A 1.5 cm to
2 cm longitudinal mucosal incision was made with either
a triangular tip knife (KD 640L; Olympus America, Center
Valley, Pa) or hybrid knife (ERBE, Tübingen, Germany).
The endoscope was then maneuvered into the submucosal
space, and the knife was used to dissect the submucosal fi-
bers. Repeated injection of saline solution mixed with in-
digo carmine was performed to enhance the demarcation
between the submucosal layer and muscularis propria
www.giejournal.org
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TABLE 1. Baseline characteristics of patients who
underwent POEM

No. of patients 73

Age, mean (range), y 58.6 (17-89)

Female, % 46.5

DES, no. 9

Jackhammer esophagus, no. 10

Spastic achalasia, no. 54

Before-POEM Eckardt score,
mean (range)

6.73 (1-12)

Symptoms, no. (%)

Chest pain present 49 (67.1)

Dysphagia 73 (100)

Regurgitation 62 (84.9)

Weight loss, kg, no. (%)

None 26 (35.6)

!5 12 (16.4)

5-10 13 (17.8)

O10 22 (30.1)

Prior intervention, no.

Pneumatic dilation 15

Botulinum toxin injection 7

Laparoscopic Heller myotomy 3

Open transabdominal Heller myotomy 1

POEM, Peroral endoscopic myotomy; DES, diffuse esophageal
spasm.

TABLE 2. Procedural characteristics and outcomes

Submucosal tunnel length,
mean (range), cm

19 (9-30)

Myotomy length, mean
(range) cm

16 (7-26)

Length of hospital stay,
mean (range) d

3.4 (1-23)

Adverse events, no.

Total 8

Mild 5

Moderate 3

Clinical response, no. (%) 68 (93.2)

After-POEM Eckardt score,
mean (range)

1.13 (0-9)

POEM, Peroral endoscopic myotomy.
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whenever the submucosal dissection plane became un-
clear. Care was taken with orientation of the endoscope
to ensure that the mucosal layer was not injured during
dissection as the submucosal tunnel was extended, passing
the LES and 2 cm to 3 cm into the proximal stomach
(Fig. 1). Subsequently, either selective myotomy of the in-
ner circular muscle bundles or full-thickness myotomy was
performed starting 2 cm distal to the mucosal entry point
and at the discretion of the endoscopist (Fig. 2). Larger
vessels in the submucosa were coagulated by using the
Coagrasper (Olympus) in soft coagulation mode. Mucosal
entry was then closed by using endoscopic clips or sutur-
ing. Air insufflation was avoided to minimize the risk of
pneumothorax, pneumomediastinum, and pneumoperito-
neum. The length of the myotomy was based on the review
of HRM and proximal extent of hypertensive contractions
(Video 1, available online at www.giejournal.org).

All patients were subsequently admitted for inpa-
tient hospital observation. Esophagrams were obtained
www.giejournal.org V
the following day, and soft diets were begun after esopha-
geal leakage was excluded. Patients were advised to remain
on a soft diet for 2 weeks, after which a regular diet could
be started. Follow-up included clinic visits to assess for de-
layed adverse events and clinical response (chest pain and
Eckardt score) in addition to esophageal acid exposure
testing and repeat HRM (Fig. 3).

Results are reported as mean � standard deviation
and/or range for quantitative variables and absolute and
relative frequencies for categorical variables. Outcomes be-
tween parameters were compared before and after proce-
dures by using the t test (paired t test where applicable) for
continuous variables and the chi-square test for categorical
variables. Chi-square test and logistic regression analysis
were used to compare patient and procedural characteris-
tics across the 3 SED types. Statistical significance
was based on 2-sided, design-based tests evaluated at
a Z 0.05. Statistical analysis was performed by using
STATA version 13 (Stata Corporation, Dallas, Tex).
RESULTS

A total of 73 patients (mean age 58.6 years, 46.5%
female) underwent POEM for treatment of SEDs (DES 9
[12.3%], jackhammer esophagus 10 [13.7%], type III acha-
lasia 54 [74%]). Patients presented for POEM after an
average of 5.1 years since initial diagnosis. Chest pain
was present in 49 patients (67.1%) and 26 (42.6%) reported
it as moderate and/or severe. All patients had dysphagia,
and 62 (84.9%) reported symptoms of regurgitation
(Table 1). Before-POEM manometry revealed a mean
4-second IRP of 26.1 � 16 mm Hg and mean DCI of
13,163 mm Hg-s-cm among those with jackhammer
esophagus.
olume 81, No. 5 : 2015 GASTROINTESTINAL ENDOSCOPY 1173
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TABLE 3. Adverse events of POEM

Adverse event Frequency Severity grade Management

Pulmonary embolism 1 Moderate Anticoagulation

Mucosotomy 2 Mild (1) Endoscopic clips and endoloop

Moderate (1)

Infectious esophagitis (due to clip dislodgment) 1 Mild Antibiotics

Surgical/subcutaneous emphysema 2 Mild (1) Self-resolved/conservative treatment

Moderate (1)

Chest/epigastric pain requiring admission 2 Mild Self-resolved/conservative treatment

POEM, Peroral endoscopic myotomy.

Figure 4. Bar chart documenting significant decrease in mean Eckardt
score after peroral endoscopic myotomy in 73 patients with spastic esoph-
ageal disorders. POEM, peroral endoscopic myotomy.

Figure 5. Bar chart showing significantly higher clinical response in pa-
tients with spastic achalasia and diffuse esophageal spasm as compared
with patients with jackhammer esophagus. SED, spastic esophageal
disorder.
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POEM was successfully completed in all patients via an
anterior approach in 66 and posterior approach in 7,
with a mean procedure time of 118 minutes (range
43-345 minutes). Selective inner circular myotomy was per-
formed in 64 patients (87.7%), whereas full-thickness my-
otomy was carried out in the remaining 9 patients. The
mean length of the submucosal tunnel was 19 cm (range
9-30 cm). The mean myotomy length was 16 cm (range
7-26 cm) (esophageal 13.4 cm, cardia 2.6 cm) (Table 2).
A total of 8 adverse events (11%) occurred, with 5 rated
as mild, 3 moderate, and none severe (Table 3). The
mean length of hospital stay was 3.4 days (range 1-23 days).

There was a significant decrease in the mean Eckardt
score after POEM (6.73 vs 1.13; P! .001) (Fig. 4). Overall,
clinical response was observed in 93.2% of patients during
a mean follow-up of 234 days (range 7-1017 days). Chest
pain clinically improved in 87% of patients who reported
chest pain before POEM. Formal pH testing was performed
in 19 patients and results were positive in 13 (68.4%).
Symptomatic acid reflux was present in 6 patients (8.2%).
Repeat manometry after POEM was available in 44 patients
and showed resolution of initial manometric abnormalities
in all (100%) patients.

Patients with spastic achalasia (96.3%) and DES (100%)
responded significantly better than those with jackhammer
1174 GASTROINTESTINAL ENDOSCOPY Volume 81, No. 5 : 2015
esophagus (70%) (P Z .05 for both comparisons) (Fig. 5).
Similarly, mean postprocedural Eckardt scores were signif-
icantly less in patients with spastic achalasia (score Z 0.86)
and DES (score Z 1), as compared with those with jack-
hammer esophagus (score Z 2.6) (P Z .01 for both com-
parisons) (Table 4).
DISCUSSION

Recent advances in natural orifice transluminal endo-
scopic surgery17-19 and the improvement of devices for
endoscopic submucosal dissection have culminated in
endoluminal approaches to treat achalasia. Submucosal
tunneling was initially described by Sumiyama et al,20

whereas POEM was first described by Pasricha et al5 in
2007. Inoue et al6 championed translating this innovative
procedure into clinical care. POEM is traditionally per-
formed for achalasia. The role of POEM in the management
of patients with DES and jackhammer esophagus is largely
unknown. Similarly, published reports on POEM for acha-
lasia either included few patients with spastic type or did
not stratify results according to achalasia subtype.
www.giejournal.org
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TABLE 4. Patient and procedural characteristics stratified by type of spastic esophageal disorder

Characteristic
DES

(n [ 9)
Jackhammer
(n [ 10)

Spastic achalasia
(n [ 54) P value

Age, mean � SD, (range), y 70.7 � 16.1 (41-86) 53.4 � 12.6 (28-68) 57.6 � 19.3 (17-89) .09

Female (%) 33.3 80 42.6 .10

Before-POEM Eckardt score, mean � SD, (range) 6.9 � 3.3 (2-12) 8.4 � 1.9 (6-11) 6.4 � 2.2 (1-12) .05*

Chest pain present, no. (%) 7 (77.8) 9 (90) 33 (61.1) .20

Submucosal tunnel length, mean (range), cm 19.7 (13-26) 18.4 (12-22) 19.1 (9-30) .82

Myotomy length, mean, (range), cm 16.6 (10-23) 14.3 (8-19) 16.4 (7-26) .38

Length of hospital stay, (range), d 5.4 (1-23) 3.3 (1-10) 3.1 (1-9) .10

Total adverse events, no. (%) 2 (22.2) 2 (20) 4 (7.4) .29

Mild 1 2 2 .21

Moderate 1 0 2 .36

Clinical response, no. (%) 9 (100) 7 (70) 52 (96.3) .05*

After-POEM Eckardt score, mean (range) 1 (0-3) 2.6 (0-6) 0.86 (0-9) .01*

DES, Diffuse esophageal spasm; SD, standard deviation; POEM, peroral endoscopic myotomy.
*Comparisons are for spastic achalasia and DES versus jackhammer esophagus.
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Heller myotomy is an established treatment of achalasia,
which as with pneumatic dilation, has a lower response
rate in patients with spastic achalasia.21,22 This might be ex-
plained by the disease involving not only the LES but also
the esophageal body. Long surgical myotomy extending
from the LES proximally onto the esophageal body has
been used to treat patients with spastic achalasia and the
other SEDs. The extent of the myotomy may be guided
by manometric findings.4,23 In a series of 20 patients with
extended surgical myotomy for achalasia (14 cm on the
esophagus and 2 cm below the esophagogastric junction),
dysphagia and chest pain were significantly improved after
a median follow-up of 50 months.24 Patti et al4 compared
outcomes of patients with DES and nutcracker esophagus
treated by surgical myotomy with those treated medically,
and their study suggested that surgical treatment might be
more effective than medical treatment.

Given the data suggesting that surgical myotomy may
be effective in treating patients with SED, we proposed
POEM as a less-invasive treatment modality for those
difficult-to-treat patients. The main advantage of POEM
over surgery in this setting is that it allows access to the
entire esophageal body, and, thus, an extensive myotomy
can be performed without limitations. Access to the prox-
imal esophageal body may not be possible through a
laparoscopic approach, which may explain the unfavor-
able response of type III achalasia patients to Heller
myotomy.21,22

In the current report, we described an international
multicenter experience by using POEM as a treatment
www.giejournal.org V
modality for patients with various SEDs. All patients were
refractory to standard medical management. Most patients
had moderate-to-severe symptoms, and a majority had
chest pain, which is a typical manifestation of these spastic
disorders. POEM was carried out in standard fashion, but
an extensive myotomy was performed. The proximal
extent of the myotomy was guided by findings on HRM,
and the mean myotomy length was 16 cm, which is double
the length that is typically performed during POEM done
for achalasia. Also, careful endoscopic inspection typically
confirms the proximal extent of these contractions. Proce-
dures were completed during an average of 118 minutes,
but longer procedure times may be required because of
the extended length of the required myotomy. In the
current report, procedure times ranged between 43
minutes and 345 minutes.

Although the current report encompassed difficult-to-
treat patients (ie, refractory to medical therapy, majority
with significant chest pain), clinical response was observed
in 93% of patients, and there was a statistically significant
decrease in the mean Eckardt score after POEM (6.71 vs
0.81; P Z .0001). Importantly, the majority of patients un-
derwent follow-up HRM, which showed resolution of initial
manometric abnormalities in all patients.

POEM was safe, and adverse events were uncommon
(11%) (Table 3). Importantly, there were no severe adverse
events. Symptomatic GERD occurred in a minority of pa-
tients (8.2%), although abnormal esophageal acid exposure
was seen more frequently (13 of 19 patients who under-
went formal pH testing after POEM). Selection bias may
olume 81, No. 5 : 2015 GASTROINTESTINAL ENDOSCOPY 1175
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have overestimated the risk of abnormal acid exposure.
Nonetheless, asymptomatic acid reflux is common after
POEM, and we recommend that all patients who undergo
POEM get subsequent esophageal acid exposure testing,
even if they are asymptomatic. Patients with positive test
results should be treated with proton pump inhibitors to
avoid long-term GERD adverse events (eg, Barrett’s esoph-
agus, peptic strictures).

Some patients with SEDs have concomitant esophago-
gastric junction outflow obstruction, based on HRM
criteria.2 By definition, patients with type III achalasia
have outflow obstruction. Patients with DES do not mani-
fest this abnormal manometric finding. Patients with jack-
hammer esophagus may have esophagogastric junction
outflow obstruction.2 It is arguable whether patients
without outflow obstruction require myotomy of the LES.
Myotomy of the esophageal body induces aperistalsis,
and this may result in paradoxical dysphagia in patients
who do not undergo LES myotomy. The inclusion of the
LES seems warranted by the potential after-effects of myot-
omy, even in the setting of normal LES pressure, to pre-
vent postoperative dysphagia.25

Our results also suggest that jackhammer esophagus
represents a more difficult entity to treat as compared
with both spastic achalasia and DES. Nonetheless, the ma-
jority of patients with jackhammer esophagus (70%) expe-
rienced a clinical response. The reason for the diminished
response to POEM in these patients is unknown but may
be related to extreme contractility in the esophageal
body. The value of concomitant bilateral (anterior and pos-
terior) myotomy in patients with jackhammer esophagus
needs to be determined.

Our study has a number of limitations. In particular, this
was a retrospective study with inherent design limitations.
Selection bias may have occurred because of the non-
randomized nature of the study. Inclusion of multiple cen-
ters may have introduced heterogeneity, but at the same
time this renders the study results more widely applicable.
Endoscopists were experts in submucosal endoscopy, and
results may not be applicable to endoscopists with less
experience in this field. Eckardt scores were used to mea-
sure patient outcomes, although these have not been vali-
dated in patients without achalasia. Last, formal follow-up
pH and manometric testing were not formally obtained
in all patients.

Nevertheless, POEM offers a logical therapeutic plat-
form for patients with SEDs refractory to medical therapy.
POEM experts have proposed POEM as a useful treatment
for DES, and motility experts have suggested that POEM
with extensive myotomy may play a role in SED cases
with treatment failure. Here, we report successful treat-
ment of patients with severe symptoms of SED by POEM
and extensive myotomy, and we suggest POEM as an effec-
tive and safe therapeutic platform for the treatment of pa-
tients with SEDs and moderate to severe symptoms
refractory to medical therapy. Prospective and randomized
1176 GASTROINTESTINAL ENDOSCOPY Volume 81, No. 5 : 2015
trials are needed to confirm the positive findings of this
trial.
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