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MINI-REVIEW

PJ Kahrilas. Esophageal motility disorders: Current concepts of
pathogenesis and treatment. Can J Gastroenterol 2000;14(3):
221-231. Current concepts of esophageal motility disorders are
summarized. Primary data sources were located via MEDLINE or
cross-citation. No attempt was made to be comprehensive or in-
clusive of the literature because fewer than 10% of citations are
discussed. Instead, emphasis was placed on new developments in
diagnosis, therapeutics and practice patterns. Controlled thera-
peutic trials and pathophysiological observations are emphasized.
Achalasia is a rare disease of failed lower sphincter relaxation and
aperistalsis. Diffuse esophageal spasm (DES), an equally rare dis-
ease, is defined by nonpropagated esophageal contractions. Non-
specific motility disorders, including nutcracker esophagus and
hypertensive lower esophageal sphincter, are identified only by
manometry and are 10 times as prevalent. Neuromuscular pathol-
ogy is evident only with achalasia (myenteric plexus neuron de-
struction). Pharmacological therapies have limited efficacy with
achalasia, more limited efficacy with DES and no efficacy with the
nonspecific motility disorders. More efficacious therapies for the
nonspecific disorders are directed at associated reflux disease or
psychiatric disorders. Pneumatic dilation is effective therapy for
achalasia in 72% of instances but frequently requires repeat dila-
tion and is complicated by a 3% perforation rate. Surgical
myotomy is effective in 88% of patients with achalasia; morbidity
from thoracotomy has been the major limitation but has been
sharply reduced with a laparoscopic approach. In conclusion, al-
though it has been suggested that esophageal motility disorders are
distinct clinical entities, critical review of the literature supports
this only in the case of achalasia, a disease of well defined
pathophysiology, functional disturbance and therapies. This clar-
ity diminishes progressively for DES and nonspecific esophageal
motility disorders.
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Troubles de la motilité œsophagienne :
Notions actuelles de la pathogénie et du
traitement
RÉSUMÉ : Les notions actuelles sur les troubles de la motilité
œsophagienne sont résumées. Les sources principales des données ont été
obtenues par Medline ou par références croisées. On n’a pas cherché à faire
une revue globale et inclusive de la littérature parce que les commentaires
portent sur moins de 10 % des articles. Au lieu de cela, on a mis l’accent sur
les nouvelles avancées diagnostiques et thérapeutiques, et sur les nouveaux
schémas de pratique, de même que sur les essais thérapeutiques comparatifs
et les observations physiopathologiques. L’achalasie est une affection rare
caractérisée par un manque de relâchement du sphincter œsophagien
inférieur et par un apéristaltisme œsophagien. Le spasme diffus de l’œso-
phage (SDO), une affection également rare, se caractérise par des contrac-
tions œsophagiennes non propulsives. Les troubles non spécifiques de la
motilité comprenant ceux de l’œsophage « casse-noisette » et l’hyperto-
nicité du sphincter œsophagien inférieur, peuvent seulement être
identifiés par manométrie et sont dix fois plus courants. Une pathologie
neuromusculaire est évidente seulement dans le cas de l’achalasie (destruc-
tion des neurones du plexus myentérique). Les traitements pharma-
cologiques font preuve d’une efficacité limitée pour l’achalasie, encore plus
limitée pour le SDO et nulle pour les troubles non spécifiques de la
motilité. Des traitements plus efficaces pour les troubles non spécifiques
visent le reflux œsophagien associé ou les affections psychiatriques. La di-
latation pneumatique est un traitement efficace de l’achalasie dans 72 %
des cas, mais exige souvent des séances répétées et révèle un taux de perfo-
ration de 3 %. La myotomie par voie chirurgicale est efficace chez 88 % des
patients atteints d’achalasie ; la morbidité due à la thoracotomie demeurait
un obstacle majeur, cependant, elle a été considérablement réduite par une
approche laparoscopique. En conclusion, bien que l’on ait émis l’hypo-
thèse que les troubles de la motilité œsophagienne soient des entités
cliniques distinctes, une revue critique de la littérature n’étaye cette
hypothèse que dans le cas de l’achalasie, une maladie dont la physio-
pathologie, les troubles fonctionnels et les traitements sont bien définis.
Par contre, ces données deviennent de moins en moins claires dans les cas
de SDO et des troubles non spécifiques de la motilité œsophagienne.
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Disordered esophageal motility was recognized long be-
fore there was adequate methodology to quantify it.

Cardiospasm was described more than 300 years ago and
characterized as a functional obstruction of the esophageal
outlet with no obstructing lesion evident at autopsy. The ini-
tial concept of ‘esophageal spasm’ is attributable to Hamil-
ton Osgood (1), based on his description of six patients with
episodic chest pain and dysphagia in 1889: “sudden and of-
ten intense constriction in the epigastrium�with an arrest
of food at the cardiac orifice”. The modern concepts of these
disorders came relatively recently, aided by advances in fluo-
roscopy and intraluminal manometry. Lendrum (2) pro-
posed that the functional obstruction in cardiospasm was
due to incomplete relaxation of the lower esophageal
sphincter (LES) and renamed the disease achalasia (‘failure
to relax’). Introduction of the term ‘diffuse esophageal
spasm’ (DES) followed Fleshler’s (3) 1967 description of a

clinical syndrome characterized by symptoms of substernal

distress or dysphagia or both, the roentgenographic

appearance of localized, non-progressive waves (tertiary

contractions), and an increased incidence of nonperistaltic

contractions recorded by intraluminal manometry

During the past 20 years, with the continued evolution of
manometric techniques (4) came the description of other
aberrations of esophageal motility (nutcracker esophagus,
hypertensive LES and nonspecific esophageal motor disor-
ders). Unlike achalasia or esophageal spasm, identification
of these conditions requires manometry because the esopha-
gus is anatomically and radiographically normal. However,
because these aberrations are readily identifiable manomet-
rically, they are often conceptualized as motility disorders
together with achalasia and DES. If that grouping is
accepted, esophageal motility disorders clearly encompass a
spectrum of aberration ranging from those of clear functional
consequences to those of less clear implication. A similar
spectrum of significance exists when one considers the ther-
apeutic aspects of these disorders. With this in mind, the fol-
lowing review examines current concepts of the etiology and
management of the spectrum of esophageal motility disor-
ders (other than reflux disease).

NORMAL ESOPHAGEAL MOTILITY
The striated muscle (proximal) esophagus is controlled by
excitatory vagal innervation, and peristalsis in this segment
results from the sequential activation of motor units by the
medullary swallowing centre in much the same way as the
oropharyngeal musculature. Vagal control of the smooth
muscle (distal) esophagus is more complex. Vagal fibres syn-
apse on myenteric plexus neurons located between the longi-
tudinal and circular muscle layers of the esophagus rather
than directly at neuromuscular junctions. Although the rela-
tionship between morphology and function of the neurons
remains undetermined, vagal stimulation can either excite or
inhibit esophageal musculature depending on which
myenteric plexus neurons are activated. Furthermore, the
myenteric plexus neurons can independently organize

peristalsis as evidenced by the integrity of secondary
peristalsis after vagotomy. Excitatory neurons mediate con-
traction of both longitudinal and circular muscle layers via
cholinergic receptors. Inhibitory neurons affect predomi-
nantly the circular muscle layer via nitric oxide nerves and
exert a progressively prolonged inhibition at more distal
esophageal loci (5). Cholinergic excitation of the excitatory
myenteric plexus neurons is nicotinic, whereas that of the in-
hibitory neurons can be muscarinic as well. Both types of
neurons innervate the entire smooth muscle esophagus in-
cluding the LES. The process mediating LES relaxation is
analogous to that mediating the inhibitory front along the
esophagus except that it is more prolonged. The other unique
feature of the sphincter is that it maintains a tonic contrac-
tion at rest by a myogenic mechanism (6).

Esophageal peristalsis begins as the pharyngeal contrac-
tion traverses the upper esophageal sphincter (UES), pro-
gressing at a speed of 2 to 4 cm/s. The longitudinal muscle of
the esophagus also contracts sequentially during peristalsis
with the effect of transiently shortening the esophagus by 2
to 2.5 cm (7). Primary peristalsis is that initiated by a swal-
low, whereas secondary peristalsis can be elicited in response
to esophageal distension at any level. The propagation of the
fluoroscopically imaged stripping wave corresponds with the
manometric contraction such that the point of the inverted
‘V’ at the bolus tail evident fluoroscopically occurs with the
upstroke of the pressure wave (8). Immediately before
luminal closure, an intrabolus pressure is recorded manomet-
rically. The magnitude of the intrabolus pressure depends on
the outflow resistance from the contracting segment; the
greater the outflow resistance, the greater the recorded
intrabolus pressure before luminal closure. The distinction
between recordings of intrabolus pressure and contractile
pressure within a sealed lumen can only be accurately made
by using concurrent fluoroscopic imaging (9).

Recent analyses of the vigor and propagation of esopha-
geal peristalsis have used a topographical representation to
examine the synchrony and persistence of contraction
among esophageal segments. The topographical analysis re-
veals not only a proximal transition zone between the stri-
ated and smooth muscle in the region of the aortic arch, but
also a segmental characteristic of peristalsis through the
smooth muscle esophagus with two distinct contractile seg-
ments followed by the LES (which contracts with vigor and
persistence quite dissimilar to the adjacent esophagus) (10).
Topographical analysis provides an explanation for double
peaked contractile waves often seen in manometric record-
ings. A bipeaked contraction can occur in the zone of over-
lap between adjacent contractile segments if they are not
precisely synchronized such that the distal segment contrac-
tion is delayed relative to the proximal zone.

Another property of normal esophageal motility is deglut-
itive inhibition. Swallowing inhibits all ongoing esophageal
contraction. With a series of swallows at short intervals, the
esophagus remains inhibited and quiescent with the LES re-
laxed. After the last swallow in the series, a normal peristal-
tic contraction occurs. Basal LES tone is inhibited with swal-

222 Can J Gastroenterol Vol 14 No 3 March 2000

Kahrilas

2

0

5

25

75

95

100

0

5

25

75

95

100

0

5

25

75

95

100

0

5

25

75

95

100

G:\GASTRO\2000\14#3\Kahrilas\kahrilas.vp
Wednesday, March 08, 2000 2:37:20 PM

Color profile: Generic CMYK printer profile
Composite  Default screen



lowing concurrently with deglutitive inhibition. Deglutitive
inhibition is also demonstrable in the tubular esophagus by
creating an artificial high pressure zone by distending the
esophageal lumen with a balloon and recording contractile
pressure between the balloon and the esophageal wall. Once
the high pressure zone is established in the normally flaccid
tubular esophagus, deglutitive inhibition can be demon-
strated throughout the length of the esophagus commencing
concurrently with the pharyngeal swallow (11). The persis-
tence of deglutitive inhibition at each esophageal locus de-
termines the propagation velocity of esophageal peristalsis.
Experimentally eliminating the effects of inhibitory nerves
of the myenteric plexus with a nitric oxide scavenger (hemo-
globin) results in a simultaneous esophageal contraction
(12).

ESOPHAGEAL MOTILITY DISORDERS
As outlined above, the physiological components of esopha-
geal motility involve the coordinated excitation and inhibi-
tion of the circular and longitudinal muscle layers of the
esophagus. It follows that pathophysiological processes can
be categorized as dysfunction of deglutitive inhibition (in-
cluding sphincter relaxation) and/or of propagated excita-
tion. Esophageal motility disorders are defined by manomet-
ric and in some cases fluoroscopic features suggestive of
impaired function. In fact, because esophageal motor disor-

ders are not diagnosed on histopathological grounds, their
diagnosis depends on the definition of these functional aber-
rations. Even in the unusual circumstance of having an
esophageal specimen to examine histopathologically, this
can potentially be used to define an esophageal motility dis-
order only in the case of achalasia where there is gross esopha-
geal dilation and a quantifiable decrement in the number of
ganglion cells of the myenteric plexus. Table 1 is an attempt
to categorize esophageal motility disorders on the basis of
characteristics of inhibition and excitation. There are rela-
tively few well defined motility disorders and, as one might
predict, some overlap in functional characteristics (Table 1).
However, such is the state of the art, and as will become evi-
dent, in some circumstances it can be very difficult to choose
among the diagnostic possibilities.

The best defined esophageal motility disorder, achalasia,
is rare, with an incidence estimated at one per 100,000 popu-
lation (13-15). No population-based studies exist on the
prevalence of other esophageal motility disorders. Thus, the
best approximation of their incidence is obtained by exam-
ining data on populations at risk (patients with chest pain
and/or dysphagia) and referencing the observed frequency of
the other disorders to that of achalasia. As detailed in Table
2 (4), the prevalence of diffuse esophageal spasm is similar to
that of achalasia, while the prevalence of other disorders (in-
cluding nutcracker esophagus) is as much as 10 times greater.
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TABLE 1
Perturbations of esophageal motility used to characterize proposed esophageal motility disorders

Disordered inhibition Disordered excitation

Excessive Inadequate Excessive Inadequate

UES – Cricopharyngeal bar*
Parkinson’s disease
Belch dysfunction

– –

Body – Achalasia
Pseudoachalasia*

Diffuse esophageal spasm

Nutcracker esophagus
Diffuse esophageal spasm

Vigorous achalasia

Advanced achalasia
Pseudoachalasia*

GERD
Scleroderma
Obstruction*

Nonspecific disorders

LES GERD Achalasia
Pseudoachalasia*

Achalasia
Pseudoachalasia*
Hypertensive LES

GERD
Scleroderma

*Conditions in which structural abnormalities mimic motility disorders. GERD Gastroesophageal reflux disease; LES Lower esophageal sphincter; UES Upper
esophageal sphincter

TABLE 2
Prevalence of manometric abnormalities (mean among studies) in chest pain and dysphagia patients

Inclusion criteria of study population n Achalasia (%) DES (%) Other* (%) Total abnormal (%)

Unselected manometry patients 2811 6.2 3.5 51.8 61

Chest pain patients with negative cardiological evaluation 1372 2.1 3.2 51.6 57

Chest pain patients with cardiovascular disease and
suspected esophageal pain

251 0 3.8 48.4 52

Patients with dysphagia as the principal symptom 251 19 7 32.0 58

*Includes nutcracker esophagus, hypertensive lower esophageal sphincter and nonspecific disorders. DES Diffuse esophageal spasm. Adapted with permis-
sion from reference 4
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Variability in the prevalence values of these disorders among
studies is probably attributable to nonuniform definitions of
the disorders as well as to the variable inclusion criteria of
patient populations studied (4). Representative defining cri-
teria for the family of esophageal motility disorders are
shown in Table 3.

Dysphagia is the most fundamental symptom of an esoph-
ageal motility disorder. Esophageal as opposed to oropharyn-
geal dysphagia is suggested by the absence of associated
aspiration, cough or oral residue. On the other hand, the as-
sociated conditions of heartburn, esophagopharyngeal regur-
gitation, chest pain, odynophagia or intermittent esophageal
obstruction are suggestive of esophageal dysphagia. How-
ever, an important limitation of the patient history with
esophageal dysphagia is that patient localization of obstruc-
tion is inaccurate. A distal esophageal obstruction caused by
an esophageal ring or achalasia may be sensed as cervical
dysphagia, making patients correct in localizing the dysfunc-
tion only 60% of the time. Thus, the entire esophagus should
be considered in the evaluation of dysphagia regardless of
where the patient localizes the problem. Another historical
point suggestive of a motor disorder is difficulty with both
solids and liquids as opposed to only solids, which is more
suggestive of mechanical obstruction.

UES
Categories of UES dysfunction are included in Table 1 but
not in Table 3 because although disorders have been de-
scribed, the criteria for defining these are poorly defined.

Review of the literature on UES manometry reveals no clini-
cal significance of measuring UES pressure and no validated
criteria for defining impaired relaxation (4). Nonetheless,
the term ‘cricopharyngeal achalasia’ is frequently encoun-
tered in the literature and requires explanation. In some con-
texts this term is used to imply failure of UES relaxation, in
other instances it implies impaired UES opening, and in still
others it is clear that the writer is not cognizant of the distinc-
tion. Given this vagary of meaning, I strongly suggest that the
term be avoided altogether. Current understanding of UES
function emphasizes that relaxation can occur without
sphincter opening and vice versa. Inadequate opening prin-
cipally occurs in the setting of neuromuscular dysfunction or
a cricopharyngeal bar; inadequate relaxation can be seen in
Parkinson’s disease or with belch dysfunction. These disor-
ders are briefly discussed below; a more comprehensive re-
view of the topic can be found in a recent American
Gastroenterology Association technical review (16).

A frequent finding during a barium swallow x-ray is the
appearance of a cricopharyngeal indentation (bar). Mano-
metric studies have shown that cricopharyngeal bars are as-
sociated with increased hypopharyngeal intrabolus pressure
during swallowing. Whereas normal individuals have up-
stream intrabolus pressure ranging from 6 to 18 mmHg as the
swallow volume is increased from 2 to 30 mL, patients with
cricopharyngeal bars have pressures ranging from 13 to
68 mmHg for the same bolus volumes (17). Thus, although
the cricopharyngeus relaxes normally during a swallow, it
cannot distend normally. The same phenomena have been
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TABLE 3
Manometric criteria for esophageal motility disorders

Defining criteria

Motility disorder Required findings Associated findings

Achalasia Incomplete deglutitive LES relaxation
Absent peristalsis in the smooth muscle esophagus*

Elevated LES pressure
Elevated intraesophageal pressure

Vigorous achalasia Incomplete deglutitive LES relaxation
Simultaneous deglutitive contractions in the smooth

muscle esophagus (greater than 40 mmHg)

Diffuse esophageal spasm Simultaneous contractions in the smooth muscle
esophagus with 30% or more of swallows

Repetitive contractions (more than two peaks)
Prolonged contractions (longer than 6 s)
High amplitude contractions (greater than 180 mmHg)
Spontaneous contractions

Nutcracker esophagus Mean distal esophageal peristaltic amplitude greater than
180 mmHg

Normal deglutitive LES relaxation

Repetitive contractions (more than two peaks)
Prolonged contractions (longer than 6 s)
Increased resting LES pressure (greater than 40 mmHg)

Hypertensive LES Increased resting LES pressure (greater than 40 mmHg)
Normal deglutitive LES relaxation

Nonspecific esophageal motor
disorder

Peristaltic abnormalities of insufficient severity to
establish any of the above diagnoses, yet not felt
to be normal

Frequent nontransmitted contractions (more than 20%
water swallows)

Retrograde contractions
Repetitive contractions (more than two peaks)
Low amplitude contractions (less than 30 mmHg)
Prolonged contractions (more than 6 s)
High amplitude contractions (greater than 180 mmHg)
Spontaneous contractions
Incomplete LES relaxation

*The distal half of the esophagus is composed of smooth muscle while the proximal segment exhibits a gradual transition from striated to smooth muscle.
LES Lower esophageal sphincter
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demonstrated in patients with Zenker’s diverticula, suggest-
ing that the diverticulum is an eventual consequence of the
increased stress on the hypopharynx (18). Zenker’s diver-
ticula usually occur in men over 60 years of age, with the ori-
gin of the herniation in the midline between the oblique
fibres of the inferior pharyngeal constrictor and the crico-
pharyngeus muscle (Killian’s dehiscence). Specimens of
cricopharyngeus muscle from patients with hypopharyngeal
diverticula are consistent with the concept of a restrictive
myopathy revealing muscle fibre degeneration with fibro-
adipose tissue replacement (19). The treatment of hypo-
pharyngeal diverticula is cricopharyngeal myotomy with or
without a diverticulectomy. Diverticulectomy alone risks re-
currence because the underlying cricopharyngeal stenosis is
not remedied; myotomy alone risks not solving the problem
of food accumulation within the diverticula with attendant
regurgitation and aspiration.

Recent studies have shown a 25% prevalence of impaired
UES relaxation in Parkinson’s disease (20,21). Despite the
impaired relaxation, sphincter opening is normal, making
this abnormality definable only with combined manometry
and fluoroscopy. However, impaired UES relaxation is not
correlated with either the severity of the associated pharyn-
geal motor disorder nor with the severity of dysphagia (20).
Nonetheless, a favourable response to myotomy has been re-
ported in one small series of four patients (many of whom
had coexistent structural abnormalities). Clearly, more data
are required before surgery can be recommended for this con-
dition. Similarly, there has been little systematic evaluation
of the responsiveness of dysphagia to anti-Parkinsonian
medication. One study found that a combination of
levodopa and swallow therapy improved swallow function,
but it is uncertain to what extent improvement can be attrib-
uted to pharmacotherapy per se (22).

UES relaxation also occurs during belching in the follow-
ing sequence:

1. Transient LES relaxation inhibiting the LES and the
crural diaphragm.

2. Gastroesophageal gas reflux, distending the
esophagus.

3. Complete relaxation of the UES, causing it to
remain open longer than during swallowing, allowing
the retrograde passage of air (23).

Additionally, reflexive glottal closure and limited ante-
rior motion of the hyoid and thyroid cartilage occur, protect-
ing the laryngeal inlet and opening the relaxed sphincter
(24). This UES response can be reproduced by gaseous dis-
tention of the esophageal lumen; sudden gas distention trig-
gers UES relaxation, which is more consistently present and
persists for a longer period with larger volumes. Dysfunction
of this reflex has been associated with painful esophageal dis-
tension in case reports (25).

As mentioned above, cricopharyngeal myotomy can be
an effective mode of therapy for patients with hypo-
pharyngeal diverticula, cricopharyngeal bars or Parkinson’s
in some instances. The criteria for performing a myotomy

should be the presence of significant dysphagia leading to lo-
cal discomfort, weight loss or aspiration; confirmation of
UES dysfunction by videoradiography, preferably with
intraluminal manometry; and absence of clinically signifi-
cant gastroesophageal reflux or regurgitation (26). These cri-
teria are often met in the case of hypopharyngeal diverticula,
but probably not in many other instances. Although
myotomy is a relatively safe procedure and can be performed
with only local anesthesia, sudden death from aspiration is a
reported complication, emphasizing the need to assess LES
competence preoperatively. Esophageal dilation is also theo-
retically beneficial in the treatment of cricopharyngeal bars,
and small clinical series have corroborated this. Data on the
efficacy of dilation in this setting are, however, much more
limited than in the case of myotomy (16).

ACHALASIA
The defining characteristics of achalasia are failure of the
LES to relax completely with swallowing and aperistalsis in
the smooth muscle esophagus. The resting LES pressure is el-
evated in approximately 60% of achalasia cases. If there are
nonperistaltic, spasm-like contractions in the esophageal
body, the disease is referred to as vigorous achalasia.
Achalasia is thought to result from postganglionic denerv-
ation of the smooth muscle esophagus either as a result of
Trypanasoma cruzi infection as in Chagas’ disease or, more
commonly, as an idiopathic entity. It is unclear whether the
disease selectively affects excitatory or inhibitory neurons,
but functionally, inhibitory neurons are necessarily impaired
as an early manifestation of the disease. Sifrim et al (27) used
an intraesophageal balloon to demonstrate impairment of
deglutitive relaxation in the esophageal body as well as the
LES in early, nondilated cases of achalasia. Previously re-
ferred to as nonadrenergic, noncholinergic neurons, it is now
accepted that the neurons responsible for deglutitive inhibi-
tion (including sphincter relaxation) use nitric oxide as a
neurotransmitter (28). In support of this conclusion, patients
with achalasia have been shown to lack nitric oxide synthase
in the gastroesophageal junction, and animal models of
achalasia have been established using nitric oxide inhibitors.

Clinical manifestations of achalasia may include dys-
phagia, regurgitation, chest pain, weight loss and aspiration
pneumonia. Regurgitation is particularly likely when large
amounts of food are retained in the dilated esophagus. Clas-
sically, patients complain of regurgitant on their bed sheets
when sleeping supine and often elect to sleep with several
pillows or upright in a chair. Chest pain is a frequent com-
plaint early in the course of the disease; its etiology is un-
clear. An interesting but fortunately rare symptom of
achalasia is tracheal compression and airway compromise as
a result of the dilated esophagus compressing the trachea.

The diagnosis of achalasia is made by barium swallow
x-ray or esophageal manometry. The characteristic x-ray is
of a dilated intrathoracic esophagus with an air-fluid level.
The LES tapers to a point giving the distal esophagus a
beak-like appearance. The beak does not open with swallow-
ing but opens following the inhalation of amyl nitrite (a
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smooth muscle relaxant). The defining manometric features
are aperistalsis and incomplete LES relaxation. Other mano-
metric features (hypertensive LES, increased intraesopha-
geal baseline pressure or isobaric waveforms) provide
supportive evidence of achalasia. A recent analysis found
that manometrically defined impaired LES relaxation by it-
self (to a nadir pressure of more than 12 mmHg) had a 92%
sensitivity and 94% specificity for the detection of achalasia
(29). In a comparison of diagnostic modalities, a prospective
study showed that achalasia was suggested by the radiologist
in only 21 of 33 patients who were given this diagnosis at
manometry; endoscopists prospectively suggested the cor-
rect diagnosis in less than one-third of the patients (14).

It is important to emphasize that neither the radiographic
nor the manometric features of achalasia are specific for idio-
pathic achalasia or achalasia associated with Chagas’ disease;
tumour-related pseudoachalasia accounts for up to 5% of
cases meeting the manometric criteria of achalasia. Pseudo-
achalasia is more likely with progressive age, abrupt onset of
symptoms and early weight loss (30). Tumour infiltration
(especially carcinoma in the gastric fundus) can completely
mimic the functional impairment seen with idiopathic
achalasia (see Table 1). It is because of this pitfall that a
thorough anatomical examination including endoscopy
should be done as part of the diagnostic evaluation of every
new case of achalasia (31). A clue to the presence of pseudo-
achalasia on the endoscopic examination is of more than the
slightest resistance of passage of the endoscope across the
gastroesophageal junction; in idiopathic achalasia, the endo-
scope should pop through with only gentle pressure required.
If suspicion of pseudoachalasia persists, endoscopic biopsy,

computerized tomography, magnetic resonance imaging or
endoscopic ultrasound should be considered for further eval-
uation depending on the special circumstances.

Another potential complication of achalasia is the devel-
opment of esophageal carcinoma, the estimated risk of
which ranges from zero- to 33-fold. The only popula-
tion-based study found a 16-fold risk among 1062 achalasia
patients with 9864 years of follow-up (32). Therapy has not
been shown to eliminate the cancer risk, evident by reported
cases occurring years after either medical or surgical treat-
ment. However, despite the 16-fold relative risk, the abso-
lute risk of cancer remains slight, and an estimated 681
annual surveillance endoscopies would detect only one inci-
dent cancer among achalasia patients; surveillance is not ad-
vocated by national gastroenterology societies.

MANAGEMENT
No existing therapy for achalasia reverses the underlying
neuropathology or restores normal deglutitive LES relax-
ation and peristalsis. Instead, therapies are aimed at reducing
the LES pressure so that gravity can then facilitate esopha-
geal emptying. Improved esophageal emptying should then
reduce the symptoms and complications associated with
esophageal retention. However, because no data exist on the
prevention of complications, therapeutic efficacy can only be
assessed by symptomatic or functional improvement. Func-
tional improvement can be quantified manometrically (33),
by barium swallow or by scintigraphy. However, in the
absence of accepted criteria allowing comparison among
therapeutic modalities, most series simply report a clinical as-
sessment of efficacy, emphasizing the relief of dysphagia. Al-
though the meaning of such descriptions varies, there is no
alternative but to compare therapeutic modalities by this
outcome measure.

As alluded to above, therapies for achalasia are primarily
aimed at reducing LES pressure, be it phamacologically, by
mechanical dilation or by surgery. Before botulinum toxin,
the largest reported pharmacological experience was with
isosorbide dinitrate or nifedipine, administered orally or sub-
lingually before eating. Isosorbide dinitrate 5 to 10 mg sub-
lingually reduces the resting LES pressure by 66% for
90 mins. Calcium channel blockers (diltiazem, nifedipine,
verapamil) reduce the LES pressure 30% to 40% for longer
than 1 h (34,35). In practice, these drugs have marginal ef-
fectiveness and bothersome side effects. Thus, oral or
sublingual pharmacological therapy is primarily useful in the
early phases of achalasia for patients with mild or intermit-
tent symptoms, or as a temporizing measure while more de-
finitive treatments are contemplated.

A recently devised pharmacological therapy for achalasia
is the endoscopic injection of 80 U of botulinum toxin
directly into the LES using a sclerotherapy catheter. Botuli-
num toxin inhibits acetylcholine release from nerve endings,
reducing the LES pressure by 60% in pigs and 33% in
humans (36). The site of action may be ganglionic or post-
ganglionic. Its effect is eventually reversed by the formation
of new synapses, making it somewhat predictable that, even
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TABLE 4
Efficacy of medical and surgical treatment in achalasia

Treatment efficacy without further
therapy

Therapy Total n

Response rate
(weighted mean

± SD among
studies, %)*

Duration of
follow-up

(weighted mean,
years)*

Botulinum toxin 149 32±19 1.1

Pneumatic dilation 1276 72±26 4.9

Heller myotomy

Thoracotomy 1221 84±20 5

Laparotomy 732 85±18 7.6

Laparoscopy 171 92±18 1.2

Pooled estimate of response rate of achalasia treatments. In calculating the
weighted mean response for each treatment modality ( �p), studies that
were included were characterized by the number of subjects (n) and the
response rate for those subjects (p). Only studies including more than 10
patients and with a follow-up of one year or longer were tabulated.
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if efficacious, it will not have lasting benefit (Table 4). In the
longest reported follow-up, only one of 31 patients in a pro-
spective trial of botulinum toxin had a response sustained for
longer than two years (37). Thus, although botulinum toxin
injection is an intriguing therapeutic approach for achalasia,
its limitations are that it is less effective in reversing the
functional consequences of achalasia than are other avail-
able therapies, it predictably needs to be repeated at roughly
annual intervals, the consequences of repeated injections are
unknown and it is relatively expensive (38). It appears,
therefore, that outside of clinical trials, this therapeutic op-
tion should be reserved for elderly or frail individuals who are
poor risks for more definitive treatments.

Therapeutic dilation for achalasia is accomplished with a
balloon dilator designed to distend the LES to a diameter of 3
to 4 cm and reduce LES pressure by partially disrupting the
sphincteric muscle. Only very temporary benefit is achieved
when standard esophageal dilators are used. In instances of
an unsatisfactory result, pneumatic dilation can be repeated
once or twice. The major complication of pneumatic dila-
tion is esophageal perforation. If perforation is suspected be-
cause of postprocedure pain or subcutaneous emphysema a
gastrograffin followed by barium swallow should be obtained.
Any substantial perforation requires surgical repair. Patients
with perforations that are promptly recognized and treated
surgically within 6 to 8 h have outcomes comparable with
those of patients undergoing elective thoracotomy and
Heller myotomy (39).

The surgical objective in the treatment of achalasia is to
disrupt the LES enough to eliminate dysphagia without caus-
ing excessive reflux. Heller (40) first described the technique
in 1913, proposing anterior and posterior gastroesophageal
junction incisions after accessing the area by thoracotomy.
Subsequent modifications include eliminating the posterior
myotomy, shortening the anterior myotomy and accessing
the area by laparotomy, thoracoscopy or, most recently, lapa-
roscopy. Debate persists regarding the necessity and type of
accompanying antireflux procedure. Illustrative of reflux
complications is a surgical series in which recurrent
dysphagia due to insufficient myotomy or periesophageal
scarring occurred in 9% of patients three to 30 months post-
operatively, while complications due to reflux ranging from
esophagitis to Barrett’s metaplasia occurred in 17% of
patients 21 to 23 months postoperatively (41). There are
also reports of adenocarcinoma developing as a late compli-
cation of postmyotomy reflux. However, just as surgical
techniques have evolved, so has the medical therapy of re-
flux esophagitis, and these reflux complications would be un-
likely if individuals had been treated with proton pump
inhibitors. The trend is to use a laparoscopic approach for
the myotomy, which requires some disruption of the phreno-
esophageal ligament and mobilization of the esophagus (42).
With this approach, at least a partial anterior fundoplication
(Dohr procedure) is requisite.

Table 4 summarizes the efficacy of medical and surgical
treatments of achalasia (38). Data in the table are uncon-
trolled because only one relevant controlled trial has been

reported (see below). All data included were from consecu-
tive series, although some were collected prospectively and
others by retrospective review. These were combined in the
table because the results were identical. The response rates
reported in Table 4 are the proportion of patients with a
‘good to excellent’ response in each study. The response in-
dicated for each therapy is a pooled estimate of response rate
over multiple studies, with each study weighted proportion-
ally to its sample size. Of note, the response rate indicates the
number of individuals with a good to excellent response that
was sustained until the end of the observation period with-
out any further therapy. Thus, if a patient required a second
dilation or a second injection, or if a laparoscopic operation
was converted to an open procedure, these were considered
failures of the initial treatment. The two efficacious thera-
pies are pneumatic dilation and Heller myotomy (Table 4).
Only one controlled trial has compared these therapies.
That prospective, randomized trial compared pneumatic di-
lation (39 patients) with Heller myotomy via thoracotomy
(42 patients), reporting 95% nearly complete symptom reso-
lution in the surgical group compared with 51% in the dila-
tion group (P<0.01) after five years (range 24 to 156
months) (43). Included among the treatment failures in the
dilation group were two patients who sustained perforations
(5.4%) and four (10.8%) who subsequently had a good result
with a second dilation. Although that report was criticized
for the methodology of pneumatic dilation (44), it remains
the best comparative data.

Choosing between using dilation or myotomy as the pri-
mary therapy for achalasia requires consideration of not only
efficacy, but also available expertise and morbidity. In the
case of pneumatic dilation, this is an outpatient procedure
and, hence, it has less morbidity than any surgical approach
with the caveat that the published incidence of esophageal
perforation averages 3%. Even though these patients do well
if the perforation is recognized and operated on promptly,
the perforation is invariably into the mediastinum, and there
is no minimally invasive surgical option once that has oc-
curred. Although the Heller myotomy is clearly efficacious,
the greatest proportion of cases in Table 4 were accom-
plished by thoracotomy, which has considerable morbidity
such that patients generally require several months to re-
cover fully. More than any other factor, the morbidity of
thoracotomy has historically led most patients to pneumatic
dilation as the initial intervention. However, laparoscopic
myotomy has efficacy similar to that of to an open myotomy,
with substantially reduced morbidity. One recent series of 24
achalasia patients treated either thoracoscopically or
laparoscopically had benefits similar to those of open proce-
dures but a median hospitalization of only three days (com-
pared with laparotomy and thoracotomy, which have an
average hospitalization of seven to 10 days). Of course, these
results are from a referral centre with substantial experience
in both conventional and minimally invasive surgical ther-
apy of achalasia.

In extremely advanced or refractory cases of achalasia,
esophageal resection with gastric pull-up or interposition of
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a segment of transverse colon may be the only surgical op-
tion (45). Patients with daily dysphagia and a tortuous
esophagus with poor emptying despite multiple previous pro-
cedures are likely candidates. This technique is rarely, if
ever, used as a primary intervention and, fortunately, is nec-
essary in less than 1% of the achalasia population.

DIFFUSE ESOPHAGEAL SPASM AND OTHER
CONTRACTILE DISORDERS

Unlike with achalasia, the esophagus of the patient with DES
usually retains its ability to propagate primary peristaltic
waves the majority of the time. Partly because of this fact, the
criteria for diagnosing DES remain variable (46). There are
no uniform radiographic, manometric or histopathological
criteria for defining DES. In the unequivocal case, nonperi-
staltic, high amplitude, prolonged contractions are seen dur-
ing esophageal manometry, and these are associated with
chest pain or dysphagia. These unequivocal cases are rare and
are probably associated with a defect in the neuronal archi-
tecture of deglutitive inhibition, placing them in the contin-
uum of vigorous achalasia and achalasia (Table 2) (27). Ra-

diographically, DES may appear as a ‘corkscrew esophagus’.
Similar to achalasia, the simultaneous contractions typifying
diffuse esophageal spasm impair bolus transit through the
esophagus, potentially explaining the associated dysphagia
(47). It must be emphasized, however, that neither the ter-
tiary contractions (nonperistaltic, simultaneous esophageal
contractions) seen on x-ray nor the simultaneous contrac-
tions seen manometrically are pathognomonic of esophageal
spasm; both may be seen in asymptomatic individuals (4).

Diffuse esophageal spasm can potentially cause dysphagia
and chest pain that may mimic that of angina pectoris. How-
ever, an esophageal etiology of chest pain should be consid-
ered only after careful consideration of potential cardio-
pulmonary etiologies. Furthermore, even within the spec-
trum of esophageal diseases, neither chest pain nor dysphagia
is specific for a spastic disorder because both symptoms are
also characteristic of common esophageal disorders includ-
ing peptic, caustic or infectious esophagitis. After these more
common diagnostic possibilities have been excluded by ap-
propriate radiographic evaluation, endoscopic evaluation
and in some instance a therapeutic trial of antisecretory
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TABLE 5
Clinical data on treatments for diffuse esophageal spasm, nutcracker esophagus and nonspecific esophageal motor disorders

Treatment (reference)
Number of

patients Follow-up (years)
Symptomatic

improvement (%) Comments

Diffuse esophageal spasm

Diltiazam (51) 8 0.2 0 Prospective, blinded, controlled,
crossover

Nitrates (52) 12 1.0 75 Prospective, less effective with
gastroesophageal reflux disease

Hydralazine (53) 5 ? 80 Prospective

Nifedipine (54) 6 0.2 83 Retrospective

Botulinum toxin (56) 5 0.8 60 Prospective

Pneumatic dilation (57) 20 3.4 70 Retrospective

Pneumatic dilation (58) 9 3.1 89 Retrospective

Pneumatic dilation (59) 41 5.0 83 Retrospective

Long myotomy (60) 14 2 93 Retrospective

Long myotomy (61) 42 5.7 70 Retrospective

Thoracoscopic myotomy (62) 3 0.5 100 Retrospective

Thoracoscopic myotomy (63) 10 N/A 80 Prospective, no distinction between
diffuse esophageal spasm and nutcracker

esophagus

Nutcracker

Nifedipine (64) 20 0.3 0 Prospective, controlled, crossover

Diltiazem (65) 10 0.2 60 Prospective, open label

Antireflux therapy (66) 12 0.2 83 Prospective, open label, high dose
ranitidine or omeprazole

Bougienage (67) 8 0.3 0 Small diameter versus large diameter

Long myotomy (68) 4 2 100 Retrospective

Nonspecific esophageal motor disorders*

Trazodone (69) 15 0.1 41 Prospective, blinded, controlled

Botulinum toxin (56) 8 0.8 13 Prospective

Long myotomy (61) 4 5.7 100 Retrospective

All relevant studies are reported, regardless of study population size. Case reports are excluded. *Includes nutracker esophagus. N/A Not applicable
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medications, motility disorders may be considered. When
chest pain patients are studied manometrically, achalasia
and DES are relatively unusual findings (Table 2) (4). Acha-
lasia is probably found in less than 1% of subjects when chest
pain is the principal symptom. Likewise, DES is found in 5%
or fewer of chest-pain patients on average. The majority of
manometric findings in this group of patients fall under the
category of nonspecific disorders. The most common mano-
metric patterns are of exaggerated contractions in the esoph-
ageal body (increased wave amplitudes, long duration,
multipeaked waves) or of a hypertensive LES (48,49). Of the
group, increased wave amplitude (nutcracker esophagus) is
the most commonly detected pattern. However, functional
abnormalities associated with nonspecific motor disorders
are not generally recognized, and long term observations
have shown neither a parallel in clinical course with mano-
metric findings nor consistency in manometric diagnosis
over time (4,50,51). Thus, it has been difficult to determine
a direct relevance of nonspecific motility disturbances to
either symptoms or function, making their detection of no
generalizable value.

MANAGEMENT
Spastic disorders have been treated with the same pharmaco-
logical agents as achalasia (Table 5) (52-70). However, de-
spite the dogma of treating esophageal spasm with smooth
muscle relaxants, the single available placebo controlled,
randomized crossover trial showed no efficacy for diltiazam
(52). Long term outcome studies of the medical treatment of
DES with smooth muscle relaxants are not available, and the
entire basis of this therapy remains at an anecdotal level (71).
With respect to the spastic disorders other than DES, the
only large controlled trial showing efficacy was in the case of
the antidepressant, trazadone (70) (Table 5). Therapeutic
trials with smooth muscle relaxants, tranquilizers or
bougiennage have shown no parallel between modification
of manometric findings and therapeutic response (65,68,
70,72). Several controlled trials were able to show improve-
ment of the manometric abnormality, but this did not corre-
late with symptomatic improvement. More impressive has
been the finding that reflux disease is often responsible for
symptoms of esophageal dysfunction whether nonspecific
motor abnormalities are present or not. Bancewicz et al (73)
found that intensive antireflux therapy was the most useful
therapy for a large group of symptomatic patients without a
specific motor disorder. Similarly, in a recent study, Achem
et al (67) found that antireflux therapy benefited patients
with unexplained chest pain, regardless of the presence or ab-
sence of nonspecific motor abnormalities. Furthermore, in-
stances of esophageal pain attributable to reflux rather than
spasm are likely made worse by treating with smooth muscle
relaxants because of their effect on the LES.

There are no controlled studies of treatment of patients
with DES with pneumatic dilation or myotomy (Table 4).
Again emphasizing the rarity of well-defined cases of DES,
the total number of patients in these reports treated by pneu-
matic dilation or myotomy was only 70 and 71, respectively.

Nonetheless, the minimal treatment data that exist suggest
that in these rare reported cases, pneumatic dilation or surgi-
cal myotomy are effective. One explanation for this might be
that some cases of DES have been observed to evolve into
achalasia, which clearly responds to these treatment strate-
gies (74).

In summary, minimal data support the use of pharmaco-
logical agents in the long term management of DES,
nutcracker esophagus or nonspecific esophageal motility dis-
orders. In the case of DES, only anecdotal evidence exists.
The most convincing treatment data pertain to pneumatic
dilation or myotomy in patients with an extreme motor ab-
normality, suggesting that in these instances a major motor
disorder exists, analogous to vigorous achalasia. However, it
must be emphasized that the therapy of esophageal spasm is
typically a trial and error experience reflecting the extreme
inhomogeneity of the patient population. In the case of nut-
cracker esophagus and nonspecific esophageal motor disor-
ders, it remains unclear as to whether or not the peristaltic
aberrations cause the associated symptoms, and, to date, the
most effective therapies have been directed at gastro-
esophageal reflux disease (GERD) or neurosis.

CONCLUSIONS
Within the universe of esophageal motility disorders, acha-
lasia stands alone as a disease of well defined pathophysiol-
ogy, obvious functional consequences and reasonably effica-
cious therapies (Table 4). Partially overlapping achalasia is
DES, a disorder characterized by a severe (although often in-
termittent) peristaltic defect with functional and symptom-
atic consequences in some cases. Interestingly, DES most
likely responds to specific therapy when it has features similar
to vigorous achalasia, implying that it is part of a
pathophysiological continuum in these cases. Alternatively,
episodic esophageal spasm may be a manifestation of GERD,
a disorder for which very effective therapies exist (75). How-
ever, the paucity of therapeutic data on DES emphasizes the
rarity of this condition (Table 5). With respect to other
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Figure 1) The universe of esophageal motility disorders. Some overlap
exists between adjacent entities as suggested by the Venn diagram. The
attributes indicated on the left are increasingly relevant going down the di-
agram, while those at the right are increasingly applicable moving up the
diagram. GERD Gastroesophageal reflux disease
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esophageal motility disorders, the current therapy is as poorly
defined as are the disorders themselves (Figure 1). Yet, these
are the most prevalent manometric abnormalities detected in
clinical practice (nutcracker esophagus, hypertensive LES
and nonspecific disorders) characterized by peristaltic defects
without clear functional or symptomatic consequences. Al-
though in extreme instances these mimic DES in
symptomatology and can exhibit profound esophageal
hypercontractility, there is no evidence suggesting any rela-
tionship to achalasia. In fact, the clinical relevance of these
disorders is controversial given that they are inconstant find-
ings without an established link to symptomatology for
which no specific therapy is efficacious. Although it is tempt-
ing to attribute diagnostic dilemmas to these coexistent sub-
tle manometric abnormalities, supporting evidence has been
elusive (Table 5). Thus, available data do not support any
specific therapy aimed at the motility defects themselves. In
view of the unproven value of detecting these manometric

aberrations, practice guidelines currently do not support pur-
suing them in the evaluation of chest pain patients (76).
Rather, until the meaning of these aberrations of esophageal
motility are better understood, we should not overlook ther-
apy aimed at the most common esophageal disorder (GERD)
or more global conditions such as depression or somatization
neurosis that are often coexistent in these patients. Consis-
tent with these guidelines, clinical practice patterns have
shifted over the past decade, refocusing the utilization mano-
metric evaluations on dysphagia and as a preoperative evalu-
ation for antireflux surgery, as opposed to the evaluation of
chest pain (77,78).
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