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Background/Aims: Peroral endoscopic myotomy (POEM) is a novel procedure for the treatment of achalasia and spastic esophageal 
disorders. Experience with POEM is limited, but its reported outcomes are excellent. It is deemed safe even for patients with prior 
interventions. 
Methods: This retrospective review included patients who underwent POEM at a tertiary US center. POEM was performed in a 
multidisciplinary approach by advanced endoscopists and foregut surgeons. Clinical success was defined as a post-POEM Eckardt score ≤3. 
Results: A total of 125 patients were included. Median follow-up period was 18 months (interquartile range, 10–22 months). Clinical 
success was achieved in 92% of patients and persisted at 12 months in 88% of patients. Mucosal barrier failure (MBF) occurred in  
7 patients, 2 of whom required surgical intervention. MBF was more common in patients with prior laparoscopic Heller myotomy (19% 
vs. 3%, p=0.015). MBF requiring surgical intervention occurred early in the learning curve. 
Conclusions: POEM is safe and effective in the treatment of achalasia and spastic esophageal disorders even after failed prior 
interventions.  Clin Endosc 2020;53:321-327
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INTRODUCTION

Achalasia is a rare esophageal motility disorder that results 
from the progressive loss of function of inhibitory ganglion 
cells in the myenteric plexus.1,2 Failure of the lower esophageal 
sphincter to relax along with ineffective peristalsis leads to 
progressive dysphagia. Treatment for achalasia aims to reduce 
the resting lower esophageal sphincter pressure to decrease 
resistance to the passage of an ingested food bolus. 

Durable symptom relief requires disruption of the circum-

ferential muscle layer at the lower esophageal sphincter. This 
can be achieved through endoscopic pneumatic dilation (PD) 
or laparoscopic Heller myotomy (LHM). Improvements in 
dysphagia achieved with PD and LHM are comparable. How-
ever, PD may require multiple treatment sessions with each 
intervention carrying a 1%–6% risk of perforation.3,4 

Peroral endoscopic myotomy (POEM) is a less invasive 
alternative to LHM. Initial reports of POEM are promising,5 
but experience in the US remains limited, while uncertainty 
remains regarding the durability of the treatment effect. Our 
initial experience with 31 POEM patients6 was reported with 
regard to safety and efficacy. This is a report on the on feasibil-
ity, efficacy, safety, and durability of POEM for achalasia and 
spastic esophageal motility disorder at a US tertiary care center.

MATERIALS AND METHODS

Study design
We completed a retrospective chart review of all patients 
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who underwent POEM between November 2013 and January 
2018. 

Procedure setting
The procedure was performed in the operating room under 

general anesthesia by a therapeutic endoscopist (REA and 
HG) and a surgeon (PN, JK and KP).	  

Patient selection
POEM was offered to patients with symptomatic achalasia 

and esophagogastric junction outflow obstruction (EGJOO). It 
was selectively considered for patients with spastic esophageal 
disorders (distal esophageal spasm [DES], jackhammer esoph-
agus) presenting with dysphagia as the predominant com-
plaint. An endoscopic approach was used in treatment-naïve 
patients as well as those with prior interventions including 
LHM, PD, and botulinum toxin injections who had persistent 
or recurrent symptoms (Fig. 1).

Technique
A mucosal tunnel (Fig. 2) was created approximately 13 cm 

proximal to the gastroesophageal junction (GEJ). Initially, 
the anterior esophageal wall was the default site for myoto-
my except in patients with a prior LHM. In that cohort, the 
posterior wall was chosen to avoid scarring associated with 
prior interventions. In May 2016, the approach was changed 
to posterior myotomy because of its perceived consistency at 
accurately identifying the GEJ. Early on, a triangular tip (TT) 
knife (Olympus America, Inc., Melville, NY, USA) with ERBE 
cautery (spray coagulation, effect 2, 40 watts; ERBE USA, Inc., 
Marietta, GA, USA) was used for the dissection. In May 2016, 
an ERBE hybrid knife was exclusively used due to the effi-
ciency of the integrated water-jet and electrocautery functions 
(Endocut mode, effect 3 for mucosotomy, submucosal dis-
section and myotomy; forced coagulation 20 W for cautery). 
In all cases, a disposable distal attachment (oblique cap with 
TT-knife technique, short, straight cap with Hybrid knife 
technique Olympus America, Inc.) was used to facilitate the 
dissection. Carbon dioxide was used for insufflation. For sub-
mucosal injection, a solution of normal saline with epineph-
rine (2.5 mL 1/10,000 epinephrine in 500 mL of saline) and 
methylene blue (1 mL of methylene blue in 500 cc of normal 
saline) was used. Hot biopsy forceps (Cook Medical, Bloom-
ington, IN, USA) or coagulation graspers (Olympus America, 
Inc.) with coagulation current (ERBE, soft coagulation 60–80 W) 
were used for hemostasis if needed. 

Having created a mucosal lift, a 2-cm-long linear mucosal 
incision was made to access the submucosal space. The sub-
mucosal tunnel was then extended at least 3 cm beyond the 
GEJ using a combination of submucosal injections and cau-
tery dissection. In the anterior wall approach, this was con-
firmed by bluish discoloration of the mucosa from within the 
gastric lumen or via transillumination through the mucosa 
visualized on retroflexion using a pediatric gastroscope. Pos-
teriorly, the angle of His, left turn of the tunnel direction, and 
palisading vessels were used to identify the GEJ.

Having completed the tunnel, a myotomy was initiated  
2 cm distal to the mucosal incision and extended to the distal 
end of the submucosal tunnel. A selective myotomy of the 
circumferential muscle fibers was performed proximally. A 
full-thickness myotomy of both circumferential and longitu-
dinal muscle fibers was completed 5 cm proximal to the GEJ 
and extended to the cardia of the stomach (Fig. 3).

The mucosal incision site was then closed with metallic clips 
after irrigation with bacitracin. All patients were admitted for 
overnight observation after the procedure. Based on physician 
preference, patients underwent an esophagography to rule out 
post-operative leak before starting a liquid diet.

Fig. 1. Flow diagram. DES, distal esophageal spasm; EGD, esophagogastro-
duodenoscopy; GEJ, gastroesophageal junction; HM, Heller’s myotomy; IQR, 
interquartile range; LES, lower esophageal sphincter; POEM, peroral endo-
scopic myotomy; TTS, through-the-scope.

POEM performed:
n=125

Clinical follow-up available:
n=118
Median (IQR) follow-up=18 mo

Clinical success: n=109 (92%)
With POEM alone: n=101 (86%)
With additional TTS balloon (20 mm): n=8 (7%)

Recurrent symptoms: n=10
•	 Recurrence that responded to repeat POEM: n=1
•	 Stricture at GEJ that responded to TTS balloon-dilation: 
n=4

•	 Recurrent symptoms response loose LES on manometry, 
esophagogram or EGD: n=4

•	 Deceased due to other condition: n=1

Lock of follow up: n=7
•	 Lost to follow-up: n=6
•	 Deceased before follow-up: n=1

Treatment failure: n=9
(Achalasia I n=5, achalasia II n=1,  

achalasia III n=2, DES n=1)
Prior HM n=5, prior botox n=1
One underwent esophagectomy
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Structured follow-up care
All patients were scheduled for a clinic visit 4–6 weeks after 

the procedure. Further follow-up was determined based on 
symptom recurrence. All patients who displayed inadequate 
symptom improvement underwent endoscopy and empirical 
dilation to 20 mm with a through-the-scope (TTS) balloon. 

Definitions
Clinical success was defined as an improvement in the 

post-POEM Eckardt score to ≤3. Recurrence was defined as 
return of clinical symptoms on follow-up after initial clinical 
success. Mucosal barrier failure (MBF) was defined as leak of 
contrast into the submucosal tunnel or mediastinum.

Observations were reported as percentage and proportion 
or their distribution as mean with standard deviation and 
median with interquartile range (IQR) as appropriate. Time 
to event analysis was performed to assess recurrence after the 
initial clinical response. 

RESULTS

Feasibility
Between November 2013 and January 2018 (50 months), 

125 patients underwent POEM. Table 1 details their de-
mographic and clinical characteristics. Achalasia affected  
109 patients, EGJOO affected 8, jackhammer esophagus af-
fected 5, and DES affected 3. Nineteen percent of the patients 
underwent either prior myotomy or PD and 18% underwent 
botulinum toxin injection. Empiric dilation with a TTS bal-
loon up to 20 mm was not considered a therapeutic lower 
esophageal sphincter-disrupting intervention. POEM was 
technically successful in all patients. The myotomy approach 

was anterior in 43 and posterior in 82 patients with a median 
myotomy length of 14 (IQR, 12–15) cm. 

Efficacy 
Follow-up was available for 118 patients (94%), and the me-

dian follow-up period was 18 (IQR, 10–22) months. Clinical 
success was achieved using POEM alone in 101 of 118 patients 
(86%) and with additional TTS dilation in 109 of 118 patients 
(92%). POEM failure was encountered in 9 patients. All but 
one had symptom improvement and Eckardt scores at 4-week 
follow-up, but symptomatic improvement was incomplete and 
did not meet the criteria for clinical success. Prior LHM was 
not a statistically significant factor for treatment failure (16% 
with prior HM vs. 8% without prior HM, p=0.38).

Safety
Surgical conversion was not required in any patients. There 

were no cases of procedure-related mortality. Post-operative 
esophagography was performed in 76% of patients. MBF was 
encountered in 7 patients (6%). Four had a leak at the mu-

Fig. 2. Submucosal tunnel.

Table 1. Demographics and Clinical Characteristics of the Patients

Variable Observation 
(n=125)

Age, mean (SD) yr 56 (17)

Male, n 70

BMI, mean (SD) kg/m2 30 (8)

Indications, n  

Achalasia I 38

Achalasia II 54

Achalasia III 17

EGJOO 8

DES 5

Jackhammer esophagus 3

Prior treatment  

Heller’s myotomy 21

Pneumatic dilation (> or = 3 cm) 3

Botulinum toxin injection 22

Pre-intervention Eckardt score, mean (SD) 7 (2.4)

Myotomy length, mean (SD) cm 14 (3)

Anterior myotomy 43

Posterior myotomy 82

Use of triangular tip knife 51 

Use of hybrid knife 74

BMI, body mass index; DES, distal esophageal spasm; EGJOO, 
esophagogastric junction outflow obstruction; SD, standard devia-
tion.
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cosectomy level (Fig. 4). One patient had a leak in the distal 
esophagus. These cases were managed endoscopically with 
clips (n=3) or stents (n=2). The other 2 patients developed an 
esophageal leak and empyema requiring decortication. One 
had LHM 2.5 years before POEM and a known esophageal 
diverticulum. The patient developed persistent fevers in the 
setting of a normal esophagogram prompting a computed 

tomography scan, which revealed an empyema. The other pa-
tient had a prior LHM complicated by intraoperative mucosal 
injury requiring suture closure 10 years before the POEM. 
Post-operative esophagography showed a leak at the level of 
GEJ that later progressed to empyema. Both of these patients 
required surgical decortication. MBF was more common in 
the cohort with previous LHM (19% vs. 3%, p=0.015).

One patient with significant history of diffuse atheroscle-
rosis and chronic obstructive pulmonary disease died 10 days 
after the procedure of sudden cardiac death. An autopsy did 
not reveal any evidence of esophageal leak or mediastinitis.

Durability
The clinical success rate at 1 year was 88% (Fig. 5). Symp-

tom recurrence occurred in 10 patients. Median time from the 
procedure to return of symptoms was 271 days. One patient 
underwent a repeat POEM 2 years after the index procedure 
with symptom resolution at 4 weeks post-procedure. Four 
patients improved with TTS dilation. Four patients had re-
current symptoms despite an incompetent lower esophageal 
sphincter on esophagogastroduodenoscopy, esophagogram, or 
manometry. 

Learning curve
Two different endoscopists performed POEM as mentioned 

above. Endoscopist A performed 99 procedures. Leaks oc-
curred in three procedures (25th, 58th, and 76th cases). None 
required decortication. Endoscopist B performed 26 proce-
dures and encountered 4 leaks (3rd, 5th, 10th, and 14th cases). 
Decortication was required in 2 cases, both early in the learn-
ing curve (3rd and 5th cases). 

There was a trend toward more clinical failure early on in 
the learning curve. Endoscopist A encountered 7 clinical fail-

Fig. 3. Completed myotomy.

Fig. 4. Esophageal leak on esophagogram.
Fig. 5. Kaplan Meier Curve of symptom recurrence. At 1 year, 88% patients 
were recurrence free.
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ures (13th, 15th, 17th, 25th, 39th, 85th, and 90th cases), 5 in 
the first 50 and 2 in the last 49 (p=0.44). Similarly, Endoscopist 
B encountered 2 failures early in the learning curve (1st and 
3rd cases). The difference between the first half and second 
half of the total cases was also not statistically significant 
(p=0.48).

DISCUSSION

POEM is a promising new treatment modality for achalasia 
and spastic esophageal motility disorders. Obviating the need 
for an abdominal approach provides a less invasive approach, 
which improves cosmesis and time for convalescence.7 Avoid-
ing the cardiopulmonary consequences of pneumoperitone-
um and reverse Trendelenburg positioning may also allow 
patients who would otherwise not be surgical candidates un-
dergo treatment.8 

In this patient cohort, POEM was feasible and effective. 
Nine failures were encountered with a success rate of 92%. 
The clinical success rates for achalasia subtype was 86% for 
type I, 98% for type II, and 88% for type III. A previous series 
demonstrated excellent results in all subtypes of achalasia.9,10 
In POEM, myotomy length can be extended to include long 
segments of the esophageal body, making it an intriguing 
modality for spastic achalasia (type 3, Chicago classification)11 
and non-achalasia spastic esophageal motility disorders (DES, 
jackhammer esophagus). Overall, experience with POEM for 
treating these conditions remains limited, but the results of 
reported series are promising.12-15 In this series, one of the 3 
patients with DES did not achieve clinical success. In this case, 
the chest pain improved but the dysphagia persisted. POEM 
is suggested to have an advantage over LHM in patients with 
type 3 achalasia because the longer myotomy may resolve 
symptoms that are caused by spasticity of the muscle within 
the esophageal body. The subgroups in this study were too 
small to confirm or rebut this claim (Table 2).

Excellent short-term outcomes with POEM have been 
reported, but data regarding long-term outcomes are lim-
ited to date. Inoue et al.5 reported an initial success rate of 
91%, which slightly decreased to 88.5% at 3-year follow-up. 
In this cohort, the initial clinical success rate was 92% and 

decreased to 88% at 1-year follow up. In a meta-analysis pub-
lished by Schlottmann et al.16 comparing LHM and POEM, 
improvement in dysphagia was reported by 91% of patients 
who underwent LHM vs. 93.5% after POEM at 12 months of 
follow-up (p=0.01). The long-term success rate of LHM was 
reportedly 80% at a median follow-up of 6.4 years by Kilic et 
al.17 and 84.5% at a median follow-up of 14 years by Liu et al.18 
The cause of clinical failure or recurrence is not completely 
understood. This could be related to an incomplete myotomy 
or a fibrous scar that develops at the level of the GEJ. While 
POEM is still a relatively novel approach, these data speak for 
its comparable efficacy to LHM in the short term. Long-term 
follow-up will be important to definitively establish the dura-
bility of this technique.

It has been postulated that prior treatments for achalasia in-
crease the likelihood of clinical failure in revisional surgery.19 
This was not the case in this group, in which 46 patients had 
prior intervention. This may be due to the fact that, in POEM, 
the myotomy orientation can be catered to the patient’s surgi-
cal history facilitating a procedure in treatment-naïve tissue. 
These data are in agreement with others that reported a high 
success rate of POEM even after prior LHM8 or PD.20 Three 
of the patients with treatment failure had prior LHM, while 6 
did not (16% vs. 8%, p=0.38). 

The incidence of esophageal leak is reportedly 0.4%–6%21-23  
in POEM and 7% in LHM.24 In this series, 6% of patients 
developed evidence of an MBF and 2% had a leak requiring 
surgical intervention. Of note, 71% of the MBF were identified 
incidentally on routine post-operative esophagography and 
treated conservatively. Only 1 patient in this group had signs 
or symptoms consistent with MBF. The clinical significance 
of these leaks is unknown and the necessity of obtaining 
post-operative esophagography is unclear since this practice 
was abandoned after LHM in a prior study.25 In this subset 
of patients, leaks were more common after prior LHM (19% 
vs. 3%, p=0.015). Further, the 2 leaks that required surgical 
decortication occurred in patients with a prior LHM. Factors 
that may play a role include obliteration of the submucosal 
space and inability to avoid the scarred area.26 While POEM 
is potentially more complex in a revisional setting, these data 
would support the equivalence of MBF and LHM rates. While 
each case presents its own complexities, POEM in the setting 

Table 2. Spastic Esophageal Disorders

Distal esophageal spasm 
(n=3)

Jackhammer esophagus 
(n=5)

Esophagogastric junction out-
flow obstruction (n=8)

Clinical success at time of follow up, n (%) 2 (67) 5 (100) 8 (100)

Mucosal barrier failure, n (%)  0 1 (20) 1 (13)

Clinical success at 1 yr, n (%) 2 (67) 5 (100) 7 (88)
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of prior interventions should be considered technically feasi-
ble and safe.

The learning curve of POEM may account for some of 
the clinical failures. While not statistically significant, the 
majority of insufficient responses occurred early on in our 
clinical experience. Five of seven failures for endoscopist A 
were encountered in the first half of his 99 cases, and all of the 
failures for endoscopist B were encountered in the first half of 
his 26 cases. Leaks requiring surgical decortication were also 
very early in the learning curve (3rd and 5th procedures) for 
endoscopist B. Liu et al.27 reported that 100 cases are needed 
to decrease the rates of technical failure, clinical failure, or 
adverse events. This corroborates the conclusion of the impor-
tance of vigilance early in the adoption of POEM.28   

There are several limitations to this study. First, the pro-
cedure changed during the study period due to perceived 
efficiency using an electrocautery knife with integrated wa-
ter-jet function and ease of GEJ identification with a poste-
rior approach. More clinical failures were observed with the 
triangular tip knife than with the hybrid knife (15% vs. 3%, 
p=0.018). Second, all of the esophageal leaks requiring decor-
tication occurred with procedures that were performed using 
a triangular tip knife. It is possible that this played a role in the 
improved clinical success and lower rates of MBF later in this 
series. However, it is unclear whether this observation is re-
lated to the change of technique, learning curve, or both. And 
finally, the relatively low number of cases limits a meaningful 
subgroup analysis. 

This study provides further evidence that POEM is an 
effective, well-tolerated, and safe procedure. It can be consid-
ered an alternative to surgical myotomy when performed by 
a professional with appropriate expertise. It is also a feasible 
treatment modality for patients with recurrence or treatment 
failure after surgical myotomy and for those with spastic 
esophageal motility disorders. Comparative studies of POEM 
and Heller myotomy regarding treatment durability and the 
occurrence of gastroesophageal reflux disorder–related com-
plications are sparse, and further research regarding its appli-
cability in spastic esophageal disorders is required.
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