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Purpose: Peroral endoscopic myotomy (POEM) after prior myotomy (PM-POEM) can be 
technically challenging with possible increased adverse events. We aimed to assess gas leak 
and mucosal injury incidence during PM-POEM, compared to an index POEM (iPOEM), 
and post-procedure extubation time.
Patients and Methods: A retrospective study comparing PM-POEM to iPOEM from 
March 2016 to August 2018.
Results: There were 21 subjects in the PM-POEM and 56 subjects in the iPOEM. The PM- 
POEM group was younger (average age 44.33 vs 57.57 years, p=0.0082). Gas leak incidence 
did not differ between groups (28.6% in PM-POEM vs 14.3% in iPOEM, p=0.148). For 
cases with imaging available postoperatively, there was a trend towards higher incidence of 
gas leak in the PM-POEM, but it was not statistically significant (60% vs 42.1%, p=0.359). 
The post-procedure extubation time was not different between PM-POEM and iPOEM 
(11.38 vs 9.46 minutes, p=0.93), but it was longer when gas leak occurred (15.92 vs 8.67 
minutes, p=0.027). The odds of mucosal injury were four-fold higher (OR, 4.31; 95% CI, 
1.32–14.08), and more clips were used to close mucosal injuries (0.62 vs 0.14 clips, 
p=0.0053) in the PM-POEM group. More procedures were deemed difficult or challenging 
in the PM-POEM (33.3% vs 7.1%, p=0.007). The number of clips used to close the 
mucosotomy was not different between groups (4.05 vs 3.84 clips, p=0.498). Although the 
myotomy was shorter in PM-POEM, it was not statistically significant (6.38 vs 7.14 cm, 
p=0.074). However, the procedure was longer in PM-POEM (61.28 vs 45.39 minutes, 
p=0.0017). There was no intervention or ICU admission required pertinent to the procedure.
Conclusion: Performing PM-POEM can be more difficult with more mucosal injuries. Gas 
leak was associated with a slightly longer post-procedure extubation time, but clinical 
relevance is unclear given incidence of gas leak was unknown at time of extubation.
Keywords: peroral endoscopic myotomy, Heller’s myotomy, achalasia, gas leak, mucosal injury

Introduction
Peroral endoscopic myotomy (POEM) was initially introduced in 2010 as a novel 
treatment modality for achalasia.1 Subsequently, multiple studies have confirmed 
POEM to be both an effective and safe treatment for achalasia in short- and mid- 
term studies.2,3 POEM has also been used as a secondary or salvage treatment after 
failure of other modalities (eg, pneumatic dilation and Heller myotomy [HM])2,4–11 

and has been shown to be safe and effective after a failed POEM.12

Progressive tunneling is performed in the submucosal space distally within the 
esophageal wall during a POEM procedure.1 Therefore, occurrence of gas leak 
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through muscle fibers can occur.13 In fact, gas leak is the 
most reported insufflation-related event. The incidence of 
gas leak has been reported to be as high as 86%.14,15 Data 
from previous experience suggest that gas leak-related 
events during POEM do not have major clinical 
consequences.13 It is unknown, however, whether the 
occurrence of gas leak impacts time to extubation post- 
procedurally (as a result of presence of capnomediastinum 
or capnoperitoneum). Mucosal injury is another intra- 
procedural event that can occur during POEM with an 
incidence of 4–5%.7,13 Other events that can occur during 
or after POEM that are procedure-related include bleeding 
and abdominal and/or chest pain.

Performing surgical myotomy after a previous initial 
myotomy is complex.16 The same applies to POEM and 
the procedure is likely to be more technically 
challenging.6,8 Submucosal fibrosis from a previous myot-
omy can make the procedure more difficult and increase 
the risk of adverse events (AEs).17 The aim of our study 
was to assess the peri-procedural incidence of gas leak and 
mucosal injury occurring during or after POEM in a group 
with prior myotomy (whether HM or POEM), the post- 
myotomy POEM (PM-POEM) group, as compared to an 
index POEM (iPOEM). We hypothesized that the rate of 
gas leak and mucosal injury is higher in PM-POEM, and 
that occurrence of gas leak may be associated with a delay 
in extubation post procedure. We also hypothesized that 
tunnel creation may be more difficult in PM-POEM likely 
due to fibrosis from prior intervention; hence, more clips 
may be needed to close the mucosotomy site. The primary 
outcomes we aimed to study were the rate of and predic-
tors of gas leak and mucosal injury. The secondary out-
comes assessed were comparison of time to extubation 
post-procedure including when gas leak occurred, length 
of myotomy, procedure time, and length of hospital stay 
(LOS) between groups.

Patients and Methods
Subjects and Data Collection
We performed a retrospective study comparing procedural 
aspects of PM-POEM to iPOEM. POEM procedures per-
formed at a tertiary referral center from March 2016 to 
August 2018 were included. All included cases had muco-
sotomy and myotomy completed. POEM procedures were 
performed for the indication of achalasia, except for one 
case of esophagogastric junction outflow obstruction 
(EGJOO). Carbon dioxide (CO2) was used for insufflation 

in all procedures. The detailed procedure was described in 
our previous study.17 The PM-POEM procedure was per-
formed following the same steps as the iPOEM. The 
following data were collected: age at POEM, gender, 
position of myotomy, length of myotomy, procedure time 
(the time from endoscope insertion to endoscope with-
drawal, in minutes), occurrence of mucosal injury, number 
of clips used to close mucosal injuries, number of clips 
used to close the mucosotomy site (as a surrogate for 
difficulty creating the tunnel), incidence of gas leak, extu-
bation time from the end of the procedure (as recorded in 
anesthesia procedure sheet), and LOS in days including 
the day of the procedure and the day of discharge. Gas 
leak was defined by the presence of subcutaneous emphy-
sema, capnomediastinum, capnoperitoneum, and/or cap-
nothorax documented by physical exam and/or imaging. 
These included gas leak that was found incidentally as 
well as on imaging that was performed for symptoms. 
Difficult procedures were determined by the endoscopist’s 
impression of the procedure being challenging, often based 
on the degree of difficulty in creating the submucosal 
tunnel and/or difficulty performing myotomy. An institu-
tional review board (IRB) approval was obtained for the 
current study (IRB00089650; June 21, 2016 and renewed 
each year). All POEM procedures were performed by S. 
K. and Q.C. with experience in performing > 100 POEMs 
each at the time of study.

Upper Endoscopy and POEM Protocol
Patients were instructed to stay on clear liquids for 2 days 
before the procedure and to be nil per os (NPO) after 
midnight on the day of the procedure. All POEM cases 
were performed under general anesthesia in supine posi-
tion. A clear cap was attached to the tip of the endoscope 
and complete upper endoscopy was performed for every 
case. The POEM procedure was performed as has been 
described previously.18 First, a submucosal injection of 
a solution of 1 mL methylene blue and 1 mL epinephrine 
mixed with 500 mL of 0.9% normal saline was used to lift 
the mucosa at the site of the initial mucosotomy. The 
initial mucosal incision was made longitudinally starting 
at approximately 10 cm above the squamocolumnar junc-
tion using an I-Type Hybrid Knife (ERBE, Marietta, GA, 
USA). Next, the endoscope with a clear cap was used to 
enter into the submucosal tunnel, which was further cre-
ated by continued submucosal injection and dissection. 
The submucosal tunnel was extended into the cardia by 
2 cm. The myotomy was started distally from the cardia 
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using an I-Type Hybrid Knife to perform a circular myot-
omy and extended proximally in retrograde fashion. The 
length of the myotomy was determined by the type of 
achalasia. Intra-procedure bleeding was controlled with 
electrocautery for small vessels and Coagrasper (FD-411 
QR, Olympus, Japan) for larger vessel in the submucosal 
tunnel in the soft coagulation mode (ERBE, Germany). 
The mucosal entrance to the submucosal tunnel was closed 
using endoscopic clips. Mucosal injuries were closed with 
clips. Patients were administered 4.5 g of piperacillin/ 
tazobactam or 500 mg of levofloxacin (if allergic to peni-
cillin) intravenously prior to mucosotomy incision and 
were continued for a total of 5 days of antibiotics in IV/ 
PO form. All patients were admitted for overnight obser-
vation with NPO status (6 patients in the iPOEM group 
were already admitted as inpatient and therefore stayed 
longer. The procedure was performed as inpatient after our 
team was consulted). A gastrografin esophagram study 
was routinely performed the next morning after POEM 
cases before allowing oral intake to rule out a leak per 
the endoscopist discretion until end of 2017. However, due 
to lack of significance and absence of clinical correlation 
of findings on swallow study, we halted this practice after 
2017. Therefore, not every case had imaging routinely 
available post-procedure after that date unless clinically 
indicated.

Statistical Analysis
IBM®SPSS® version 25 (Armonk, NY) was used for sta-
tistical analysis. Mann–Whitney U-test was used to com-
pare continuous outcomes and results are reported as 
means ± standard deviation (SD). Chi-square analysis 
with Fisher exact test was used to compare binary catego-
rical outcomes with results reported as percentage (%) and 
odds ratio (OR) with 95% confidence interval (CI). 
Analyses assumed a two-tailed p valued of < 0.05 for 
statistical significance.

Results
Subjects
Table 1 shows study subjects’ characteristics. There were 
21 subjects (52.4% male) in the PM-POEM group and 56 
(39.3% male) in the iPOEM group who met inclusion 
criteria. The PM-POEM group was younger with an aver-
age age of 44.33 vs 57.57 (41.2–74) years, p=0.0082. The 
first myotomy in the PM-POEM group was HM in 8/21 
(38.1%) and POEM in 13/21 (61.9). The studied POEM 

was the 3rd myotomy in three cases in the PM-POEM 
group: one case had 2 prior HMs and two cases had 
previous HM and POEM. Table 2 shows the indication 
and position for myotomy in each group. All cases under-
went posterior myotomy in the iPOEM except for only 1 
case, in which a lateral myotomy at 3 O’clock was per-
formed as adequate submucosal lift could not be achieved 
posteriorly. In the PM-POEM group, posterior myotomy 
was performed in 11 cases (including 1 case that had 
previous anterior HM and posterior POEM), lateral myot-
omy in 7 cases (1 case with prior Heller myotomies ante-
riorly and posteriorly, 1 case with prior POEMs anteriorly 
and posteriorly, 5 cases with prior posterior POEM), ante-
rior myotomy in 2 cases, and not specified in 1 case. The 
posterior myotomy orientation despite previous posterior 
myotomy and lateral orientation of myotomy after only 
a prior posterior myotomy were decided by the endosco-
pist intra-operatively and no further details are available as 
to why the myotomy position was selected given the retro-
spective nature of the study.

Gas Leak
The incidence of gas leak was higher in the PM-POEM 
group, but it did not reach statistical significance (28.6% 
vs 14.3%; OR, 2.40, 95% CI, 0.72–8.02, p=0.148). We 
separately compared the incidence of gas leak between 
groups for cases with an imaging modality available after 
the procedure. Radiologic comparison was available in 29 
patients who had imaging performed for post-procedural 
respiratory distress (n=3), abdominal pain (n=3), neck 
crepitus (n=1), chest pain (n=1), weight loss (n=1), and 
routine gastrografin swallow on the next day following 
POEM (n=20). Again, there was a trend towards a higher 
rate of gas leak with PM-POEM, but the difference was 
not statistically significant (60% vs 42.1%, OR, 2.06, 95% 
CI, 0.43–9.80, p=0.359).

Mucosal Injury
Mucosal injury occurred in 38.1% (8/21) in the PM- 
POEM group compared to 12.5% (7/56) in the iPOEM. 
The mucosal injuries were all full thickness whether ther-
mal or traumatic and all were closed with clips in both 
groups, except for one case in the iPOEM group (bleeding 
at GE junction that stopped spontaneously). The odds of 
mucosal injury were four-fold higher in the PM-POEM 
group (OR, 4.31; 95% CI, 1.32–14.08, p=0.012), and more 
clips were used in the PM-POEM to close mucosal injuries 
(0.62 vs 0.14 clips, p=0.0053).
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Post-Procedure Time to Extubation
The time to extubation after the procedure was not differ-
ent between PM-POEM and iPOEM (11.38 vs 9.46 min-
utes, p=0.93). However, the time to extubation was longer 
when gas leak occurred (15.92 vs 8.67 minutes, p=0.027), 
Figure 1. Gas leak occurred in 14/77 (18.2%) of the cases 
in the entire cohort (Table 3).

Other Variables
More procedures were deemed to be difficult or challen-
ging in the PM-POEM (33.3% vs 7.1%; OR 6.5, 95% CI, 
1.7–25.4, p=0.007). However, difficulty of the procedure 
was not associated with incidence of either gas leak (OR 
1.87; 95% CI, 0.43–8.21, p=0.410) or mucosal injury (OR 
1.04; 95% CI, 0.25–4.28, p=1.000). Presence of symptoms 
did not predict incidence of gas leak (OR 4.87, 95% CI, 
0.78-3-0.29, p=0.109). Regarding the esophageal anatomy, 
5 cases (23.8%) in the PM-POEM group had a sigmoid 

esophagus with one case of gas leak detected, whereas 3 
cases (5.3%) in the iPOEM group had sigmoid esophagus 
with one case of gas leak. Sigmoid configuration was not 
associated with gas leak occurrence (p=0.597). All 

Table 2 Indication and Position of POEM in Both Groups

Indication PM-POEM (N=21) iPOEM (N=56)

Achalasia I (%) 23.8 17.9

Achalasia II (%) 66.7 44.6

Achalasia III (%) 0 7.1
Achalasia NS (%) 9.5 26.8

EGJOO 0 3.6

Position, N (%)

Posterior 11 (52.4) 55 (98.2)
Lateral (%) 7 (33.3) 1 (1.8)

Anterior (%) 2 (9.5) 0 (0)

Not specified 1 (4.8) 0 (0)

Abbreviation: EGJOO, esophagogastric junction outflow obstruction.

Table 1 Characteristics and Data of Study Subjects+

Groups

Variables PM-POEM (N=21) iPOEM (N=56) p value Comments

Age 44.33 (±17.63) 57.57 (±18.42) 0.0082

Gender (Male %) 52.4 39.3

Gas leak (%), all cases 28.6 14.3 0.148 OR 2.40 
95% CI, 0.72–8.02

Gas leak (%), imaging available 60 42.1 0.359 OR 2.06 
95% CI, 0.43–9.80

Mucosal injury (%) 38.1 12.5 0.012 OR, 4.31 
95% CI, 1.32–14.08

Clips for mucosal injury 0.62 (±0.97) 0.14 (±0.44) 0.0053

Difficult/challenging procedure (%) 7/21 (33.3%) 4/56 (7.1%) 0.007 OR 6.5 

95% CI, 1.7–25.4

*Sigmoidization (%) 5 (23.8%) 3 (5.3%) 0.018

Myotomy Length (cm) 6.38 (±1.28) 7.14 (±1.47) 0.074

Procedure time (min) 61.28 (±21.33) 45.39 (±16.64) 0.0017

Procedure time per myotomy length (min/cm) 10.14 ± 4.41 6.66 ± 2.98 0.0005

Clips for mucosotomy closure 4.05 (±1.07) 3.84 (±0.87) 0.498

Extubation time (min) 11.38 (±10.96) 9.46 (±6.49) 0.93

#LOS (day) 2.4 (±0.82) 3.14 (±3.19) 0.57

Notes: +Numbers are reported as mean ± SD unless stated otherwise; *All sigmoid-shaped cases were sigmoid-type S1; #6 subjects in the iPOEM group had prolonged 
inpatient status for other issues not related to the procedure (5, 5, 7, 10, 14, 21 days). 20 patients in the PM-POEM had LOS data available; Significant p values are in bold. 
Abbreviations: CI, confidence interval; LOS, length of stay; OR, odds ratio; SD, standard deviation.
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sigmoid shaped cases were sigmoid-type S1. No case 
required intervention for gas leak decompression. No 
endoscopy was required after any case and there was no 
intensive care unit (ICU) admission pertinent to the 
procedure.

The length of myotomy was not statistically different 
between groups (6.38 cm in PM-POEM group vs 7.14 cm 
in iPOEM, p=0.074). Short myotomy (≤5 cm) was per-
formed in 5 (23.8%) cases in the PM-POEM group and 5 
(8.9%) cases in the iPOEM. In the PM-POEM group, one 
case had only a 3 cm long myotomy performed due to 
difficulty creating a long tunnel, altered muscle plane/ 
lower esophageal sphincter anatomy in the setting of 
inflammation and tortuosity. The procedural time was 
longer in the PM-POEM (61.3 vs 45.4 minutes, 
p=0.001). When adjusted for time per myotomy length 
(min/cm), the time was still longer in the PM-POEM 
group (10.14 vs 6.66 min/cm, p=0.0005). Although the 
procedure was deemed overall to be more difficult and 
challenging in the PM-POEM group, the number of clips 
used to close the mucosotomy defect (as a surrogate for 
difficulty creating the tunnel) was not different (4.05 vs 

3.84 clips, p=0.498). The average LOS was not different 
between groups (2.4 in the PM-POEM vs 3.14 in the 
iPOEM, p=0.57).

Discussion
In this retrospective study comparing PM-POEM to 
iPOEM, we found that performing POEM after a prior 
myotomy was associated with more mucosal injuries 
(and more clips used to close them), was more technically 
challenging, and had longer procedural time.

Although there was a trend toward higher incidence of 
gas leak in the PM-POEM group, it did not reach statis-
tical significance, perhaps due to a smaller sample size in 
the PM-POEM group. However, due to high efficacy of 
POEM and HM procedure for achalasia, PM-POEM is not 
commonly performed and to obtain a higher number of 
cases a multicenter study would have to be performed. The 
incidence of gas leak seen in our study, whether in iPOEM 
or PM-POEM, is likely an underestimate of the true inci-
dence had routine post-procedure imaging been obtained 
in all cases. Pannu et al has reported an incidence of 86% 
in a study of 84 consecutive POEM undergoing CT 
esophagram.14 Additionally, using air instead of CO2 

insufflation and using medium to high flow CO2 will likely 
lead to more gas-related AEs. It has been shown that 
longitudinal mucosal incision, smaller tunnel width 
(≤3 cm), and sigmoid-shaped esophagus are independent 
predictors of gas-related AEs.19 We commonly perform 
longitudinal mucosal incision during POEM procedures 
at our institution. Sigmoid-shaped esophagus was not asso-
ciated with gas leak in our cohort; however, the number of 
these cases was very small.

Mucosal injuries were encountered more in the PM- 
POEM group. This is likely from inflammation with sub-
sequent submucosal fibrosis from prior myotomy, which 
has been shown to make the procedure more 
challenging.7,17 It is thought by some that mucosal injuries 
occur less frequently with a posterior approach.13 About 
48% of the PM-POEM cases in our study had a non- 
posterior approach (Table 2), which may additionally 
explain the higher incidence of mucosal injuries in this 
group. In a study by Zhang et al, the rate of mucosal injury 
was not different between PM-POEM (after prior HM) and 
iPOEM (28.3% vs 30.5%).8 The mucosal injuries in our 
PM-POEM cohort were higher (38.1%). This may be 
explained by a smaller sample size, which can in turn 
exaggerate the numbers in this group. The mucosal injury 
rate was much lower in our iPOEM cohort (12.5%). 

Table 3 Extubation Time When Gas Leak Occurred

Gas Leak

Yes No

N (%) 14/77 (18.2) 63/77 (81.8)

Extubation Time 
(mean, min)

15.92 (±12.87) 8.67 (±5.70) p=0.027

Note: Numbers are reported as mean ± SD. 
Abbreviation: SD, standard deviation.

Figure 1 Extubation time based on gas leak status.
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Moreover, posterior myotomy orientation despite previous 
posterior myotomy in 6 cases and lateral orientation of 
myotomy after only a prior posterior myotomy in 5 cases 
were decided by the endoscopist intra-operatively and no 
further details are available as to why the myotomy posi-
tion was selected given the retrospective nature of the 
study. This may have led to making the procedure difficult 
and therefore increase the risk of mucosal injury.

The time to extubation did not differ between groups; 
however, it was longer in cases when gas leak occurred. The 
occurrence of gas leak in these cases was discovered on 
imaging performed after the procedure when the patients 
were already extubated. Therefore, we are unable to make 
any assumption whether incidence of gas leak led to a longer 
extubation time given the event was unknown at time of 
extubation. It is possible that incidence of gas leak led to 
some hemodynamics and/or lung mechanic changes that led 
to delay in extubation post-procedure. However, this delay 
was short and did not prevent extubation. No cases required 
any additional intervention or ICU admission in the study. 
Although our anesthesia providers follow a similar pattern 
of practice at the institution where the study was performed, 
the extubation time is multifactorial and operator and non- 
operator variables play a role. Our investigation showed that 
there might be a signal, and this may warrant further pro-
spective clinical investigation to assess any link between gas 
leak and delay in extubation.

Whether the duration of PM-POEM procedure is 
longer compared to an iPOEM is debatable and currently 
available data are conflicting.7,10,20 In our study, the pro-
cedure time, from the scope insertion to the time the scope 
was withdrawn from the esophagus, was longer in the PM- 
POEM group, 63.1 vs 45.4 minutes (p=0.0017). Although 
recent studies showed no difference in procedure times 
between PM-POEM and iPOEM, the overall procedure 
time in our study was considerably shorter compared to 
these studies.7,21 Likewise, studies’ results differ in regard 
to the length of myotomy between PM-POEM and 
iPOEM, with recent studies showing no difference7,8,21 

while another study showed shorter myotomy in cases of 
prior HM.10 The myotomy length was shorter in the PM- 
POEM group in our study, but the difference did not reach 
statistical significance. While myotomy length can differ 
per operator’s discretion altered muscle plane from prior 
myotomy may limit the ability as to how much the endos-
copist may opt to cut during the procedure.

The current study has some limitations. In addition to 
what mentioned earlier, this is a retrospective study relying 

on documentation in electronic medical records and doc-
umentation deficiency is a limitation in this type of studies. 
However, the focus of this study was on the peri- 
procedural period and the documentation is probably not 
affected given the real-time documentation by endosco-
pists and anesthesia staff. Lack of imaging after each case 
did impact determining the estimate of the actual incidence 
of gas leak during or after each procedure. Therefore, 
larger prospective studies with documented imaging dur-
ing or soon after each procedure will be required for more 
accurate estimates.

Conclusion
Performing POEM after a prior myotomy can be more 
difficult, takes longer time to complete the procedure, 
and is associated with more mucosal injuries. Gas leak 
may be associated with a slightly longer post-procedure 
extubation time, but clinical relevance is unclear given 
incidence of gas leak was unknown at time of extubation 
in this study. Additionally, gas leak does not appear to 
affect the overall procedural outcomes or prolong 
hospitalization.
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