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Abstract

Introduction The American Society of Anesthesiologists (ASA) physical status classification system was developed as a
simple categorization of patients’ physiological status that predicts the operative risk. Peroral endoscopic myotomy (POEM)
is a less invasive alternative to surgical myotomy in achalasia. As such, POEM seems to be an appealing option for high-
risk patients with achalasia. However, there are no studies which systematically analyzed the outcomes of POEM among
patients with different ASA classes. Hence, we aimed to compare the safety and efficacy of POEM in patients with lower
and higher ASA classes.

Methods Medical records of all achalasia patients who underwent POEM at our institution between April 2014 and May
2019 were reviewed. Patients were categorized arbitrarily into two groups, lower ASA class (ASA I and II combined) and
higher ASA class (ASA class III and IV combined). Demographic and procedural details, timed barium swallow (TBE),
high-resolution esophageal manometry (HREM), pH study findings and Eckardt scores were compared between the two
groups. Baseline characteristics were compared using Chi-square test and two-sample t-test for categorical and continuous
variables, respectively.

Results A total of 144 patients met our study criteria (lower ASA class, n=44; and higher ASA class, n=100). Patients in
higher ASA class were significantly more obese and older. More patients in lower ASA class had prior Heller myotomy and
more patients in higher ASA Class had prior botulinum toxin injections. Procedural parameters were similar in both groups.
Procedural complications were infrequent and were also similar in the two groups. The length of stay, 30-day readmission
rate, reflux symptoms and esophageal pH study findings were also comparable between the two groups. Treatment success
was similar in both groups, 97.7% in lower ASA class versus 92% in higher ASA class (p =0.19). At 2-month follow-up,
both groups had significant improvement in HREM and TBE parameters.

Conclusion POEM is a very safe and highly effective treatment option for achalasia patients with advanced ASA class simi-
lar to lower ASA class patients. POEM may be considered as the preferred choice for myotomy in these high-risk achalasia
patients due to its low morbidity and high efficacy.
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Digestive Disease Week, DDW 2020 conference (May 2nd—5th,
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(NOTES) led to emergence of peroral endoscopic myot-
omy (POEM) as an incision-less alternative to laparo-
scopic Heller myotomy (LHM) in achalasia. Large meta-
nalyses [2-5] and a recent randomized controlled trail [6]
have suggested similar or non-inferiority of POEM over
LHM in achieving excellent esophageal drainage and pal-
liation of symptoms in patients with achalasia. Based on
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these impressive results, POEM has now joined the main
stream treatment armamentarium for achalasia including
endorsement in some society guidelines [7, 8].

Multiple factors such as age, subtype of achalasia,
coexisting comorbid conditions, body mass index (BMI),
physical status, life expectancy are among the factors
considered while selecting one treatment modality over
another for achalasia patients. One such factor is the
operative risk assessment, which plays a crucial role in
estimating the post-procedural morbidity and mortality.
There are various models for evaluating the preoperative
anesthetic risk in patients undergoing invasive procedures
[9]. Among them, the American Society of Anesthesiolo-
gists’ physical status (ASA-PS) classification is one of
the most widely accepted and universally validated scor-
ing systems for predicting the operative risk [10]. This
includes an effortless categorization of a patient’s base-
line health status, which thereby reflects the postopera-
tive course and outcomes [11]. It consists of five classes
(I-V), ranging from a normal healthy patient (class I) to
a moribund patient who is not expected to survive (class
V). The utility of the ASA-PS is to convey the risk asso-
ciated with any procedure that requires anesthesia, with
respect to the patient’s underlying systemic illnesses.

The ASA-PS has been reported to correlate with the
anesthetic morbidity and peri-procedural outcomes in
various surgical studies thus far. Nearly five decades ago,
a landmark study by Vacanti et al. [12] suggested that
increasing ASA-PS class is associated with higher mor-
bidity and mortality after surgery. These findings were
reaffirmed by another recent large multi-institutional
cohort study that reported a strong association between
higher ASA-PS and increased mortality within 48 h of
administering an anesthetic, for both elective and emer-
gent procedures [13]. As such, considering the high mor-
bidity associated with a higher ASA class, it is a general
tendency among clinicians to choose less invasive thera-
pies for achalasia patients belonging to ASA class IIT and
above.

Consequently, patients with higher ASA class are less
likely to undergo surgical myotomy in achalasia due to a
perceived higher risk of complications. In addition to the
remarkable efficacy, one of the significant advantages of
POEM over LHM is its minimal invasiveness and lack
of the traditional surgical operative risks as one would
expect with a thoracic surgery like LHM. Based on these
factors, one could assume POEM to be a safer choice in
high-risk patients. However, there have been no studies
thus far which evaluated the safety of POEM in achalasia
patients belonging to different ASA classes. Hence, we
aimed to compare the feasibility and outcomes of POEM
among patients with lower and higher ASA classes.

Materials and methods

This study was approved by the Institutional Review Board
at the Cleveland Clinic. We conducted a retrospective chart
review of our prospective registry of all achalasia patients
who underwent POEM at our institution between April 2014
and May 2019. A total of 144 patients were included and
were divided into two arbitrary groups based on their ASA
class: lower ASA group (ASA classes I and II combined) and
higher ASA group (ASA classes III and IV combined). All
included patients had high-resolution esophageal manom-
etry (HREM), timed barium esophagram (TBE) performed
before and 2 months after POEM along with an esophageal
pH study as part of our standard clinical protocol. Patient
demographics, prior treatments, pre, and 2 months post-
treatment TBE and HREM parameters, 24 h esophageal pH
study findings and Eckardt scores were compared between
the two groups. Treatment success was defined as reduction
of Eckardt score to <3. We performed POEM procedure,
TBE, HREM and 24 h esophageal pH studies as per our
institutional protocol as we described in our previous stud-
ies [14].

POEM procedure

All POEM procedures were performed under general anes-
thesia in an operating room using standard steps. The steps
included (1) creation of a submucosal tunnel starting approx-
imately 10—12 cm proximal to the LES (lower esophageal
sphincter) and extending distally to about 2—4 cm onto the
gastric side. This was typically performed on the anterior
esophageal wall except in post-Heller patients in whom it
was created on the posterior esophageal wall; (2) myotomy
of the circular muscle fibers starting 3—4 cm distally from
the mucosal entry site and 2—4 cm into the gastric wall; and
(3) closure of the mucosal entry site using endoscopic clips.
The next day, patients underwent a water-soluble contrast
swallow radiograph to exclude transmural perforations. If
the swallow study was unremarkable, patients were started
on a clear liquid diet, discharged home, and were advised to
advance diet gradually over the next 1-2 weeks.

HREM procedure

HREM was performed by using the following protocol: a
36-channel, solid-state catheter system with high-fidelity cir-
cumferential sensors at 1-cm intervals was advanced through
the nasal canal (Sierra Scientific Instruments Inc., Los Ange-
les, CA, United States). Pressure data of 10- and 5-mL swal-
lows of water were recorded and analyzed by using a dedi-
cated computerized analysis system. All relevant parameters
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were analyzed according to the Chicago classification.
Diagnostic criteria for achalasia were incomplete relaxation
of LES (IRP> 15 mmHg) and aperistalsis of the esopha-
geal body. Achalasia was classified into; type I if there was
100% aperistalsis without esophageal pressurization, type
II if there was pan-esophageal pressurization > 30 mmHg
in>20% of swallows and as type III when there were pre-
mature contractions in >20% of swallows.

TBE procedure

Patients were instructed to drink the maximum volume
of dilute barium sulfate contrast (45% weight in volume)
that they could tolerate without regurgitation or aspiration
(between 100 and 250 mL) over 30-45 s. With the patient
in an upright position, radiographs of the esophagus were
taken at 1- and 5-min intervals after the last swallow. The
height and width of the barium column were measured using
a calibrated ruler and were recorded.

24-h esophageal pH study

Patients underwent a transnasal catheter-based 24-h pH
study while staying off proton pump inhibitors (PPI) and
other acid-reducing medications, 2 months after the POEM
procedure. Abnormal pH study was defined as either
DeMeester score > 14.72 or total abnormal acid exposure
time > 5.5% (i.e., esophageal pH <4 for greater than 5.5%
of the time). We also looked at other pH study parameters,
including abnormal esophageal acid exposure time (AET)
in the post-prandial state (abnormal if > 6.8%), upright posi-
tion (abnormal if > 8.2%), and supine position (abnormal
if >3%).

GERD symptoms and Eckardt scores

The presence or absence of GERD symptoms and Eckardt
symptom scores were recorded at the time of clinical follow-
up visits, typically 2 months after POEM.

ASA categorization

The ASA physical status classification system was used to
assess the fitness of our patients prior to POEM [15]. The
ASA class of the patients was documented by the anesthesia
team prior to surgery as part of their standard documenta-
tion. It includes a six -category physical status classifica-
tion system as follows: I—healthy person, II—mild systemic
disease, I[IlI—severe systemic disease, [V—severe systemic
disease that is a constant threat to life, V—a moribund per-
son who is not expected to survive without the operation and
VI—a declared brain-dead person whose organs are being
removed for donor purposes.
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Statistical analysis

Continuous variables were presented as median (25th,
75th percentiles) and categorical variables as counts and
frequency. Univariable analysis was performed to assess
differences between the treatment groups. Two sample
t-test was used to compare means and Kruskal-Wallis test
was used to compare medians of continuous variables.
Wilcoxon signed rank test was used to compare pre- and
post-procedure median of continuous variables. Pearson’s
Chi-square tests were used to compare categorical vari-
ables, and Fisher’s exact test was used for counts less than
five. All statistical analyses were performed using R foun-
dation for statistical computing (R version 3.5.3; Vienna,
Austria), and a P value < 0.05 was considered as statisti-
cally significant.

Results
Baseline characteristics

A total of 144 patients were included in the final analy-
sis, of which 100 patients belonged to higher ASA group
(Class III-1V). Baseline patient characteristics are sum-
marized in Table 1. The median age in the lower ASA
group was 54 years (Quartile (Q)1-3: 19.8-73.0), while in
the higher ASA group was 64.6 years (Q1-3: 25.2-87.4).
A higher number of patients were > 65 years in higher
ASA group compared to the lower ASA group (50 vs.
15.9%, p=0.0001). There were no significant differences
in gender distribution between the two groups. Patients
in higher ASA group had greater BMI (28.6 vs. 26.7 kg/
m?, p=0.034) compared to lower ASA patients. The mean
follow-up duration was 2.6 months after POEM.

Achalasia characteristics

The distribution of achalasia subtypes and median inte-
grated relaxation pressures (IRP) were similar in both
groups (Table 1). Pre-POEM TBE parameters were also
similar in the two groups. Patients in lower ASA group
were more likely to have had prior Heller myotomy com-
pared to the higher ASA group (36.4 vs. 12%, p=0.0007).
Conversely, patients in the higher ASA group had more
prior botulinum toxin injections (29 vs. 11.4%, p=0.022).
The duration of the disease was similar between the lower
and higher ASA patients (4 vs. 3 years, p=0.71). The
severity of symptoms as measured by Eckardt scores was
also similar in both groups (Table 1).
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Table 1 l.)at.ient and treatment Characteristics Lower ASA class Higher ASA class P value
characteristics (I and IT) (I and IV)
n (%) n (%)
Number of patients 44 (100) 100 (100) -
Age at peroral endoscopic myotomy, year
Median (range) 54.0 (19.8-73.0) 64.6 (25.2-87.4) 0.0004
Male gender 27 (61.3) 71 (71) 0.25
BMI, kg/m?, median (range) 26.7 (19.3-47.4) 28.6 (17.6-50.2) 0.034
Achalasia, subtype 0.81
I 12 (27.2) 31 (31
I 25 (56.8) 49 (49)
111 5(11.3) 16 (16)
Other 2 (4.5) 4(4)
High-resolution manometry, median (range)
Integrated residual pressure, mmHg 23.0 (0-51.5) 23.1 (0.1-65.8) 0.88
LES basal pressure, mmHg 42.8 (29.2) 40 (354) 0.75
Timed barium esophagram, median (range)
Height at 1 min, cm 10.0 (2.0-25.0) 10.5 (0-28.5) 0.80
Height at 5 min, cm 9.1 (0-21.0) 6.9 (0-30.0) 0.14
Width at 1 min, cm 3.5 (1.4-6.5) 3.0 (0-11.0) 0.33
Width at 5 min, cm 3.3(0-5.8) 2.0 (0-10.0) 0.013
Symptoms, median (range)
Duration, year 4.0 (0.5-26.0) 3.0 (0.2-35.0) 0.71
Eckardt score 7(1-12) 6 (0-12) 0.16
Prior treatments
None 11 (25) 35(35) 0.24
CRE or Savary dilation 11 (25) 26 (26) 0.90
Botox 5(11.4) 29 (29) 0.022
Heller myotomy 16 (36.4) 12 (12) 0.0007
Pneumatic dilation 8(18.2) 13 (13) 0.42
Botox and dilation 1(2.3) 11 (11) 0.08
Procedural details, median (range)
Operative time, minute 100 (55-187) 87 (39-220) 0.08
Esophageal myotomy length, cm 5(1-11) 5(3-11) 0.70
Gastric myotomy length, cm 4 (2-7) 4 (2-6) 0.32
Total myotomy length, cm 9 (3-14) 9 (3-13) 0.47
Complications
None 40 (90.9) 96 (96) 0.22
Mucosal injury 0 (0) 33 0.25
Other 49.1) 1(1) 0.015
Outcomes
Treatment success (Eckardt score <3) 43/44(97.7) 92/100 (92) 0.19
Length of stay, day, median (range) 1(1-3) 1(1-5) 0.06
Readmission within 30 days 3(6.8) 6 (6) 0.85
24-h esophageal pH study
Abnormal DeMeester score (> 14.72), n (%) 19/34 (55.9) 43/78 (55.1) 0.94
GERD symptoms, 1 (%) 3/44 (6.8) 18/100 (18.0) 0.08

POEM peri-procedural findings and adverse events

p=0.47) between the lower and higher ASA groups, respec-
tively. However, the lower ASA patients had a greater num-

There were no significant differences in operative time (100 ber of posterior myotomy performed than the higher ASA
vs. 87 min, p=0.08) and total myotomy length (9 vs. 9 cm,  patients (36.4 vs. 12%, p=0.0007), due to higher prior LHM
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in that group. The median length of stay was one day in both
the lower and higher ASA groups (p =0.06).

There was a significant difference in the number of
post-procedural complications among patients in lower
and higher ASA groups. Complications occurred in four
patients in lower ASA (4/44, 9.1%) and one patient in higher
ASA group. (1/ 100, (1%) (p =0.015). Mucosal perforation
occurred in a total of 3 patients (2 in lower ASA group
and 1 in higher ASA group); 2 of these patients underwent
endoscopic treatment with clips while 1 patient was treated
conservatively with nasogastric tube placement due to the
friable nature of the perforation from the effect of cautery
precluding clip placement. One patient in the lower ASA
group presented with delayed gastrointestinal bleeding
from mucosal ulceration in lower esophagus. He under-
went conservative treatment with delayed oral intake for
3—4 days. Another patient in the lower ASA group had a
mucosal injury that did not require any intervention follow-
ing the procedure. Subsequently, oral intake was initiated
after mucosal healing was confirmed with upper endoscopy.
There were no other adverse events or complications. Thirty-
day readmissions were infrequent and were similar in the
two groups (6.6 vs. 6%, p=0.85).

Post-POEM findings

At 2 months, both groups had similar rates of treatment
success, defined as an improvement of Eckardt score to <3
(97.7 vs. 92%, p=0.19) (Table 2). Improvement in the TBE
column height at 1 min was comparable between the lower
and higher ASA groups (3.25 vs. 4.5 cm, p=0.58). Simi-
larly, the improvement in TBE column height at 5 min was
also not significantly different between the two groups (4.55
vs. 4.15 cm, p=0.91). There were similar improvements
in LES-IRP in both lower and higher ASA groups (24.90
vs. 24.40 mmHg, p =0.85). Post-POEM, greater number of
patients in higher ASA group reported GERD symptoms

compared to lower ASA patients, although not statistically
significant (18 vs. 6.8%, p=0.08). Abnormal DeMeester
scores (> 14.72) were also not significantly different between
the two groups (55.9 vs. 55.1%, p=0.94). The improvements
in Eckardt score and LES-IRP at 2 months post-POEM
when compared to baseline are depicted in Figs. 1 and 2,
respectively.

Discussion

This study evaluated the safety and efficacy of POEM in
achalasia patients and showed that it is very safe with simi-
lar and high success rates in both lower and higher ASA
class patients. POEM was highly efficacious in achieving
symptom relief along with remarkably low peri-procedural
adverse events in both the groups. Improvement in TBE
parameters and LES-IRP on esophageal manometry follow-
ing POEM was also comparable in the two groups.
Treatment of achalasia is aimed at palliation of symptoms
by relieving LES pressure, since there is no cure. Among the
available options, LHM and POEM have emerged as pre-
ferred and popular treatments to relieve the lower esophageal
sphincter pressure effectively [3]. Since its introduction in
2010, numerous studies have demonstrated the efficacy of
the endoscopic incision-less myotomy (POEM) in a wide
variety of achalasia patients [16-20]. A recent multicenter
randomized controlled trial by Werner et al. [6] in 221
patients with achalasia suggested that POEM was non-infe-
rior to LHM in achieving technical success and symptomatic
relief at a 2-year follow-up. The main drawback of POEM
is the associated higher risk of clinically relevant GERD
when compared with LHM [3, 20, 21]. However, many stud-
ies have also suggested complete subjective and objective
resolution of GERD following POEM with the use of acid-
reducing proton pump inhibitors [5, 20-22]. Additionally,
the long-term clinical consequences of this pathologic acid

Table 2 Changes in parameters
between pre-POEM and
2-month post-POEM

Characteristics Lower ASA Class Higher ASA Class P value
(I'and II) (IIT and IV)
median (Q1, Q3) median (Q1, Q3)
High-resolution manometry
Post—pre integrated relaxation —24.90 (- 44.20, — 13.75) —24.40 (- 40.60, — 10.40) 0.85
pressure, mmHg
LES basal pressure, mmHg 15.5 (12.8) 12.2 (10.9) 0.36
Timed barium esophagram
Post—pre height at 1 min, cm —3.25(-9.13,0.43) —4.50 (- 11.25, 0.00) 0.58
Post—pre height at 5 min, cm —4.55 (- 10.20, 0.00) —4.15 (- 10.00, 0.00) 091
Post—pre width at 1 min, cm —1.30 (- 2.03, — 0.43) — 1.50 (= 2.50, 0.00) 0.55
Post—pre width at 5 min, cm —1.50 (- 243, -0.45) —1.40 (- 2.35, 0.00) 0.27
Post—pre Eckardt score (post—pre) — 6.00 (— 8.00, — 4.75) — 5.00 (= 7.00, -4.00) 0.09

Q quartile
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Fig. 1 Pre- and 2-month post-

POEM changes in Eckardt 14
scores among patients in lower

and higher and ASA groups

Eckardt's Score
b

Low ASA Score (p<0.001)

Fig.2 Pre- and 2-month post-

POEM changes in LES-IRP 70
among patients in lower and
higher and ASA groups

60

40

s

LES Integrated Residual Pressure
8

Low ASA Score (p<0.001)

reflux following POEM are also incompletely understood
[23-25]. Based on these observations, many experts across
the globe recommend POEM as an effective therapy for
achalasia [7, 8].

The preoperative evaluation for achalasia patients rou-
tinely includes a pre-anesthetic assessment to gauge the
patients coexisting comorbid conditions, perioperative
risk, and readiness for the planned procedure. The ASA-PS

O Pre-POEM O Post-POEM

High ASA Score ( p<0.001)

[l Pre-POEM [ Post-POEM

High ASA Score (p<0.001)

classification is commonly used by clinicians, anesthesiolo-
gists, and surgeons to define a patient’s overall health status.
Although the ASA-PS was not primarily devised to evaluate
operative risk, it is still widely used for this purpose. Stud-
ies have shown that a higher ASA-PS is associated with an
increased rate of perioperative complications, total length
of hospital stay, unforeseen hospital or ICU admissions
and even higher mortality following ambulatory surgery
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[26-32]. ASA-PS also correlates well with the Charlson
Comorbidity Index and the Revised Cardiac Risk Index,
the other well-validated scoring systems used for functional
status evaluation before surgery [26, 32]. Thus, it a general
tendency of surgeons to prefer less invasive options like
medical therapies or endoscopic options such as botulinum
toxin or pneumatic dilation for achalasia patients with higher
ASA class. This hypothesis corroborates with our analysis
as great majority of patients with a higher ASA class were
either untreated or had simple endoscopic treatments such as
botulinum toxin injections. Only 12% underwent prior LHM
in higher ASA class group compared to 36.4% in the lower
ASA group. Strikingly, even the recent randomized con-
trolled trial comparing the efficacy of endoscopic (POEM)
and surgical myotomy (LHM) included fairly healthy indi-
viduals with limited information on the patient’s baseline
comorbid conditions or ASA classification (6). As such, ours
is the first study to analyze the risk and benefit of POEM
in the high-risk patients belonging to higher ASA class in
comparison to the healthier lower ASA class patients.

Multiple studies including a recent meta-analysis sug-
gested a notable age difference among patients undergoing
POEM as compared to LHM with patients in the POEM
groups being significantly older than those in the LHM
groups [33-37]. Although, there are no studies that directly
evaluated the efficacy of LHM and POEM in achalasia
patients with higher ASA class, the reported disparity in age
and coexisting comorbid conditions among patients being
referred for POEM and LHM, suggests a general tendency of
physicians to offer less invasive treatments to patients who
are older and belonging to higher ASA class. Our study find-
ings also corroborated that observation, since the patients in
higher ASA group were significantly older than lower ASA
group (64.6 vs. 54 years, p=0.004). It is also interesting to
note that majority of the patients in our study belonged to
higher ASA group compared to lower ASA class (100 vs.
44 patients). Although, there was no formal treatment pro-
tocol/strategy at our institution regarding selecting patients
for either LHM or POEM based on ASA class, there might
be a selection bias towards opting for POEM in higher ASA
class patients.

This is the first study to analyze the risk and benefit
of POEM in the high-risk patients belonging to higher
ASA class in comparison to the healthier lower ASA class
patients. The important health care outcomes such as oper-
ative time, hospital length of stay and 30-day readmission
rate and mortality were not significantly different among
our patients with higher and lower ASA classes. Interest-
ingly, the peri- and post-procedural adverse events such as
gas-related complications, mucosal injury or perforation
were comparable between patients belonging to higher and
lower ASA class. The incidence of GERD as measured by
the total abnormal acid exposure time on 24-h study was
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also similar in both groups. However, there was a trend
toward higher number of patients reporting GERD symp-
toms in high ASA group compared to low ASA group,
but it did not reach statistical significance (18 vs. 6.8%,
p=0.08), likely due to small sample size.

All the POEM procedures in this study were performed
by only two providers, minimizing the variations in techni-
cal expertise and experience between operators. Despite
being a retrospective study, both the groups in our study
were similar with regard to clinical, radiological, and
manometric findings, arguing against a wide variation
in the severity of achalasia. All our manometric tracings
were reported based on the current Chicago classification
version 3.0 and limits era-based confounding. We found
no significant difference in the occurrence of GERD
between the two study groups despite using an AET cut-
off of > 4.5% [38] for reporting clinically relevant GERD,
which is quite lower than the recommended threshold by
the Lyon consensus (AET value of > 6%) [39].

This study has some limitations. The retrospective
nature of this study often carries the risk of inherent bias
as it is often challenging to capture accurate information
through a mere chart review. Importantly, the median
follow-up duration of our study was relatively short,
and long-term outcomes are yet to be explored in these
high-risk patients. Some relevant results, such as adverse
events, may not be recorded entirely in a retrospective
study. This study was conducted in a tertiary care center
with high expertise in POEM procedures. Our study sub-
jects represent a typical patient population seen at tertiary
care centers with higher percentage of patients with one or
more previous treatments for achalasia and longer duration
of illness. Thus, our results may not be widely applica-
ble to smaller institutions that are in the initial stages of
performing POEM. Lastly, although it would be ideal to
compare outcomes of POEM vs. LHM in both lower and
higher ASA class patients, we do not have that data and it
is beyond the scope of this study.

Our study adds to the growing body of literature that
POEM in highly effective and safe in various achalasia
patients. Our study demonstrated excellent outcomes after
POEM with a significant reduction in symptom scores and
esophageal obstruction (as measured by manometry and
barium swallow) even in the high-risk population (ASA
class III and above). However, our results do highlight a
need for more long-term randomized prospective compari-
son of POEM and LHM in patients with higher ASA class
to definitively establish the efficacy of one over another in
these high-risk patients. This will most likely necessitate a
multicenter approach owing to the rarity of achalasia and a
lower number of patients with higher ASA class undergoing
invasive procedures.
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