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Achalasia is an esophageal motility disorder that is common-
ly misdiagnosed initially as gastroesophageal reflux disease. 
Patients with achalasia often complain of dysphagia with sol-
ids and liquids but may focus on regurgitation as the primary 
symptom, leading to initial misdiagnosis. Diagnostic tests 
for achalasia include esophageal motility testing, esophago-
gastroduodenoscopy and barium swallow. These tests play a 
complimentary role in establishing the diagnosis of suspect-
ed achalasia. High-resolution manometry has now identified 
three subtypes of achalasia, with therapeutic implications. 
Pneumatic dilation and surgical myotomy are the only defini-
tive treatment options for patients with achalasia who can 
undergo surgery. Botulinum toxin injection into the lower 
esophageal sphincter should be reserved for those who can-
not undergo definitive therapy. Close follow-up is paramount 
because many patients will have a recurrence of symptoms 
and require repeat treatment. (Gut Liver 2015;9:449-463)

Key Words: Pneumatic dilation; Surgical myotomy; Peroral 
esophageal myotomy

INTRODUCTION

Achalasia is a primary esophageal motor disorder of unknown 
etiology characterized manometrically by insufficient relaxation 
of the lower esophageal sphincter (LES) and loss of esophageal 
peristalsis; radiographically by aperistalsis, esophageal dilation, 
with minimal LES opening, “bird-beak” appearance, poor emp-
tying of barium; and endoscopically by dilated esophagus with 
retained saliva, liquid, and undigested food particles in the ab-
sence of mucosal stricturing or tumor. Achalasia occurs equally 
in both genders with prevalence that ranges up to 1 per 10,000 
persons.1 There is no racial predilection. The majority of cases 

are idiopathic, but the syndrome can be associated with malig-
nancy (especially involving the gastroesophageal junction) and 
as a part of the spectrum of Chagas disease. Rarely, achalasia is 
genetically transmitted.2

Achalasia is an uncommon esophageal motility disorder de-
fined traditionally by manometric criteria in the classic setting 
of dysphagia.3-7 The symptomatic consequence of this motility 
disorder is the classic presentation of dysphagia to solids and 
liquids associated with regurgitation of bland undigested food 
or saliva.3 Substernal chest pain during meals in the setting of 
dysphagia, weight loss, and even heartburn may be accompa-
nying symptoms that often lead to misdiagnosis of achalasia 
erroneously as gastroesophageal reflux disease (GERD).8,9 Acha-
lasia must be suspected in those with dysphagia to solids and 
liquids and in those with regurgitation unresponsive to initial 
trial of proton pump inhibitor (PPI) therapy.10 Endoscopic find-
ings of retained saliva, liquid, and food in the esophagus with-
out mechanical obstruction from stricture or mass should raise 
suspicion for achalasia. Conversely, other conditions may mimic 
achalasia both clinically and manometrically. These include 
pseudoachalasia from tumors in the gastric cardia or those infil-
trating the myenteric plexus (adenocarcinoma of gastroesopha-
geal junction, pancreatic, breast, lung, or hepatocellular cancers) 
or secondary achalasia from extrinsic processes such as prior 
tight fundoplication or laparoscopic adjustable gastric band-
ing.11,12

1. History

Achalasia was first described and termed by Sir Thomas Willis 
in 1674, where he suggested that the disease is due to the loss 
of normal inhibition in the distal esophagus.13 Since then, the 
development of new diagnostic techniques stimulated new ideas 
on the etiology and pathophysiology of the disease leading to 
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various theories in identifying the nature of motor disturbances 
in esophageal regions. This includes cardiospasm, esophageal 
muscle failure, and physical obstruction.14 In 1929, Sir Arthur 
Hurst coined the term “achalasia” suggesting that it may be 
due to the “loss of normal inhibition” in the distal esophagus.13 
Subsequently, a body of evidence has emerged showing that 
idiopathic achalasia, characterized by the failure of the lower 
esophageal sphincter (LES) relaxation and aperistalsis, is indeed 
caused primarily by the loss of the inhibitory innervation of the 
esophageal myenteric plexus. However, the initiating cause is 
still elusive. 

2. Esophageal motor innervation

Esophageal motor innervation is through the vagus nerve via 
the Myenteric or Meissner’s plexus (Fig. 1A). Neural innerva-
tion differs in the proximal and distal esophagus. The striated 
muscle of the proximal esophagus is innervated by the somatic 
efferent fibers of the vagus nerve (Fig. 1B). The cell bodies for 
these fibers originate in the nucleus ambiguous and terminate 
on the motor end plate directly via cholinergic receptors.15,16 
On the other hand, the smooth muscle of the distal esophagus 
is innervated by the preganglionic vagus nerve fibers with cell 
bodies located in the dorsal motor nucleus (DMN).17 Pregangli-
onic fibers first innervate the myenteric plexus via cholinergic 
fibers.18 The esophageal wall and LES are subsequently inner-
vated by the postganglionic neurons, consisting of excitatory 
and inhibitory neurons. The postganglionic excitatory neurons 
release acetylcholine while the inhibitory neurons release nitric 
oxide (NO) and vasoactive intestinal polypeptide (VIP) resulting 
in esophageal and LES contractions and relaxations, respec-
tively (Fig. 1B).19,20

In addition to tonic contraction and relaxation, the inhibi-
tory neurons are also vital to normal esophageal peristalsis. The 
esophagus, at baseline, is in a contractile state; however, with 
deglutition, the inhibitory neurons are excited to override the 
effect of excitatory neurons resulting in esophagus relaxation. 
Peristalsis is the net result of the coordinated relaxation and 
contraction mediated by the inhibitory and excitatory myenteric 
plexus neurons along the length of the esophagus.21 In achala-
sia, there is loss of NO and VIP releasing inhibitory neurons.22,23 
Thus, the loss of the inhibitory innervation in achalasia results 
in the manometric consequence of failure of LES relaxation as 
well as loss of esophageal peristalsis.

PATHOGENESIS

Pathophysiologically, the loss of the inhibitory innervation of 
the esophagus can be due to either extrinsic or intrinsic causes. 
Extrinsic causes may include central nervous system (CNS) le-
sions involving the DMN or the vagal nerve fibers, while intrin-
sic loss may be due to loss of the inhibitory ganglion cells in the 
myenteric plexus.

1. Extrinsic neuronal loss

Kimura24 was the first to suggest lesions in the CNS could ex-
plain the clinical and manometric findings in achalasia. In 1929, 
he examined histologic sections of postmortem specimens of 
three achalasia patients. He discovered degenerated vagus nerve 
cells in the DMN. Similar DMN pathology was later reported by 
Cassella et al.25 This group conducted a histologic study of serial 
brain-stem sections of two achalasia patients and one control. 
They found a 34% to 43% decrease in the number of DMN neu-
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Fig. 1. (A) Esophageal motor innervation by the vagus nerve; Auerbach’s and Meissner’s plexuses. (B) The striated muscle of the proximal esophagus 
is directly innervated by the somatic efferent cholinergic fibers of the vagus nerve originating from the nucleus ambiguus. In contrast, the smooth 
muscle of the distal esophagus is innervated by the preganglionic vagus nerve fibers from the dorsal motor nucleus. The preganglionic vagus fibers 
release acetylcholine, a neurotransmitter that affects two types of postganglionic neurons in the myenteric plexus, the excitatory cholinergic neurons 
and the inhibitory nitrinergic neurons.
NO, nitric oxide; VIP, vasoactive intestinal polypeptide.
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rons bilaterally in the achalasia patients compared to the con-
trol. To examine the effect of above observations, Higgs et al.26 
prospectively induced bilateral DMN lesions on 13 cats using 
direct current. Nine out of the 13 cats with DMN lesions (69%) 
developed manometric and roentgenogram findings consistent 
with achalasia. Thus, these studies suggest that lesions located 
in the CNS may produce manometric findings of achalasia. 

Abnormality in the vagal nerve fiber outside the CNS has also 
been associated with achalasia. Using an electron microscope, 
Cassella et al.25,27 detected vagus nerve abnormalities similar 
to Wallerian degeneration in achalasia patients. In addition, 
manometric findings of achalasia developed in a patient after 
a highly selective vagotomy for recurrent bleeding duodenal 
ulcer.28 However, most postvagotomy patients do not have 
symptoms or manometric findings of achalasia suggesting that 
such case reports are isolated atypical events. It is also possible 
that the vagal nerve degeneration and the loss of DMN neurons 
observed in the above achalasia patients are a secondary phe-
nomenon caused by the loss of contact with the end organ, the 
myenteric plexus. In fact, extrinsic innervation abnormality is a 
rare finding in achalasia patients and is most likely not the pri-
mary mechanism of the disease.29-31

2. Intrinsic neuronal loss

Studies suggest that the more likely neuronal abnormality in 
achalasia is the imbalance between the excitatory and inhibitory 
neurons of the myenteric plexus. Intact cholinergic excitatory 
neurons was shown by Holloway et al.32 in a case-control study 
of 27 achalasia patients and 21 healthy controls. Cholinergic 
and anticholinergic medications were administered to both 
groups followed by esophageal manometry. Anticholinergic 
medications decreased the LES pressure in both the groups, 

while cholinergic medications increased it confirming that the 
cholinergic neurons in achalasia are preserved. This is the same 
mechanism through which botulinum toxin reduces the LES 
pressure and is shown to be efficacious in treating achalasia.33

However, unlike the intact excitatory innervation, many 
physiologic studies show either absent or abnormal inhibitory 
innervation in achalasia. Dodds et al.34 performed a case-control 
study in which 24 patients with achalasia received intravenous 
bolus doses of cholecystokinin-octapeptide (CCK-OP). The 
control group consisting of seven volunteers and 32 patients 
without evidence of idiopathic achalasia who were referred for 
esophageal manometry also received CCK-OP. In the control 
group, excitation of both inhibitory neurons and LES smooth 
muscle using CCK-OP produced the net effect of LES relaxation. 
This is because the inhibitory neurons override the direct stimu-
lation of the LES smooth muscle. However, in patients with 
achalasia, administration of CCK-OP caused paradoxical in-
crease in LES pressure due to the absence of inhibitory neurons 
resulting in unopposed direct excitatory effect of CCK-OP on 
the LES smooth muscle (Fig. 2), again, highlighting the absence 
of inhibitory neurons in achalasia patients. Hence, this test can 
be clinically used in patients with dysphagia postfundoplication  
suspected of having achalasia. If CCK-OP administration in this 
group results in increased resting LES pressure, it is likely that 
the patient has achalasia.34

Loss of inhibitory neurons as the primary pathology in idio-
pathic achalasia was further strengthened by studies on inhibi-
tory neurotransmitters. VIP as an inhibitory neurotransmitter of 
the esophageal myenteric plexus was shown to cause smooth 
muscle relaxation in vitro and LES relaxation in vivo.19,22,35-39 
Subsequent studies showed that VIP containing fibers, which are 
present in normal esophageal myenteric plexus, were decreased 
or absent in patients with achalasia.22,40-44 More recent studies, 
however, point to NO as the primary inhibitory neurotransmitter 
in the myenteric plexus. Animal studies suggest that NO con-
trols esophageal neuromuscular functions including LES relax-
ation and normal peristalsis.20,45-54 For example, administration 
of NO synthase inhibitor, Nω-nitro-L-arginine methyl ester, to 
opossums resulted in a markedly diminished LES relaxation.53 
Additionally, mice without neuronal NO synthase were shown 
to have impaired LES relaxation, similar to that seen in patients 
with achalasia.54

Human studies also suggest a significantly decreased or ab-
sent NO innervation in the myenteric plexus of patients with 
achalasia. In one study, esophageal muscle strips were analyzed 
using nicotinamide-adenine dinucleotide phosphate diaphorase, 
a marker for NO synthase.55 In this study, achalasia patients 
were shown to have a significant decrease in NO neurons in 
LES compared to the controls. In another study, NO synthase 
activity was studied by measuring the transformation of 14C-
L-arginine into 14C-L--citrulline. Again, significant loss of NO 
neurons was found in patients with achalasia.23 Lastly, when NO 
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Fig. 2. Both lower esophageal sphincter (LES) smooth muscle and 
the inhibitory neurons of the myenteric plexus have cholecystokinin 
receptors. (A) In a normal esophagus, administration of cholecys-
tokinin-octapeptide (CCK-OP) results in LES relaxation because the 
inhibitory neurons override the direct excitation of the LES smooth 
muscle. (B) However, in achalasia, the LES smooth muscle excitation 
is unopposed due to the loss of the inhibitory neurons in the myen-
teric plexus. As a result, CCK-OP causes LES contraction.
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was inactivated in healthy volunteers by the administration of 
recombinant human hemoglobin, manometric findings similar 
to achalasia were induced.56 Nitrinergic neurons and VIP neu-
rons usually co-exist in the esophageal myenteric plexus and 
their loss occurring possibly concurrently results in the clinical 
consequences seen in patients with achalasia.57

There may be a spectrum of histopathological changes at 
different stages of achalasia. Early in the disease, there is myen-
teric inflammation with ganglionitis without ganglion cell loss 
or neural fibrosis. This is consistent with the previous studies 
showing intact number of myenteric ganglion cells in the early 
stage of achalasia.25,58 During this early stage, vigorous achala-
sia or now called type III achalasia by high-resolution manom-
etry (HRM) may be the predominant finding. The disease then 
progresses to classic achalasia (types I and II) with progressive 
destruction of inhibitory neurons and neural fibrosis (Fig. 3).

ETIOLOGY

1. Familial

The existence of familial cases may suggest that in some 
achalasia is an inherited disease.59-62 Such familial cases have 
been mostly seen in the pediatric population, between siblings 
and in a few cases in monozygotic twins.59,60 There are also a 
few reports of a parent-child association for achalasia.61 Al-
though these evidences suggest an autosomal recessive mode of 
inheritance for this disease,59-62 the rarity of familial occurrence 
does not support the hypothesis that genetic inheritance is a 
significant etiologic factor in most cases of achalasia. Instead, it 

is proposed that genetic predisposition in such individuals prob-
ably increases their susceptibility to acquiring achalasia after 
exposure to common environmental factors that may play a 
role in the pathogenesis.63

2. Infection

Several studies have suggested a possible association between 
viral infections and achalasia.64,65 In such studies, various viral 
antibodies were measured in sera of the patients with achalasia 
and the normal controls, and only measles and varicella zoster 
virus antibodies were found to be higher among a number of 
achalasia patients. On the other hand, in the clinical setting not 
all patients with measles and varicella will develop achalasia.63 
Using polymerase chain reaction, other studies have demon-
strated no evidence of any viral products in the esophageal tis-
sue of patients with achalasia.66,67 In addition, even those studies 
that found evidence of a virus, could not establish a causal rela-
tionship. In conclusion, available evidence suggests that infec-
tion may not be a definite cause for esophageal achalasia. One 
strong piece of evidence in favor of infection in the pathogenesis 
of achalasia, however, is the fact that Chagas disease, caused by 
Trypanosoma cruzi, very closely mimics the pathophysiology of 
primary achalasia.68

3. Autoimmune

Increased prevalence of circulating antibodies against myen-
teric plexus in some achalasia patients led to the suggestion of 
a role for autoantibodies  in the pathogenesis of this disease;69,70 
however, an another study by Moses et al.71 suggested that these 
circulatory antibodies are most likely the result of a nonspe-
cific reaction to the disease process instead of being the cause 
of the disease. This idea was supported by detection of similar 
antibodies in patients without achalasia. Ultrastructural stud-
ies of the esophageal tissue of patients with achalasia have also 
found inflammatory infiltrates around myenteric neurons, while 
in control group normal myenteric plexus was found without 
infiltration.72,73 Multiple case-control studies have reported a 
significant association with HLA class II antigens in idiopathic 
achalasia.74-76 Ruiz-de-León et al.77 also showed that achalasia 
patients with associated HLA allele were found to have higher 
prevalence of circulating antimyenteric autoantibodies, which 
supported the autoimmune etiology. HLA association also sug-
gests immunogenetic predisposition for idiopathic achalasia; 
however, this should be taken with caution as not all the acha-
lasia patients have associated HLA antigens. The most recent 
genetic association study in 4,242 controls and 1,068 achalasia 
patients imputed classical HLA haplotype and amino acid poly-
morphisms suggesting immune mediated processes in idiopathic 
achalasia.78
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Fig. 3. In the early stage of achalasia, esophageal myenteric inflam-
mation, caused by unknown host (genetic predisposition) and/or 
extrinsic (possibly viral) factors, may cause neuritis and ganglionitis 
with no ganglion cell loss or fibrosis. Functional esophageal dys-
motility such as vigorous achalasia (type III achalasia) may be the 
predominant manifestation. Progressive destruction of the myenteric 
ganglion cells and neural fibrosis occurs, resulting in classic achalasia 
(types I and II).
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Table 1. Comparison of Manometric Abnormalities in Conventional and High-Resolution Manometry

Manometric features
Conventional manometry 

Line tracing format
High-resolution manometry 

Esophageal pressure topography

LES Impaired LES relaxation*

  • Mean swallow induced fall in resting LES pressure to a nadir  

value of >8 mm Hg above gastric pressure

  • Complete relaxation to gastric baseline with a short duration (<6 sec)†

Basal pressure

  • >45 mm Hg

Impaired EGJ relaxation

  • Mean 4 sec IRP ≥10 mm Hg over test 

swallows†

Esophageal peristalsis Aperistalsis in distal 2/3 of the esophagus

  • No apparent contractions

  • Simultaneous contractions with amplitudes <40 mm Hg

Aperistalsis

  • Absent peristalsis (type I)

  • Panesophageal pressurization (type II)

Atypical variants Vigorous

  • Preserved peristalsis with esophageal contractions >40 mm Hg

  • Simultaneous contractions >40 mm Hg

    ° Isobaric

    ° Nonisobaric

  • Spastic achalasia (type III)

LES, lower esophageal sphincter; EGJ, esophagogastric junction; IRP, integrated relaxation pressure.
*Required for diagnosis; †Supportive for the diagnosis.
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Fig. 4. Manometric tracings of achalasia by conventional water-perfused manometry: (A) simultaneous esophageal contractions associated with 
high lower esophageal sphincter (LES) pressure and (B) incomplete relaxation. High-resolution manometry tracings of (C) normal esophageal peri-
stalsis and (D) achalasia showing simultaneous contractions along the esophagus with high E-sleeve LES pressure and incomplete relaxation. 
EGJ, esophagogastric junction; UES, upper esophageal sphincter. 
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DIAGNOSIS AND DIFFERENTIAL DIAGNOSIS

The diagnosis of idiopathic achalasia is relatively straightfor-
ward with a well-documented medical history, radiography, and 
esophageal motility testing.

1. History

In the early stages of the disease, dysphagia may be very 
subtle and can be misinterpreted as dyspepsia, poor gastric 
emptying, or stress. The presence of heartburn due to food stasis 
can add to this confusion. As the disease progresses, difficulty 
swallowing characteristically occurs with both solid foods, and 
liquids. The dysphagia is more to solids than liquids. To ease 
progression of the food bolus, patients usually modify their eat-
ing habits: eating more slowly or use certain maneuvers such as 
raising the arms, or arching the back. The most common mis di-
agnosis of achalasia is GERD since many patients’ regurgitation 
symptom is misinterpreted as reflux disease.8 It is important to 
ask about dysphagia or “hanging up” symptoms and be alert to 
the possible achalasia diagnosis in those who are not improved 
on PPI therapy post initial suspicion of GERD.

2. Esophageal manometry

By definition, an assessment of esophageal motor function is 
essential in the diagnosis of achalasia. Barium esophagram and 
esophagogastroduodenoscopy (EGD) are complementary tests 
to manometry in the diagnosis and management of achalasia. 
However, neither EGD nor barium esophagram alone is sensi-
tive enough to make the diagnosis of achalasia with certainty. 
EGD may be supportive of a diagnosis of achalasia in only one-
third of patients, whereas esophagram may be nondiagnostic in 
up to one-third of patients.79 Thus, “normal” findings on EGD 
or esophagram in patients suspected of having achalasia should 
prompt esophageal motility testing. However, in patients with 
classic endoscopic and/or esophagram findings, esophageal mo-
tility would be considered supportive to confirm the diagnosis.

The manometric finding of aperistalsis and incomplete LES 
relaxation without evidence of a mechanical obstruction solidi-
fies the diagnosis of achalasia in the appropriate setting (Table 1, 
Fig. 4).80 Other findings, such as an increased basal LES pres-
sure, an elevated baseline esophageal body pressure, and si-
multaneous nonpropagating contractions, may also support the 
diagnosis of achalasia, but these are not requirements for the 
diagnosis.7

The manometric techniques and equipment available in clini-
cal practice range from conventional catheters with pressure 
sensors spaced anywhere from 3 to 5 cm apart utilizing solid-
state technology or a water-perfused extrusion catheter to HRM 
assemblies that incorporate pressure sensors at 1 cm intervals 
with either a water-perfused extrusion or various solid-state 
technologies. Esophageal pressure topography has allowed for 
the differentiation of achalasia into three subtypes (Fig. 5) or 
variants with potential treatment outcome implications.81 To 
date, three separate retrospective cohort studies have shown 
that subtype II has the best prognosis, whereas subtype I is 
somewhat lower and subtype III can be difficult to treat.81-83 
Although these subtypes can be defined with careful analysis of 
conventional tracings, it is easier and more reproducible with 
HRM. Future outcome studies are needed to determine the clini-
cal impact of the three subtypes.

3. Timed barium esophagram

The diagnosis of achalasia is supported by esophagram find-
ings including dilation of the esophagus, a narrow esophago-
gastric junction (EGJ) with “bird beak” appearance, aperistalsis, 
and poor emptying of barium (Fig. 6). It may also be helpful 
in cases where esophageal manometry may be associated with 
equivocal findings. In addition to supporting the diagnosis of 
achalasia, an esophagram is also useful to assess for late- or 
end-stage achalasia changes (tortuosity, angulation, mega-
esophagus) that have implications for treatment. 

An additional role for radiological examination is to provide 
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Fig. 5. High-resolution manometry of achalasia subtypes. Type I achalasia is associated with absent peristalsis and minimal esophageal body pres-
surization. Type II achalasia is associated with panesophageal pressurization related to a compression effect. Type III achalasia has evidence of 
abnormal contractility (spastic).
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objective assessment of esophageal emptying after therapy. In 
many patients with achalasia, symptom relief does not always 
parallel esophageal emptying. This was initially demonstrated 
by measuring barium column height 1 and 5 minutes after up-
right ingestion of a large barium bolus; an approach that has 
come to be known as the “timed barium esophagram” (TBE).84 
Subsequent data suggested usefulness of TBE for the objective 
evaluation of achalasia patients after treatment, as it helps iden-
tify patients who are more likely to fail treatment despite initial 

symptomatic improvement.85-87 If timed barium esophagram 
is not available in a clinical setting then barium swallow may 
be employed to assess esophageal emptying in a patient with 
equivocal manometric findings and may also be used in follow 
up of patients post therapy.

4. Endoscopy

The primary role of EGD in the workup of achalasia is fo-
cused on ruling out a mechanical obstruction or pseudoacha-

AA BB

CC DD

Fig. 7. Endoscopic appearance of 
achalasia: (A) foam in the esopha-
gus is often suggestive of poor mo-
tility and when combined with re-
tained liquid (B) and food (C) along 
with a puckered gastroesophageal 
junction (D), should alert the endos-
copist to the diagnosis of achalasia. 

A B

Fig. 6. Timed barium swallow in achalasia. (A) Pretherapy retained barium in the esophagus at 1, 2, and 5 minutes after ingestion of barium. (B) 
Posttherapy barium swallow showing successful emptying of barium at all time intervals.



456  Gut and Liver, Vol. 9, No. 4, July 2015

lasia as they can mimic achalasia both clinically and mano-
metrically.11,88,89 Similar to the manometric features in achalasia, 
mechanical obstruction can result in both impaired EGJ relax-
ation and abnormal esophageal body function (aperistalsis or 
spastic contractions).90 Clinical presentation of dysphagia to 
solids and liquids in association with older age, weight loss, and 
a short duration of symptoms may clinically be suggestive of an 
infiltrating cancer; however, they are not sensitive or specific.91 
Thus, patients presenting with a motor pattern or esophagram 
consistent with achalasia should be referred for endoscopic as-
sessment with careful evaluation of the EGJ and gastric cardia 
on retroflexed view to rule out an infiltrating cancer.

Endoscopic evaluation can also be useful in raising initial 
suspicion for the diagnosis of achalasia in patients erroneously 
diagnosed with GERD (Fig. 7). In this group, endoscopic find-
ings of a dilated esophagus with retained food or saliva and a 
puckered gastroesophageal junction are helpful in establishing 
the correct diagnosis. Endoscopic findings in achalasia may 
range from a seemingly normal examination to a tortuous dilat-
ed sigmoid esophagus with retained food and secretions. Thus, 
endoscopy may not be sensitive in those with a nondilated 
esophagus, and esophageal motility test is indicated if there is 
clinical suspicion for achalasia. Endoscopy also plays a role post 
therapy in those who have return of their symptoms to evalu-
ate for return of puckered EGJ versus reflux-induced stricturing 
from GERD.

MANAGEMENT

Achalasia is a chronic condition without cure. Current treat-
ments options in achalasia are aimed at reducing the hypertonic-
ity of the LES by pharmacologic, endoscopic, or surgical means. 
No intervention significantly affects esophageal peristalsis, and 
despite therapeutic interventions the LES hypertonicity returns 
over time, requiring repeat interventions. The goals in treating 
achalasia are to relieve patients’ symptoms, improve esopha-
geal emptying, and prevent further dilation of the esophagus. 
To achieve these goals, the available therapeutic option must 
be tailored to patients with achalasia. Pharmacologic therapies 
including botulinum toxin injection have limited role in treating 
achalasia and are often reserved for those who are not candi-
dates for definitive therapies such as pneumatic dilation (PD) or 
surgical myotomy. An extensive review of their limited role may 
be found in other published reviews92-94 and will not be discussed 
here.

1. Pneumatic dilation

PD is the most effective nonsurgical option for patients 
with achalasia.3 Bougienage or standard balloon dilations are 
not effective in fracturing the muscularis propria needed for 
symptomatic relief in this group of patients. However, many 
patients in clinical settings are treated with the standard bal-

loon dilators despite their lack of efficacy. It is highly recom-
mended that patients with achalasia be referred to centers where 
definitive therapies are offered. All patients considered for PD 
must also be candidates for surgical intervention in the event 
of esophageal perforation needing repair. PD uses air pressures 
to intraluminally dilate and disrupt the circular muscle fibers 
of the LES. Today, the most commonly employed balloon dila-
tor for achalasia is the nonradiopaque graded size polyethylene 
balloons (Rigiflex dilators). The procedure is always performed 
under sedation and traditionally under fluoroscopy, although 
data suggest that direct endoscopy-guided balloon positioning 
may also be employed.95,96 The dilators come in three different 
disposable balloon diameters (3.0, 3.5, and 4.0 cm). In compari-
son, the largest standard through-the-scope balloons employed 
have a diameter size of 2.0 cm, which explains their lack of 
clinical effectiveness and inability to cause LES disruption. The 
most important aspects of PD are expertise of the operator and 
the presence of institutional backup for surgical intervention in 
case of perforation.97 After dilation, radiographic testing by gas-
trograffin study followed by barium esophagram may be used 
to exclude esophageal perforation.98

Studies suggest that by using the graded dilator approach, 
good-to-excellent relief of symptoms is possible in 50% to 93% 
of patients.3,94,99,100 Cumulatively, dilation with 3.0, 3.5, and 4.0 
cm balloon diameters results in good-to-excellent symptom-
atic relief in 74%, 86%, and 90% of patients with an average 
follow-up of 1.6 years (range, 0.1 to 6 years). Furthermore, the 
rate of perforation may be lower with the serial balloon dilation 
approach. Initial dilation using a 3-cm balloon is recommended 
for most patients followed by symptomatic and objective assess-
ment in 4 to 6 weeks. If patients continue to be symptomatic, 
the next size dilator may be employed. A small randomized trial 
of first PD comparing balloon size of 3.0 cm versus 3.5 cm and 
inflation time of 15 to 60 seconds showed that the more con-
servative 3.0 cm balloon inflated for just 15 seconds delivered 
symptom response equal to the more aggressive approach of 
the larger dilator inflated over longer duration.101 The success of 
single PD was reported at 62% at 6 months and 28% at 6 years, 
whereas serial dilation resulted in symptom improvement in 
90 % of patients at 6 months and 44% at 6 years.99 In a Euro-
pean retrospective study in which serial dilation was performed 
with the goal of reducing the LES pressure below 15 mm Hg, a 
3-year success of 78% to 85% was reported with PD.102 Over-
all, a third of treated patients will experience symptom relapse 
over 4 to 6 years of follow-up. Predictors of favorable clinical 
response to PD include: older age (>45 years), female gender,103 
narrow esophagus predilation, LES pressure after dilation of <10 
mm Hg,104 and type II pattern on HRM.81,105 The serial approach 
in PD may not be as effective in younger males (age <45 years), 
possibly because of thicker LES musculature. In this group, it is 
recommended that the PD employing the 3.5 cm balloon or sur-
gical myotomy may be the best initial approach. PD may also 
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be employed postfailed Heller myotomy but larger balloon sizes 
may be needed to achieve better outcome.106

The most serious complication associated with PD is esopha-
geal perforation with an overall median rate in experienced 
hands of 1.9% (range, 0% to 16%).99,107 Every patient undergo-
ing PD must be aware of the risk and understand that surgical 
intervention is likely as a result of perforation. Early recogni-
tion and management of perforation is key to better patient 
outcome. There are no predilation predictors of perforation; 
however, most perforations happen during the first dilation pos-
sibly because of inappropriate positioning and distention of the 
balloon. GERD may occur after PD in 15% to 35% of patients 
and recurrence of dysphagia should exclude GERD-related distal 
esophageal stricture as a potential contributing complication. 
Thus, PPI therapy is indicated in those with GERD after PD. 

2. Surgical myotomy

The original approach to surgical myotomy involved division 
of the muscle fibers of the LES (circular layer without disruption 
of the mucosa) through a thoracotomy.108 This achieved good to 
excellent results in 60% to 94% of patients followed for 1 to 36 
years, and it remained the surgery of choice for many years.94 
The technique initially involved laparotomy but subsequently 
replaced by minimally invasive techniques.108

There is variability of reports on the effectiveness of surgical 
modalities in achalasia with heterogeneity on follow-up length 
and definition of treatment success.100 As with PD, all data are 
based on prospective or retrospective cohort case/control stud-
ies, with no randomized control trials comparing the different 
approaches to myotomy. In 13 studies of open transthoracic 
myotomy that included a total of 842 patients, symptom im-
provement was achieved in a mean 83% of patients (range, 
64% to 97%). For open transabdominal myotomy, symptom im-
provement was achieved in 85% (range, 48% to 100%) of 732 
patients in 10 studies. Data for thoracoscopic myotomy included 
211 patients from eight studies, with symptom improvement 
in a mean 78% (range, 31% to 94%) of patients. Finally, in 39 
studies of laparoscopic myotomy that included a total of 3,086 
patients, symptom improvement was achieved in a mean 89% 
of patients (range, 77% to 100%).100 As with PD, the efficacy 
of Heller myotomy decreases with longer follow-up periods. In 
a series of 73 patients treated with Heller myotomy, excellent/
good responses were reported in 89% and 57% of patients at 
6 months and 6 years of follow-up, respectively.99 In addition, 
some have suggested that prior PD may result in a higher rate 
of intraoperative mucosal perforation but no change in the 
long-term symptomatic outcome.109

The development of GERD after myotomy is a frequent prob-
lem and whether an antireflux procedure should be performed 
to prevent reflux has been the subject of extensive debate, es-
pecially given concerns for increased postoperative dysphagia 
after a fundoplication. The average frequencies of GERD after 

surgical myotomy without fundoplication for thoracotomy, lap-
arotomy, thoracoscopy, and laparoscopy are similar: 29%, 28%, 
28%, and 31%, respectively.100 Adding fundoplication after my-
otomy decreases the risk of GERD for thoracotomy, laparotomy, 
and laparoscopy; 14%, 8%, and 9%, respectively. No study has 
included fundoplication after thoracoscopic myotomy.100 In 
a double-blinded randomized trial comparing myotomy with 
versus without fundoplication abnormal acid exposure by pH 
monitoring was demonstrated in 47% of patients without an 
antireflux procedure compared to only 9% in patients that had 
a posterior Dor fundoplication.110 A subsequent cost–utility 
analysis found that myotomy plus Dor fundoplication was more 
cost effective than myotomy alone.111 The most recent achalasia 
guidelines from the Society of American Gastrointestinal and 
Endoscopic Surgeons recommended that patients who undergo 
myotomy should have a fundoplication to prevent reflux.112 

Although it has been fairly well established that adding a fun-
doplication is beneficial for reducing the rate of GERD after my-
otomy, there is less certainty on the best approach (anterior Dor 
or posterior Toupet). A recent multicenter randomized controlled 
trial comparing these two approaches found a nonsignificant 
higher percentage of abnormal pH test results in 24 patients 
with Dor compared with 19 patients with Toupet fundoplica-
tion (41% vs 21%), with similar improvement in dysphagia and 
regurgitation symptoms in both groups.113 The rate of dyspha-
gia appears to be independent of the presence or absence of 
fundoplication after myotomy.100 Given the likelihood of reflux 
symptoms and/or abnormal pH testing after myotomy despite 
added fundoplication, PPI therapy may be indicated in those 
who complain of heartburn. 

There is paucity of data regarding differential role of PD 
versus surgical myotomy in achalasia. If a patient first encoun-
ters a surgeon then he/she is more likely to undergo myotomy 
than PD. However, to be fair, there are not many centers in 
the United States that have expertise in the conduct of PD. The 
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only prospective randomized trial of PD versus surgical my-
otomy showed equivalent benefit to both over the 2-year follow 
up period (Fig. 8).114 In this study patients from five different 
European countries were randomly allocated to Rigiflex dila-
tion (n=94) or laparoscopic myotomy with Dor fundoplication 
(n=106). Symptom improvement, barium emptying and LES 
pressure reduction were similar for both groups at 2-years (86% 
and 90%, respectively). The results from this study further gives 
credence to the equal role of PD and myotomy in achalasia pa-
tients. However, it is important to emphasize that if both options 
are not available in a given institution then the default should 
always be the treatment with the expertise.

3. Esophagectomy

In patients that may have had suboptimal treatment for long 
periods, “end-stage” achalasia may develop which is character-
ized by megaesophagus or sigmoid esophagus and significant 
esophageal dilation and tortuosity. In this group of patients, PD 
is less effective but a surgical myotomy may be a reasonable ini-
tial approach before consideration for esophagectomy. Two recent 
studies documented symptomatic improvement after myotomy in 
92% and 72% of patients with megaesophagus.115, 116 However, in 
those unresponsive to therapy, esophageal resection is frequent-
ly required.117 Esophagectomy is associated with a greater mor-
bidity/mortality than laparoscopic Heller myotomy, and should 
be reserved for patients who have failed PD and/or myotomy 
and who are good candidates for surgery. Data from uncon-
trolled studies show generally good response to esophagectomy, 
with symptom improvement in over 80% of patients with end-
stage achalasia; mortality ranges between 0% and 5.4%.118

4. Peroral endoscopic myotomy

Peroral esophageal myotomy (POEM) is a recently developed 
endoscopic technique for treatment of patients with achalasia.119 
The procedure involves endoscopic submucosal dissection with 
creation of a submucosal plane using a forward-viewing endo-
scope to access the circular muscle fibers for performance of the 
myotomy. The myotomy is usually about 6 cm into the esopha-
gus and 2 cm below the squamocolumnar junction. Overall, 
the success rate, defined by an improvement in symptoms and 
no requirement of additional medical or surgical treatment, in 
prospective cohorts have been >90%.120-122 A recent study in pa-
tients post-POEM showed that there was no difference in patient 
outcome in those with had prior endoscopic or surgical therapy 
versus those who did not have such treatments.123 Having had 
prior therapies before POEM did not increase operative times. 
Mean operative procedure times in both groups were similar at 
102 and 118 minutes, respectively. A single center comparison 
of myotomy versus PEOM for patients with achalasia showed 
similar 6-month symptom improvement but slightly higher 
(39%) rate of reflux in PEOM as compared to myotomy (32%).124 
However, randomized prospective comparison trials with stan-

dard laparoscopic myotomy and/or PD are needed. Until then, 
POEM should only be performed in the context of clinical trials 
in centers with expertise with the technique.

5. Patient follow-up

The goals for the management of achalasia are focused on 
treatment of esophageal symptoms as well as the impaired 
esophageal emptying. Unfortunately, patient’s symptom may 
not be a reliable predictor of outcome as symptom improve-
ment may occur without a significant improvement in esopha-
geal emptying, placing the patient at risk for developing long-
term complications of achalasia.85 Barium esophagram is an 
important tool in the management of achalasia both before 
and after intervention.85 Multiple studies have shown that the 
results of a post intervention timed barium studies can predict 
treatment success and requirement for future interventions. In 
1999, Vaezi et al.85 presented data to support that there was 
a significant association between the results of the TBE and 
symptom resolution after PD. More importantly, however, they 
identified a group of patients who had poor esophageal empty-
ing in the context of almost complete symptom resolution in 
which TBE predicted treatment failure at 1 year.86 Although the 
data do not support that an intervention should be performed 
based solely on the outcome of the TBE, it does support that 
follow-up should be more aggressive in patients with abnormal 
barium height regardless of symptoms as they may be at risk of 
symptomatic relapse. It is thus reasonable to repeat this test an-
nually to assess for esophageal emptying. Achalasia is a chronic 
esophageal motility disorder and despite initial successful ther-
apy most patients will eventually require repeat interventions. 
Thus, symptomatic and objective testing with barium swallow 
on a regularly scheduled interval may be needed to avoid end-
stage achalasia/megaesophagus. There are limited data to sup-
port routine screening for cancer. The overall number of cancers 
remains low and estimates have suggested that over 400 endos-
copies would be required to detect one cancer.125 These numbers 
are further tempered by the fact that the survival of these pa-
tients is poor once the diagnosis is made.126

In two recent studies of patients who were followed for a 
mean 5 to 6 years after laparoscopic Heller myotomy, 18% to 
21% required additional treatment, most often with PD, but re-
do myotomy, botulinum toxin injection, or smooth muscle re-
laxing medications were also used.127,128 Similarly, in three recent 
studies of patients who were followed after successful graded 
PD, 23% to 35% underwent repeat treatment for symptomatic 
recurrence during a mean 5 to 7 years of follow-up, mostly with 
PD but some patients required surgery.102,127,129 The complexi-
ties of managing achalasia, including treatment failures, were 
shown in a retrospective review of 232 achalasia patients who 
were followed after therapy for more than a period of 8 years.130 
In this study, 93% of 184 patients did well after initial therapy, 
especially if combination therapy with more than one modality 
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was employed. However, in those who failed initial myotomy, 
symptomatic management was more difficult. In this group, the 
rates of symptom response after PD and repeat myotomy were 
only 67% and 57%, respectively, with eight patients eventually 
requiring esophagectomy. PD after failed myotomy does not ap-
pear to increase the risk of perforation, although data regarding 
this issue are limited.105

TREATMENT ALGORITHM 

A tailored treatment algorithm for patients with achalasia is 
shown in Fig. 9. Symptomatic patients with achalasia who are 
good surgical candidates should be offered information about 
the risks and benefits of the two equally effective treatment op-
tions of PD and myotomy. The choice between the procedures 
should depend on patient preference and institutional expertise. 
However, to maximize patient outcome, both procedures should 
be performed in centers of excellence with adequate volume 
and expertise. PD should be performed in a graded manner, 
starting with the smallest balloon (3.0 cm), except in younger 
males (<45 years old) who may benefit with the initial balloon 
size of 3.5 cm or surgical myotomy. In patients unresponsive 
to PD, surgical myotomy should be performed. Poor surgical 
candidates should initially undergo injection of the LES with 
botulinum toxin and should be aware that repeat therapy is 
often needed. Other medical therapies with nitrates or calcium 
channel blockers may be offered if there is no clinical response 
to botulinum toxin injection. Esophagectomy may be needed in 
those with dilated esophagus (>8 cm) with poor response to an 
initial myotomy. 
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