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Abstract
Achalasia is a rare esophageal motility disorder that is usually idiopathic
in origin. It is characterized by dysphagia, and patients often have chest
pain, regurgitation, weight loss, and an abnormal barium radiograph
showing esophageal dilation with narrowing at the gastroesophageal
junction. Abnormal or absent esophageal peristalsis and impaired
relaxation of the lower esophageal sphincter (LES) are typically seen
on esophageal manometry. The advent of high resolution manometry
(HRM) has allowed more precise diagnosis of achalasia, subtype
designation, and differentiation from other esophageal motor disorders
with an initial seminal publication in 2008 followed by further refinements
of what has been termed the Chicago classification. Potential treatments
include drugs, endoscopic botulinum toxin injection, balloon dilation,
traditional surgery (usually laparoscopic Heller myotomy; LHM), and a
novel, less invasive, natural orifice transluminal endoscopic surgery
(NOTES) approach to Heller myotomy termed peroral endoscopic
myotomy (POEM). The first human POEM was performed in 2008, with
the first publication appearing in 2010 and evidence now rapidly
accumulating showing POEM to be comparable to traditional surgery in
terms of clinical success and radiologic and manometric post-therapy
outcomes. This review discusses the diagnosis and management of
achalasia with particular emphasis on the recent developments of HRM
and POEM, which arguably represent the most important advances in
the field since the advent of laparoscopic Heller myotomy in the 1990s.

Introduction
Achalasia is a primary esophageal motility disorder,
characterized by the absence of esophageal peristalsis and
impaired relaxation of the lower esophageal sphincter (LES).
These abnormalities stem from impairment of the inhibitory
innervation to the esophageal smooth muscle and the lower
esophageal sphincter.1 The cause of this disorder is unknown,
but the diseasemay be autoimmune, secondary to viral infection,
or neurodegenerative.1 Secondary achalasia or “pseudoachalasia”
refers to achalasia occurring secondary to malignancy or other

entities (such as Chagas disease or bariatric surgery). Achalasia
is diagnosed by a combination of radiography (barium swallow)
and esophageal manometry. The disorder can be treated
effectively in most patients by pneumatic dilation, Heller
esophagomyotomy, and, more recently, peroral endoscopic
myotomy (POEM).2 This review will discuss the diagnosis and
management of achalasia, with a particular emphasis on POEM.
It is aimed at internists, gastroenterologists, and surgeons
involved in the care of patients with achalasia, as well as
academics and non-academic physicians to whom these patients
initially present.

Sources and selection criteria
We searched PubMed from 1982 to 2015 using the keywords
achalasia, pneumatic dilation, esophagomyotomy, Heller
myotomy, POEM, endoscopic myotomy, botulinum toxin, and
esophageal manometry.We also considered review articles from
2000 to 2015, including systematic and narrative reviews, as
well as any relevant articles that they referenced. We gave
priority to randomized controlled trials (RCTs), especially for
comparisons of treatments, but most studies were observational.
Larger prospective series were prioritized over smaller
retrospective series, and case reports were given the least
priority. Exclusion criteria included non-English journals
without reliable translation and internet sources owing to
accuracy concerns.

Epidemiology
The epidemiology of achalasia has not been extensively studied.
The prevalence in Europe is about 10 cases per 100 000
population, with an incidence of about one new case per 100
000 per year.3 Peak incidence occurs between 30 and 60 years
of age, and no sex or racial differences have been identified. A
Canadian study reported an annual incidence of 1.6/100 000
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from 1996 to 2007, with a steady increase in overall prevalence
from 2.51/100 000 in 1996 to 10.82/100 000 in 2007.3

Although the incidence is low, the chronicity of achalasia affects
patients’ health related quality of life, work productivity, and
functional status.4 In the United States, rates of hospital
admission for achalasia range from 0.25 per 100 000 for patients
under 18 years to 37 per 100 000 for those over 85 years.5-7 A
few reports have described familial achalasia, but this is rare in
idiopathic achalasia.5-7

Longitudinal population studies of patients with achalasia
originally suggested that the disease does not significantly
influence life expectancy. In one series, the mean age at death
of patients with achalasia was 80.5 years.1 However, the
Canadian study reported that people with achalasia had a
significantly shorter survival than age and sex matched
population controls (20% survival difference at five years and
25% at 12 years after diagnosis; P<0.001). However, this finding
is of uncertain significance as this was a population based study
with data derived from a central government database in the
province of Alberta that did not contain information on cause
of death.3

Pathophysiology
The pathophysiology of achalasia involves impairment of the
inhibitory innervation to the esophageal smooth muscle and
LES.5-8 An inflammatory process leads to degeneration of
ganglion cells in the myenteric plexus of the esophageal body
and the LES, which results primarily in the loss of the inhibitory
neurotransmitters nitric oxide and vasoactive intestinal
polypeptide. The inflammatory reaction is associated with
infiltration of T cells, which leads to slow destruction of
ganglion cells.8 The underlying cause is unknown but may be
autoimmune, secondary to viral infection, or neurodegenerative.
Achalasia can also be a manifestation of Chagas disease, which
is caused by infection with the parasite Trypanosoma cruzi and
is characterized by widespread destruction of the myenteric
plexus.9 A genetic predisposition has been reported when
achalasia is associated with syndromes such as Aligrove’s
syndrome or Down’s syndrome.10 11

Clinical presentation
Idiopathic achalasia can occur at any age, from early childhood
to the ninth decade of life. The course is indolent, and at
presentation the symptoms have typically been present for six
years.1

Dysphagia (difficulty in swallowing) is the cardinal symptom
of achalasia. At the time of treatment, dysphagia is present in
nearly all patients (approximately 98%).12 Typically, dysphagia
occurs for both solid food and liquids and slowly worsens with
time. Ultimately, dysphagia becomes a constant problem.
Dysphagia and sitophobia (fear of eating) can lead to weight
loss, which is present in more than half of patients.12

Regurgitation of stagnant, undigested food that collects in the
dilated esophagus is seen in 78% of patients.1 It occurs most
often at night because in the recumbent position there is no
effect of gravity. In severe cases, food and secretions are noticed
on the pillow on awakening. Regurgitation can lead to aspiration
that may present clinically as nocturnal cough, aspiration
pneumonia, and even lung abscess.
Chest pain can occur (around 42% of patients), but is rarely
severe.5-12 A burning discomfort localized to the epigastric area
can be secondary to stasis esophagitis, drug induced ulcerations,
or candida esophagitis.6 In untreated achalasia, symptoms of

regurgitation and dysphagia may prompt the diagnosis of
gastroesophageal reflux disease (GERD) and prescription of
proton pump inhibitors (PPIs).5 13 True heartburn related to
GERD is generally not seen in untreated achalasia but can be
seen after treatment with pneumatic dilation, Heller
esophagomyotomy, or POEM.5

Associated abnormalities
Abnormal distal esophageal acid exposure has been documented
in 2-20% of untreated patients with achalasia.13 14 In untreated
patients, 24 hour pH tracings can show reflux episodes of slow
clearance or prolonged episodes of acid exposure with failure
to clear the acid. Possible causes include slow esophageal
clearance of refluxed acid owing to an aperistaltic esophageal
body or fermentation of retained food.15 16

Patients with achalasia can develop inflammatory changes of
the distal esophagus by three mechanisms: infection, stasis, and
caustic injury.1 Infectious esophagitis can occur; stasis promotes
candida infection. Poor clearance of episodes of acid reflux can
also cause injury. Fermentation of residual food in the esophagus
results in a pH of 3-4, which in the absence of pepsin is not
thought to cause serious mucosal injury.15

Epiphrenic diverticula are thought to represent pulsion
diverticula, which are caused by increased intraluminal
esophageal pressure. These are not specific for achalasia, and
two thirds of patients with epiphrenic diverticula have
manometric disorders, most often diffuse esophageal spasm or
achalasia.5

Patients with longstanding achalasia may develop a markedly
dilated esophagus (megaesophagus or sigmoid esophagus) (fig
1⇓). Myotomy may be considered, but esophagectomy (open,
thorascopic, minimally invasive) and interposition of colon,
stomach (most preferred), or jejunum may be the best option.17
Achalasia was themost common benign cause of esophagectomy
for benign disease in one case series of 111 patients undergoing
esophagectomy, and 30 day mortality was 2.1%.18

Cancer
Patients with longstanding achalasia are at increased risk of
developing esophageal squamous carcinoma (3.5% of patients).2
The average duration from initial onset of symptoms of achalasia
to detection of cancer is 25 years.19-21 It has been suggested that
this occurs mainly in untreated achalasia and is caused by
chronic esophageal stasis and inflammation.19 There is also a
marginal predilection for adenocarcinoma. In one series of 124
patients with achalasia who were followed for a mean of 5.6
years, 13 incident cases of squamous cell carcinoma and one
case of adenocarcinoma were noted.22 The presence of massive
esophageal dilation, long duration of achalasia, and smoking
are predisposing factors.23 A study of 331 patients who had
undergone pneumatic dilation noted 28 new cases of Barrett’s
esophagus and two new cases of Barrett’s adenocarcinoma
during a mean follow-up of 8.9 years.24

Gastroenterologists often carry out periodic surveillance,
although no data exist to support routine endoscopy surveillance
and this is left to the judgment of the physician. The American
Society of Gastrointestinal Endoscopy (ASGE) does notmandate
cancer surveillance in achalasia but considers it “reasonable”
to check at 15 years after diagnosis.25
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Mimics and differential diagnosis;
secondary achalasia
Secondary achalasia refers to the development of clinical,
radiographic, and manometric findings of achalasia as a result
of an underlying disorder. Secondary achalasia can occur with
cancer, Chagas disease, and intestinal pseudo-obstruction and
after surgery. The development of achalasia secondary to
malignant tumors has been well described. It is often referred
to as secondary achalasia or pseudoachalasia and accounts for
only 4% of patients with manometric findings of achalasia.1 A
variety of cancers can cause this syndrome, with adenocarcinoma
of the gastric cardia accounting for 75% of reported cases.26

This syndrome can also be caused by non-contiguous forms of
cancer, including lymphoma and primary cancers of the lung,
pancreas, prostate, and liver. Because treatment is aimed at the
underlying cancer, it is important to recognize this disorder.
Three clinical features are thought to be suggestive of cancer
as a cause of achalasia: short duration of dysphagia (<1 year),
serious weight loss (>15 lb; 6.8 kg), and age over 55 years.22-27
The presence of any of these features should raise a suspicion
of cancer, even though they have a low predictive accuracy.5 22

The diagnosis may not be evident on routine esophagraphy and
endoscopy, and further evaluation with thoracoabdominal
computed tomography and endoscopic ultrasonographymay be
needed. Peristalsis may also be absent in the mid and distal
esophagus in scleroderma, but esophageal peristalsis is often
preserved in the upper striated muscle of the esophagus and the
pressure of the smooth muscle LES is usually low.7

Achalasia can occur after surgery.28 Severe dysphagia occurs
after surgical vagotomy in some patients.29 An achalasia-like
disorder that may be indistinguishable from achalasia when
conventional endoscopic, manometric, and radiologic diagnostic
means are used can occur after a fundoplication that is too tight
at the esophagogastric junction (EGJ).30 In addition, the
laparoscopic adjustable gastric band can cause an achalasia-like
disorder if the band is too tight.31

Diagnosis
Diagnostic evaluation in patients with dysphagia often begins
with barium esophagraphy to exclude an anatomic lesion of the
esophagus such as an esophageal stricture or cancer. Achalasia
can be detected in most patients by using radiology,27 with the
esophagus usually being dilated and occasionally containing
excess secretions and food.32When esophageal dilation is severe
(megaesophagus), the esophagus may assume a sigmoid
configuration.

Esophageal manometry
This is the gold standard for the diagnosis of achalasia and
should be used in patients in whom the diagnosis is uncertain
or it is essential to achieve the correct diagnosis, often before
surgery. The two classic manometric findings in the diagnosis
of achalasia are aperistalsis of the esophageal body and impaired
relaxation of the LES during swallowing. Classically, no
peristaltic contractions are seen in the esophageal body.5-32
Esophageal contractions that occur are usually low in amplitude
and simultaneous throughout the esophagus.32 In patients with
achalasia, relaxation of the LES is absent or incomplete.5-32 The
residual pressure between the esophagus and the stomach results
in functional obstruction, which leads to esophageal dilation
and stasis. Basal LES pressure is raised in about two thirds of
patients.32

Fluoroscopy
In early achalasia, fluoroscopy may detect breakdown of the
normal peristaltic esophageal contraction into numerous tertiary
simultaneous contractions in the body and failure of the primary
wave to clear the esophagus. Classically, peristalsis is absent
from the entire esophageal body.32 The distal esophagus usually
tapers to a characteristic narrowing “bird’s beak.” This
represents the upper margin of the lower esophagus sphincter
that fails to relax normally. Emptying of barium from the
esophagus is poor (fig 2⇓). A characteristic radiograph should
prompt endoscopy and manometry.

Videoesophagraphy
Studies suggest that videoesophagraphy has a good sensitivity
compared with esophageal manometry for detecting esophageal
dilation, narrowing of the EGJ, and lack of peristalsis
fluoroscopically. The overall sensitivity of videoesophagraphy
is between 58% and 95% for the aforementioned three
criteria.33-35 When achalasia is detected radiologically, the
endoscopy should also include a detailed examination of the
fundus and cardia to look for lesions causing secondary
achalasia.5 7 American Gastrointestinal Association (AGA)
guidelines strongly recommend endoscopic assessment of the
EGJ and cardia of all achalasia patients. An additional role for
radiological examination is to provide objective assessment of
esophageal emptying. The timed barium esophagram measures
the barium column height one and five minutes after upright
ingestion of a large barium bolus.36 This helps to evaluate the
severity of achalasia and also can be used to gauge treatment
success (fig 3⇓; table 1⇓).37-39

Endoscopy
Endoscopy is used in patients with achalasia to exclude other
disease entities and to diagnose complications. In idiopathic
achalasia, the mucosa is normal and there is mild to moderate
resistance to passage of the endoscope through the EGJ. Severe
resistance may suggest the presence of infiltrating tumor at or
around the EGJ.40 Retained saliva, liquid, and indigested food
particles can be seen in the esophagus and, in the absence of
mucosal stricturing or tumor, may suggest achalasia.2 As the
disease progresses, luminal dilation and tortuosity make the
diagnosis more obvious.

High resolution esophageal manometry
High resolution esophageal manometry (HREM) with closely
spaced manometry sensors is a relatively recent advance in
manometric evaluation.41 HREM can detect esophageal
shortening, presumably as a result of longitudinal muscle
contractions. This esophageal shortening can result in cephalad
movement of the high pressure zone (LES), which may appear
as appropriate LES relaxation on traditional manometry but not
on HREM.39 41 Thus the sensitivity of detection of achalasia may
be higher with HREM.39 41 The sensitivity is reported to be
97%.35 Furthermore, using HREM, the LES shows an EGJ
outflow obstruction pattern defined by a raised integrated
residual pressure (IRP) of more than 15 mmHg in patients with
achalasia, and this provides a more objective measure than the
LES relaxation pressure used in traditional manometry.41 This
IRP value was chosen to help maximize the sensitivity and
specificity for detecting achalasia.
Apart from improving the sensitivity of manometry in the
detection of achalasia by objectively defining impaired
deglutitive EGJ relaxation, HREM has also made it possible to
subclassify achalasia on the basis of the pattern of contractility
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in the esophageal body. Three clinically relevant subtypes of
achalasia have been defined on the basis of the patterns of
non-peristaltic esophageal pressurization that accompanies the
raised IRP (fig 4⇓).42 43 Type I achalasia is characterized by
failed contractions and no esophageal pressurization with
swallows. Type II achalasia is defined by pan-esophageal
pressurization with swallows and type III achalasia by the
presence of spastic or premature contractions. Interestingly,
several studies have shown that type II achalasia, the most
common subtype, seems to have the most favorable response
to treatment, whereas type III, the least common subtype, seems
to have the least favorable response.2-43 This is probably because
the proximal segments of spasm associated with type III
achalasia are not targeted by treatment, resulting in persistent
dysphagia and chest pain (fig 5⇓).
Esophageal motility testing, upper endoscopy, and barium
esophagraphy play complementary roles in the diagnosis of
achalasia.2 43 The clinical features and the combination of these
modalities allow for the accurate diagnosis of achalasia or its
exclusion. According to AGA guidelines, “esophageal motility
testing, EGD, and barium esophagram play complementary
diagnostic roles.” Whereas EGD is essential to rule out
pseudoachalasia, esophageal motility testing and barium
esophagraphy may play confirmatory roles. In people with
classic motility findings, barium esophagraphy may be
redundant. Similarly, in those with classic barium esophagram
findings, esophageal motility testing serves only to confirm the
suspicion of achalasia. In people with equivocal motility
findings, barium esophagraphy is essential to assess for retention
of barium and confirm the diagnosis.

Treatment
Evidence for the various treatments is discussed in detail below.
Overall, treatment with oral or sublingual smooth muscle
relaxants is largely ineffective in achalasia. Several more durable
therapeutic options focus on LES weakening or ablation,
including endoscopic (botulinum toxin, pneumatic balloon
dilation), surgical (laparoscopic, thorascopic, open abdominal
myotomy) and most recently natural orifice transluminal
endoscopic surgery (NOTES) and POEM. Endoscopic injection
of botulinum toxin is safe and has good short term efficacy, but
its effect wanes over months. Pneumatic balloon dilation and
surgical myotomy are now considered the most effective
treatments, with comparable efficacy in RCTs with follow-up
of up to five years. Themost appropriate treatment is determined
by patient preference, practitioner recommendations, and local
expertise. Important factors to consider include the patient’s
age and medical conditions, extent of esophageal dilation, and
previous interventions for achalasia. POEM is performed
through endoscopy and therefore represents a refinement of
surgical myotomy.

Drug therapy
Drug therapy for achalasia has mainly been with nitrates and
calcium channel blockers. These drugs reduce LES pressure
and produce relief from dysphagia of variable duration. They
have little or no effect on the deglutitive inhibition of the LES
(that is, LES relaxation) or esophageal peristalsis.5-45 Both are
available in sublingual form, but the effect is transient and both
sublingual and oral formulations have prohibitive side effects
including headache and dizziness.44 Calcium channel blockers
have maximal effect 20-45 minutes after ingestion, with a
duration of effect between 30 and 120 minutes, whereas nitrates
have maximal effect three to 27 minutes after ingestion, with a

duration of effect between 30 and 90minutes. An observational
study reported that most patients treated with nifedipine had
improvement in clinical symptoms which persisted at one year
follow-up. In this observational study, 20 achalasia patients
were treated first with nifedipine and then with placebo and
nine achalasia patients were treated first with placebo and then
with nifedipine. Nifedipine decreased LES basal tone
manometrically and resulted in clinical improvement in
symptoms, whereas patients taking placebo had deterioration
in symptoms. Seven of 20 patients in the first group and one of
nine patient in the second group sought definitive
treatment—that is, pneumatic dilation or Heller
myotomy—owing to persistent symptoms.45 Other drugs
including loperamide, cimetropium, and sildenafil have been
shown to lower LES pressure in achalasia patients but not to
relieve dysphagia.46-48

Endoscopic botulinum toxin injection (EBTI)
Botulinum toxin (botox) is a potent inhibitor of acetylcholine
release, and its injection into the LES should mitigate the
unopposed cholinergic stimulation and lower LES pressure. In
an initial validating series, 31 patients with achalasia received
botox injections. EBTI attained efficacy, defined as decrease
of the Eckardt score to 3 or less, in 70% of patients at 18 months,
although 40% of patients needed more than one injection.49 The
literature is inconsistent with regard to dosage (25-100 U),
technique, and scheduling. A prospective randomized trial of
118 achalasia patients receiving one of three doses (50, 100,
200 units) and one of two schedules (one injection or reinjection
in 30 days) of botox injections reported that 68% of patients
receiving two 100 U injections one month apart still had a
response (Eckardt score ≤3) at two years.50 A meta-analysis of
nine prospective case-control and cohort studies reported a 79%
treatment response (Eckardt score ≤3) at one month, with a
decline in response at three, six, and 12 months (70%, 53%,
41%).51 Older patients and those with vigorous achalasia (type
III achalasia in the Chicago classification) were most likely to
respond to EBTI.52 The reduction in efficacy over time may
relate to tissue fibrosis and the formation of antibodies to the
toxin.50-52 Previous botox injection diminished efficacy in one
series of achalasia patients treated by laparoscopic Heller
myotomy (LHM), but previous EBTI did not affect efficacy in
achalasia patients treated with POEM.53 54 The ease of EBTI
and the infrequent and usually mild adverse events make this
treatment appealing, but its limited duration of efficacy relegates
EBTI to use in frail and elderly patients and in those unwilling
to have more definitive therapy.

Pneumatic dilation
Pneumatic dilation using a high caliber air filled balloon for
divulsion (disruption) of the LES is an established and well
validated treatment for achalasia. Before the advent of LHM
and EBTI, pneumatic dilation was often the first intervention
used with the intent of avoiding an open surgery for achalasia.
Dilators that were used decades ago produced good results and
low complication rates—15 retrospective studies of more than
2000 patients and a mean follow-up of five years showed a
symptomatic response in an average of 71% (range 34-96%) of
patients and a perforation rate of 3%.55 Most dilations are now
performed with the Rigiflex balloon dilator, which consists of
polyethylene polymer and comes in 30mm, 35mm, and 40mm
sizes (fig 6⇓). The other available dilator is theWitzel polyvinyl
dilator, which comes in only a 40 mm size. Pneumatic dilation
is a fluoroscopic procedure with the dilating balloon straddling
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the LES; Witzel balloon dilation requires endoscopic
visualization at the time of dilation.
Heterogeneity of technique, different balloon sizes, and the
variety of study designs make it difficult to make comparisons
in the literature. Nonetheless, this technique has been shown to
be inexpensive and effective, although concern exists about its
durability. In a comprehensive review that used inclusion criteria
of study period after 1995 (when modern balloons started being
used) and availability of efficacy data that included at a
minimum the efficacy of a single balloon dilation at one year,
20 studies met inclusion criteria, with 2497 patients in total.
Most of the studies were case series, and only three were
controlled studies. On the basis of the pooled estimates provided
by this review, after a single dilation, 60%, 59%, 55%, and 25%
of patients were in symptomatic remission at one, two, three,
and five years, respectively.56However, in four studies in which
patients had two or more dilations at the initial session, 92%,
84%, 78%, and 64% were in remission at these time points.56
The perforation rate was 4% in this last group of patients
compared with 2% with a single dilation. A retrospective study
of 150 patients treated with pneumatic dilation between 1992
and 2004 assessed the effect of graded dilations with a larger
balloon every two to three weeks until remission occurred.57
The initial remission rate was 91%, with five and 10 year
remission rates of 97% and 93% compared with 67% and 50%,
respectively, if only a single dilation was performed.57 Similar
results were reported in another large retrospective analysis of
200 patients in which patients had graded dilation over one to
three days until their resting LES pressure was less than 15mm.
In this study, 66% of patients needed no additional therapy at
a mean follow-up of six years and 23% required repeat dilation,
yielding a long term pneumatic dilation success rate of 77%.58
A third study of similar design (graded dilation with LES
pressure measurements in all patients after pneumatic dilation)
found five, 10, and 15 year success rates of 78%, 61%, and 58%,
respectively, although symptomswere the parameter for success
and the perforation rate was 5%.59Table 2⇓ highlights some
larger case series of pneumatic dilation.60-64

Predictors of relapse after pneumatic dilation include male sex,
younger age (<40 years), very dilated esophagus, and poor
esophageal emptying on a timed barium swallow.52-65
Complications from this technique are rare and usually
manageable. Chest pain and fever can occur transiently, and
GERD is seen in up to 20-35% of patients but is usually
responsive to PPIs.16-66 Perforation occurs in about 2% of
procedures and is associated with first dilation, difficulty
keeping the dilating balloon in the proper position, and balloon
larger than 30 mm.67 68

Heller myotomy
Ernest Heller performed the first successful surgical myotomy
for achalasia in 1913.69 In its various iterations (open abdominal
or thoracic, thorascopic, laparsocopic, robotic, adjunctive GERD
procedures), surgical myotomy is an excellent option for
achalasia, and, arguably, until the development of POEM, the
gold standard because of its reliability and durability. The
operation is now usually performed laparoscopically (LHM),
and recent emphasis has been on extending the myotomy 2-3
cm into the proximal stomach to incise the gastric sling muscles
and further reduce LES pressure (optimally to <10 mmHg) and
the tendency for dysphagia.70 The extended myotomy increases
the risk of GERD, and the current consensus is to add a partial
fundoplication (anterior Dor or posterior Toupet) to decrease
this risk.71

The meta-analysis of more than 3000 patients who received
LHM noted excellent relief (defined in most of these studies by
the usual criterion of decrease in the Eckardt score to ≤3) in
89.3% of patients, with an average follow-up of 35 months.51
Young men with very high LES pressures are particularly
suitable candidates for LHM. The efficacy of Heller myotomy
diminishes with time; in one series, the clinical response as
measured by the Eckardt score decreased from 89% at six
months to 57% at six years.72 Complications of LHM include
death (0.1%) and esophageal perforation (7-15%).67 GERD is
still the most common complication (10-40%) even with a Dor
or Toupet fundoplication. Dor is an anterior 180° wrap, and
Toupet is a posterior 270° wrap of the stomach across the
gastroesophageal junction. These partial fundoplications can
loosen with time, and patients often require PPIs.73 A tighter
Nissen fundoplication (360° wrap) is rarely performed in
achalasia patients, as it may cause dysphagia and this might be
difficult to distinguish from incomplete myotomy.

Comparative analysis
The general consensus is that pneumatic dilation is more
efficacious than EBTI in patients with achalasia, especially over
time (table 3⇓).74-78 This was borne out in a meta-analysis of
seven studies in 2014, which found no significant differences
in post-treatment LES pressures or one month clinical scores
but a marked difference at six months favoring pneumatic
dilation and even a more marked difference at one year
(P<0.001).79 In a high quality RCT comparing LHMwith EBTI
(40 patients in each group), improvement of symptoms was
comparable at six months, with 82% efficacy in LHM and 66%
in EBTI (P<0.05), but a greater proportion of patients who had
undergone LHM were symptom free at two years (88% v 34%;
P<0.05).80 An earlier more complex crossover study of LHM
versus EBTI suggested that patients preferred EBTI but that
subjective improvement was similar up to a year, only patients
who had EBTI needed subsequent intervention, and only the
those who had LHM had significantly reduced LES pressures.81

Ample literature compares pneumatic dilation and surgical
myotomy, but there are only four RCTs to date (table 4⇓).16-84
Again, as discussed, graded pneumatic dilation has been most
likely to keep achalasia patients dysphagia free, but most studies
have considered the need for repeat pneumatic dilation as failure.
Csendes noted 65% of pneumatic dilation patients having a
good clinical response at 58 months, while 95% of the LHM
patients at 62 months had an excellent response.85 An outdated
(Mosher) dilating balloon was used and repeat pneumatic
dilation was considered treatment failure. Kostic allowed two
initial dilations within days and followed patients for up to five
years.82 At three and five years respectively, the pneumatic
dilation/LHM “failures” ratio was 9/1 and 10/2. Finally,
Boeckxstaens compared pneumatic dilation and LHM-Dor
fundoplication patinets.86 This study was unique in that graded
dilations were allowed and primary pneumatic dilation failure
was denoted only after a larger balloon was used and symptom
recurrence was within two years of the second dilation;
otherwise graded dilations were again allowed. In this more
favorable study construct, pneumatic dilation fared much better.
The rate of therapeutic success was 90% at one year and 86%
at two years—not significantly different from the LHM-Dor
group. In addition, at two years, no significant differences
existed between the two groups in terms of LES pressure and
height of a timed barium study. Of note, the pneumatic dilation
group had significant complications, with four of the first 13
pneumatic dilation patients sustaining perforation with the 35
mm balloon, so the protocol was changed to start with the 30
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mm balloon.86 This group recently published their five year
follow-up data from the initial RCT cohort, which showed that
five year efficacy remained comparable (84% LHM v 82%
pneumatic dilation; P=0.92). There were no significant
differences in terms of LES pressure and height of a timed
barium study. Repeat dilation was performed in 25% of
pneumatic dilation patients.84

A meta-analysis published in 2013, which included the two
earliest randomized studies in table 4⇓, evaluated 161 studies
and found only three RCTs with newly diagnosed untreated
achalasia patients who were randomized into two
groups—graded or non-graded pneumatic dilation versus LHM.
It found that the one year cumulative response rate was
significantly higher for LHM than for pneumatic dilation (86%
v 76%).66 A 4.8% rate of esophageal perforation was noted in
the pneumatic dilation group. An earlier meta-analysis of 36
studies had a similar conclusion, with a clinical remission rate
at five and 10 years of 80% and 62%, respectively, for LHM
and 76% and 48% for pneumatic dilation.87 Perforation occurred
in 2.4% of patients who underwent pneumatic dilation. Table
5⇓ summarizes additional meta-analyses.88 89 A large
comparative (pneumatic dilation v LHM) single center study
found similar response rates at six months but a significantly
better response at six years for those who had undergone LHM
(57% v 44%).72

People with achalasia often receive multiple treatments in their
lifetimes, and “rescue” treatments are not uncommon. LHM is
usually performed if pneumatic dilation is unsuccessful, and
pneumatic dilation has been performed after LHM.83 90

Transthoracic myotomy may be necessary after pneumatic
dilation perforations, although results are similar to those seen
with elective surgery.67 Pneumatic dilation and EBTI are less
costly than LHM, but such analysis does not consider the costs
of retreatment.67

Miscellaneous treatments
Treatments for achalasia that have not gained widespread
acceptance include transcutaneous electrical nerve stimulation,
covered metal stents (20 mm, 25 mm, or 30 mm), and
ethanolamine (sclerosant) injection into the LES.91-93 Self
expanding metal stents, such as nitinol coils, Ultraflex stents,
or the specially designed Z-stent, have been used as a temporary
treatment measure.92-95 Their use has been limited to three to 30
days, probably because of the high risk of complications, such
as stent migration, chest pain, stent occlusion, inflammatory
stricture, and aortoenteric fistula. Their effectiveness is related
to the stent diameter: 87% for 30mm, 73% for 25mm, and 43%
for 20 mm.96 Single center experiences of the use of endoscopic
sclerotherapy with ethanolamine oleate showed a trend towards
longer symptom-free time to recurrence in the sclerotherapy
group than in the pneumatic dilation group but similar durability
in the sclerotherapy and botox groups.93 97 Long term data are
lacking, and reports are from single center studies only.

POEM
POEM is a serendipitous offshoot of research into a submucosal
tunnel technique to allow transluminal “scarless” endoscopic
access to the mediastinum through the wall of the esophagus
when performing procedures traditionally performed through
skin incisions (such as mediastinoscopy and lymph node
biopsy).98 99 An attempt in 1980 at direct peroral endoscopic
myotomy using an electrosurgical knife without the use of a
submucosal tunnel was not developed further, probably because
of the high risk of esophageal perforation and leak.100

Haruhiro Inoue performed the first modern human myotomy in
Japan in 2008 using the submucosal tunnel technique.101He also
coined the acronym POEM for the procedure. The first human
POEM procedure to be performed outside Japan took place in
the US in 2009,102 and this was followed by rapid growth across
the globe. The Natural Orifice Surgery Consortium for
Advancement and Research (NOSCAR), which includes the
two main US endoscopic societies (ASGE and Society of
American Gastrointestinal and Endoscopic Surgeons (SAGES))
sponsored an international survey of pioneering POEM centers
in early 2012. Twenty centers were performing POEM
worldwide at that point. Sixteen of these centers, including all
high volume centers (>30 POEMs)—seven fromNorthAmerica,
five fromAsia, and four from Europe, with an aggregate volume
of 841 POEMs—participated in a detailed survey. This survey
covered all aspects of POEM, including operator discipline
(surgeon or gastroenterologist), experience and previous training,
selection of patients, setting (operating room versus endoscopy
unit), technique preferences and variations, results, adverse
events, regulatory requirements, and perspectives on the future
of the technique.
These survey results were published as the international POEM
survey in 2013, and they provided a global snapshot of POEM
in its first four years of existence.103On the basis of the excellent
results reported by these pioneering centers, POEM continued
to grow rapidly across the globe, with publications on about
2000 POEM procedures and more than 40 centers performing
POEM in the US alone. As further testament to the popularity
and rapid adoption of this technique, just two years after the
initial peer reviewed publications in 2010 the major endoscopic
societies in the US convened international expert panels to
provide comprehensive assessments of POEM. These efforts
culminated in publication over the past year of the NOSCAR
POEM white paper and the ASGE POEM PIVI (preservation
and incorporation of valuable endoscopic innovations).104 105

Technique
The flexible endoscope is inserted through the mouth into the
esophagus. A small electrosurgical knife inserted through the
instrument channel of the endoscope is used to create a small
mucosal incision at the mid-esophagus, enabling the endoscope
to be inserted into the submucosal space between the mucosa
and muscularis propria, which consists of loose connective
tissue.101 The submucosal space (normally only 1-2 mm thick)
is expanded to about 15 mm by repeated saline injections to
accommodate the endoscope, which is about 10mm in diameter.
With gradual advancement of the endoscope and submucosal
dissection with the electrosurgical knife, a tunnel is created in
the submucosa that extends from the mid-esophagus to the
gastric cardia. Care is taken to preserve an intact mucosa as the
“roof” of this tunnel. Then, with the endoscope located in this
tunnel and starting a few centimeters distal to the mucosal
incision, the electrosurgical knife is used to incise the muscle
of the esophagus and perform a Heller myotomy using an
endoscopic “scarless” approach through a natural orifice (the
mouth). This contrasts with the traditional transcutaneous
laparoscopic approach, which requires five surgical incisions
and extensive abdominal dissection to reach and mobilize the
esophagus. With this ingenious tunneling technique, simply
closing the 15-20 mmmucosal incision that forms the entry site
to the submucosal tunnel with a few endoscopic clips or sutures
completely seals the tunnel and isolates the myotomy from the
lumen of the esophagus, thus preventing risk of leakage of
esophageal contents (fig 7⇓; fig 8⇓). Any minor translocation
of bacteria during this process as a result of operating through

For personal use only: See rights and reprints http://www.bmj.com/permissions Subscribe: http://www.bmj.com/subscribe

BMJ 2016;354:i2785 doi: 10.1136/bmj.i2785 Page 6 of 24

CLINICAL REVIEW

http://www.bmj.com/permissions
http://www.bmj.com/subscribe


a non-sterile field (mouth, esophagus) has proved clinically
irrelevant if the usual NOTES precautions are followed
(meticulous cleaning of the esophagus with antibiotic solution
before the procedure, periprocedural prophylactic antibiotics,
and secure closure of the tunnel).

Efficacy
The NOSCAR POEM white paper provided a comprehensive
review and tabulation of efficacy outcomes for series published
up to early 2014.104 These 14 early series generally had median
follow-up of one year or less, and many of them had small
numbers of patients (15-30).101-118 All were single center
prospective series, except for one, which was amulticenter study
mainly from northern Europe with five centers contributing 70
patients.117 All series measured efficacy by using the parameter
used by most studies over the past two decades—a decrease in
the Eckardt score to 3 or less (table 5⇓).119 Efficacy was
uniformly excellent (90-100% at 3-12 months), except in the
multicenter European series, where efficacy was 82% in patients
who completed one year of follow-up (the maximum follow-up
available).117 This may have been the result of a learning curve
effect because this trial pooled the first five to 20 patients of
each of the five contributing centers.120

Studies have shown that centers need to perform a minimum of
20-40 POEM procedures to achieve competence,120 121 and about
60 to achieve mastery of this technically challenging
procedure.121 A small number of studies also assessed efficacy
by timed barium esophagraphy,114-124 an objective quantitative
assessment of esophageal emptying.39 125 Reassuringly, these
objective measurements confirmed the high efficacy shown by
the more subjective Eckardt score assessment (table 6⇓).
Over the past two years, single center publications with longer
follow-up of approximately one year or longer have appeared.
FourWestern series from pioneering centers in Portland (USA),
Chicago (USA), Mineola (USA), and Rome (Italy) with 100,
41, 93, and 100 patients, respectively, reported clinical success
rates of 92%, 93%, 96%, 94% at mean follow-up of 21.5, 12,
22, and 11 months (table 7⇓).121-124

Two publications with longer follow-up in the two to three year
range have appeared over the past year. The Portland and Rome
groups also combined their data with a third center (Hamburg,
Germany) in a recent publication,126 which aimed to provide
early mid-term outcomes from patients who had completed at
least two years of follow-up. This study probably included
patients from Hamburg who had also been included in the five
center northern European series reviewed above, and it showed
similar modest efficacy, with an initial high clinical success of
94% at three to six months, which decreased to 88% at 12-18
months and 78% at two years or more (mean 29 months, range
24-41) in the 79 patients contributed by the three centers.117 As
was the case with the European multicenter controlled trial
reviewed above, these more modest results were attributed by
the authors to a learning curve effect because half of the failures
occurred in the first 10 patients from each of the three
contributing centers. In the largest POEM series to date, Inoue
et al reported outcomes in 500 patients, with 105 patients at
more than three years after POEM.127 The procedure was
technically successful in all patients. Moderate adverse events
occurred in 3.2% and included pneumothorax, bleeding, mucosal
injuries, postoperative hematomas, pleural effusion, and
inflammation of the lesser omentum. Most were managed
conservatively. There were no severe adverse events. Twomonth
outcomes showed significant reductions in Eckardt scores and
LES pressures. Clinical success (improvement of the Eckardt

score) was achieved in 91.7%. On endoscopy, 65% had signs
of reflux esophagitis, but only 17% of patients complained of
GERD symptoms. At three years, the overall success remained
high at 88.5%, with symptomatic GERD in 21% and signs of
reflux esophagitis in 56%. All reflux symptoms were effectively
managed with proton pump inhibitors.127

As we have previously noted,128 there are several limitations.
Firstly, significant differences exist between Asian andWestern
series. For example, comparing the Inoue et al series with our
series from Winthrop (the largest single operator series in the
US with 248 POEMs as of November 2015),129 the patient
population was significantly younger by more than a decade in
the Inoue series (mean age of 43 in the Inoue series versus 54
in our series). Furthermore, there were significantly less
challenging patients such as those previously treated with botox
or Heller (1% and 2% respectively in the Inoue series versus
21% previous botox and 16% previous Heller in our series) and
severe esophageal dilation to greater than 6 cm esophageal
diameter (4% in the Inoue series versus 27% in our series).
Secondly, an unusual efficacy definition was used in the Inoue
series (post-POEMEckardt <2 or decrease of the Eckardt score
by ≥4 points) that differs from the definition used by all other
published POEM series and most LHM series (that is, decrease
of the Eckardt score to ≤3). This makes comparison with
efficacy in other series less straightforward. Thirdly, there was
a significant amount of missing follow-up data—for example,
even though 105 patients were at more than three years from
their POEM, Eckardt score data were available in only 61 (58%)
and follow-up endoscopy in only 16 (15%).
Some recent publications have focused on outcomes of POEM
in certain groups of patients in whom POEMmay be preferable
to LHM. Firstly, patients with Chicago classification type III
“spastic” achalasia require a long myotomy in the esophageal
body that cannot be performed with a laparoscopic approach
but can easily be performed through the peroral approach. A
recent multicenter study showed excellent outcomes after POEM
in patients with spastic esophageal disorders, with clinical
improvement in 93% of patients during a mean follow-up of
234 days.130 Secondly, children present distinct surgical
challenges. Six recent small case series showed excellent
outcomes after POEM in children similar to POEM in adults
and similar to laparoscopic Heller myotomy outcomes in
children but obviously with much lower invasiveness compared
with LHM.131-137 Thirdly, patients with end stage achalasia often
require esophagectomy, so LHM has traditionally been avoided
in these patients because it would be unlikely to prevent the
need for esophagectomy andwould cause scarring and adhesions
around the hiatus that might make subsequent esophagectomy
more challenging. Because no tissues deep to the muscle of the
esophagus are dissected during POEM, there is no
periesophageal scarring or adhesions with this technique. A trial
of myotomy using POEM is therefore a reasonable approach to
try to forestall the need for esophagectomy in patients with a
very dilated or sigmoid “end stage” esophagus. In a recent single
center prospective study of 32 end stage achalasia patients who
had POEM, 96% of cases were clinically successful at mean 30
month follow-up when treatment success was measured by
symptom score reduction (mean Eckardt score decrease from
7.8 to 1.4; P<0.001).138 Fourthly, patients who have previously
been treated with Heller myotomy, botox, or balloon dilation
are candidates for POEM. Generally, all of these treatments
cause submucosal scarring with areas of fusion of the mucosa
andmuscularis that would be expected tomake LHMand POEM
more difficult. Patients in whom LHM has been unsuccessful
have adhesions and scarring around the esophagus and proximal
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stomach that would make a “redo” LHM challenging. However,
POEM has been shown to be effective in patients who have
previously undergone endoscopic treatments139 and LHM.140-142

Adverse events
The incidence of serious adverse events after POEM is low, and
no deaths have been reported. The recent ASGE PIVI and
NOSCAR white paper reviewed adverse events in published
series in detail.104 105 Interestingly, the international POEM
survey yielded a higher incidence of serious adverse events,103
although it was still better than for LHM and even pneumatic
dilation. This may be because the international POEM survey
method ensured centers’ anonymity or because of the higher
rate of adverse events in the early days of POEM covered by
the survey (2008 to mid-2012). Minor intraprocedural technical
errors or “incidents” using the terminology of the ASGE lexicon
(events that are clinically inconsequential)143 include:

• Small accidental cautery injuries to the mucosa overlying
the submucosal tunnel easily closed with endoscopic clips
during the procedure

• Limited asymptomatic pneumomediastinum,
pneumothorax, pneumoperitoneum, or intraprocedural
tense pneumoperitoneum easily vented intraprocedurally
by use of an angiocath or Veress needle

• Intraprocedural bleeding that is controlled through
endoscopic hemostasis.

Such incidents occur in 10-25% of cases in most series,103-105
and their incidence decreases with experience.121

Intraprocedural and periprocedural adverse events of moderate
severity (graded according to the ASGE lexicon),143 include
aspiration of luminal contents (usually during intubation) and
symptomatic pneumothorax requiring drain placement.144
Delayed adverse events generally occur within the immediate
postoperative period (24-48 hours) and rarely up to seven to 10
days after surgery. Such delayed events include events of
moderate severity such as bleeding that requires repeat
endoscopy for hemostasis,122-145 and, rarely, in severe cases,
surgical intervention or Blakemore balloon tamponade.146Other
delayed events are tunnel closure dehiscence requiring repeat
endoscopy for endoscopic closure122 and cardiopulmonary events
such as pneumonia147 or atrial fibrillation.148 Severe events such
as mediastinal leaks requiring surgical drainage and prolonged
hospital stay are rare.123-150

No deaths have been reported, and all published series have
reported low rates of adverse events (<2-3%), except for an
early series from a Chinese center that reported adverse events
in more than 50% of patients, mainly insufflation related events
including a high number of patients requiring chest tubes for
pneumothorax.144 The authors attributed this to their early use
of air rather than the recommended carbon dioxide. Air is the
traditional insufflation gas for endoscopy but not for surgery,
in which carbon dioxide is used as it is absorbed about 170 times
faster than air from body cavities such as the mediastinum,
thorax, and abdomen. After this Chinese center, which has
currently performed the highest number of POEMs in the world
(>1700), switched to carbon dioxide, the adverse event rate
decreased to the low rate reported by other centers. Currently,
POEM seems to be extremely safe in the experienced hands of
highly skilled pioneers and early adopters.

GERD after POEM
The problem of GERD after POEM is of intense interest because
POEM is rapidly displacing LHM as the first line therapy for

achalasia in most patients. Early series reported little or no
GERD after POEM (≤10%),101-107 probably because of
dependence mostly on symptom scores or unstructured clinical
interviews. Once systematic objective assessment was
undertaken with endoscopy to assess reflux esophagitis and pH
studies to measure acid exposure, it was evident that the rate of
GERD after POEM was substantially higher than previously
thought. To date, only four series have presented substantial
data on GERD assessment in their patients using all three
methods (systematic symptom assessment, endoscopic
evaluation, and ambulatory pH study; table 8⇓).115-151

These studies found that 27-59% of patients had endoscopic
signs of GERD after POEM (mainly mild Los Angeles class A
or B esophagitis), 29-38% had abnormally elevated acid
exposure on pH studies, and 15-23% had frequent symptoms
of GERD. These patients have been effectively treated with
PPIs. As previously mentioned, achalasia patients may have
false positive pH studies owing to stasis (poor clearance of acid
in the absence of peristalsis) and fermentation of retained food
causing a decrease in pH due to lactic acid.15 16 Therefore, expert
assessment of the overall clinical picture is needed to diagnose
GERD. For example, the Rome group considered an abnormal
pH study as indicative of “clinically relevant GERD” only if
accompanied by symptoms of GERD and/or presence of erosive
esophagitis on endoscopy. Using this definition, even though
they found abnormal acid exposure in 50.5% of patients,
clinically relevant GERD was present in only 29%.151
Encouragingly, patients with GERD after POEMhave uniformly
been effectively treated with PPIs. In the Portland, Rome, and
Hamburg multicenter study that focused on data from patients
who had completed two year follow-up, 37% had erosive
esophagitis and 37% were on PPIs at two years or more of
follow-up (mean 29 months, range 24-41).126 No pH data were
provided. Interestingly, in that study the strongest predictor of
relief from dysphagia seemed to be the presence of GERD (odds
ratio 6.7), which lends support to the widely held belief that the
more effective the disruption of the LES, the more effective the
relief of dysphagia, but at the cost of a higher risk of GERD.
Because of this perceived “trade-off” between dysphagia relief
and reflux, most authorities believe that during POEM or LHM,
the efficacy of the myotomy should not be compromised in an
effort to decrease the incidence of GERD. This is because GERD
can be easily detected and treated, whereas persistent dysphagia
and impaired esophageal emptying after LHMor POEMpresent
a much more difficult diagnostic and therapeutic problem. It is
important to emphasize, however, that GERD may be
asymptomatic in 40-50% of cases.122 151 Diligent follow-up is
therefore needed after POEM, with at least one pH study
postoperatively and endoscopic surveillance at one to two yearly
intervals to detect patients with GERD so that they can be treated
and longstanding reflux complications, such as Barrett’s
esophagus and peptic strictures, can be forestalled. Such reflux
related complications were the most common cause of late
failure after LHM with Dor fundoplication.152 It is hoped that
POEM operators will avoid relearning this lesson by vigilant
detection of GERD, which is easily treated with PPIs.
However, even if a Dor or Toupet fundoplication is needed for
some reason, POEM does not interfere with such an approach.
Specifically, POEM does not disturb the anatomy of the hiatus
or cause any periesophageal scarring or adhesions, as was
confirmed, for example, when Heller myotomy was performed
as salvage therapy in patients with persistent dysphagia after
POEM.123 It should be noted that the Dor or Toupet “loose”
fundoplications performed in conjunction with a LHM in
patients with achalasia have only modest efficacy. High quality
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studies from expert LHM centers have shown that 18-42% of
patients have abnormal acid exposure after LHM with
fundoplication,153-155 rates that are not dissimilar to those after
POEM. Furthermore, these pH data were collected only six to
12 months postoperatively and may be even less favorable at
long term follow-up. It is unclear why the rate of GERD after
POEM is not substantially greater than that after LHM combined
with fundoplication. It may be because of the lack of hiatal
dissection during POEM compared with extensive dissection
of the hiatus during a standard LHM. This extensive dissection
disrupts important “suspensory ligaments” of the esophagus,
notably the phrenoesophageal membrane, which is thought to
contribute to the maintenance of the angle of His and to have
an important anti-reflux function separate from the esophageal
“sphincter” itself. Two recent studies lend support to this
hypothesis by showing that a modified LHM with as limited
dissection of the hiatus as possible results in much lower rates
of GERD even without a fundoplication (9% and 31%).156 157

POEM compared with conventional therapies
The recent ASGE PIVI reviewed outcomes of conventional
therapies and those of POEM in detail and proposed the
following efficacy and safety thresholds for the adoption of
POEM:

• At least 80% efficacy at 12 months (defined as an Eckardt
score ≤3 with a dysphagia component of ≤2)

• A rate of serious adverse events of 6% or lower
• A 30 day mortality rate of 0.1% or lower.105

On the basis of the published data so far, POEM outcomes
exceed these thresholds. Currently there are no randomized
trials of POEM versus conventional therapies.
Two Europeanmulticenter randomized trials comparing POEM
with pneumatic dilation and LHM are still only about halfway
through their enrollment targets after two years. Furthermore,
patient enrollment may be decelerating as an increasing number
of patients are unwilling to consider LHMor pneumatic dilation,
with the rapidly accumulating prospective data showing that
POEM combines the minimal invasiveness of endoscopic
therapies such as pneumatic dilation with the efficacy and
durability of LHM.
Three retrospective cohort studies from the US have compared
LHM and POEM.109-158The first compared 18 POEMprocedures
with 55 LHMs and found that POEMwas faster (113 v 125min;
P<0.05) with less blood loss (10 v 55 mL; P<0.001), but that
adverse events (one perforation requiring surgery and prolonged
hospital stay in each group) and hospital stay (median one day)
were similar for both techniques. The second study compared
18 POEMs with 21 LHMs and found similar adverse events
(one leak that required surgery and prolonged hospital stay in
each group), but less postoperative pain (P=0.02) and faster
return to activities of daily living after POEM (2.2 v 6.4 days;
P=0.03). The third study compared 37 POEMs with 64 LHMs
and found similar adverse events (one severe event in each
group). However, POEM had a shorter procedure duration (120
v 160 min; P<0.001), shorter hospital stay (1.1 v 2.5 days;
P<0.001), better (lower) Eckardt score at one month (0.8 v 1.8;
P<0.001) and six months (1.2 v 1.7; P=0.1), and significantly
less dysphagia in response to solids at six months (0% v 29%
of patients with dysphagia to solids at least weekly; P<0.001).
The study also obtained pH data for 23 POEMs and 31 LHMs
and found similar rates of GERD (POEM 39% v LHM 32%;
not significant).

Overall, these studies found that POEM was equivalent or
superior to LHM in all areas assessed. These findings are even
more robust considering the fact that these POEM operators
were surgeons, whose main training and experience, unlike
gastroenterologist POEM operators, is with rigid laparoscopic
instruments rather than the flexible endoscope used in POEM.
In addition, their first attempts at performing POEM, early in
their learning curve, were compared with their mature LHM
experience.
On the basis of these comparative data and the excellent POEM
outcomes from more than 20 published prospective series, and
taking into account the greater invasiveness of LHM, it is
unlikely that any attempt at a randomized trial between LHM
and POEM in the US would recruit an adequate number of
patients. A more clinically relevant and potentially feasible
avenue of investigation would be to compare POEM with
pneumatic dilation, which offers the advantages of a simpler,
low cost ambulatory procedure albeit at the cost of shorter
durability and the need for more interventions over time.

Guidelines
Achalasia guidelines from major gastrointestinal societies are
three to four years old and do not acknowledge more recent
advances in treatment. Guidelines from the Society of American
Gastrointestinal and Endoscopic Surgeons in 2012159 and
American College of Gastroenterology in 201340 recommend
that achalasia should be suspected in patients with dysphagia
to solids and liquids who have regurgitation that does not
respond to PPIs. Patients require endoscopy to exclude
mechanical obstruction and pseudoachalasia, barium
esophagraphy to assess emptying, and manometry testing to
confirm the diagnosis. Treatment should be guided by age, sex,
patient’s preference, and institutional expertise. Generally,
definitive treatment (pneumatic dilation or myotomy) is
recommended, with EBTI being reserved for patients who are
not good candidates for definitive treatment. Follow-up using
the Eckardt score (subjective score) and esophagraphy (objective
test) is recommended after treatment.
There are no clear recommendations regarding surveillance
endoscopy for esophageal cancer and disease progression.
However, some experts recommend endoscopic or radiologic
surveillance in patients who have had achalasia for more than
10-15 years at an interval of every three years.

Conclusions
Achalasia is a rare esophageal motility disorder, manifested
mainly by dysphagia, for which there has recently been a
paradigm shift in its diagnosis and treatment. High resolution
manometry has enabled accurate diagnosis of achalasia,
differentiation from other similar disorders, and classification
of achalasia into clinically relevant subtypes. Medical therapy
is ineffective for achalasia, and before 2008 treatment was
limited to pneumatic dilation, botulinum toxin injection, or
LHM. Over the past six years, however, prospective trials with
short term and early intermediate term outcomes have shown
that POEM has excellent efficacy and safety. POEM represents
a major advance in the treatment of achalasia because it
combines the superior efficacy of LHM with the relative ease
and non-invasiveness of endoscopy. POEM has been successful
in all subtypes of achalasia and in patients who had previously
undergone Heller esophagomyotomy, pneumatic dilation, and
EBTI. Patients treated with LHM or POEM should have close
follow-up with pH testing because GERD is the most common
adverse event after both procedures and patients often need
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PPIs. Upper endoscopy should be performed periodically
because of the increased risk of cancer associated with GERD
and achalasia. Studies comparing the long term results of POEM
with the well established record of LHM are awaited.
Clinicatrials.gov reports ongoing studies in Brazil, Europe, and
the US, but these results are not yet available. Pneumatic dilation
for achalasia is not likely to become obsolete, but it may be
displaced as a primary therapy. Technological advances in
diagnosis and the addition of POEM into the therapeutic
armamentarium should benefit people with achalasia.
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Glossary of abbreviations

AGA—American Gastrointestinal Association
ASGE—American Society of Gastrointestinal Endoscopy
EBTI—endoscopic botulinum toxin injection
EGJ—esophagogastric junction
GERD—gastroesophageal reflux disease
HREM—high resolution esophageal manometry
IRP—integrated residual pressure
LES—lower esophageal sphincter
LHM—laparoscopic Heller myotomy
NOSCAR—Natural Orifice Surgery Consortium for Advancement and Research
NOTES—natural orifice transluminal endoscopic surgery
PIVI—preservation and incorporation of valuable endoscopic innovations
POEM—peroral endoscopic myotomy
PPI—proton pump inhibitor
RCT—randomized controlled trial
SAGES—Society of American Gastrointestinal and Endoscopic Surgeons
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Tables

Table 1| Radiologic grading (staging) system of achalasia37

Maximum esophageal diameterAchalasia stage

≤3 cmStage I

3 cm to <6 cmStage II

6-8 cmStage III

>8 cm or severe sigmoidization*Stage IV

*Defined as portion of esophagus being horizontal or “ascending” (as assessed on barium esophagraphy or computed tomography; on computed tomography,
this is evident by at least one transverse section showing an elongated horizontal esophageal lumen or two esophageal lumens)
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Table 2| Larger case series (>30 patients) of pneumatic dilation in achalasia

ResultsFollow-upStudy designNo of patientsStudy

88% response rate at 27 months; 14% required repeat
dilation; 7% perforation rate

27 months (mean)Telephone interview: 25 point symptom score;
3.5 or 4.0 cm Rigiflex balloon

36Abid (1994)60

88% response rate; 5% had clinically relevant GERD;
2% perforation rate

4-6 weeksStark symptom score: 14 point scale; ≥3
decrement for response; 3.0 cm or 3.5 cm
balloons initially

40Wehrmann (1995)61

86% response rate in untreated achalasia patients;
response rate only 50% in 12 post-Heller myotomy
patients; 2% perforation rate; high baseline LES
pressure and older age associated with success

7 months (mean)Success defined as symptom score for dysphagia
and regurgitation ≤3 on 5 point scale; graded
increase in balloon size (3.0, 3.5, 40 cm)
depending on response

108Guardino (2004)62

“Remission” rates at 1 and 5 years 79% and 54%,
respectively; 78% success with 35 mm balloon and
54% success with 30 mm balloon; 1 perforation (2%)

5 years3.0 cm balloon initially; 3.5 cm if no response43Dobrucali (2004)63

86% symptom relief at 12 weeks; 74% at 5 years; 62%
at 10 years; 5% perforation rate

19 yearsOperator choice of initial balloon (3.0, 3.5, 4.0
cm); size increased if no response

66Chan (2004)64

GERD=gastroesophageal reflux disease; LES=lower esophageal sphincter.
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Table 3| Randomized studies comparing or combining pneumatic dilation and endoscopic botulinum toxin injection for achalasia

FindingsStudy designNo of patientsStudy

Similar remission rate (70%) at 1 month for both groups but
significantly better rate for PD than EBTI at 1 year (70% v32%);
1 perforation (4%); PD significantly better in terms of barium
study esophageal emptying

Newly diagnosed achalasia; EBTI or 30 mm balloon PD; 5
mm balloon or repeat EBTI if no response at 1 month; 1
month and 1 year follow-up

48Vaezi (1999)74

Patients had similar 1 week response rates (>80%) and similarly
reduced response at follow-up

Patients with achalasia and no previous treatment; mean
follow-up 35 weeks

17Goshal (2001)75

At a mean follow-up of about 1 year, 38% of EBTI group and
89% of Witzel balloon group were in remission; no perforations

Patients with achalasia and no previous treatment; 80 U
EBTI vWitzel 4 cm balloon; initial and 1 year follow-up

31Bansal (2003)76

At 1 year, EBTI+PD 77% remission v 62% PD alone (not
statistically significant)

Patients with newly diagnosed achalasia and no previous
treatment; EBTI 1 month before PD v PD only

54Mikaeli (2006)77

No significant difference in symptoms at 1, 6, or 12 months; at
1 year, remission rate 88% for combined treatment v 56% for
PD alone

Achalasia patients who had not responded to EBTI or PD
(30 or 35mm balloon); patients given PD+EBTI or PD alone

34Bakhshipour (2010)78

EBTI=endoscopic botulinum toxin injection; PD=pneumatic dilation.
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Table 4| Randomized controlled trials comparing pneumatic dilation with surgical myotomy in the treatment of achalasia

ConclusionStudy designInclusion criteriaNo of patientsStudy

At 1 year, 6 treatment failures in PD group v 1 in LHM group;
P=0.4

PD v LHM with Toupet
fundoplication

New diagnosis of achalasia and
no previous treatment

51Kostic (2007)82

At 3 months, no difference in manometry between groups;
clinical response 73% in PD group v 88% in LHM group
(P=0.08); GERD by pH monitor 31% in PD group v 5% in
LHM group

PD v LHMNew diagnosis of achalasia94Novais (2010)16

Clinical response at 5 years was 91% for PD and 82% for
LHM; esophageal emptying, LES pressure, and QoL scores
comparable in both groups; 5% perforation in PD group, 11%
mucosal tear in LHM group

PD v LHM with Dor
fundoplication

New diagnosis of achalasia201Moonen (2016)84

At 3 years: failure was 4% in LHM group v 32% in PD group;
at 5 years: failure was 8% in LHM group v 36% in PD group

PD v LHM with posterior
fundoplication

New diagnosis of achalasia53Persson (2015)83

LHM=laparoscopic Heller myotomy; PD=pneumatic dilation; QoL=quality of life.
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Table 5| Meta-analysis and Cochrane review of achalasia therapy (since 2009 and excluding POEM)

ResultsComparisonSizeStudy

PD had a better remission rate than BTI (RR 2.2); surgical myotomy had a
better remission rate than PD (1.9); no difference in complication rate

BTI v PD v HM17 studies; 761 patientsWang (2009)88

5 and 10 year remission rates: 62% and 48% for PD and 76% and 80% for
HM; perforation rate was twice as high for HM as for PD (4.8% v 2.4%)

PD v HM36 studies; 3211 patientsWeber (2012)87

At 1 year, the cumulative response rate was significantly higher with LHM
(86% v 76%; odds ratio 1.98, 95 CI 1.14 to 3.45); PD perforation rate was
4.8%, significantly higher than the mucosal perforation (0.6%) rate for LHM;
rate of GERD was similar in both groups

PD v LHM3 studies; 346 patientsYaghoobi (2013)66

LHM showed better remission rates at all compared intervals; odds ratio
was 2.20 at 12 months (95% CI 1.18 to 4.09; P=0.01), 5.06 at 24 months
(2.61 to 9.80; P<0.001), and 29.83 at 60 months (3.96 to 224.68; P=0.001);
repeat dilation (up to 3) increased effect by 12%; similar complication rates
in both groups.

PD v LHM16 studies; 590 patientsSchoenberg (2013)89

Similar remissions rates at 4 weeks; at 6 months, remission rates for PD
and BTI were 81% and 52%, respectively (RR 1.57, 1.19 to 2.08); at 12
months, remission rates for PD and BTI were 73% and 38%, respectively
(1.88, 1.35 to 2.61); PD perforation rate was 4%

PD v BTI7 studies; 178 patients (3 studies
had 6 month data; 4 studies had
1 year data)

Leyden (2014)69 79

BTI=botulinum toxin injection; GERD=gastroesophageal reflux disease; HM=Heller myotomy; LHM=laparoscopic Heller myotomy; PD= pneumatic dilation;
POEM=peroral endoscopic myotomy; RR=relative risk.
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Table 6| Eckardt score

Symptoms

Score RegurgitationChest painDysphagiaWeight loss (kg)

NoneNoneNoneNone0

OccasionalOccasionalOccasional<51

DailyDailyDaily5-102

Each mealEach mealEach meal>103
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Table 7| POEM efficacy data

Efficacy (%)
Post-POEM timed barium
esophagram

LES pressure*
(mm Hg)

Eckardt
score*

Mean follow-up
(months)

Mean age
(years)

No of
patientsYearLocation

82.4–27.6/8.96.9/11245702013Europe MCT117

93

Mean height in 16 patients: 1 min,
6 (SD 4) cm; 2 min, 6 (4) cm; 5
min, 5 (3) cm (P<0.001)22/97/11245412014Chicago, USA123

92

55/100 patients had esophagram;
median barium column emptying
at 1 min: 51/55 patients, 100%
emptying; 4/55 patients, 80%
emptying44.3/19.66/121.558 (18-83)1002015Portland, USA122

96–43/187.8/0.442252 (18-93)932015Mineola, USA121

94.5–41.4/198.1/1.11148 (6-77)1002016Rome, Italy124

LES=lower esophageal sphincter; MCT=multicenter study; POEM=peroral endoscopic myotomy.
*Values are before and after POEM
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Table 8| Subjective and objective data on GERD after POEM. Values are numbers (percentages)

Positive pH studyErosive esophagitisGERD symptomsStudy location

26/68 (38)20/73 (27)12/100 (15)Portland, USA122

4/13 (31)13/22(59)15/41(15)Chicago, USA123

30/103 (29)21/103 (20)19/103 (18)Rome, Italy151

29/84 (36)29/86 (34)40/174 (23)Mineola,USA115

GERD=gastroesophageal reflux disease; POEM=peroral endoscopic myotomy.
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Figures

Fig 1 Imaging from patients with end stage achalasia. A: Coronal computed tomogram of 39 year old man with advanced
achalasia, showing esophagus with mild sigmoidization and marked dilation (megaesophagus) filled with retained food. B:
Axial computed tomogram of 39 year old man who underwent pneumatic dilation six years earlier but is now presenting
with dysphagia, showing megaesophagus filled with retained food. C: Esophagram of 64 year old man who received
botulinum toxin injections two years earlier but is now presenting with dysphagia and regurgitation, showing severe
sigmoidization. D: Esophagram of 48 year old man who underwent Heller myotomy five years earlier but is now presenting
with recurrent dysphagia and regurgitation, showing severe sigmoidization. E: Esophagram of 54 year old man who underwent
pneumatic dilation eight years earlier, showing megaesophagus. F: Esophagram of 63 year old woman who underwent
open Heller myotomy, pneumatic dilation, and botulinum toxin injections 30 years earlier, showing end stage achalasia

Fig 2 Esophagrams illustrating type I achalasia (A), type II achalasia (B), and type III achalasia (C)

Fig 3 Timed barium esophagram in a 46 year old man with type 2 stage 2 achalasia. Images taken at four and five minutes
before peroral endoscopic myotomy (POEM) show retention of most of the barium ingested. Post-POEM images show
rapid emptying of the esophagus, with no notable amount of barium retained even at zero and one minute after ingestion
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Fig 4 High resolution esophageal manometry of three different subtypes of achalasia. A: Achalasia type I showing impaired
relaxation of lower esophageal sphincter and no esophagal pressurization during swallows. B: Achalasia type II showing
esophageal pressurization during swallows. C: Achalasia type III showing simultaneous high amplitude repetitive contraction

Fig 5 Computed tomography in spastic achalasia (A, B) showing markedly thickened esophageal wall and sphincter in
patient with longstanding type III achalasia. C: Typical barium esophagram in patient with type III spastic achalasia showing
narrow distal esophagus with scalloped appearance transitioning to smoother dilated esophagus in proximal third of
esophagus

Fig 6 Rigiflex pneumatic dilation balloons; courtesy of Boston Scientific Marlborough, Massachusetts, USA

Fig 7 Peroral endoscopic myotomy (POEM) technique. A: After submucosal (SM) saline injection, mucosotomy is performed
and dissection of SM tunnel is initiated. B: Dissection of SM tunnel is extended to gastric cardia. C: Myotomy initiation and
dissection of circular layer. D: Extension of myotomy to muscle of the cardia with approximately 2 cm long cardiomyotomy.
E: Closure of mucosotomy (entrance to SM tunnel) using endoscopic clips. Reproduced with permission from Winthrop
University Hospital
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Fig 8 Peroral endoscopic myotomy (POEM). A: Very tight lower esophageal sphincter (LES) at esophagogastric junction
(EGJ). B: Submucosal bleb created by injection of saline into submucosa with needle injector. C: Mucosal incision allowing
entry into submucosal space. D: Dissection of submucosal tunnel with electrosurgical knife protruding from endoscope;
circular fibers of muscularis propria can be seen at 6 o’clock; submucosal fibers being dissected are stained blue by
methylene blue stained saline that is being used for submucosal injection; roof of tunnel which is composed of esophageal
mucosa can be seen at 12 o’clock (underside of mucosa with some adherent submucosal fibers is seen from within
submucosal tunnel). E: Initiation of myotomy (dissection of muscle fibers with elecrosurgical knife is shown). F: Completion
of myotomy; cauterized edges of esophageal muscle are seen on right and left; roof of tunnel (mucosa ) is seen at 12
o’clock; at base of myotomy, exposed mediastinal pleura is seen with vessels traversing muscle defect. G: Mucosal incision
forming entrance to submucosal tunnel has been closed with endoscopic suturing device shown; closure can be seen as
converging apposed folds of tissue at 2 o’clock. H: Endoscopic examination of EGJ shows greatly improved orifice with
patulous LES and gastric lumen seen beyond (greatly improved compared with tight EGJ with lumen effacement seen in
A)
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