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Abstract

Background Peroral endoscopic myotomy (POEM) is a
novel operation for the treatment of achalasia and other
esophageal motility disorders. While POEM has shown
excellent short-term safety and efficacy, the long-term
symptomatic outcomes after the procedure are unknown.
Methods Patients from a single center that underwent
POEM for treatment of esophageal motility orders and
were greater than 5 years removed from their operation
were studied. Patients were contacted to assess current
symptoms and encouraged to undergo repeat endoscopy for
objective follow-up.

Results Thirty-six patients underwent POEM from Octo-
ber, 2010 to February, 2012 and current symptom scores
were obtained from 29 patients at median 65-month fol-
low-up. In the 23 patients with achalasia, Eckardt scores
were significantly improved from preoperative baseline
(mean current 1.7 vs. preoperative 6.4, p < 0.001). Nine-
teen patients (83%) with achalasia had a symptomatic
success (Eckardt <3) and none required retreatment for
symptoms. Eckardt scores were dramatically improved at
6 months and maintained at 2 years; however, there was a
small but significant worsening of symptoms between 2

Presented at the SAGES 2017Annual Meeting, March 22-25, 2017,
Houston, Texas.

P< Lee L. Swanstrom
Iswanstrom @gmail.com

Providence Cancer Center, Providence Portland Medical
Center, Portland, OR, USA

Gastrointestinal and Minimally Invasive Surgery Division,
The Oregon Clinic, Portland, OR, USA

Institute of Image Guided Surgery, IHU-Strasbourg, 6N60,
4508 NE Glisan, Portland, OR 97213, USA

and S5-years. Of the five patients with EGJ outflow
obstruction, all had current Eckardt scores <3 but two
needed reintervention for persistent or recurrent symptoms,
one with a laparoscopic Heller myotomy and another with
an endoscopic cricomyotomy and proximal esophageal
myotomy extension. At 6-month follow-up, repeat
manometry showed decreased EGJ relaxation pressures
and esophagram demonstrated improved emptying. 24-h
pH monitoring showed abnormal distal esophageal acid
exposure in 38% of patients. Fifteen patients underwent
endoscopy at 5-years, revealing erosive esophagitis in two
(13%), new hiatal hernia in two, and new non-dysplastic
Barrett’s esophagus in one. The patient with Barrett’s
underwent a subsequent laparoscopic hiatal hernia repair
and Toupet fundoplication.

Conclusions POEM resulted in a successful palliation of
symptoms in the majority of patients after 5 years, though
these results emphasize the importance of long-term fol-
low-up in all patients.

Keywords Achalasia - Esophageal motility - Peroral
endoscopic myotomy - POEM - Endoscopic surgery -
Laparoscopic Heller myotomy - Endoscopic pneumatic
dilation

Achalasia is a disease of primary esophageal dysmotility
that results from an immune-mediated loss of neurons in the
esophageal myenteric plexus. This causes a failure of both
swallow-induced lower esophageal sphincter (LES) relax-
ation and esophageal peristalsis, leading to symptoms of
dysphagia, regurgitation, and chest pain [1]. Treatment is
aimed at disrupting the LES in order to reduce esophageal
outflow resistance and thus improve passive emptying of
food boluses. Two interventional therapies have comprised
the standard-of-care treatment for achalasia for more than
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twenty years: laparoscopic Heller myotomy with partial
fundoplication (LHM) and endoscopic pneumatic dilation
(PD). Both procedures result in a dramatic initial improve-
ment in symptoms in approximately 75-95% of patients [2],
although PD often requires a series of several dilations to
achieve an adequate clinical effect [3] and meta-analyses
have shown better overall efficacy after LHM [2, 4]. While
this palliation remains durable in many patients, a substan-
tial number will experience recurrent symptoms in the years
following either LHM or PD with more than half requiring
reintervention in some series [5, 6].

A novel operation, peroral endoscopic myotomy
(POEM), has been introduced as alternative treatment for
achalasia and other disorders of esophageal motility. First
performed by Inoue in 2008 [7], POEM combines many of
the theoretical advantages of both LHM and PD, by cre-
ating a controlled surgical myotomy across the esopha-
gogastric junction (EGJ) via a completely endoscopic
approach. Outcomes after POEM have been encouraging,
with excellent short-term results in early published series
that appear comparable to LHM and PD [8, 9]. Due to the
relatively recent clinical introduction of POEM, longer
term outcomes are limited to a handful of series. Studies
examining patients with greater than two-year follow-up
have found a durability of symptomatic relief ranging
79-92% [10-12], suggesting there may be a degradation of
treatment efficacy after POEM commensurate with that
following LHM and PD. As of yet, no POEM series have
reported outcomes at greater than three years.

In this study, we examined the outcomes of patients who
underwent POEM at our institution and were greater than
five years removed from their operation. We sought to
evaluate the durability of symptomatic relief after POEM,
as well findings on repeat upper endoscopy in order to
better understand the long-term outcomes of the procedure.

Methods
Preoperative evaluation and patient selection

Patients who had undergone POEM by surgeons in a single
practice and were greater than 5 years removed from their
operation were included in this study. All patients were part
of an Institutional Review Board approved longitudinal
outcomes study. Preoperatively, patients underwent history
and physical exam, including a symptom assessment using
the Eckardt score [13] (Table 1). All patients were evaluated
with upper endoscopy, timed barium esophagram (TBE),
and high-resolution manometry (HRM) to establish a diag-
nosis according to the Chicago Classification of esophageal
motility disorders [14]. Inclusion criteria for POEM were
age >18 years and a manometrically confirmed diagnosis of
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Table 1 The Eckardt symptom score for achalasia

Symptom Score

0 1 2 3
Dysphagia None Occasional Daily With every meal
Regurgitation None Occasional Daily With every meal
Chest pain None Occasional Daily Several times a day
Weight loss (kg) 0 <5 5-10 >10

The final score (range 0—12) is a sum of the four component scores,
with higher scores indicating more severe symptoms

achalasia. Patients with other esophageal motility disorders
(including EGJ outflow obstruction (EGJOO), distal eso-
phageal spasm (DES), and jackhammer esophagus) that the
patient’s treating physician determined would benefit from
EGJ myotomy were also included. Exclusion criteria were
inability to tolerate general anesthesia, uncorrectable coagu-
lopathy, and esophageal varices. During the study period,
such patients were counseled regarding the available treat-
ment options including PD, LHM, and POEM, and chose to
undergo POEM in consultation with their physicians. All
patients underwent informed and written consent for POEM
per an Institutional Review Board approved research
protocol.

POEM procedure

Our operative technique for POEM has been previously
described in detail [15] and is similar to the procedure as
originally performed by Inoue [7]. Briefly, POEM is per-
formed under general anesthesia with endotracheal intu-
bation. A high-definition flexible gastroscope with CO,
insufflation is used, with an overtube in place. An upper
endoscopy is performed and, in a retroflexed position in the
stomach, blue dye is injected on the anterior-lesser curve
approximately 3 cm distal the EGJ in order to mark the end
point of the dissection. The scope is then fitted with a
transparent dissecting cap and a submucosal injection is
performed to create a wheal in the anterior-right esopha-
geal wall. A longitudinal incision is made in the mucosa
overlying the injection and the scope is navigated through
this mucosotomy and into the submucosal space. A longi-
tudinal submucosal tunnel is then created, ending 3 cm
beyond the EGJ at the point marked by the prior blue dye
injection. A selective myotomy of the circular muscle layer
is then performed starting proximal to the dysfunc-
tional EGJ and ending at the distal extent of the tunnel,
2-3 cm distal to the EGJ. The myotomy is started further
proximally in some patients with DES and EGJOO in order
to ablate the entire spastic segment of esophagus. After
completion of the myotomy, the mucosotomy is closed
using endoscopic clips.
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Perioperative management

Patients were kept nil per os and underwent a contrast
esophagram on the first postoperative day. If negative for
leak, they were started on a liquid diet and discharged the
same day if progressing as expected. They were allowed to
gradually advance from a puree to soft food diet over the
following two weeks. The patients involved in this study
were not routinely placed on proton pump inhibitors (PPI)
or H, antagonists (H,A) in the initial postoperative period.

Follow-up symptom and physiologic assessment

At 6-months postoperatively, patients had repeat symptom
assessment using the Eckardt score and underwent upper
endoscopy, HRM, TBE, and 24-h pH monitoring to assess
for iatrogenic gastroesophageal reflux (GER). Patients with
elevated distal esophageal acid exposure on 24-h pH were
advised to begin anti-secretory therapy. At 2 years, patients
were again assessed using the Eckardt score.

Patients who were greater than 5 years removed from
their POEM procedure at the time of the current study were
contacted via telephone to obtain a current Eckardt score.
Symptomatic “success” was defined as a current Eckardt
score <3 and freedom from reintervention for persistent or
recurrent symptoms, in line with prior studies [16]. Addi-
tionally, a GerdQ score was obtained, with a score >7
considered indicative of symptomatic GER in line with
prior usage of the questionnaire [17]. Patients were
encouraged to have a repeat upper endoscopy at 5 years
post-POEM. During endoscopy, esophagitis was graded
according to the Los Angeles (LA) classification.

Statistical analysis

Data analysis was performed using SPSS software (version
23; IBM, Armonk, NY). For continuous variables, com-
parisons were performed using an independent or paired
t test as appropriate. A two-tailed p-value of <0.05 was
used to determine statistical significance in all cases.
Values throughout are presented as mean + standard
deviation unless otherwise specified.

Results

Preoperative patient characteristics
and perioperative outcomes

Thirty-six patients underwent POEM from October 2010 to
February 2012 and were included in the study. The opera-
tions were performed by one of three surgeons (LLS, CMD,
and KMR) and these patients represent the initial cases in

the institutional experience. Twenty patients (56%) were
female and the median age was 55 years (range
20-88 years). The preoperative diagnosis was achalasia type
I in 10 patients, achalasia type II in 17, EGJOO in 7 and
DES in 2. Eighteen patients (50%) had either preoperative
pneumatic dilation or botulinum toxin injection for treat-
ment of achalasia prior to undergoing POEM.

Median operative time was 130 min (range
60-220 min). Median length of stay was 1 day (range
1-2 days) and 32 patients (89%) were discharged postop-
erative day 1. There was one complication (Clavien Dindo
Grade IIla), a patient who was readmitted with gastroin-
testinal bleeding from a gastric ulceration just distal to the
EGJ. This was treated successfully with upper endoscopy
and clip placement.

Symptomatic outcomes and reinterventions

Current symptom scores were obtained from 29 patients
(81%) at a median follow-up interval of 65 months (range
60-76 months). Of these patients, 23 had a preoperative
diagnosis of achalasia (8 type I, 15 type II), 5 had EGJOO,
and 1 DES. Four patients were lost to follow-up and 3 were
deceased, all due to causes unrelated to achalasia or
POEM. In achalasia patients with greater than 5-year fol-
low, Eckardt scores were significantly improved from
preoperative baseline (mean current 1.7 &= 1.7 vs. preop-
erative 6.4 + 2.6, p < 0.001). Nineteen achalasia patients
(83%) had a symptomatic success at current follow-up
(Eckardt <3) and none required reintervention for persis-
tent or recurrent symptoms. Table 2 shows the change in
each symptom component of the Eckardt score, and
Table 3 shows the change in total Eckardt scores according
to diagnosis subtype. There was a significant decrease in all
four symptom domains, but the degree of improvement was
somewhat less for chest pain.

In the five patients with EGJOO, all had current Eckardt
scores <3 but two required repeat interventions after
POEM. One patient had persistent dysphagia and elevated
relaxation pressures on repeat HRM and underwent a LHM

Table 2 Comparison of preoperative and current mean overall
Eckardt scores and each of the Eckardt symptom component scores

Preop baseline 5 years postop

Eckardt score (range 0-12) 6.2 £2.6 1.7 £ 1.6*
Dysphagia (range 0-3) 24 +£0.8 09 £ 1*
Regurgitation (range 0-3) 14+ 1.1 0.3 + 0.5*
Chest pain (range 0-3) 0.8 £ 1.1 0.5 £ 0.8%
Weight loss (range 0-3) 1.6 £ 1.4 0 + 0*

There was a significant decrease in each symptom domain, but the
degree of improvement was least for chest pain

* p < 0.001
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Table 3 Comparison of mean preoperative and current Eckardt scores for patients with 5-year follow-up in each of diagnosis subtypes

Diagnosis Patients Mean Eckardt score Symptomatic success” Reintervention for persistent or recurrent symptoms
(%) (%)
Preop 5 years
postop
Achalasia type 1 8 6.8 1.4% 88 0
Achalasia type 11 15 6.3 1.7% 80 0
EGJ outflow 5 54 1.4% 60 40
obstruction
Distal esophageal 1 6 3 100 0
spasm

* p <0.01 pre vs. postoperatively

# Symptomatic success is defined as a current Eckardt score <3 and freedom from reintervention for persistent or recurrent symptoms

with partial fundoplication 11 months after her initial
POEM. Another patient with EGJOO had symptomatic
relief after POEM but more than two years later had a
recurrence of chest pain and developed new cervical dys-
phagia. She was found to have a hypertensive upper eso-
phageal sphincter and a spastic segment of esophagus
proximal to where the POEM myotomy had been per-
formed. She was treated with an endoscopic cricomyotomy
with myotomy extension to disrupt the spastic segment.
Both patients’ reoperations were successful, resulting in
current Eckardt scores <2. The one patients with DES had
a symptomatic success at current follow-up.

Prospective symptom assessment at all three postoper-
ative time points (6 months, 2 years, and 5 years) was
available for 23 patients, whose Eckardt scores over time
are shown in Fig. 1. Eckardt scores were dramatically
improved at 6 months postoperatively (mean 0.6 &= 0.7 vs.
6.4 + 2.6 preoperatively, p < 0.001) and maintained at
2 years (0.7 £ 1.1, p = n.s. vs. 6 months), but there was a

104

Eckardt score

4

2

T — =T
Preop 6 months 2 years 5 years

Time point

Fig. 1 Eckardt symptom score progression of the 23 patients with
prospectively collected symptom evaluations at all four time points.
The bold line represents the mean Eckardt score at each time point.
Mean scores were dramatically decreased at 6-months postoperatively
and this improvement was maintained at 2 years. There was a slight,
but significant, worsening of scores between 2- and 5-year
postoperatively
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significant worsening of Eckardt scores at 5 years
(1.7 £ 1.7, p = 0.01 vs. 2 years). All four patients with
current Eckardt scores >3 in the study cohort had scores
<1 at the 2-year postoperative timepoint. Dysphagia was
the primary recurrent symptom in these patients, with all
four complaining of dysphagia daily or with every meal.
Only two of the four had occasional regurgitation (i.e., less
frequently than daily) and none had weight loss. One of
these patients does not currently desire further treatment
and the other three are in the process of being evaluated for
potential reintervention.

At greater than 5-year follow-up, 6 patients (21%) had
symptoms suggestive of GER (i.e., GerdQ score >7) and 8
patients (26%) were taking a daily PPI or H,A therapy.
One patient with EGJOO underwent a laparoscopic hiatal
hernia repair and Toupet fundoplication for treatment-re-
fractory GER, 5 years after his initial POEM. The patient
had developed a 4 cm Type I hiatal hernia that was not
present on pre-POEM esophagram, HRM, or endoscopy.

Of the seven patients who were deceased or lost to
follow-up, the mean Eckardt score at last follow-up was
1.7 £ 1 (median postoperative interval of 12 months,
range 6-30 months) and all would have been considered
therapeutic successes (i.e., Eckardt <3) at last follow-up.

Postoperative physiologic and anatomic evaluation

Table 4 shows the results of pre- and postoperative phys-
iologic and anatomic studies. On repeat HRM at 6 months
postoperatively (n = 25), EGJ relaxation pressures were
significantly decreased from baseline (pre 23 4+ 15 mmHg
vs. post 9 £ 7 mmHg, p < 0.01) and percent esophageal
emptying on timed barium esophagram (n = 29) was
increased (pre 50 4+ 36% vs. post 92 £ 23%, p < 0.001).
At 6 months, a 24-h pH monitoring study was performed in
29 patients, demonstrating abnormal distal esophageal acid
exposure (i.e., DeMeester score >14.7) in 11 patients
(38%). Twenty-three patients had a 6-month upper endo-
scopy which showed esophagitis in 9 patients (39%, 5 LA
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Table 4 Results of physiologic and anatomic studies pre and postoperatively

Preoperative 6 months postop 5 years postop
Manometric EGJ relaxation pressure (mmHg) 23 + 15 9+ 7% -
Timed contrast esophagram percent-clearance 50 £ 36% 92 £ 23%* -
Abnormal distal esophageal acid exposure on 24-h pH monitoring - 38% -
Erosive esophagitis on endoscopy (all LA A or B) - 39% 13%

* p < 0.001 pre vs. postoperatively

A, 4 LA B). At 5-year follow-up, 16 patients had a repeat
upper endoscopy which demonstrated esophagitis in 2
patients (13%, 1 LA A, 1 LA B), hiatal hernia in 2 patients
(13%, both Type I) and new non-dysplastic Barrett’s
esophagus in one patient (who subsequently underwent
laparoscopic hiatal hernia repair and Toupet fundoplica-
tion, as described above).

Discussion

The main finding of this study was that POEM for treat-
ment of achalasia resulted in durable long-term symp-
tomatic relief for 83% of patients without the need for
reintervention. While patients’ current symptoms were
dramatically improved at 5 years compared with their
preoperative baseline, there did appear to be a slight
worsening of symptoms between two and five years fol-
lowing the operation. All four achalasia patients in this
study with symptomatic failures after POEM had an
excellent initial treatment response, but developed recur-
rent symptoms during this period. Delayed symptomatic
regression in some patients appears to be part of the natural
history of post-treatment achalasia after POEM, as well as
following LHM and PD. Early reports of the short-term
outcomes after POEM demonstrated near-resolution of
symptoms in 90-95% of patients, whereas more recent
publications of 2-3-year outcomes have shown success
rates in the range of 79-92% [10-12]. The same pattern of
symptom recurrence occurs after both LHM and PD. The
recent European achalasia trial randomized patients to
either LHM or PD, resulting in treatment success rates at
two years of 90 and 86%, respectively [16]. However, at
5-year follow-up from this trial, these success rates had
decreased to 84 and 82% [3]. There is wide variation in the
reported long-term success rates of both LHM and PD in
prior single-center series, ranging from 47 to 87% for LHM
and as low at 0% for PD [5, 6, 18]. While this degree of
variance makes comparison to historic results difficult, the
findings of our current study add to the growing body of
evidence that suggests POEM results in equivalent treat-
ment efficacy and durability when compared with the
current standard-of-care interventions for achalasia.

A particular early concern regarding POEM was that it
would result in high rates of iatrogenic GER, given it does
not include creation of an anti-reflux barrier as is typically
performed during LHM. In the current study, 38% of
patients had pathologic GER on routine 24-h pH moni-
toring study, a number that is consistent with other POEM
series [10]. The rate of iatrogenic GER after LHM with
partial fundoplication has varied greatly between studies,
but the most recent randomized trials have reported fre-
quencies in the range of 21-42% [16, 19]. We found that at
6-month upper endoscopy, 39% of patients had reflux
esophagitis; however, during our initial POEM experience
we did not routinely place patients on anti-secretory ther-
apy postoperatively. After follow-up endoscopy and pH
monitoring, patients were placed on medical therapy if they
had evidence of pathologic GER, and on repeat endoscopy
at 5-years only 13% had esophagitis. This finding demon-
strates that although POEM resulted in GERD, a substan-
tial minority of patients can successfully be treated with
PPIs or H,As. It should be noted that one patient was found
to have new non-dysplastic Barrett’s esophagus 5 years
after POEM. In the interval since his initial operation, he
had also developed a 4 cm Type I hiatal hernia and had LA
B esophagitis despite medical therapy. He subsequently
underwent a laparoscopic hiatal hernia repair and Toupet
fundoplication and is currently doing well with an Eckardt
score of 0 and no GER symptoms.

When taken in total, these results emphasize the
importance of careful evaluation and surveillance of
patients before and after POEM. Ours and other’s studies
have shown severe GER after POEM in patients with hiatal
hernia [10], and our current recommendation is that
patients with significant hiatal hernia should be offered
LHM with concurrent hernia repair rather than POEM.
Multiple studies have demonstrated that after myotomy for
achalasia (either LHM or POEM), typical symptoms, such
as heartburn and bitter-tasting regurgitation, are poor cor-
relates of objective distal esophageal acid exposure as
measured by 24-h pH monitoring [20, 21]. This discor-
dance, combined with a 30-40% incidence of post-POEM
GER, makes routine postoperative 24-h pH monitoring
mandatory. Our current practice is to place all patients on
anti-secretory therapy postoperatively and then tailor the
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need for extended therapy based on the results of pH
monitoring performed at 6-12 months after surgery.

In addition to GER, the progression of achalasia
symptoms needs to be carefully monitored and evaluated.
The two patients with EGJOO in our series who required
reinterventions had markedly different presentations. The
first had only transient and partial symptomatic improve-
ment after POEM and had a persistently elevated EGJ
relaxation pressure on repeat HRM. She likely had an
incomplete initial myotomy and was treated to good effect
with a subsequent LHM. The second patient had an
excellent initial symptomatic response after POEM, but
years later developed recurrent chest pain and new cervical
dysphagia. On repeat HRM, she had low EGJ pressures,
but had a hypertensive upper esophageal sphincter and a
spastic segment in the proximal esophagus. A repeat
endoscopic myotomy was performed, dividing the
cricopharyngeal muscle with extension through the upper
esophagus, which resulted in resolution of these symptoms.
Although two of five patients with EGJOO in our series
required reintervention, symptomatic results after PD in
other series have also been poor [22]. EGJOO is a rela-
tively new categorization in the Chicago Classification
with evolving diagnostic criteria. The optimal treatment
algorithm for such patients is as yet unknown and further
evaluation of outcomes is needed [23].

Through contacting patients for this study, four acha-
lasia patients with recurrent symptoms were identified and
they are currently undergoing physiologic reevaluation.
These examples stress the need for life-long monitoring of
patients after POEM, as well as the importance of a
detailed evaluation of persistent or recurrent symptoms
using endoscopy, HRM, TBE, and pH monitoring in order
to tailor the optimal reintervention to patient-specific
pathophysiology.

This study has some limitations. Most important of these
are the small sample size of the study which may affect
both the validity and generalizability of the results. These
patients represent our initial experience with POEM, an
operation that our group and others have shown to have a
learning curve that is tied to intraoperative and short-term
patient outcomes [24, 25]. It is possible that with increased
experience, long-term symptomatic outcomes after the
procedure will improve. Additionally, although we stress
the importance of long-term surveillance with our patients,
some were lost to follow-up and a minority underwent
repeat endoscopy at 5 years. This may have introduced
unintended selection bias to the findings.

In conclusion, POEM resulted in a sustained long-term
palliation of symptoms in a majority of patients and the
need for reintervention was rare. There appears to be a
slight worsening of overall symptoms between 2 and
5 years postoperatively, on par with that seen after both
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LHM and PD. Overall, these results encourage the con-
tinued use of POEM for the treatment of achalasia and
other esophageal motility disorders.
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