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Original Article

Background: Peroral endoscopic myotomy (POEM) was proposed in 2010 as a minimally invasive procedure 
for the treatment of achalasia. In this article, we describe the Middle Eastern experience with the procedure 
in terms of efficacy, length of admission, and short‑ and long‑term complications.
Methods: A retrospective analysis of our prospectively collected data on patients who underwent a POEM 
procedure was conducted between March 2019 and May 2020. The primary outcome was clinical success 
rate, defined as a postprocedure Eckardt score ≤3 at ≥3 months. Secondary outcomes included the length 
of hospital stay, presence of reflux symptoms or need for proton pump inhibitors (PPIs) ≥3 months, and 
adverse events.
Results: During the study period, 67 patients (35 females) underwent the procedure for achalasia. The 
participants’ ages ranged from 11 to 80 years (mean 41 ± 18 years). Eckardt scores before the treatment 
ranged between 4 and 12 (mean 8.85 ± 1.75). Sixty‑four patients (95.5%) achieved Eckardt scores of ≤3 
at ≥3 months after the procedure (95% confidence interval [CI]: 91%–100%). The difference between pre‑ and  
post-procedural Eckardt scores averaged around - 8 points  (95% CI: −7.5 to -8.5 P < 0.0001). Adverse 
events were reported in 24 patients (35.8%) and included pneumoperitoneum (32.8%), reflux symptoms at 
3 months (29.9%), and surgical emphysema (3%). Six patients had adverse events that led to prolongation 
of admission; 3% of whom had aspiration pneumonia, 3% had pneumoperitoneum, 1.5% had both, and 1.5% 
had an esophageal tear.
Conclusions: POEM is a promising procedure for the treatment of achalasia with a high clinical success 
rate, short hospital admission, and a reassuring safety profile.
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INTRODUCTION

Achalasia is an esophageal motility disorder characterized by 
impaired relaxation of  the lower esophageal sphincter (LES) 
due to the absence of  enteric neurons.[1] Although global 
epidemiologic data on achalasia are lacking, it is regarded as 
an uncommon disorder with a seemingly steady incidence 
of  1.6/100,000 per year and a rising prevalence that is 
currently estimated to be around 10  patients/100,000 
individuals.[2,3]

In terms of  management, the main goal of  the 
cur rent therapeutic modal it ies is  to lower the 
pressure of  the LES.[4] The first described therapeutic 
intervention dates back to the 17th  century (by Sir 
Thomas Willis) and consisted of  passing a long, thin 
whalebone with an attached sponge through the 
lower esophagus.[5] Management techniques have been 
significantly refined afterwards and ranged between 
conservative pharmacotherapeutic options (e.g., calcium 
channel blockers), endoscopic options (e.g., pneumatic 
dilatation [PD], botulinum toxin injections), and surgical 
techniques (laparoscopic Heller’s myotomy  [LHM]).[6] 
However, each of  these modalities has its disadvantages. 
For instance, symptom recurrence and gastroesophageal 
reflux  (GER) have been described in association with 
pneumatic dilatation. Similarly, surgical myotomy usually 
involves a gastric fundoplication procedure to prevent 
GER. The effects of  botulinum toxin injections also tend 
to be short lived, and the cost is an added disadvantage.[4,6]

Given the shortcomings of  the aforementioned 
interventions, peroral endoscopic myotomy  (POEM) 
was proposed in the late 2000s as a minimally invasive 
procedure for the treatment of  achalasia.[5] In 2010, 
one of  the first case series of  the procedure was 
published and consisted of  17 patients showing marked 
improvements in dysphagia symptom scores.[7] Since 
then, multiple studies have demonstrated similar 
outcomes in terms of  efficacy.[4] Additionally, a number 
of  papers have been published on POEM’s efficacy and 
safety profile in special cohorts such as patients with 
failed previous laparotomy, LHM, or PD; patients with 
sigmoid esophagus; pediatrics; and those with spastic 
esophageal disorders (SEDs).[8]

In this article, we describe the effects of  POEM in patients 
with achalasia at multiple Middle Eastern centers. We 
analyzed the data from three tertiary care hospitals in 
Saudi Arabia and Egypt and present the outcomes of  the 
procedure in terms of  efficacy, length of  hospital stay, and 
short and long‑term adverse events.

PATIENTS AND METHODS

This article is a retrospective analysis of  prospectively 
collected data on patients who underwent a POEM 
procedure in any of  the three centers included in 
the study. The recruitment period extended between 
March 2019 and May 2020. The sample consisted of  67 
consecutive patients and included all cases  (1) with an 
established diagnosis of  achalasia  (using high‑resolution 
esophageal manometry) regardless of  the type, duration 
of  symptoms, or previous attempted interventions for 
treatment and (2) who underwent the procedure during 
the aforementioned recruitment period. Collected data 
included demographic characteristics (age and gender), type 
of  achalasia, duration of  symptoms, previous therapeutic 
interventions, length of  hospital admission, pre‑  and 
post-treatment Eckardt scores, and adverse events within 
3 months.

The patients were started on a liquid diet for 2 to 3 days 
and were kept nil per os (NPO) for 24 hours before the 
procedure. Prophylactic antibiotics, antiemetics, and 
proton pump inhibitors  (PPIs) were also administered 
the day before POEM. All procedures were done under 
general anesthesia with the patients in supine position. 
In the beginning, esophagogastroduodenoscopy  (EGD) 
was done to identify the key anatomical landmarks. The 
Z‑line (gastroesophageal junction) was identified first; then, 
10 cm above the landmark, a mixture of  normal saline and 
methylene blue was injected into the submucosal space. 
Once done, a 1‑cm incision was made in the mucosal 
lining using the HybridKnife® T‑type  (Erbe USA Inc., 
Marietta, GA, USA), followed by creating a submucosal 
tunnel with the dissection and coagulation features of  the 
HybridKnife®. The tunnel extended to 2  cm below the 
cardia and was followed by the myotomy portion of  the 
procedure. ENDO CUT® Q, Effect 3, Cutting Duration 
2 and Interval 4 were used to perform the myotomy. The 
cuts were started 1 to 2 cms below the mucosal opening and 
extended into the cardia based on the subtype of  achalasia. 
The myotomy length ranged between 7 and 10  cm for 
Types I and II and was calibrated based on manometry for 
Type III, mostly extending up to 12 cm. The tunnel was 
then washed with 20 mL of  gentamycin, and five to seven 
hemostatic clips were placed to close the mucosal incision. 
The steps of  the procedure are shown in Figure 1.

The patients were kept NPO (nothing by mouth) and given 
an intravenous PPI for 24 hours after the procedure, and 
barium swallow was performed the next day for follow‑up. 
Clear liquids were then initiated for 3 days, followed by a 
regular liquid diet for 7 days, and a normal diet afterwards. 
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The patients were discharged on oral PPIs, antiemetics, and 
pain medications as needed. Follow‑up appointments were 
scheduled at 1 week, 1 month, and 3 months after POEM.

The primary outcome of  interest was the clinical 
success rate, which was defined as a postprocedure 
Eckardt score  ≤3 at  ≥3  months. Eckardt score is a 
validated, questionnaire‑based tool to evaluate the severity 
of  achalasia symptoms. It combines the four main 
components of  achalasia; namely, dysphagia, chest pain, 
weight loss, and regurgitation. Each component can be 
given a score from 0 to 3, with higher scores suggesting 
more severe symptoms.[9] The final score is calculated by 
summing the scores of  the four components, making the 
maximum possible score of  12 points. Accordingly, Eckardt 
symptom scores of  3 or less were regarded as a favorable 
outcome. The questionnaire was administered in Arabic 
during the baseline and post-treatment clinical evaluations 
of  the patients.

The secondary outcomes included the length of  hospital 
stay, presence of  reflux symptoms ≥3 months, need for 
PPIs  ≥3  months, and adverse events. The latter were 
reported according to the latest version of  the Common 
Terminology Criteria for Adverse Events  (CTCAE 
Version 5.0).[10] Mild to moderate complications that did not 
require invasive interventions or prolongation of  hospital 
stay were classified as Grades 1 and 2, respectively, whereas 
severe complications that required an invasive intervention 
or prolongation of  hospital stay were reported as Grade 3. 
Adverse events that were associated with life‑threatening 
consequences or required urgent intervention were 
classified as Grade 4, and those resulting in death were 
classified as Grade 5.

Statistical analysis
Data were analyzed using the IBM SPSS Statistics 26 
package. Dichotomous and categorical variables were 
presented as frequencies and percentages, whereas 
continuous variables were shown as means  ±  standard 
deviations  (SD) or medians. The 95% confidence 
intervals  (CI) were also reported where appropriate. 
Pre‑  and post‑POEM Eckardt scores were compared 
using Wilcoxon signed‑rank test. Two‑tailed P values were 
reported and were considered significant if  <.05.

RESULTS

Between March 2019 and May 2020, 67 patients (35 females) 
underwent the procedure for achalasia. The ages 
of  the  par t i c ipants  r anged  be tween  11  and 
80 years (mean ± standard deviation [SD], 41 ± 18 years), 
and the duration of  symptoms ranged between 8 months 
and 16  years. Of  the 67  patients who were included, 
33  (49%) had classic Type  I achalasia, 26  (39%) had 
Type II achalasia, 4 (6%) had spastic achalasia (Type III), 
while the remaining (6%) were unclassified. Therapeutic 
interventions or medical treatment prior to POEM were 
sought by 25  patients  (37%); 24  (35%) had previous 
PD procedures, 3  (4.5%) had surgical myotomies, and 
3 (4.5%) were started on medical treatment. The descriptive 
statistics (clinical and demographic characteristics) of  our 
patients are shown in Table 1.

The POEM procedure was completed successfully in all 
patients, and the length of  admission ranged between 2 and 
10 days (median of  3 days). Pretreatment Eckardt scores 
ranged between 4 and 12 points (mean ± SD,  8.85 ± 1.75). 
Three months after the procedure, 64  patients  (95.5%) 

Figure 1: Steps of peroral endoscopic myotomy. (a and b) Esophageal mucosa before the intervention, (c) mucosal elevation and injection with 
methylene blue, (d) mucosal incision 10 cm above the gastroesophageal junction, (e) submucosal tunneling with the coagulation knife, (f) myotomy 
using the HybridKnife®, and (g) mucosal closure with hemostatic clips
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achieved Eckardt scores of   ≤3  (95% CI: 91%–100%). 
Score reductions ranged between 3 and 12 points, with a 
mean of  7.85 ± 2.36 points. Comparison between pre‑ and 
post-procedural Eckardt scores showed a statistically 
significant difference of  − 8 points (95% CI: −7.5 to − 8.5; 
P < 0.0001). Figure 2 depicts the aforementioned changes 
in the primary outcome.

With regard to adverse events, 43  patients  (64.2%; 
95% CI: 53%–76%) had no immediate complications. 
Pneumoperitoneum that did not require prolonged 
hospitalization (>3 days) or invasive intervention (Grade 2 
adverse event) was the most commonly found 
complication (32.8%; 95% CI: 22%–44%) in the remainder 
of  patients. Another Grade  2 adverse event that was 
found in this series was surgical emphysema, which was 
reported in 2  patients  (3%). Six patients had adverse 
events that led to prolongation of  hospital stay (Grade 3); 
two  (3%) had aspiration pneumonia, two  (3%) had 

pneumoperitoneum, one (1.5%) had both, and one (1.5%) 
had an esophageal tear. With regard to long‑term adverse 
events, 20 patients (29.9%) were found to have symptoms 
of  gastroesophageal reflux ≥3 months, 19 (28%) of  whom 
needed to be started on PPIs for symptom control. Figure 3 
shows the rate of  reported adverse events in our series.

In summary, this series demonstrates that POEM has a 
clinical success rate of  >95% in patients of  achalasia. The 
procedure requires a relatively short hospital stay (average 
of  3 days), and has a reassuring safety profile with 91% of  
patients having no or mild to moderate adverse events, and 
the remaining 9% having no life‑threatening complications 
or deaths.

DISCUSSION

This was a retrospective analysis of  our prospectively 
collected data on a series of  achalasia patients who 
underwent a POEM procedure between 2019 and 2020. 
The primary outcome was the reduction in Eckardt scores 
to  ≤3 at  ≥3  months, whereas the secondary outcomes 
included the length of  hospital stay, and short‑  and 
long‑term adverse events, including the presence of  reflux 
symptoms and need for PPIs ≥3 months. Our experience 

Figure 2: Changes in Eckardt scores before and after the procedure Figure 3: Reported adverse events

Table 1: Patients’ characteristics
Variable Result

Number of patients (n) 67 (35 women)
Age (range in years) [mean, SD] 11‑80 [41, 18]
Duration of symptoms (years) 
[mean, SD]

0.67‑16 [3.96, 3.59]

Type of achalasia (n, %) Type I (33, 49%)
Type II (26, 39%)
Type III (4, 6%)

Unclassified (4, 6%)
Patients who had previous 
treatments (n, %)

Pneumatic dilation (24, 35%)
Surgical myotomy (3, 4.5%)

Conservative management (3, 4.5%)
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demonstrated a 96% clinical success rate with regard to the 
primary outcome and a reassuring safety profile with only 
9% of  patients requiring prolongation of  their hospital 
stay due to adverse events.

The first published paper on the utility of  POEM included 
an experimental, porcine model in 1980.[11] In 2010, Inoue 
et al.[7] published a refined version of  the procedure and 
proposed it as a novel alternative for the treatment of  
achalasia. Before the emergence of  the technique, other 
treatment modalities were in vogue. Some approaches were 
conservative and involved the use of  pressure‑lowering 
medications such as calcium channel antagonists and 
nitrates, whereas others directly targeted the LES by means 
of  endoscopic pneumatic dilatation, injection of  botulinum 
toxin, or Heller’s myotomy.[4] Although proven effective, 
these modalities had drawbacks. For example, pneumatic 
dilatation, which is the most commonly performed 
intervention, like POEM, is minimally invasive, but it has a 
high risk of  symptom recurrence and postprocedure GER. 
Botulinum toxin injection is another minimally invasive 
procedure and can be performed under endoscopic vision, 
but it has a short‑term therapeutic effect, requires repeated 
procedures, and can incur a high treatment cost. Surgical 
myotomy, on the other hand, is highly effective, but it has 
the drawbacks of  being invasive, requiring hospitalization, 
usually involving an additional fundoplication procedure to 
minimize the chances of  postoperative GER, and running 
the risk of  intraoperative esophageal perforation.

When it comes to POEM, the minimally invasive nature 
of  the procedure, the short hospital stay needed with 
it, and its durable therapeutic benefits have contributed 
to its wide adoption as a viable alternative to standard 
treatments.[12‑16] In our study, 96% of  patients achieved 
our predefined criteria of  clinical success, which is 
comparable with the previous reports. For instance, 
Inoue et al.[14] reported 91.3% success rates at 2 months. 
Similar results were published by Li et  al. [15] who 
presented the POEM experience at a single center from 
China, and showed success rates of  91%. Although our 
study had a relatively short follow‑up (3 months), the 
durability of  POEM’s therapeutic benefits has been 
shown in numerous publications. For example, a 2013 
prospective study with 12‑month follow‑up has shown 
a sustained success rate of  82.4%. Furthermore, both 
Li et  al.[15] and Nabi et  al.[13] reported  >90% durable 
clinical results in the first 3 years after the procedure. 
Meanwhile, Li et al.[15] extended their follow‑up for up 
to 5 years and showed sustained results of  >85% in the 
fourth and fifth years.

Complex achalasia patients were not lacking in our series. 
In total, 37% of  our patients had prior interventions, with 
35% having previous PD procedures and 4.5% having 
prior surgical myotomies. Our findings suggest that 
POEM is safe and effective even in cases with previous 
treatment failures. These findings are in line with the 
other studies like those of  Nabi et al.[13] Li et al.[15] and Rai 
et  al.[5] whose series were  >30% composed of  patients 
who had previous treatments. In another large series that 
compared treatment‑naïve with treatment‑experienced 
patients undergoing POEM, success rates were 81.1% and 
76.3% at 3 years, respectively, with similar safety results.[17] 
Interestingly, overall complications and treatment failures 
are reported to be higher in treatment‑experienced patients 
undergoing surgical myotomy.[18]

In terms of  adverse events, most of  those found in our 
series were self‑limiting and did not require prolongation 
of  hospital admission, with pneumoperitoneum being the 
most commonly reported one. In a 2015 meta‑analysis 
of  1,045  patients, complications that were commonly 
reported were subcutaneous/mediastinal emphysema, 
pneumothorax, pneumoperitoneum, pleural effusion, and 
aspiration pneumonia.[4] Although the overall number of  
adverse events appeared to be higher with POEM than 
with other procedures, most of  them were self‑limiting or 
could be treated conservatively. In line with our findings, 
the rate of  serious or life‑threatening complications found 
in that review was low, and no deaths were associated with 
the procedure.

Given that there is no anti‑reflux intervention in POEM, 
GER and reflux esophagitis (RE) are common concerns 
after the procedure. In our study, GER was seen in 
around 30% of  patients after 3 months, which is higher 
than what was reported in previous studies. In the above 
meta‑analysis,[4] GER was seen in 10.9% after POEM, 
which was comparable with what was reported with LHM. 
Some of  the individual studies in that review, nonetheless, 
had a high rate of  GER, but like in our study, could be 
managed effectively with PPIs. The results of  these studies 
are more consistent with recent literature, which reports 
higher rates of  GER and RE with POEM.[5,16]

Perhaps the most compelling question regarding the 
effectiveness of  POEM is how it compares directly with 
the standard therapeutic procedures. To date, the majority 
of  the evidence is driven from retrospective studies or 
prospective, uncontrolled case series like ours. Randomized 
comparisons between POEM and LHM were attempted 
in the recent literature with statistical power and long 
periods of  follow‑up  (24 months), supporting POEM’s 
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noninferiority to LHM, favoring POEM in terms of  serious 
adverse events, and favoring LHM in terms of  incidence 
of  GER or RE.[16] However, data are still needed to draw 
conclusions on how it compares with other endoscopic 
measures  (e.g.,  PD) in terms of  safety, efficacy, and 
cost‑effectiveness.

In conclusion, POEM is a safe and effective procedure 
for the treatment of  achalasia. Our experience with the 
procedure supports the results of  previous studies that 
report >90% clinical success rate, short hospital stay, and 
a reassuring profile of  adverse events.
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