
Introduction
Achalasia is a primary esophageal motility disorder that pre-
sents with symptoms reflecting esophageal aperistalsis and im-
paired lower esophageal sphincter (LES) relaxation, including
dysphagia, regurgitation, chest pain, and weight loss [1]. Tradi-
tional treatment options for achalasia include botulinum toxin

injection, pneumatic balloon dilation, and laparoscopic Heller
myotomy [2]. Peroral endoscopic myotomy (POEM) is a novel
endoscopic therapy; it is less invasive than conventional myot-
omy, which requires an extraluminal surgical approach [2, 3].
Recently, POEM has demonstrated promising advantages for
the treatment of achalasia [4–6]. However, all types of treat-
ment may be associated, to a greater or lesser extent, with
clinical failure.

The effect of prior treatment on clinical outcomes in patients with
achalasia undergoing peroral endoscopic myotomy
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ABSTRACT

Background Peroral endoscopic myotomy (POEM) is a

treatment option for patients with previous surgical or

endoscopic treatment. We aimed to evaluate the influence

of prior treatment on perioperative and follow-up out-

comes in patients undergoing POEM.

Methods From August 2010 to December 2014, a total of

1384 patients with achalasia underwent POEM at our cen-

ter. We retrospectively reviewed 849 patients who comple-

ted follow-up. Patients with an Eckardt score ≥4 after POEM

were considered to have a clinical failure. We compared

variables between patients with and without prior treat-

ment. We analyzed risk factors for perioperative major ad-

verse events, and clinical reflux and failure during follow-

up.

Results 245 patients (28.9%) had undergone prior treat-

ment, and 34 patients (4.0%) experienced a major adverse

event associated with the POEM procedure. During a medi-

an follow-up of 23 months (range 1–71), clinical reflux oc-

curred in 203 patients (23.9%) and clinical failure was re-

corded for 94 patients (11.1%). Patients with prior treat-

ment had a longer procedure duration (P=0.001) and long-

er hospital stay after POEM (P=0.001). Prior treatment was

not an independent risk factor for major adverse events or

clinical reflux (odds ratio [OR] 1.19, P=0.65; OR 1.26, P=

0.19; logistic regression), but it did increase the rate of clin-

ical failure during follow-up (hazard ratio 1.90, P=0.002;

Cox regression).

Conclusions POEM was performed safely with a low rate of

major adverse events in patients with achalasia who had un-

dergone prior surgical or endoscopic treatment. However,

prior treatment increased the risk of clinical failure after

POEM.
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POEM is a potential treatment option for patients in whom a
previous intervention for achalasia has failed. Orenstein et al.
reported that up to 40% of patients undergoing POEM had un-
dergone at least one previous intervention before POEM [7].
Several authors recently reported preliminary results of their
studies exploring the performance or early outcomes of POEM
for patients with prior interventions [8–10]. However, these
studies are limited by their small case volume, and most of
them focused on perioperative outcomes. Only a few studies
have described long-term outcomes of POEM in patients with
previous treatment, but results of these studies have been con-
flicting [11–14]. Therefore, systematic evaluation of short- and
long-term outcomes of POEM is essential for patients with prior
treatment. The aim of the current study was to evaluate perio-
perative outcomes, as well as outcomes during long-term fol-
low-up, in patients with prior treatment undergoing POEM.

Methods
Patients

From August 2010 to December 2014, a total of 1384 patients
with achalasia underwent POEM at the Endoscopy Center and
Endoscopy Research Institute, Zhongshan Hospital, Shanghai,
China. Among them, 849 patients who completed follow-up
were enrolled in the study (▶Fig. 1). (Study patients who had
been included in previously published studies with more than
50 patients are shown in ▶Supplemental Table e1, available
online). Of these patients, 245 had undergone prior treatment,
which included botulinum toxin injection, dilation, esophageal
stent placement, Heller myotomy, and POEM. This retrospec-
tive study was approved by our local research ethics commit-
tee.

Preoperative evaluation of achalasia included determination
of the standardized Eckardt score [15], esophageal high resolu-
tion manometry (HRM), esophagogastroduodenoscopy (EGD),
and a barium swallow. Demographic and clinical information,
including patient age, sex, and disease duration, as well as the
presence or absence of sigmoid esophagus, submucosal fibro-
sis, or remnant contents, was collected.

POEM procedure

The standard POEM procedure was performed as previously de-
scribed [3]. It generally consisted of four major steps: 1) sub-
mucosal injection at the 5–6-o’clock position entry point, and
a 1.5-cm longitudinal mucosal incision; 2) submucosal tunnel-
ing; 3) myotomy, from 2cm proximal to the mucosal entry
point to 2–4 cm beyond the cardia; and 4) closure of the muco-
sal entry site (▶Fig. 2). In special circumstances, when fibrosis
or adhesions were present because of prior treatment, the
myotomy was located in an area of normal (fibrosis-free) tissue.

All patients received general anesthesia and endotracheal
intubation. A waterjet-assisted knife was used in the vast ma-
jority of patients. Prophylactic antibiotic treatment was initi-
ated 30 minutes before the procedure and continued until the
second postoperative day. Patients remained fasted until the
evening of the first postoperative day; thereafter, a liquid diet
was allowed, as tolerated. After the procedure, patients regu-
larly received proton pump inhibitors for 2 months for anti-re-
flux treatment.

Outcome measurements

Outcome measures were divided into perioperative outcomes
and outcomes during follow-up. Perioperative outcomes were
defined as perioperative major adverse events, including con-

Patients evaluated for POEM (August 2010 to December 2014) n = 1396 

Successful POEM n = 1384 

Prior treatment n = 245

Botuli-
num 
toxin 

injection
n = 46 

Esopha-
geal 
stent

n = 45 

POEM
n = 6 

Heller 
myoto-

my
n = 28 

Dilation
n = 165 

No prior treatment n = 604

Aborted POEM n = 12

Completed POEM with follow-up n = 849 

No follow-up n = 535

▶ Fig. 1 Patient eligibility flow chart. POEM, peroral endoscopic myotomy.
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version to laparoscopic or open procedure, blood transfusion,
intensive care unit stay after the procedure, invasive operation
postoperatively, hospital readmission after discharge, and hos-
pital stay of more than 5 days [16].

The outcomes during follow-up included clinical reflux and
clinical failure. Clinical reflux has been defined previously, and
included symptomatic reflux and reflux esophagitis [17, 18].
Clinical reflux was diagnosed if the patient experienced positive
results of either reflux or reflux esophagitis, which were con-
firmed by further investigation. Symptomatic reflux was diag-
nosed by GerdQ questionnaire, which comprises six items of
gastroesophageal reflux disease, including four positive predic-
tors (heartburn, regurgitation, sleep disturbance cause by
heartburn and regurgitation, and use of over-the-counter med-
ication in addition to prescribed treatment), and two negative
predictors (epigastric pain and nausea). Patients were required
to reflect on symptoms during the preceding week. Scores of 0
to 3 were used for the positive predictors and 3 to 0 (reversed
order, where 3 was none) for the negative predictors. The
GerdQ score was calculated as the total score of the items,
ranging from 0 to 18. A score of 8 or more was defined as symp-
tomatic reflux. Reflux esophagitis was diagnosed and graded by
EGD based on the Los Angeles classification.

Once clinical reflux had been confirmed, patients took dou-
ble-dose proton pump inhibitors for anti-reflux treatment. Pa-
tients with an Eckardt score ≥4 after POEM were considered to
have a clinical failure [17]. The overall follow-up duration was

defined as the time from the procedure to clinical failure or
the last follow-up.

Follow-up

Patients were scheduled for follow-up at 1 month, 3 months, 6
months, and 1 year postoperatively, and yearly thereafter.
Evaluation of clinical response was based on the Eckardt score.
Barium swallow was performed to objectively assess treatment
efficacy and clinical failure. EGD was regularly performed be-
cause it provided both outcome assessment and cancer screen-
ing. HRM was also advised, especially in patients with dyspha-
gia.

Patients who lived a long distance from our institution or
who were unwilling to return for follow-up underwent detailed
telephone interviews, which included questions about symp-
toms, as well as examinations and treatments at other hospi-
tals. The last follow-up was performed in October 2016.

Statistical analyses

Categorical variables were compared using the chi-squared
test, and continuous variables were compared using the Stu-
dent’s t test. Logistic regression analysis was used to assess
variables associated with major adverse events and clinical
reflux, and Cox’s regression analysis was used for variables
associated with clinical failure. Multivariate analysis was per-
formed for variables with P<0.1 during univariate analysis. Ka-
plan-Meier analysis and the log-rank test were also used to

▶ Fig. 2 Peroral endoscopic myotomy (POEM) procedure for a patient who had undergone a previous POEM procedure. aMucosal scars (arrows)
of prior POEM. b Submucosal injection. c Submucosal tunneling. d Full-thickness myotomy. e Closure of the mucosal entry site. f Opening of the
esophagogastric junction after the procedure.
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evaluate variables associated with clinical failure. Variables
were considered statistically significant if the P value was
<0.05. Statistical analyses were conducted using SPSS soft-
ware version 21.0 (IBM Corp., Armonk, New York, USA).

Results
Patient and procedural characteristics

Patient and POEM procedural characteristics are listed in ▶Ta-
ble2. A total of 849 patients underwent POEM, including 423
males and 426 females. Median age was 38 years (range 6–98
years). A total of 694 patients (81.7%) underwent HRM, includ-
ing 209 patients of Type I, 441 patients of Type II, and 44 pa-
tients of Type III. The median pre-POEM Eckardt score was 7
(range 4–12) and median pre-POEM LES resting pressure on
HRM was 29mmHg (range 15–78mmHg). A total of 63 pa-
tients (7.4%) had a sigmoid esophagus. Full-thickness myot-
omy was performed in 681 patients (80.2%). The median pro-
cedure duration was 45 minutes (range 14–202 minutes),
and the duration was more than 60 minutes in 242 patients
(28.5%). Air insufflation was used in 213 patients.

Prior treatment

Overall, 245 patients (28.9%) had undergone prior treatment.
The treatment was dilation in 165 patients, botulinum toxin in-
jection in 46 patients, esophageal stent placement in 45 pa-
tients, Heller myotomy in 28 patients, and POEM in 6 patients
(▶Table3). Only one prior treatment was performed in 202 pa-
tients, whereas 43 patients had undergone more than one prior
treatment (▶Table 3). Undergoing prior treatment was signifi-
cantly associated with insufflation (P <0.001), disease duration
(P <0.001), sigmoid esophagus (P<0.001), submucosal fibrosis
(P =0.03), full-thickness myotomy (P=0.02), procedure dura-
tion (P=0.001), length of hospital stay (P =0.001), and endos-
copist experience (P =0.002) (▶Table 2). Pre-POEM Eckardt
score, pre-POEM LES resting pressure, and achalasia subtype
were comparable between patients with vs. without prior treat-
ment (P=0.43, 0.88, 0.29, respectively) (▶Table 2).

Prior treatment and perioperative major
adverse events

Major adverse events occurred in 34 patients (4.0%). Among
these, 19 patients had a pneumothorax requiring drainage, 6
patients had a hydrothorax requiring drainage, 4 patients had
delayed mucosa barrier failure, 2 patients had delayed bleeding
requiring intervention or transfusion, and 3 patients had other
miscellaneous major adverse events (▶Supplemental Table
e4, available online). Eleven of the 34 patients had undergone
prior treatment, including 7 with dilation, 3 with esophageal
stent placement, 2 with botulinum toxin injection, and 1 with
surgery. No statistical difference in major adverse events was
found between patients with vs. without prior treatment (P =
0.65).

Multivariate logistic regression analysis demonstrated that
major adverse events were independently associated with
endoscopist experience (odds ratio [OR] 0.23, P=0.02) and
procedure duration (OR 3.82, P<0.001) (▶Table5). Prior treat-

ment was not a risk factor for major adverse events (OR 1.19, P=
0.65), even when the number of prior treatments increased
(only one treatment: OR 1.18, P=0.68; more than one treat-
ment: OR 1.23, P=0.78).

Prior treatment and clinical reflux during follow-up

During a median follow-up 23 months (range 1–71 months),
clinical reflux occurred in 203 patients (23.9%), 135 (15.9%) of
whom had symptomatic reflux (▶Supplemental Table e6,
available online). Of the 664 patients who underwent follow-
up EGD, 126 patients (19.0%) were reported to have reflux
esophagitis. A total of 100 patients were evaluated for severity
of esophagitis, 6 (6.0%) of whom were reported to have severe
esophagitis (Los Angeles classification Grade D). Patients with
prior treatment had a clinical reflux rate of 26.9%, which was
comparable with that in patients who had not undergone prior
treatment (P =0.19). Multivariate logistic regression analysis
demonstrated that prior treatment was not an independent
risk factor for clinical reflux (OR 1.26, P =0.19) (▶Table 7).

Prior treatment and clinical failure during follow-up

Of the 849 patients with follow-up data, 664 patients returned
for clinical follow-up and 185 patients received detailed tele-
phone interviews. The median follow-up time for clinical failure
was the same as for clinical reflux (23 months, range 1–71
months). Clinical failure occurred in 94 patients (11.1%) during
follow-up. Clinical failure rates at 1, 2, and 5 years after POEM
were 6.8%, 8.5%, and 11.1%, respectively. The rates at 1, 2,
and 5 years were 11.4%, 13.5%, and 18.0% in patients with
prior treatment, and 5.0%, 6.5%, and 8.3% in patients without
prior treatment (P=0.001, 0.001, < 0.001, respectively) (▶Sup-
plemental Table e8, available online). Patients with prior treat-
ment had a higher mean postoperative Eckardt score compared
with patients without (1.69 vs. 1.37, P=0.005). A total of 438
patients (51.6%) underwent post-POEM HRM, among whom
the post-POEM LES resting pressure was not statistically differ-
ent between patients with and without prior treatment (12.2
vs. 11.1 mmHg; P=0.23).

Univariate log-rank tests demonstrated that clinical failure
was associated with disease duration (hazard ratio [HR] 1.94, P
=0.002), sigmoid esophagus (HR 2.07, P=0.02), and prior
treatment (HR 2.16, P<0.001) (▶Table 9, ▶Fig. 3). Multivariate
analysis demonstrated that disease duration and prior treat-
ment were independent factors associated with clinical failure
(HR 1.62, P=0.03; HR 1.90, P=0.002, respectively) (▶Table 9).
In addition, when the number of prior treatments was consid-
ered, the risk of clinical failure was higher in patients with
more than one prior treatment (HR 3.15, 95%CI 1.64–6.06; P
<0.001) than in those with only one prior treatment (HR 1.96,
95%CI 1.26–3.03; P=0.003) (▶Table 9, ▶Fig. 4). Thus, prior
treatment clearly increases the risk of clinical failure.

Outcome measures between patients with prior
dilation and those with other prior treatments

Owing to the high proportion of prior dilation treatments, pa-
tients were stratified into two groups for further analysis: 1)
those who underwent dilation, and 2) those who underwent
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▶Table 2 Patient and procedure characteristics.

Variables N No prior treatment Prior treatment P

Total number, n (%) 849 604 (71.1) 245 (28.9) –

Male, n (%) 423 291 (48.2) 132 (53.9) 0.13

Age, median (range), years 38 (6–98) 38 (8–77) 38 (6–98) 0.83

Pre-POEM Eckardt score, median (range) 7 (4–12) 7 (4–12) 8 (4–12) 0.43

Pre-POEM LES resting pressure on HRM, median (range), mmHg 29 (15–78) 30 (15 –78) 27 (15–71) 0.88

Achalasia subtype, n (%) 0.29

▪ Type I 209 144 (23.8) 65 (26.5)

▪ Type II 441 309 (51.2) 132 (53.9)

▪ Type III  44 31 (5.1) 13 (5.3)

▪ Unspecified 155 120 (19.9) 35 (14.3)

Insufflation, n (%) < 0.001

▪ Air 213 131 (21.7) 82 (33.5)

▪ CO2 636 473 (78.3) 163 (66.5)

Disease duration, n (%) < 0.001

▪ <10 years 654 491 (81.3) 163 (66.5)

▪ ≥10 years 195 113 (18.7) 82 (33.5)

Sigmoid esophagus, n (%) < 0.001

▪ No 786 573 (94.9) 213 (86.9)

▪ Yes 63 31 (5.1) 32 (13.1)

Remnant contents, n (%) 0.72

▪ No 793 563 (93.2) 230 (93.9)

▪ Yes  56 41 (6.8) 15 (6.1)

Submucosal fibrosis, n (%) 0.03

▪ No 797 574 (95.0) 223 (91.0)

▪ Yes 52 30 (5.0) 22 (9.0)

Full-thickness myotomy, n (%) 0.02

▪ No 168 107 (17.7) 61 (24.9)

▪ Yes 681 497 (82.3) 184 (75.1)

Procedure duration, n (%) 0.001

▪ <60 minutes 607 441 (73.0) 166 (67.8)

▪ ≥60 minutes 242 163 (27.0) 79 (32.2)

Hospital length of stay, n (%) 0.001

▪ <2 days 431 324 (53.6) 107 (43.7)

▪ ≥2 days 418 280 (46.4) 138 (56.3)

Endoscopist experience, n (%) 0.002

▪ ≤100 100 58 (9.6) 42 (17.1)

▪ >100 749 546 (90.4) 203 (82.9)

HRM, high resolution manometry, LES, lower esophageal sphincter, POEM, peroral endoscopic myotomy.
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botulinum toxin injection, Heller myotomy, POEM, or esopha-
geal stent placement. Patients with prior dilation had a higher
rate of sigmoid esophagus compared with patients who had
undergone botulinum toxin injection/Heller myotomy/POEM/
esophageal stent placement (P=0.03; Supplemental ▶Table
e10, available online). Other patient and POEM procedural
characteristics were comparable between the two groups (all
P >0.05). In addition, there were no statistical differences in
perioperative outcomes and outcomes during follow-up be-
tween the two groups (▶Supplemental Table e11, available
online).

Discussion
Traditional treatment methods for achalasia include botulinum
toxin injection, pneumatic balloon dilation, and Heller myo-
tomy [2]. In past decades, these kinds of treatments cured mul-
titudes of patients with achalasia throughout the world. How-
ever, the success rates of these procedures varied. For instance,
reported success rates ranged from 50% to 85% at 2 years after
pneumatic dilation [19–21]. With the development of natural
orifice transluminal endoscopic surgical procedures, POEM be-
came a good alternative because of its safety and feasibility [3].
However, even the POEM procedure was reported to have a
clinical failure rate of more than 10% after 3 years [22].

POEM was previously recommended as a rescue treatment
for recurrent achalasia. As reported in earlier studies, up to 40
% of patients undergoing POEM had received other treatment
before the procedure [7]. A few studies explored the short-
term efficacy of POEM for patients with prior treatment for
achalasia [8–10]. In our 2013 prospective study of 12 patients
with recurrent symptoms after primary Heller myotomy, we
found that POEM produced short-term symptom relief in more
than 90% of patients, with no major adverse events [8]. In
2016, Jones et al. retrospectively analyzed 45 patients who un-
derwent POEM for achalasia [9]. Among these, 15 patients had

undergone prior treatment, including seven with botulinum
toxin injection, five with pneumatic dilation, and three with
Heller myotomy. The study demonstrated that patients who
had undergone treatment prior to undergoing POEM had simi-
lar early outcomes, including procedure duration, length of
hospital stay, and incidence of reflux, when compared with pa-
tients without previous therapy.

Although several previous studies have focused on short-
term outcomes after POEM in patients with prior treatment
[7–10], long-term clinical failure and reflux rates have only re-
cently been reported (since 2017 )[11–14]. One study per-
formed by Kristensen et al. enrolled 66 patients undergoing
POEM, 14 of whom had undergone previous Heller myotomy
[11]. The authors found that the non-Heller group had more
symptom relief at 3, 12, and 24 months after POEM than those

▶Table 3 Prior treatment for achalasia.

Variables Number

Patients 245

Type

▪ Balloon or bougie dilation
165

▪ Botulinum toxin injection  46

▪ Esophageal stent  45

▪ Heller myotomy  28

▪ POEM   6

Number of prior treatments

▪ 1 202

▪ ≥2  43

POEM, peroral endoscopic myotomy.

Pe
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t s
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ss
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)

Follow-up (months)
6040200 80

P < 0.001

100

80

60

40

20

0

No prior treatment
Prior treatment

▶ Fig. 3 Prior treatment increased the risk of clinical failure
(P<0.001).
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P < 0.001
P = 0.008

100
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60
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0

1
0

Prior treatment times

≥ 2

▶ Fig. 4 When the number of prior treatments was considered, the
risk of clinical failure was higher in patients with more than one
prior treatment compared with those with only one prior treat-
ment.
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who had undergone the previous procedure. Another study re-
ported by Ngamruengphong et al. showed similar findings from
a review of 180 patients from 13 tertiary centers [12]. The rate
of clinical success in patients with prior Heller myotomy was
lower than that in patients who had not undergone Heller

myotomy (81% vs. 94%; P=0.01). However, similar studies
from Nabi et al. and Zhang et al. showed conflicting results.
Nabi et al. reported a series of 502 patients with achalasia un-
dergoing POEM, with 260 patients (51.8%) in the treatment-
naïve group and 242 patients (48.2%) in the prior treatment

▶Table 5 Risk factors for perioperative major adverse events.

Variables Univariate analysis Multivariate analysis*

OR 95%CI P OR 95%CI P

Sex, Male vs. Female 0.54 0.26–1.10 0.09 0.57 0.26– 1.22 0.15

Age, ≥60 vs. < 60 years 1.81 0.68–4.81 0.24 NA NA NA

Insufflation, Air vs. CO2 6.88 3.29–14.37 <0.001 2.12 0.57– 7.96 0.26

Pre-POEM Eckardt score, ≥7 vs. < 7 0.77 0.38–1.57 0.48 NA NA NA

Disease duration, ≥10 vs. < 10 years 1.42 0.67–3.02 0.36 NA NA NA

Sigmoid esophagus, Yes vs. No 1.71 0.58–5.01 0.33 NA NA NA

Procedure duration, ≥60 vs. < 60 minutes 3.82 1.90–7.69 0.001 3.82 1.81– 8.08 <0.001

Submucosal fibrosis, Yes vs. No 2.82 1.04–7.61 0.04 1.97 0.58– 6.64 0.28

Full-thickness myotomy, Yes vs. No 0.16 0.08–0.32 <0.001 0.44 0.17– 1.17 0.10

Remnant contents, Yes vs. No 0.88 0.21–3.77 0.86 NA NA NA

Endoscopist experience > 100 0.09 0.04–0.18 <0.001 0.23 0.07– 0.76 0.02

Prior treatment, Yes vs. No 1.19 0.57–2.48 0.65 NA NA NA

CI, confidence interval; NA, not applicable; OR, odds ratio; POEM, peroral endoscopic myotomy.
* Compared using logistic regression analysis.

▶Table 7 Risk factors for clinical reflux during follow-up.

Variables Univariate analysis Multivariate analysis*

OR 95%CI P OR 95%CI P

Sex, Male vs. Female 0.88 0.64–1.20 0.41 NA NA NA

Age, ≥60 vs. < 60 years 0.84 0.47–1.49 0.54 NA NA NA

Insufflation, Air vs. CO2 0.87 0.60–1.26 0.47 NA NA NA

Pre-POEM Eckardt score, ≥7 vs. < 7 1.07 0.76–1.50 0.70 NA NA NA

Disease duration, ≥10 vs. < 10 years 1.30 0.90–1.87 0.16 NA NA NA

Sigmoid esophagus, Yes vs. No 1.30 0.73–2.30 0.37 NA NA NA

Procedure duration, ≥60 vs. < 60 minutes 0.88 0.62–1.26 0.49 NA NA NA

Submucosal fibrosis, Yes vs. No 1.07 0.56–2.04 0.85 NA NA NA

Full-thickness myotomy, Yes vs. No 1.49 0.98–2.29 0.07 1.49 0.98–2.29 0.07

Remnant contents, Yes vs. No 0.59 0.29–1.23 0.16 NA NA NA

Major adverse event, Yes vs. No 0.54 0.21–1.41 0.21 NA NA NA

Endoscopist experience > 100 1.29 0.77–2.17 0.33 NA NA NA

Prior treatment, Yes vs. No 1.26 0.89–1.77 0.19 NA NA NA

CI, confidence interval; NA, not applicable; OR, odds ratio; POEM, peroral endoscopic myotomy.
* Compared using logistic regression analysis.
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failure group [13]. Zhang et al. reviewed 318 consecutive pa-
tients including 46 patients with prior Heller myotomy [14].
Both of these studies showed comparable clinical failure in the
two groups. Therefore, previous studies on long-term out-
comes of POEM in patients with prior treatment are limited
and contradictory. Given these conflicting data, systematic
evaluation of long-term outcomes between these groups is
highly necessary.

In the current study, we comprehensively compared perio-
perative outcomes in patients with vs. without prior treatment
for achalasia. Our study demonstrated that patients with prior
treatment had longer disease duration and were more likely to
have sigmoid esophagus and submucosal fibrosis (▶Table 2).
Therefore, inflammation in the area of prior treatment is ex-
pected to be high in these patients. The presence of inflamma-
tion and fibrosis could increase the technical challenge of
POEM, leading to longer procedure duration and length of hos-
pital stay after POEM (▶Table 2) [8]. Nevertheless, our study in-
dicated that patients with prior treatment receiving POEM had
a similar rate of perioperative major adverse events when com-
pared with patients without prior treatment; that is, when the
procedure is performed by experienced operators who are
highly proficient, the rate of major adverse events could be un-
affected by previous treatment. Therefore, we recommend that
patients with prior treatment undergo POEM at centers that
have experience in the procedure.

The current study represents the largest database of single-
center data on the long-term outcome of POEM to date. We

found that patients with prior treatment had a comparable risk
of clinical reflux but a higher risk of clinical failure after POEM.
Patients with prior treatment had a clinical reflux rate of 26.9%
compared with 22.7% in patients without prior treatment (P=
0.19). All patients with clinical reflux experienced symptom re-
lief with proton pump inhibitors, and no patient required res-
cue surgery. In addition, patients with prior treatment had clin-
ical failure rates at 1, 2, and 5 years of 11.4%, 13.5%, and 18.0
%, compared with 5.0%, 6.5%, and 8.3% in patients without
prior treatment. The difference in clinical failure between the
two groups was significant, although the differences between
the 1– and 2-year clinical failure rates were not large in the re-
spective groups. However, by the 5-year follow-up, the differ-
ence in failure rates between the two groups had increased
(18.0% vs. 8.5%), suggesting that the longer the follow-up,
the greater the difference in clinical failure between patients
with vs. without prior treatment. In addition, we found that pa-
tients with more than one prior treatment had a higher risk of
clinical failure than those with only one prior treatment (▶Ta-
ble9, ▶Fig.4). Therefore, we conclude that patients in whom
prior treatment failed would have a greater risk of failure again,
especially during long-term follow-up. This finding is similar to
that observed in the latest study reported by Ngamruengphong
et al., where the rate of clinical success was lower in patients
with prior Heller myotomy than in patients without (81% vs.
94%) [12].

Patients with prior treatment had longer duration, and more
sigmoid esophagus and submucosal fibrosis (▶Table2), that is,

▶Table 9 Risk factors for clinical failure during follow-up.

Variables Univariate analysis Multivariate analysis*

HR 95%CI P HR 95%CI P

Sex, Male vs. Female 1.12 0.75–1.68 0.58 NA NA NA

Age, ≥60 vs. < 60 years 1.05 0.53–2.09 0.89 NA NA NA

Insufflation, Air vs. CO2 0.71 0.43–1.16 0.17 NA NA NA

Pre-POEM Eckardt score, ≥7 vs. < 7 1.22 0.78–1.92 0.39 NA NA NA

Disease duration, ≥10 vs. < 10 years 1.94 1.28–2.96 0.002 1.62 1.04–2.52 0.03

Sigmoid esophagus, Yes vs. No 2.07 1.15–3.72 0.02 1.47 0.80–2.72 0.22

Procedure duration, ≥60 vs. < 60 minutes 0.99 0.63–1.54 0.95 NA NA NA

Submucosal fibrosis, Yes vs. No 1.87 0.97–3.61 0.06 1.72 0.89–3.32 0.11

Full-thickness myotomy, Yes vs. No 1.21 0.79–2.32 0.47 NA NA NA

Remnant contents, Yes vs. No 0.90 0.39–2.05 0.80 NA NA NA

Major adverse event, Yes vs. No 0.69 0.22–2.18 0.53 NA NA NA

Endoscopist experience > 100 1.16 0.63–2.15 0.64 NA NA NA

Prior treatment, Yes vs. No 2.16 1.44–3.24 <0.001 1.90 1.26–2.88 0.002

Number of prior treatments, 1 vs. 0 1.96 1.26–3.03 0.002 NA NA NA

Number of prior treatment, ≥2 vs. 0 3.15 1.64–6.06 <0.001 NA NA NA

CI, confidence interval; NA, not applicable; HR, hazard ratio; POEM, peroral endoscopic myotomy.
* Compared using Cox regression analysis.
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more serious disease with severe inflammation and technical
challenges. Therefore, it is expected that the severe inflamma-
tion and fibrosis of the cardia could lead to severe technical
challenges and inadequate tunneling or myotomy, which might
increase the risk of clinical failure in these patients.

In our study, not all patients who underwent successful
POEM had available follow-up information (849 /1384, 61.3%).
The high rate of loss to follow-up might be caused by the large
database of the study. In this Chinese patient population, many
patients from less economically developed regions did not re-
turn for further follow-up and many patients changed their
phone numbers during the follow-up period. This was the
main limitation of our study. However, the median follow-up in
the study was 23 months (range 1–71 months). Actually, all
patients with follow-up of less than 19 months experienced
clinical failure. Although the loss to follow-up was high, pa-
tients without clinical failure had the shortest follow-up of 19
months. Therefore, the rate of clinical failure in our study was
credible. Furthermore, we found that even in patients with
prior treatment, the long-term clinical failure rates at our cen-
ter were acceptable when compared with the rates after Heller
myotomy [23–25].

Other limitations of this study include its retrospective de-
sign and relative lack of objective measurements, such as post-
operative HRM. In addition, because the study was performed
at a center that has one of the highest POEM case volumes in
the world, the conclusions drawn from this study might not be
applicable to all centers. Large prospective multicenter studies
with longer follow-up are required to validate our results.

Conclusions

POEM was successfully and safely performed, with a low rate of
major adverse events and comparable clinical reflux, in patients
who underwent prior surgical or endoscopic treatment. How-
ever, previous treatment increased the technical challenges of
the POEM procedure, leading to a longer procedure duration.
In addition, the rate of clinical failure in patients with prior
treatment was higher than in patients without prior treatment.
Because of the increased technical challenges and clinical fail-
ure rates, patients with prior treatment should undergo POEM
only at experienced centers.
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CORRECTION

The effect of prior treatment on clinical outcomes in
patients with achalasia undergoing peroral endoscopic
myotomy
Liu ZQ, Li QL, Chen WF et al.
Endoscopy 2019; 51: 307–316
In the above-mentioned article, the number of the one
prior treatment has been corrected to 202 patients.
This was corrected in the online version on August 28,
2020.
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