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ABSTRACT

Background and study aims The aim of this study was to

assess long-term clinical outcomes beyond 6 years in pa-

tients who underwent per-oral endoscopic myotomy

(POEM) for the treatment of achalasia.

Patients and methods Patients with achalasia who under-

went POEM between 2010 and 2012 and had follow-up of

at least 6 years were retrospectively identified at eight ter-

tiary care centers. The primary outcome evaluated was clin-

ical success defined by an Eckardt symptom score (ESS) ≤3

for the duration of the follow-up period. The clinical success

cohort was compared to failure (ESS > 3at any time during

follow-up) in order to identify characteristics associated

with symptom relapse. The incidence of patient-reported

gastroesophageal reflux (GER) was also evaluated.

Results Seventy-three patients with 6-year follow-up data

were identified. Sustained clinical remission was noted in

89% (65/73) at 6-years. Mean ESS decreased from 7.1±2.3

pre-procedure to 1.1 ±1.1 at 6 years (P<0.001). Sympto-

matic reflux was reported by 27 of 72 patients (37.5%).

Type I achalasia (OR 10.8, P=0.04) was found to be asso-

ciated with clinical failure on logistic regression analysis.

Conclusions In patients with achalasia, POEM provides

high initial clinical success with excellent long-term out-

comes. There are high rates of patient-reported gastro-

esophageal reflux post-procedure which persist at long-

term follow-up.
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Introduction
Achalasia is a rare motility disorder of the esophagus associated
with the loss of myenteric neurons that control peristalsis and
relaxation of the lower esophageal sphincter (LES). Esophageal
dysfunction leads to progressive symptoms of solid and liquid
dysphagia, regurgitation, and atypical chest pain which signifi-
cantly impact quality of life [1]. There is no known cure for
achalasia but the mainstay of treatment is disruption of the
LES using botulinum toxin injection, pneumatic balloon dila-
tion, or myotomy.

Per-oral endoscopic myotomy (POEM), a type of natural ori-
fice transluminal endoscopic surgery, performed without any
cutaneous incisions, has emerged as a novel, safe, and effective
treatment of achalasia [2, 3]. It has quickly become the gold-
standard in experienced centers, and studies have shown a ro-
bust clinical response in greater than 90% of patients within the
first year [4–11]. However, the natural history of achalasia is
one of an incurable and progressive disease. Response to ther-
apy tends to diminish over time regardless of treatment modal-
ity, making the assessment of long-term outcomes critically
important [12, 13].

Studies suggest treatment response to POEM is maintained
in the first two to three years with remission rates between
88–90%, but true long-term follow-up is sparse and limited to
small cohorts and single-center case series [14–16]. There are
currently no studies examining outcomes of POEM beyond 5
years. We performed this international, multicenter cohort
study to assess the long-term (>6 years) effectiveness of POEM
and identify clinical features that may be associated with treat-
ment failure over time.

Patients and methods
This retrospective cohort study was approved by the Institu-
tional Review Board for Human Research at The Johns Hopkins
Hospital and subsequently by each center enrolled in the study.
We retrospectively identified consecutive, adult patients (> 18
years old) who underwent POEM for the treatment of achalasia
between 2010 and 2012 at eight tertiary care centers (2 United
States, 4 Europe, 2 Asia). Records were identified from electro-
nic health records and procedural databases. Those with tele-
phone or in-person follow-up after at least 6 years were includ-
ed in the study. Efforts were made at each center to obtain fol-
low-up information by telephone when not available in the
medical record, but ultimately patients without documented
follow-up at 6 years were excluded. Patients who underwent
POEM for alternative indications, including diffuse esophageal
spasm, esophagogastric junction outflow obstruction, and jac-
khammer esophagus, were also excluded. The majority of pa-
tients in this cohort were included in previously published stud-
ies on shorter-term outcomes, incidence of gastroesophageal
reflux disease, and adverse events (AEs) after POEM however
clinical outcomes have never been reported beyond 4 years
[6, 17–21].

While POEM technique has been well-described in the cur-
rent literature, specific technical aspects of the procedure as

well as post-operative management were determined by the
standard of practice at each individual center. Generally, the
procedure was performed with a cap-fitted endoscopic ap-
proach with patients under general anesthesia and on positive-
pressure ventilation. Patients were kept nil per os overnight and
underwent esophagram with water-soluble contrast on post-
operative day one to exclude esophageal leak prior to diet ad-
vancement and discharge.

Chart review was performed by each center and data extrac-
ted into a central database. In addition to baseline demograph-
ic and clinical information, procedural data collected included
myotomy orientation, myotomy thickness, esophageal and gas-
tric myotomy length, and procedure-related AEs. AEs were
graded as mild, moderate, or severe based on the American So-
ciety for Gastrointestinal Endoscopy (ASGE) lexicon for endo-
scopic AEs [22]. All data analysis was conducted at the coordi-
nating center (The Johns Hopkins Hospital).

Clinical response was evaluated at 6 years using Eckardt
symptom score (ESS). The ESS is a validated self-assessment
tool that is the gold-standard for assessing symptom severity
with fair reliability and validity [23, 24]. It includes patient-re-
ported grading of dysphagia, chest pain, regurgitation and
weight loss. Scores at 6, 12, 24, 36 and 48 months were report-
ed when available. The primary outcome was clinical success
defined as ESS≤3 for the duration of follow-up with treatment
failure representing a score >3 at any time during the follow-up
period. In patients with missing data for specified time points,
the last observation was carried forward. A score≤3 has been
shown to be suggestive of active achalasia, and this definition
is consistent with that used in prior studies, including multiple
randomized controlled trials [24–26]. Additional outcomes of
interest included clinical characteristics associated with treat-
ment failure and prevalence of gastroesophageal reflux as de-
fined by patient-reported symptoms, use of proton pump inhi-
bitors (PPIs), and presence of esophagitis on esophagogastro-
duodenoscopy.

Patients were divided into clinical success (ESS≤3) and clin-
ical failure (ESS >3) cohorts. Baseline characteristics included
patient demographics, prior therapies, esophagus shape, LES
relaxation pressure, and pre-procedure ESS.Diagnosis was ca-
tegorized based on the Chicago Classification of esophageal
motility disorders [27]. Procedural data was collected as de-
scribed above. Symptomatic reflux and PPI use were assessed
at last follow-up. Esophageal acid exposure/pH measurement,
endoscopy findings, and manometry were reported when avail-
able.

Quantitative variables were described with mean value and
standard deviation. Categorical values were described with fre-
quencies (%). We assessed for clinically relevant differences
among patients who experienced treatment failure. Univariate
analysis was performed using standard using paired t-test for
quantitative data and, for categorical data, chi-square tests or
Fisher’s exact tests when event frequency was less than five.
Missing data that was not available from retrospective chart re-
view were excluded in comparisons. P≤0.05 was considered
statistically significant. Statistical analysis was performed using
SPSS software (SPSS version 25, Chicago, Ilinois, United States).
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Results
A total of 76 patients from eight centers were initially identified
during the study period. The number of patients contributed by
each center was 32, 31, 11, nine, three, three, two, and one.
Four patients (21%) were excluded alternative indication of dif-
fuse esophageal spasm (2/19), and lack of documented ESS (2/
19) (▶Fig. 1). Therefore, 73 patients (63.0% female, mean age
49.7 years) with a median follow-up time of 79.5 months (IQR
73.9–82.6) were analyzed. Baseline demographic and clinical
information are reported in ▶Table1. Preoperative diagnoses
were achalasia type I (16 patients, 21.9%), type 2 (15 patients,
20.6%), type 3 (4 patients, 5.5%), and achalasia of unspecified
type (38 patients, 52.1%). Six patients (8.2%) had a sigmoid-
shaped esophagus. Twenty-three patients (31.5%) had under-
gone prior treatment, three of which underwent multiple inter-
ventions. These treatments included 21 pneumatic dilation
(28.8%), four botulinum toxin injection (5.5%), and two Heller
myotomy (2.7%). The mean baseline ESS was 7.1±2.3. All pro-
cedures resulted in successful completion of the myotomy.
Anterior orientation was used in sixty-three (86.3%) of cases.
The majority of myotomies were partial-thickness (52 [69.9%})
compared to 22 (30.1%) full-thickness. Mean esophageal and
gastric myotomy length was 9.5±3.2 cm and 2.7 ±1.6 cm,
respectively. A total of six AEs occurred (8.2%), including one
cardiac arrhythmia (severe), one delayed bleed (moderate),
one esophageal leak (severe), and three mucosotomies (all
mild).

At 6 years, clinical success was noted in 89% (65/73) with a
95% confidence interval ranging from 82 to 96%. Not all pa-
tients had follow-up data available at the pre-specified interval
follow-up times. The average number of follow-up visits per pa-
tient was 5.5±1.2 visits. Three patients had two follow-up visits

documented due to unavailability of records. ESS was carried
forward from the most recent follow-up to calculate interval
success rates of 96% (70/73), 94% (69/73), 93% (68/73) and
92% (67/73) at 6, 12, 24, and 48 months, respectively.

In subgroup analysis of patients who achieved remission by 6
months, the clinical success rate at 6 years increased to 95.5%.
Three of eight patients failed within the first 6 months and aver-
age ESS was higher in the treatment failure cohort 6 months
post-procedure (3.2 vs 0.6, P=0.007). This persisted for most
of the follow-up duration (▶Fig. 2). Achalasia subtype was also
slightly different between the two groups. Patients who experi-
enced treatment failure were more likely to have a diagnosis of
type I achalasia (75% vs. 15.4%, P=0.005) but otherwise
showed similar demographic, procedural, and clinical charac-
teristics to those with clinical success (▶Table 2). Clinical char-

77 identified during study period

73 met inclusion criteria and were reviewed

65 clinical success 
(ESS ≤ 3)

8 clinical failure 
(ESS > 3)

4 excluded:
▪ 2 alternative indication (2 DES)
▪ 2 no ESS recorded

▶ Fig. 1 Flow diagram of study design and patient identification.
DES, diffuse esophageal spasm; ESS, Eckardt symptom score.
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 Treatment failure, ESS avg. 7.7 ± 2.7 3.2 ± 1.5 2.5 ± 1.0 3.7 ± 2.3 4.3 ± 1.2 2.0 ± 2.5 2.5 ± 1.8
 Clinical success, ESS avg. 7.1 ± 2.3 0.6 ± 0.8 0.7 ± 0.8 0.6 ± 0.8 0.8 ± 0.8 0.7 ± 0.8 0.9 ± 0.8
 Patients with available data N/A 69 70 64 61 66 73
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*
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▶ Fig. 2 Average Eckardt symptom score (ESS) in patients with clinical failure (black line) and clinical success (gray line) with standard
deviation as error bars. Significant differences are seen as early as 6 months post-procedure.
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acteristics of patients who experienced clinical failure (8/73
(11%)) are shown in ▶Table 3.

Symptomatic reflux was reported by 23 patients (31.5%) at
6-year follow-up with a similar number (23 [31.5%]) taking dai-
ly PPIs. Six patients (8.2%) were using PPIs intermittently and
44 (60.3%) were not on any PPI therapy at last follow-up. Endos-
copy information was available in 60 cases; however, the major-
ity were performed within 3 years of the original procedure
(average 1.7±1.4 years post-procedure). Esophagitis was pres-

ent in 20 cases (28.3%) with 13 grade A, 3 grade B, one grade D,
and three unknown grading as defined by the Los Angeles Clas-
sification System.

▶Table 2 Comparison of baseline and peri-procedural characteristics
of patients who experienced clinical response versus clinical failure.

Clinical

success

(ESS≤3)

n=65

Clinical

failure

(ESS >3)

n=8

Age, years (mean± SD) 50.6 ± 18.0 42.4 ±10.1

BMI, kg/m2 (mean ± SD) 26.3 ± 12.6 28.3 ±11.6

Female, no. (%) 41 (63.1) 5 (62.5)

Disease Classification

Type 1 10 (15.4)1 6 (75.0)1

Type 2 14 (21.5) 1 (12.5)

Type 3 4 (6.2) 0 (0.0)

Unspecified 37 (56.9) 1 (12.5)

Any prior therapy, no. (%) 22 (33.9) 1 (12.5)

Pneumatic dilation, no. (%) 20 (30.8) 1 (12.5)

Botox, no. (%) 4 (6.2) 0 (0.0)

Heller myotomy, no. (%) 2 (3.1) 0 (0.0)

Sigmoidal esophageal shape, no. (%) 6 (9.2) 0 (0.0)

Pre-POEM HRM, mean ± SD

IRP, mmHg 32.4 ± 15.1 33.1 ±9.2

Resting pressure, mmHg 41.2 ± 20.1 41.4 ±21.1

Pre-POEM ESS, mean± SD 7.1 ±2.3 7.7 ±2.7

Anterior orientation of myotomy,
no. (%)

57 (93.4) 6 (100.0)

Full thickness LES myotomy, no. (%) 18 (27.7) 4 (50.0)

Esophageal myotomy length, cm
(mean± SD)

9.5 ±3.3 8.9 ±2.1

Gastric myotomy length, cm
(mean± SD)

2.5 ±0.8 2.7 ±0.8

Patients with adverse events, no. (%) 16 (24.6) 0 (0.0)

Follow up time, months, median
(IQR)

76.9
(73.9–82.2)

81.6
(74.7–89.1)

Pre-POEM HRM, mmHg (mean± SD)

IRP, mmHg 11.4 ± 7.8 16.7 ±14.2

Resting pressure, mmHg 18.1 ± 9.1 14.1 ±7.5

ESS, Eckardt Symptom Score; HRM, high-resolution manometry; IRP, inte-
grated relaxation pressure; LES, lower esophageal sphincter; IQR, interquar-
tile range; PPI, proton pump inhibitor; SD, standard deviation.
1 P≤0.05.

▶Table 1 Baseline and peri-procedural characteristics.

Patients with

available data

N=73 unless

specified

Overall

(n 73)

Age, years (mean± SD) 49.7 ±17.4

BMI, kg/m2 (mean± SD) 37 26.5 ±12.4

Female, no. (%) 46 (63.0)

Disease Classification

▪ Type 1 16 (21.9)

▪ Type 2 15 (20.6)

▪ Type 3 4 (5.5)

Unspecified 38 (52.1)

Any prior therapy, no. (%) 23 (31.5)

Pneumatic dilation, no. (%) 21 (28.8)

Botox, no. (%) 4 (5.5)

Heller myotomy, no. (%) 2 (2.7)

Sigmoidal esophageal shape,
no. (%)

72 6 (8.2)

HRM IRP, mm Hg (mean± SD) 25 32.5 ±14.2

HRM resting pressure, mmHg
(mean± SD)

45 41.2 ±20.0

Pre-poem Eckhart score,
mean± SD

71 7.1 ±2.3

Anterior orientation of myot-
omy, no. (%)

67 63 (86.3)

Full-thickness LES myotomy, no.
(%)

22 (30.1)

Esophageal myotomy length,
cm (mean± SD)

9.5 ±3.2

Gastric myotomy length, cm
(mean± SD)

71 2.5 ±0.8

Patients with adverse events,
no. (%)

6 (8.2)

Follow-up time, months, median
(IQR)

50 79.5
(73.9 – 82.6)

HRM, high-resolution manometry; IRP, integrated relaxation pressure; LES,
lower esophageal sphincter; IQR, interquartile range; PPI, proton pump in-
hibitor.
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Discussion
This is the first study examining POEM outcomes at 6 years and
we have shown a robust and durable clinical response in this pa-
tient cohort. A clinical success rate of 89% is consistent with ex-
isting 3- to 5-year data ranging from 83% to 90% [3, 25, 28–30].
While 6-year data have not been previously published, a hand-
ful of groups have reported retrospective 5-year data from indi-
vidual centers. In North America, Stravapolous et al. reported a
5-year success rate of 90% in 49 patients (abstract) and Teitel-
baum et al. 83% in 29 patients [28, 30]. Li et al. reported an 87%
success rate in 47 patients with follow-up ranging from 4 to 5
years from a single center in Asia [29].

In our cohort, significant differences in average ESS
emerged as early as 6 months post-procedure and over 95% of
patients with clinical success at 6 months remained in remis-
sion for the duration of follow-up. As a point of comparison, la-
paroscopic Heller myotomy remission rates after 5 years vary
from 57% to 88% but studies directly comparing long-term

outcomes with POEM are not available, given the novelty of
the procedure, variability in study design, and limited random-
ized data [31–33]. Our results suggest that long-term effec-
tiveness is comparable to conventional therapy based on histor-
ic data, but further studies are certainly needed.

Type I achalasia was the sole clinical factor associated with
clinical failure (OR 10.8, P<0.001). However, the high number
of patients with unspecified achalasia subtype in this cohort
makes inferring the clinical significance of this finding difficult
and limits generalizability. In larger series, POEM has been
shown to be effective across all three manometric subtypes
[34]. Type III achalasia has been least responsive to traditional
therapy, but POEM is thought to be particularly advantageous
as it allows for customization and lengthening of the myotomy
[35, 36]. All four patients with type III achalasia in this cohort
were treated successfully. In these patients, average esopha-
geal and gastric myotomy lengths were 2.3 ±1.0 and 7.0±3.6
cm, respectively. Further assessment of the impact of achalasia

▶Table 3 Demographic and clinical information of patients who experienced clinical failure.

Age

(y)

Gender Achalasia

Subtype

Eckardt

Score

(pre, post)

HRM IRP,

mm Hg

(pre, post)

Response

at 6

months?

Time of

failure

Further treatment Symptomatic

improvement

1 33 Female Type I 5, 4 30.0, 36.0 – 6 months Conservative man-
agement

+

2 50 Male Type I 6, 5 23.4, 6.6 – 6 months Conservative man-
agement

–

3 61 Male Type I 6, 4 Na – 6 months Conservative man-
agement

+

4 54 Female Type II 7, 1 33.5, 11.7 + 12 months Pneumatic dilation +

5 25 Female Type II 11, 3 45.4, 18.7 + 24 months Pneumatic dilation +

6 42 Female Type I 11, 2 43.5, 5.3 + 36 months Pneumatic dilation +

7 52 Male Type I Na, 4 Na Na 6 years Conservative man-
agement

NA

8 37 Female Unspecified Na, 6 Na Na 6 years Pneumatic dilation +

HRM, high-resolution manometry; IRP integrated relaxation pressure; NA, data not available.

▶Table 4 Gastroesophageal reflux after POEM in patients with clinical response versus clinical failure.

Overall

n =73

Clinical success

(ESS≤3)

n=65

Clinical failure

(ESS >3)

n=8

Symptomatic reflux at last follow-up, no. (%) 27/72 (37.5) 25/64 (39.1) 2/8 (25.0)

PPI use at last follow up, no. (%) 29 (39.7) 27 (41.5) 2 (25.0)

Daily 23 (31.5) 22 (33.9) 1 (12.5)

Occasionally 6 (8.2) 5 (7.7) 1 (12.5)

None 44 (60.3) 38 (58.5) 6 (75.0)

Esophagitis on EGD, no. (%) 20/65 (30.8) 17/57 (29.8) 3/3 (100.0)

EGD, esophagogastroduodenoscopy; ESS, Eckardt Symptom Score; PPI, proton pump inhibitor.
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subtype on clinical outcome was limited by a high number of
unclassified diagnoses (38 patients [52.1%]) attributed to de-
layed adoption of high-resolution manometry as the first proce-
dures were performed in early 2012.

Other than achalasia subtype, failure and success groups
showed similar clinical and procedural characteristics. Out-
come was notably independent of any prior treatment (OR
3.58, 95%CI 0.41–30.97), which is consistent with prior studies
suggesting POEM is effective in patients who have failed pre-
vious endoscopic and surgical interventions. Studies report re-
mission rates of 75% to 100% for patients with prior myotomy
and 87% to 100% with prior PD but are limited by follow-up
length of less than 1 year [7, 37–40]. Two of two patients
(100 %) with prior surgical myotomy and 20 of 21 (95%) with
prior PD had sustained response at 6 years, supporting the role
of POEM as salvage therapy in previously treating patients.

Pathologic gastroesophageal reflux (GER) remains a critical
disadvantage of POEM in this study with over one-third of pa-
tients reporting symptomatic reflux (37.5%) and a similar num-
ber on daily PPI therapy (31.5%). Esophagitis was noted in 28%
of individuals who underwent endoscopy (▶Table4). Evaluati-
on with endoscopy and pH monitoring was typically performed
in the early postoperative period, but objective, long-term data
were not available for the vast majority of patients. POEM is ty-
pically performed at tertiary centers where routine follow-up
may involve extra travel and cost for patients, but the lack of
objective reflux data highlights significant variability in post-
procedure surveillance at each center. In a recent randomized
trial comparing POEM to laparoscopic Heller myotomy with rig-
orous post-procedure monitoring, 30% of POEM patients had
abnormal esophageal pH exposure at 24 months [26]. While
objective pH exposure data were not available in our cohort,
the symptomatic reflux rates and PPI use at 6 years are consis-
tent with this. Determining the optimal approach to iatrogenic
GER remains an area of ongoing investigation.

The limitations of this study include its retrospective design
and reliance on ESS as the primary outcome. While ESS remains
the gold standard in current literature and achalasia trials, a pa-
tient with a score of 3 (defined as clinical success) may still be
experience dysphagia on a daily basis. Using the score as the
sole indicator of clinical success also makes it difficult to deter-
mine if failure was due to true clinical failure or pseudoachalasia
secondary to reflux. In future studies, consideration should be
given to additional, objective evaluation of disease activity
using other data like HRM, bolus retention time, and quality of
life measurements. It is also important to note that this cohort
represents some of the earliest patients to undergo POEM in
these centers, which resulted in significant variation in proce-
dural volume and half of the centers contributing fewer than
10 cases. These limited samples and selection bias (including
self-selection by patients and operator case selection) may limit
generalizability to current practice. Data that were not avail-
able during retrospective chart review also were excluded
from comparisons, which limits external and internal validity.

Conclusions
In conclusion, this international, multicenter study reports the
longest follow-up of a POEM cohort to date and shows enduring
symptomatic relief. Sustained clinical response was noted in
89% of patients regardless of prior treatment and, if in clinical
remission at 6 months, the probability of response at 6 years
was even higher. This information contributes to the limited
body of literature regarding true long-term data as POEM adop-
tion increases around the world. GER remains a common occur-
rence that continues to impact patients many years after their
procedure, and further investigation is required to establish
standardized long-term surveillance and management.
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