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Abbreviations
!

LHM laparoscopic Heller myotomy
EGJ esophagogastric junction
LES lower esophageal sphincter
POEM peroral endoscopic myotomy

Introduction
!

The Chicago classification of esophageal motility
disorders divides achalasia into three subtypes
based on high-resolution esophageal manometry
[1]. Type I achalasia is characterized by minimal
contractility of the esophageal body. Type II acha-
lasia is themost common type occurring in 65% of
patients and is defined by absence of peristalsis
and intermittent periods of compartmentalized
esophageal pressurization. Type III achalasia is
the least common occurring in 10% of patients
and is distinguished by spastic contractions that
can involve the entire length of esophagus [2].

There are a variety of therapies available to palli-
ate the symptoms of achalasia with varying rates
of success [3]. Type III achalasia is classified as a
spastic esophageal disorder and is the least well
studied achalasia subtype because of its low inci-
dence. Management of spastic esophageal disor-
ders is a particular challenge and standard phar-
macologic and endoscopic therapy fail in as
many as 74% of patients [4]. The outcomes of
transabdominal laparoscopic Heller myotomy
(LHM) for type III achalasia has been reported in
subgroup analysis of achalasia studies with clini-
cal response rates of 69.3% to 86% [5,6]. These
outcomes are inferior to LHM for other achalasia
subtypes as evidenced by response rates for type
II of 95% [5,6]. The lower response rates observed
in type III achalasia are presumably because of the
limitation of the proximal extent of esophageal
myotomy that can be reliably achieved with the
surgical approach.
Peroral endoscopic myotomy (POEM) was first
described in a porcine model in 2007, and now,
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Background and study aims: Type III achalasia is
characterized by rapidly propagating pressuriza-
tion attributable to spastic contractions. Although
laparoscopic Heller myotomy (LHM) is the cur-
rent gold standard management for type III acha-
lasia, peroral endoscopic myotomy (POEM) is
conceivably superior because it allows for a longer
myotomy. Our aims were to compare the efficacy
and safety of POEM with LHM for type III achala-
sia patients.
Patients andmethods: A retrospective study of 49
patients who underwent POEM for type III acha-
lasia across eight centers were compared to 26
patients who underwent LHM at a single institu-
tion. Procedural data were abstracted and pre-
and post-procedural symptoms were recorded.
Clinical response was defined by improvement of
symptoms and decrease in Eckardt stage to ≤1.
Secondary outcomes included length of myotomy,

procedure duration, length of hospital stay, and
rate of adverse events.
Results: Clinical response was significantly more
frequent in the POEM cohort (98.0% vs 80.8%;
P=0.01). POEM patients had significantly shorter
mean procedure time than LHM patients (102
min vs 264 min; P<0.01) despite longer length
of myotomy (16cm vs 8 cm; P<0.01). There was
no significant difference between POEM and
LHM in the length of hospital stay (3.3 days vs
3.2 days; P=0.68), respectively. Rate of adverse
events was significantly less in the POEM group
(6% vs 27%; P<0.01).
Conclusions: POEM allows for a longer myotomy
than LHM, which may result in improved clinical
outcomes. POEM appears to be an effective and
safe alternative to LHM in patients with type III
achalasia.
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seven years later, more than 5 000 clinical procedures have been
performed in several centers across theworld [7,8]. Initial clinical
data from Europe, Asia, and United States has demonstrated the
effectiveness and safety of this procedurewhen performed by ex-
perienced endoscopists [8]. POEM is potentially an ideal endo-
scopic therapy for type III achalasia because it not only allows
myotomy of the lower esophageal sphincter (LES) but also of the
esophageal body, where the hypertensive contractions often oc-
cur [9]. There are currently no reports comparing the outcomes
of POEM with LHM for the management of type III achalasia.
Our hypothesis was that the suboptimal clinical response ob-
served with LHM in the treatment of type III achalasia is due to
an inadequate myotomy length. Therefore, because POEM allows
for a longer myotomy, it may be more successful in achieving
clinical response. Our aims were to compare the effectiveness
and safety of POEM and LHM for the treatment of patients with
type III achalasia.

Patients and methods
!

This retrospective studywas approved by the Institutional Review
Board for Human Research and complied with Health Insurance
Portability and Accountability Act regulations at each institution.
All patients who underwent POEM for treatment of type III acha-

lasia at eight centers (4 US, 3 Asian, and 1 European) between Jan-
uary 2011 and November 2013 were included. Results from these
patients were compared to those of a retrospective cohort of pa-
tients who had undergone transabdominal LHM for type III acha-
lasia betweenAugust 2000 andDecember 2013at a single tertiary
United States institution (Johns Hopkins Hospital). In all patients,
the diagnosiswas based on a combination of clinical presentation,
barium esophagram, and manometric findings. Because the Chi-
cago classificationwas published in 2008, all patients with a diag-
nosis of spastic or vigorous achalasia (diagnosis made prior to
2008) were defined as having type III achalasia in this study [10].
Patients with other spastic esophageal disorders (Jackhammer
esophagus, diffuse esophageal spasm) and altered surgical anato-
my were excluded. Patients in the POEM cohort were identified
from a multicenter database of spastic esophageal disorders. Pa-
tients in the LHMcohortwere identifiedby reviewof the single in-
stitution’s billing database and those who had the indication of
vigorous, spastic, or type III achalasiawere included. Relevant clin-
ical (prior therapy, Eckardt stage), manometric findings, length of
myotomy, andprocedure timewere abstracted (●" Fig.1) [11]. Pre-
procedural and post-procedural symptoms (eg, Eckardt stage, re-
quirement for ongoing PPI therapy, and need for subsequent ther-
apy)were also recorded. Adverse eventswere graded according to
the American Society for Gastrointestinal Endoscopy (ASGE) lexi-
con’s severity grading system [12].

Fig.1 Manometric and endoscopic findings in a
patient with type III achalasia. a High intensity
spastic contraction (DCI of 30,000) with elevated
lower esophageal sphincter baseline pressure typi-
cal of type III achalasia. b Endoscopic view during an
episode of spastic contraction in the midesophagus.
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Clinical response was defined by improvement of symptoms and
decrease in Eckardt stage to ≤1 (●" Table1) [13–15]. The length of
follow-up for patients was defined as the time from the proce-
dure to the date of last clinical follow-up.

POEM procedures
POEM procedures were performed as previously described by In-
oue et al. using high-definition gastroscopes fitted with transpar-
ent caps under general anesthesia and insufflation using carbon
dioxide [16]. Either a triangular tip knife (KD 640L, Olympus, Ja-
pan) or HybridKnife (ERBE, Tubingen, Germany) was used. In
brief, after a submucosal blebwas created, a longitudinal mucosal
incision was made and the endoscope then entered the submu-
cosal space. The submucosal fibers were dissected and a submu-
cosal tunnel was extended 2cm–3cm into the proximal stomach
(●" Fig.2). Subsequently, either selective myotomy of the inner
circular muscle bundles or full-thickness myotomy was per-
formed (●" Fig.3). The length of myotomy was determined based
on the findings at high-resolution esophageal manometry and/or
the proximal level of visible spastic contractions observed endo-
scopically. Mucosal entry was closed using endoscopic clips
(●" Video 1).

Laparoscopic Heller myotomy procedures
LHM procedures were performed using the daVinci robotic sys-
tem (Intuitive Surgical, Inc., Palo Alto, California, United States)
via a transabdominal approach. The diaphragmatic hiatus was
dissected open to allow for mobilization of the medial esophagus
to at least 6cm proximal to the esophagogastric junction (EGJ). A
myotomy of both the circular and longitudinal muscle layers was
performed from at least 6cm proximal to the EGJ to 2cm–3cm
into the proximal stomach using hook electrocautery (●" Fig.4).
The open jaws of a laparoscopic grasper (2.5cm) were used to
measure myotomy length. The crura was then loosely approxi-
mated to allow for the passage of a 5mm diameter instrument
through the hiatus. Patients then underwent a 270° posterior
(Toupet) fundoplication or anterior 180° (Dor) fundoplication
for postoperative reflux control. A posterior Toupet fundoplica-
tion was performed preferentially unless excessive angulation of

Fig.2 Treatment of a patient with spastic esophageal disorder. a Long
submucosal tunnel performed during peroral endoscopic myotomy.
b Translumination observed 3cm below the esophagogastric junction
indicating extension of myotomy into the proximal stomach.

Fig.3 Myotomy during peroral endoscopic myotomy. a Selective inner
circular myotomy. b Full thickness myotomy.

Video

Characteristic endoscopic findings and steps involved during peroral endo-
scopic myotomy in a patient with type III achalasia.

online content including video sequences viewable at:
www.thieme-connect.de
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the EGJ resulted or mucosal perforation occurred in which pa-
tient an anterior Dor fundoplication was utilized.
All patients were subsequently admitted for inpatient hospital
observation. Esophagram was obtained the following day and
soft diet was commenced after esophageal leak was excluded.

Study outcomes
Our primary outcome was clinical response, which was defined
as improvement in symptoms reflected by an Eckardt stage ≤1at
time of last clinical follow-up.Our secondary outcomes were
length of myotomy, procedure duration, requirement for ongoing
PPI therapy, length of hospital stay, and rate of adverse events.
Results are reported as mean ± standard deviation (SD) and/or
range for quantitative variables, and absolute and relative fre-
quencies for categorical variables. Outcomes between pre- and

post-procedure parameters were compared using the Student’s
t-test (paired t-test/Wilcoxon, where applicable) for continuous
variables and the Chi-squared test for categorical variables. Chi-
squared test/Fisher’s exact test and t-test/Mann–Whitney U test
were used to compare patient and procedural characteristics for
the two groups. A univariate andmultivariate analysis taking into
consideration the factors of age, gender, pre-procedure Eckardt
stage, prior therapy, residual pressure, and the procedure type
were performed. Statistical significance was based on two-sided
design-based tests evaluated at α=0.05.Statistical analysis was
performed using STATA v13.

Results
!

There were 63 patients that underwent POEM for spastic esoph-
ageal disorders with 14 being excluded (Jackhammer, 8; diffuse
esophageal spasm, 6) leaving 49 suitable for analysis. There
were 187 patients that underwent LHM for achalasia with 161
being excluded (149 had achalasia subtype I or II and 12 had
achalasia subtype not specified). Therefore, there were 26 pa-
tients in this cohort suitable for analysis (●" Fig.5). The baseline
demographics were similar between the POEM and LHM group
with respect to age (58.3 years vs 51.6 years; P=0.15) and sex
(women: 40.8% vs 50.0%, P=0.45) (●" Table2).
There were statistically significant differences between the two
groups with regard to prior therapies with 38.8% of patients in
the POEM cohort undergoing prior therapy as opposed to 72%
of patients in the LHM cohort (P<0.01). There were 4 patients
(8.2%) in the POEM cohort that had been treated previously
with LHM (●" Table2).
There was no statistically significant difference in the LES mean
residual pressure at baseline between POEM and LHM (34.4
mmHg vs 36.3 mmHg; P=0.79). However, statistically significant
differences in the pre-procedure Eckardt symptom stage were
noted between the two groups with patients in LHM having a

Fig.4 Intraoperative image of the myotomy during transabdominal
laparoscopic Heller myotomy.

Table 2 Baseline characteristics
of patients who underwent peror-
al endoscopic myotomy and la-
paroscopic Heller myotomy

POEM

n=49

LHM

n=26

P value

Age, mean (SD) 58.3 (18.8) 51.6 (17.9) 0.15

Female, n (%) 20 (40.8) 13 (50.0) 0.45

Prior therapy, n (%)
None
Endoscopic therapies
LHM

30 (61.2)
15 (30.6)
4 (8.2)

7 (26.9)
19 (73.1)
0

< 0.01
< 0.01
0.29

Eckardt stage, n (%)
0
I
II
III

1 (2.0)
2 (4.1)
24 (49.0)
22 (44.9)

0
0
4 (15.4)
22.0 (84.6)

1
0.54
< 0.01
< 0.01

Mean residual pressure, mmHg (SD) 34.4 (15.5) 36.2 (13.9) 0.79

Table 1 Eckardt symptom scor-
ing and staging

Score Dysphagia Retrosternal pain Regurgitation Weight loss

0 None None None None

1 Occasional Occasional Occasional < 5Kg

2 Daily Daily Daily 5–10Kg

3 Every meal Every meal Every meal > 10Kg

Stage 0 Stage 1 Stage 2 Stage 3

Score total 0–1 (Remission) 2–3 (Remission) 4–6 (Failure) > 6 (Failure)
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higher mean baseline Eckardt stage than those in POEM (2.85 vs
2.37; P<0.01) (●" Table2).
The primary outcome of clinical response was statistically sig-
nificant more frequently with POEM than with LHM (98.0% vs
80.8%; P=0.01) at a mean follow-up of 8.6 months vs 21.5
months, respectively (P<0.01). One patient in the POEM cohort
was deemed a clinical failure because they had an Eckardt symp-
tom of stage II on follow-up despite resolution of their pre-proce-
dure manometry abnormality. There were five patients (19.2%)
in the LHM cohort who did not meet the primary outcome. Two
patients (7.7%) were subsequently treated successfully with a
second LHM and the other went onto have an esophagectomy
after failing Botox and pneumatic dilation. The other three pa-
tients, despite having an Eckardt stage II on follow-up, have re-
ceived no further intervention (●" Table3).
Regarding secondary outcomes, the median length of myotomy
was twice as long with POEM as compared to LHM (16cm vs 8
cm; P<0.01). Despite the statistically significant longer myotomy,
themedian procedure timewas significantly shorter in the POEM
cohort (102min vs 264 min; P<0.01) (●" Table3). There was no
statistically significant difference in the mean length of stay be-
tween the POEM and LHM cohorts (3.3 days vs 3.2 days; P=0.68).
The overall rate of adverse events was statistically significantly
higher in the LHM cohort (27.0% vs 6%; P=0.01). Additionally, 6/
7 adverse events in the LHM cohort weremoderate grade as com-
pared to 1/3 in the POEM cohort. The moderate adverse events in
the LHM were: ileus (3/6), wound infection (1/6), arrhythmia (1/
6), and urinary tract infection (1/6). The one moderate adverse
event in the POEM group was a pulmonary embolus. There were
no severe adverse events noted in either group (●" Table3). There
was no significant difference between POEM and LHM in terms

of ongoing requirement for PPI (38.8% vs 46.1%; P=0.7), respec-
tively.
On univariate analysis, LHM patients had statistically significant
more odds of being a clinical failure compared to POEM patients
(OR, 11.43; 95%CI, 1.26–103.91; P=0.031). However, on multi-
variate analysis, there was no statistical difference found, al-
though a trend to significance was noted (OR, 11.32; 95%CI,
0.86–151.39; P=0.06).

Discussion
!

There is sufficient evidence to suggest that the subtype of achala-
sia is an independent predictor of successful outcome after ther-
apy [2,6,10]. Type III achalasia is characterized by well-defined,
lumen-obliterating spastic contractions in the mid and distal
esophagus. In this subtype of achalasia patients, reducing the
LES pressure may not suffice to control symptoms, because the
segment affected by the spastic motility extends well above the
EGJ [2]. There is no consensus to guide the clinician as to the op-
timal treatment modality for patients with type III achalasia. Oral
pharmacological therapies have dismal response rates with a
paucity of data for their use specifically in type III achalasia. Fur-
thermore, these agents are short acting and associated with side
effects, including headache and hypotension often limiting their
use [17]. Hence, these agents are commonly reserved for patients
who are not suitable to undergo more definitive therapies or
have failed botulinum toxin injections [18]. Botox injections are
also associated with poor outcomes with Pandolfino et al. report-
ing therapeutic success of 9% in treatment naïve patients [10].
Pneumatic dilation has also been shown to be essentially ineffec-
tive in type III achalasia patients with response rates between
33% to 40% [6,19].
LHM is an established treatment of type III achalasia with success
rates far superior to that of the aforementioned less invasive
therapies. Salvador et al. reported in their series of 23 patients a
clinical response rate of 69.3% at a mean follow-up of 31 months
[5]. Rohof et al. reported an 86% response rate in their series of 18
patients at a mean follow-up of 43 months [6]. A long surgical
myotomy extending from the LES proximally onto the esophageal
body has been used to treat patients with spastic esophageal dis-
orders. Leconte et al. reported in a series of 20 patients who un-
derwent an extended modified transabdominal LHM for DES (14
cm on the esophagus and 2cm below the EGJ) that dysphagia and
chest pain were significantly improved after a median follow-up
of 50 months [20].

Table 3 Procedural characteris-
tics and outcomes

POEM

n=49

LHM

n=26

P value

Median length of myotomy (cm) 16 (7–26) 8 (6–10) < 0.01

Median procedure time (min) 102 (43–345) 264 (189–331) < 0.01

Adverse events, n (%)
Mild
Moderate
Total

2 (4)
1 (2)
3 (6)

1 (4)
6 (23)
7 (27)

1
< 0.01
< 0.01

Mean length of stay, days (SD) 3.3 (1.9) 3.2 (2.3) 0.68

PPI therapy, n (%) 19 (38.8) 12 (46.1) 0.7

Eckardt stage II or III, n (%) 1 (2.0) 5 (19.2) 0.01

Need for subsequent therapy, n (%) 0 2 (7.7) 0.11

Clinical response, n (%) 48 (98) 21 (80.8) 0.01

Duration of follow-up, months (SD) 8.6 (1.7) 21.5 (3.9) < 0.01

POEM LHM

63 patients with spastic 
esophageal disorders

2011– 2013

187 patients with achalasia
2000 – 2013

Type III achalasia
n = 49

Type III achalasia
n = 26

 14 excluded
 8 Jackhammer esophagus
 6 Diffuse esophageal
  spasm

 161 excluded
 149 achalasia type I oder II
 12 achalasia type not
  clearly defined

Fig.5 Flow diagram depicting the criteria used to include patients suit-
able for analysis.
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In 2010, the novel technique of POEM was introduced for esoph-
ageal achalasia [16]. Existing data suggest that this minimally in-
vasive endoscopic approach achieves similar response to LHM in
the management of achalasia [21–24]. Recent reports have also
documented its success in patients with spastic esophageal disor-
ders [25–27]. However, the specific role of POEM in the manage-
ment of patients with type III achalasia is largely unknown.
Given the data suggesting the relative effectiveness of LHM in
treating patients with type III achalasia, we propose POEM as a
minimally invasive alternative. The primary advantage of POEM
over LHM in this setting is that it allows access to the entire
length of the esophagus with ease and thus, an extensive myot-
omy can be performed. In comparison, access to the proximal
esophageal body may not always be possible through a laparo-
scopic transabdominal approach, which may explain the poorer
response of type III achalasia patients to LHM compared to other
subtypes [6,10].
In this report, we compared the efficacy and safety of POEM to
LHM specifically for the management of type III achalasia. There
were 49 POEM patients included from an international multicen-
ter database and 26 LHM patients included from a single expert
center. POEM was carried out in standard fashion, however, an
extensive myotomy was performed. Clinical response was signif-
icantly more frequent in the POEM cohort (98.0% vs 80.8%; P=
0.01). Additionally, POEM patients had significantly shorter pro-
cedure times despite a substantially longer length of myotomy.
There was no difference in length of stay. Adverse events were
significantly less common with POEM.
The high clinical response rate observed in the POEM cohort was
consistent with that reported in the POEM literature for all acha-
lasia subtypes varying from 82% to 100% [8,14,16,28–30].
The median procedure times in the POEM cohort of 102min is
comparable to that reported in the International Per Oral Endo-
scopic Myotomy (IPOEMS) survey with a mean procedure time
of 98min [29]. This result is surprising in view of the lengthy
myotomy procedure reported in this type III achalasia study. The
median procedure times in the LHM cohort were substantially
longer than that of the POEM cohort at 264min. However, LHM
procedure times were longer than those reported in the litera-
ture, which range from a median 125min to 160min [22,23]. A
potential reason for such lengthy procedure times was likely be-
cause robotic daVinci surgery was performed as opposed to the
standard transabdominal laparoscopic approach [31].
In this retrospective study, the use of ongoing PPI therapy was a
surrogate for symptomatic gastroesophageal reflux disease. Re-
garding the presence of PPI at follow-up, there was no significant
difference between POEM and LHM cohorts (38.8% vs 46.1%; P=
0.7). This is in keeping with studies reporting rates of reflux with
LHM plus partial fundoplication of 21% to 42% and rates of reflux
with POEM reported at 20% to 46% [8,32,33].
POEM had a favorable adverse event profile as compared to LHM
(6% vs 27%; P<0.01). There were significantly more moderate
complications reported in the LHM cohort. These complications
were likely the result of the transabdominal approach with ileus
occurring in 3/6 and wound infection in 1/6.The longer proce-
dure times for LHM may have also contributed to these adverse
events.
There are several limitations of this study. In this retrospective
study, there were many differences that existed between the
groups pre-procedurally, including a greater proportion of LHM
patients who had a higher Eckardt symptom stage and had un-
dergone prior endoscopic interventions, which may have con-

tributed to the poorer clinical response and lengthier procedure
time in the LHM group, respectively. Additionally, the LHM co-
hort was a single-center as opposed to the multicenter POEM co-
hort. The diagnostic criteria used for patients (pre-2008) in the
LHM group were different from the POEM cohort because of the
absence of high-resolution esophageal manometry (gold stand-
ard for diagnosing type III achalasia) at that time. Furthermore,
Eckardt stage as opposed to Eckardt score was used in this study
as the determination of clinical symptoms was based review of
the hospital medical records. However, the Eckardt stage is a vali-
dated scoring system and has been reported as the primary out-
come measure in several studies [11,14,15]. Last, the mean
length of follow-up in the LHM cohort was substantially longer
at 21.5 months compared to 8.6 months in the POEM cohort,
which may have biased the clinical response in favor of POEM.
In conclusion, POEM is a logical therapeutic modality for patients
with type III achalasia because it allows for a longer myotomy due
to the endoscopist’s access to the esophageal body. This may have
contributed to the superior clinical response compared to LHM in
this study. POEM appears to be an effective and safe alternative to
LHM in patients with type III achalasia. The advantages of POEM
over LHM shown in this study must be verified in prospective
randomized controlled trials.
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