
Introduction
Achalasia is an esophageal motility disorder characterized by
the dysfunction of smooth muscle relaxation of the lower
esophageal sphincter (LES) and abnormal esophageal peristal-
sis. In North America, it has an estimated prevalence of 10 per
100000 [1]. Achalasia results in dysphagia and regurgitation

and can be accompanied by chest pain. As the condition per-
sists, weight loss can ensue.

There are a number of treatment strategies for achalasia.
Pneumatic balloon dilation of LES and surgical Heller’s myot-
omy have been the mainstay of treatment for several decades.
With the advancement of endoscopic tools and techniques fa-
cilitating access to the submucosal space and beyond, there
now exists an endoscopic therapy that allows for precise myot-
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ABSTRACT

Background and study aims Weight loss is a feature of

untreated achalasia. While weight gain after achalasia

treatment is expected, little data exist about the extent of

it, particularly after peroral endoscopic myotomy (POEM).

We aimed to describe the changes in weight after POEM.

Patients and methods A retrospective analysis was per-

formed of patients from March 2016 to March 2020 under-

going POEM by an experienced operator at an academic re-

ferral center in Kingston, Ontario, Canada. Data examined

included pre- and post-POEM body mass index (BMI), pro-

cedural characteristics, and Eckardt scores.

Results Ninety-two patients underwent POEM during the

study period, for 77 of whom follow-up data were available

including BMI. Prior to POEM, the median BMI was 26. Six

patients (7.8%) were considered to be underweight, 24

(31.2%) were normal, 26 (33.8%) were pre-obese, and 21

(27.2%) were obese. At a median follow-up of 15 months,

the clinical success rate was 95%. Patients in the normal

weight and pre-obesity categories had a significant in-

crease in weight post-POEM. Of the underweight patients,

two (33.3%) moved up to a normal weight category and

two (33.3%) became pre-obese. In the normal BMI cate-

gory, eight (37.5%) became pre-obese and one patient

(4.2%) became obese. Ten of the 26 pre-obese patients

(38.4%) were obese post-POEM. Seven of the obese pa-

tients (33.3%) reached Class III (morbid) obesity at follow-

up.

Conclusions Patients may experience a marked increase in

BMI following POEM, with over one-third of patients be-

coming pre-obese, obese or morbidly obese at follow-up in

our study in a North American population. Further study is

required to analyze weight gain patterns post-POEM.
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omy of the LES. Reported by Inoue in 2010 [2], peroral endo-
scopic myotomy (POEM) is a safe and effective treatment for
all variants of achalasia. The clinical success of POEM recently
has been reported as up to 98% at 12 months [3], with durabil-
ity seen up to 5 years after treatment [4]. POEM is readily be-
coming the treatment modality of choice for achalasia in some
centers.

At present, there is a paucity of data regarding changes in
weight after successful achalasia treatment, particularly after
POEM. In treated achalasia, reversal of weight loss, or weight
gain, should be expected. Because achalasia can affect individ-
uals of all weight classes, and perhaps is more common in those
that are already pre-obese or obese [5], successful treatment
may inadvertently lead to excessive weight gain.

The aim of this study was to describe the changes in weight
in patients that had undergone POEM in a North American cen-
ter.

Patients and methods
Patients

All patients undergoing POEM between March 2016 and March
2020 at an academic referral center in Canada (Kington Health
Sciences Center, Kingston, Ontario) were included. Achalasia
was defined on the basis of manometric, endoscopic and radio-
graphic findings, with subtypes established on the basis of
high-resolution manometry as per the Chicago Classification
v3.0 [6]. Patient information was recorded in a database. Pre-
procedural characteristics such as age, diagnosis, baseline
weight and height, body mass index (BMI), metabolic risk fac-
tors, prior treatments, and baseline Eckardt score were includ-
ed. After discussion, local Institutional Review Board approval
was waived due to the retrospective nature of the study.

POEM

All POEM procedures were performed by one experienced
endoscopist (RB) who had performed over 350 cases as an as-
sistant or partial operator and over 60 cases as the primary op-
erator before the study period. POEM was performed under
general anesthesia and with endotracheal intubation in the op-
erating theater. After esophageal cleaning and definition of the
anatomy, submucosal injection in the 5 o’clock position (pos-
terior approach) was performed. Using the triangle tip knife
(KD-640 L or KD-645L; Olympus, Tokyo, Japan), a mucosal inci-
sion was performed then a submucosal tunnel was created and
extended to just beyond the gastroesophageal junction. A se-
lective circular muscle myotomy was performed. The mucosal
incision was closed with clips. Technical success was deter-
mined by the successful completion of the myotomy. Patients
were admitted for observation overnight and had a repeat eso-
phago-gastroduodenoscopy (EGD) the next day to assess the
integrity of the mucosa. If the mucosa was intact, patients
were started on clear fluids and discharged home (Day 1).

On Day 2, patients could advance their diet to pureed foods,
followed by a soft diet on Day 3. On Day 4, a regular diet could
be started. Prophylactic oral antibiotics, sucralfate, and twice-
daily proton pump inhibitors were also prescribed on discharge.

No formal nutrition or dietary advice was provided as part of
routine pre- or post-procedural care.

Patients were recalled for a clinical follow-up 3 to 4 months
after POEM. This consisted of an EGD, high-resolution esopha-
geal manometry, 24-hour pH study, and barium swallow. Pa-
tients were offered EGD every 1 to 3 years thereafter, primarily
to assess for endoscopic features of recurrent achalasia, reflux
esophagitis, and surveillance for esophageal squamous dyspla-
sia. BMI was calculated and recorded at the most recent follow-
up appointment. Clinical success was defined by as an Eckardt
score <3 [7]. The Eckard score is a tool that assesses dysphagia,
regurgitation, chest pain and weight loss. Patients were exclud-
ed from analysis if there were no follow-up data on BMI avail-
able.

Statistical analysis

Patients were analyzed according to their BMI at time of referral
for POEM. The World Health Organization categories for BMI
were used to divide patients into underweight (below 18.5),
normal (18.5 to 24.9), pre-obesity (25.0 to 29.9), obesity class
I (30.0 to 34.9), obesity class II (35.0 to 39.9), and obesity class
III (above 40). Categorical values were presented as number (%)
and continuous variables were expressed as median and inter-
quartile range (IQR). Difference in medians for paired data was
analyzed with the sign test given non-parametric distribution.
Difference in medians across multiple groups was analyzed
with Mood’s median test. Categorical differences were ana-
lyzed via Pearson’s chi-square test. Statistical significance was
set at P <0.05. Statistical analysis was performed using SPSS
(Version 26; SPSS Inc, Chicago, Illinois, United States).

Results
A total of 92 patients underwent POEM during the study period,
with 77 patients (83.7%) having follow-up at least 3 months
after treatment. Patient characteristics are presented in ▶Ta-
ble1. The median age was 55 years and the majority were
male (54.5%). Type II achalasia was the most common subtype.
Median duration of symptoms before diagnosis was 60 months
(IQR 24–120 months). The median pre-POEM Eckardt score was
7 (IQR 6–9).

▶Table 2 presents patient characteristics for each BMI cate-
gory. At baseline, the median BMI was 26. Six patients (7.8%)
were underweight, 24 (31.2%) were normal, 26 (33.8%) were
pre-obese, and 21 (27.3%) were obese. Of the obese patients,
eight (38.1%) had Class I obesity, 10 (47.6%) had Class II
obesity and three (14.3%) had Class III obesity. Sixteen patients
(21%) had at least one metabolic risk factor of diabetes, dyslipi-
demia or hypertension, and seven patients (9%) had all three
risk factors. There was a similar distribution of metabolic risk
factors between the weight categories.

POEM was a technical success in 100% of patients. With a
median follow-up duration of 15 months (interquartile range
11–28.5 months), 73 patients (95%) had achieved clinical suc-
cess. The median post-POEM Eckardt score was 1 (IQR 0–2).
Post-POEM reflux, using the Lyon Consensus definition [8], was
present in 19 of 51 patients (37.2%) in whom 24-hour pH test-
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ing had been completed. There was no significant difference in
rates of post-POEM reflux between patients that increased BMI
category (37.9%) and those that did not (34.8%, P=0.06).

▶Table 3 details the change in BMI post-POEM. Overall,
there was a median increase in BMI from 26.8 to 29.1. Patients
in the normal weight and pre-obesity categories had a signifi-
cant increase in weight post-POEM (▶Fig. 1). ▶Table 4 details
the change in BMI categories. Of the underweight patients,
two (33.3%) moved up to a normal weight category and two
(33.3%) became pre-obese. In the normal BMI category, eight
(33.3%) became pre-obese and one patient (4.2%) became ob-
ese. Ten of the 26 pre-obese patients (38.4%) were obese post-
POEM. Seven of the obese patients 33.3%) reached Class III
(morbid) obesity at follow-up.Overall, 28 patients (36.3%)
moved up a BMI category and an additional 12 patients
(15.6 %) were pre-obese or obese after POEM. No patients in

the pre-obese or obese categories attained a normal BMI at fol-
low-up. There were no significant differences in follow-up dura-
tion between the BMI categories (P=0.85).

Discussion
Our study examined the changes in BMI after POEM for achala-
sia. In 77 patients, 61% of whom were considered to be pre-ob-
ese or obese at baseline. After a technically and clinically suc-
cessful POEM, at a median follow-up of 15 months, there was a
significant increase in weight for patients in the normal weight
and pre-obesity categories. There were an additional 15.6% of
patients who had become pre-obese or obese. In patients who
were either pre-obese or obese pre-POEM, over one-third be-
came obese or morbidly obese, respectively, on follow-up.

Some weight gain is expected after achalasia treatment. As
achalasia progresses and with longer symptom duration,
pathologic weight loss ensues. There is evidence that even in
obese patients, untreated achalasia is correlated with a risk of
malnutrition [5]. Part of successful treatment is the recovery
of this weight loss. Reduction in LES pressure and esophageal
dysmotility after myotomy is intended to improve dysphagia,
and therefore, facilitate easier passage of food and liquid for di-
gestion. Ongoing weight gain, beyond that related to achalasia,
may be an unintended consequence of treatment.

Appropriate weight gain after successful achalasia treat-
ment has not been widely studied and data are even more lim-
ited examining changes in weight in patients undergoing
POEM. A retrospective US study examined BMI and malnutrition
risk in 179 patients with achalasia [5]. Of the only 31 patients
for whom follow-up data including BMI were available, seven
(22.6%) underwent POEM. While no specific changes in weight
were presented for POEM patients, overall, 48.3% of patients
increased their BMI by at least one unit, with 66.7% considered
to be overweight or obese prior to treatment.

Another part-retrospective, part-prospective Japanese study
of 72 patients analyzed changes in weight before and 3 months
after POEM [9]. Prospective assessment of body composition in
10 patients was performed using dual bioelectrical impedance
analysis (BIA). The mean pre-POEM BMI was 20.2, with 27.8% of
patients underweight. Patients were only stratified into under-
weight and not underweight categories. Among the under-
weight patients, the mean weight gain at 3 months was 2.9kg;
it was 2 kg for the not underweight group. It was noted that
25 % of patients had weight gain≥4 kg; these patients had a
mean pre-POEM BMI of 19.9. There were significant increases
in skeletal muscle mass index and visceral and subcutaneous
fat areas in the 10 patients who underwent dual BIA. The mod-
est changes in weight may be related to the short follow-up
period; in contrast, our median follow-up period was 15
months. In addition, differences in baseline BMI characteristics
would be in keeping with the expected differences due to East-
ern compared to Western populations. Only 8.7% of the pa-
tients in our study were underweight at baseline.

Our results are somewhat surprising because a large propor-
tion of the patients – up to 38.5% in the pre-obese category –
moved up an entire BMI category on follow-up. Although there

▶Table 1 Patient characteristics and POEM outcomes.

N=77

Males 42 (55%)

Age (years) 55 (32.5–68)

Achalasia (Chicago Classification)

▪ Type 1 14 (18%)

▪ Type 2 39 (51%)

▪ Type 3 22 (29%)

▪ Other  2 (3%)

Metabolic comorbidities

▪ Diabetes 10 (13%)

▪ Dyslipidemia 18 (23%)

▪ Hypertension 27 (35%)

Comorbidity burden

▪ None of above 45 (58%)

▪ 1 of above 16 (21%)

▪ 2 of above  9 (12%)

▪ 3 of above  7 (9%)

Duration of symptoms (months) 60 (24–120)

Pre-procedure Eckardt  7 (6–9)

Myotomy length (cm) 17 (14–20)

Post-procedure Eckardt  1.0 (0–2)

Clinical success 73 (95%)

Post-POEM reflux (Lyon Consensus) 19 (37%)

Pre-procedure BMI 26 (21.8–30.1)

Post-procedure BMI 27.5 (24.5–32.9)

Follow-up duration (months) 15 (11–28.5)

Values presented as median (interquartile range).
POEM, peroral endoscopic myotomy; BMI, body mass index.
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▶Table 2 Patient characteristics according to BMI category.

Pre-POEM BMI category

Underweight Normal Pre-obese Obese

Count  6 (8%)  24 (31%) 26 (34%) 21 (27%)

Males  3 (50%)  14 (58%) 16 (62%)  9 (43%) P =0.60

Age (years) 30.5 (16.8–49.8)  43 (30.3–70.5) 60.5 (40.8–66.3) 60 (47–68.5) P =0.20

Achalasia (Chicago Classification)

P =0.49

▪ Type 1  0 (0%)   6 (25%)  3 (12%)  5 (24%)

▪ Type 2  5 (83%)  11 (46%) 16 (62%)  7 (33%)

▪ Type 3  1 (17%)   6 (25%)  7 (27%)  8 (38%)

▪ Other  0 (0%)   1 (4%)  0 (0%)  1 (5%)

Metabolic comorbidities

▪ Diabetes  0 (0%)   3 (13%)  4 (15%)  3 (14%) P =0.79

▪ Dyslipidemia  0 (0%)   5 (21%)  5 (19%)  8 (38%) P =0.20

▪ Hypertension  1 (17%)   6 (25%)  9 (35%) 11 (52%) P =0.19

Comorbidity burden

P =0.35

▪ None of above  5 (83%)  16 (67%) 16 (62%)  8 (38%)

▪ 1 of above  1 (17%)   4 (17%)  5 (19%)  6 (29%)

▪ 2 of above  0 (0%)   2 (8%)  2 (8%)  5 (24%)

▪ 3 of above  0 (0%)   2 (8%)  3 (12%)  2 (10%)

Duration of symptoms (months) 55 (16.5–189) 108 (30.5–120) 42 (12–120) 60 (36–134.5) P =0.32

Pre-procedure Eckardt  8.5 (6–10.5)   8 (6–9)  7.5 (6–9)  6 (5.5–7.5) P =0.08

Myotomy length (cm) 16.5 (12.8–18.5)  16.5 (13–20) 17.5 (15–20) 17 (13.5–19) P =0.97

Post-procedure Eckardt  0 (0–1)   1 (1–2)  1 (0–2)  1 (0.5–2) P =0.48

Clinical success  6 (100%)  21 (88%) 25 (96%) 21 (100%) P =0.24

post-POEM reflux (Lyon Consensus)  3 (50%)   7 (29%)  6 (23%)  3 (14%) P =0.33

Continuous data analyzed with Mood’s Median Test. Categorical data analyzed with Person’s chi-squared.
POEM, peroral endoscopic myotomy; BMI, body mass index.

▶Table 3 BMI post-POEM.

Pre-POEM BMI category

Underweight Normal Pre-obese Obese

Pre-BMI 18.0 (17–18) 21.4 (20.2–23) 27.0 (25.4–28.1) 35.9 (33.2–37.2)

Post BMI 20.7 (18.3–25.8) 23.5 (21.4–25.9) 28.5 (27–31.6) 36.7 (33.4–42.4)

Difference in BMI  2.7 (1.1–8.5)  1.7 (0.8–4.1)  2 (0–4.6)  0.9 (–0.65–3.8) P =0.57

Follow-up duration (Months) 16.5 (11.8–26.8) 16.5 (9.3–22) 14.5 (10.8–25) 18 (12–33.5) P =0.91

Continuous data analyzed with Mood’s Median Test.
BMI, body mass index; POEM, peroral endoscopic myotomy.
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is no consensus about to what extent recovery of pre-morbid
weight loss is healthy, but we speculate that moving up a BMI
category, especially in those that are already pre-obese or ob-
ese, may be excessive. These changes appear to be sustained
because our follow-up was a median of 15 months, which ex-

tends beyond increases in weight linked to dysphagia resolu-
tion immediately post-procedure. Indeed, no patients with
baseline pre-obesity or obesity moved into a normal BMI range
post-POEM. In general, pre-obesity and obesity have been
strongly associated with increased metabolic syndrome and

Pre POEM BMI

BMI change in underweight category

Post POEM BMI

P = 0.06

26

24

22

20
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Pre POEM BMI

BMI change in normal weight category

Post POEM BMI

P < 0.01
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Pre POEM BMI
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P = 0.26
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▶ Fig. 1 Change in BMI by BMI category.

▶Table 4 Changes in BMI category post-POEM.

Pre-POEM BMI category

Post-POEM BMI category Underweight Normal Pre-Obese Obese Total

Underweight 2  0  0  0  2

Normal 2 15  0  0 17

Pre-obese 2  8 16  1 27

Class I obesity 0  1 10  7 18

Class II obesity 0  0  0  6  6

Class III obesity 0  0  0  7  7

Total 6 24 26 21

BMI, body mass index; POEM, peroral endoscopic myotomy.
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cardiovascular [10] and cancer [11] morbidity and mortality,
and with one in five of our patients at baseline already having
at least one metabolic risk factor, weight gain in our cohort
might confer an unintended health risk. Future prospective
studies are required to assess for factors and characteristics
that are related to weight gain post-POEM and to examine the
consequences of such weight gain.

Recent data suggest that achalasia is more prevalent in the
overweight or obese population [5]. If our findings are replica-
ted across other Western centers, consideration should be giv-
en to introducing pre-POEM education regarding the potential
for significant weight gain after POEM. This may involve a mul-
tidisciplinary approach, with dieticians and metabolic physi-
cians providing both pre-procedural counseling and also fol-
low-up and support in the months following the procedure. If
individuals at high risk of excessive weight gain are identified,
a specific diet and exercise program may be required to ensure
that weight gain is tempered and controlled. In extreme cases,
it may be reasonable to delay POEM until patients achieve a
more favorable BMI and metabolic profile pre-procedurally. Al-
ternatively, a combined procedure for achalasia and weight loss
may be required, such as POEM and bariatric surgery. Further
study is required in this area before clear recommendations
can be made.

There are a few limitations to our study. The findings are
from a single North American center, and therefore, generaliz-
ability cannot be guaranteed. Of note, however, our institution
is a nationwide referral center for POEM. Fifteen patients were
excluded due to no follow-up BMI being available. The study’s
retrospective nature prevents detailed analysis regarding
weight and other important indices, such as waist circumfer-
ence, visceral fat, and nutritional biomarkers. BMI class, al-
though predictive of poor health outcomes such as cardiovas-
cular disease and esophageal cancer risk, is just one parameter
that contributes to adequate nutrition and health. Comparison
with other treatment modalities for achalasia would also pro-
vide interesting data, because significant prolonged weight
gain also may occur with surgical myotomy and not be exclu-
sive to POEM.

Conclusions
POEM is an effective treatment for achalasia and weight gain
following POEM is almost universal. According to our study in a
North American population, in patients with an elevated BMI
pre-POEM, weight gain can be substantial and move them into
a pre-obese or obesity category. Recognizing this phenomenon
is important and may help shape the routine pre- and post-pro-
cedural care for POEM patients.
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