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Introduction

Esophageal motility disorders are a broad range of diseases that can present
with a variety of symptoms. A careful clinical assessment can suggest the etiol-
ogy, but high-resolution esophageal manometry (HREM) is the gold standard
for diagnosis. Management depends on the type of motility disorder identified
and ranges from medical treatment to more definitive endoscopic and surgical
options.

Pathophysiology

Esophageal motility disorders result from dysfunction of one or more components of
esophageal peristalsis including esophageal body contraction and lower esophageal
sphincter (LES) relaxation. The smooth muscle of the esophageal body and LES are
modulated by inhibitory and excitatory innervation, and the specific neurologic defect
can dictate the pathologic outcome (Fig. 5.1). Inhibitory innervation, composed of
preganglionic neurons in the vagus and postganglionic neurons in the myenteric
plexus, results in the release of nitric oxide and vasoactive intestinal peptide, which
allows for relaxation of the LES and modulates contractility in the esophageal body.
When absent, disorders including achalasia (poor relaxation of the LES) and diffuse
esophageal spasm (DES) (poorly modulated contraction in the esophageal body) can
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Fig. 5.1 Pathophysiologic classification of motility disorders by impact of abnormal inhibitory
and excitatory innervation

result. Conversely, an increase in inhibitory innervation can result in increased tran-
sient LES relaxation (TLESR) episodes, accompanied by pathologic reflux.

Excitatory innervation, composed of vagal preganglionic and postganglionic
neurons, results in the release of substance P and acetylcholine, establishing basal
LES pressure and peristaltic contraction pressure. When absent, disorders including
hypotensive LES, which can be associated with reflux, and hypotensive peristalsis,
often seen in scleroderma, may result. Conversely, an increase in excitatory innerva-
tion may lead to disorders of hypertensive contractility, such as jackhammer
esophagus.

Traditionally, motility disorders have been classified into disorders of hypo-
contractility (such as achalasia types I and II, and scleroderma) and hypercontrac-
tility (such as DES, jackhammer esophagus, and type III “spastic” achalasia).
However, with the development of HREM and the Chicago classification to guide
interpretation and diagnosis, a new organizational hierarchy for motility disorders
was introduced (Fig. 5.2). Major disorders of motility are generally pathologic,
and often require advanced treatments such as surgery. These include achalasia,
esophagogastric junction outflow obstruction, DES, jackhammer esophagus, and
absent contractility. Minor disorders of motility may not always be pathologic or
result in clinical symptoms, and can include ineffective esophageal motility
(IEM), fragmented peristalsis, and other less well-defined diagnoses. We will be
using this framework to guide our discussion of specific motility diagnoses in the
following sections.
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Fig. 5.2 The Chicago Classification v3.0. Esophageal motility disorders are organized by major
disorders of motility (generally pathologic, including disorders of EGJ obstruction with poor LES
relaxation), and minor disorders of motility (which can be a normal variant). /RP integrated relax-
ation pressure, ULN upper limit of normal, PEP pan-esophageal pressurization, DL distal latency,
DCI distal contractile integral

Clinical Assessment

The clinical symptoms of patients with esophageal motility disorders depend upon
the etiology. Symptoms range from dysphagia to chest pain. Dysphagia to solids
and liquids, consisting of a sensation of food or liquid lodged in the esophagus after
initiation of a normal swallow, is one of the most common symptoms. Patients often
feel that the bolus is hung up at the level of the suprasternal notch, although this may
not be reflective of the actual location of the impacted food or liquid bolus. Learned
behaviors to aid in swallowing and compensate for symptoms include taking longer
to eat a meal, drinking fluids to clear food from the esophagus, eating smaller
amounts of food, and performing physical maneuvers such as standing or arching
the back to enhance bolus passage. Weight loss is common, and an indication for
expedited evaluation. Other possible symptoms include chest pain or discomfort
and/or regurgitation of liquid or food bolus.
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In achalasia, patients may complain of vomit that dribbles out onto their pillow
overnight. The main complication of untreated achalasia is the eventual develop-
ment of megaesophagus, which is irreversible. There is also a small risk of develop-
ing squamous cell cancer of the esophagus, although there is insufficient data to
support a screening program at present.

In DES, chest pain is often the predominant symptom. This pain can be triggered
by emotional stress and radiate to the back, lateral chest and both arms or jaw, which
can be confused with cardiac chest pain. In such cases, cardiology evaluation should
be prioritized to exclude the presence of cardiovascular disease.

In hypertensive or jackhammer esophagus, patients often complain of chest pain,
in addition to or in place of dysphagia. Interestingly, episodes of high-amplitude
contractions seen on esophageal manometry do not always correlate with symp-
toms, and can be a normal variant, so clinical correlation is essential when this pat-
tern is detected on motility testing. This is the only major disorder of motility that
may not be pathologic when detected on HREM.

In disorders of absent esophageal contractility, GERD symptoms are most prom-
inent, including heartburn, dysphagia, regurgitation, and chest pain. One such disor-
der of absent contractility is scleroderma, an autoimmune disease in which patients
may also develop concomitant pulmonary interstitial fibrosis from micro-aspiration
or from direct scleroderma involvement of lung tissue.

Patients with minor disorders of motility may complain of reflux symptoms or no
symptoms at all. Clinical correlation is required when these findings are seen on
HREM.

Diagnostic Procedures

Upper endoscopy is generally required in patients with suspected esophageal motil-
ity disorders to rule out mechanical causes, including stricture and malignancy. This
is especially important in patients presenting with alarm symptoms including dys-
phagia or weight loss. Additionally, biopsies of the mid- and distal esophagus should
be obtained to rule out eosinophilic esophagitis, an inflammatory condition causing
dysphagia which occurs when eosinophils infiltrate the esophageal mucosa.
Esophageal biopsies may also evaluate for evidence of infectious esophagitis,
including HSV and candida, which is in the differential diagnosis of dysphagia. In
achalasia, upper endoscopy is important to rule out gastroesophageal junction
tumors, which can result in secondary achalasia.

Laboratory testing can be used to support manometric diagnoses. In achalasia,
antibodies to the parasite 7. cruzi should be considered in patients with risk factors,
such as foreign travel, to evaluate for secondary achalasia due to parasitic infection.
Additionally, antineuronal antibodies should be checked when paraneoplastic syn-
dromes are suspected as the cause of secondary achalasia, particularly in patients
with small cell cancers of the breast or lung. In scleroderma, antibody testing to
topoisomerase-1 (Scl 70) can provide additional support for the diagnosis.
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Radiologic studies can also be useful in the assessment of motility disorders.
Barium swallow may demonstrate classic “bird-beaking” of the lower esophagus in
achalasia, or a corkscrew appearance of the esophagus in DES. In advanced achala-
sia, the esophagus may appear sigmoid with severe dilation and an acute angle in
the distal esophagus, or feature evidence of an esophageal diverticulum. There may
also be delayed emptying and impaired or absent peristalsis of the esophagus noted
as part of the study, which may be a more general signifier of dyskinesia. Chest
imaging may be used in achalasia to exclude secondary achalasia due to pulmonary
malignancy.

Multichannel intraluminal impedance and pH (MII-pH) testing may be helpful to
evaluate for contribution from acid or bolus reflux. Some motility disorders, such as
scleroderma, often co-present with reflux symptoms. Other findings, such as IEM,
are frequently detected in the presence of GERD, and are often associated with
evidence of increased reflux on MII-pH testing.

The gold standard for diagnosis of esophageal motility disorders is HREM. This
diagnostic tool measures esophageal peristalsis, baseline LES pressure and relax-
ation, and bolus transit. Esophageal manometry involves placement of a thin flexi-
ble catheter with sequential pressure sensors transnasally into the stomach,
traversing the esophagus and LES in the process. Patients are asked to take ten
swallows with 5 mL of water in the supine position, and in some centers, an addi-
tional ten swallows with thick gel is also performed. Recently, as mentioned above,
the Chicago classification was proposed to provide an organizational scheme for the
diagnosis of motility disorders, dividing them into major and minor disorders based
on manometric parameters [1]. This classification system allows for greater stan-
dardization in the diagnosis and classification of motility disorders. The Chicago
parameters include the distal contractile integral (DCI), distal latency (DL), con-
tractile deceleration point (CDP), and integrated relaxation pressure (IRP)
(Table 5.1, Figs. 5.2 and 5.3). The DCI is the product of the mean amplitude of
contraction in the distal esophagus (mmHg), duration of contraction (seconds), and
the length of the distal esophageal segment (cm)—essentially a measure of distal

Table 5.1 Definitions and threshold values of high resolution esophageal manometry parameters
referenced in the Chicago classification of motility disorders

Metric Definition

Integrated relaxation pressure (IRP) | Measure of LES relaxation

Abnormal: >15 mmHg, or higher depending on HREM
machine model

Distal latency (DL) Measure of esophageal spasm/spontaneous swallow
Abnormal: <4.5 s
Distal contractile integral (DCI) Measure of distal esophageal contractile force

Failed: <100 mmHg-s-cm

Weak: 100-450 mmHg-s-cm
Normal: 450-8000 mmHg-s-cm
Hypertensive: >8000 mmHg:-s-cm
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Fig.5.3 Chicago Classification Parameters on High Resolution Esophageal Manometry. The blue dot
signifies the contractile deceleration point (CDP). UES upper esophageal sphincter, DCI distal contrac-
tile integral, DL distal latency, /RP integrated relaxation pressure, LES lower esophageal sphincter

esophageal contractile force. It is considered failed if less than 100 mmHg-s-cm,
weak if less than 450 mmHg-s-cm, and hypercontractile if greater than
8000 mmHg:s-cm. DL is measured from the time of upper esophageal sphincter
relaxation to an inflection in the peristaltic axis, or CDP, and is considered prema-
ture if less than 4.5 s. DL is a measure of esophageal spasm. The IRP is measured
as the mean EGJ pressure during the 4 s of maximal relaxation in the first 10 s after
upper esophageal sphincter relaxation, relative to gastric baseline, and is considered
elevated if greater than 15 mmHg, though this cutoff is dependent on the model of
HREM machine. IRP is a measure of LES relaxation.

The first two diagnoses in the Chicago classification hierarchy are ones in which
the median IRP is elevated, reflecting poor LES relaxation.

HREM is a sensitive method to diagnose achalasia [2]. Manometric parameters
that meet criteria for achalasia include median IRP >15 mmHg across all swallows,
with 100% failed peristalsis or esophageal spasm. HREM allows for achalasia to be
classified into three subtypes based on the pattern of contractility in the esophagus,
with implications for treatment success. Type I “classic” achalasia is defined by
failed contractions without esophageal pressurization. Type II achalasia is charac-
terized by aperistalsis with pan-esophageal pressurization. Type III “spastic” acha-
lasia is defined by high amplitude spastic or premature contractions [1]. Type II
achalasia is the most common subtype and is most responsive to treatment, whereas
type III achalasia is the least common subtype and is also the least treatment
responsive.
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Esophagogastric junction outflow obstruction (EGJOO) is characterized manomet-
rically by impaired LES relaxation with median IRP >15 mmHg but normal or weak
peristalsis. In some cases, this may reflect incompletely expressed achalasia, and
should be monitored closely. It is also important to exclude mechanical obstruction.

The next three diagnoses feature normal IRP, accompanied by other abnormal
parameters.

DES is characterized manometrically by a normal IRP, but with simultaneous,
non-peristaltic contractions featuring DL less than 4.5 s, in at least 20% of swallows.
The non-peristaltic contractions are due to loss of inhibitory nerve function in the
esophagus, similar to achalasia, and the contractions themselves can have either
increased or decreased amplitudes. One distinguishing feature from Type III achala-
sia is that with DES, the lower esophageal sphincter is spared and relaxes normally.

Hypertensive esophagus, or “jackhammer” esophagus, is characterized mano-
metrically by a normal IRP and normal DL, but with a DCI greater than 8000 in at
least 20% of swallows.

Absent contractility is defined by normal IRP with evidence of aperistalsis. It
encompasses diagnoses such as scleroderma, which is not a distinct diagnosis in the
Chicago classification. Hypotensive LES may also be seen in scleroderma.

The preceding diagnoses are considered major disorders of peristalsis, which are
generally pathologic.

Minor disorders of peristalsis include IEM defined by greater than 50% failed or
weak swallows, and fragmented peristalsis defined by greater than 50% contrac-
tions with peristaltic breaks of at least 5 cm. These findings are not always clinically
significant, so clinical correlation is recommended before pursuing treatment.

Treatment Options
Achalasia

Treatment ranges from pharmacologic therapy, to endoscopic and surgical interven-
tions, which are more invasive but also more effective. The goal of therapy for all
approaches is to decrease the resting LES pressure, allowing for passage of solids
and liquids into the stomach. Overall, treatment response is highest for patients with
Type II achalasia.

Pharmacologic Options

Medical therapy has limited efficacy in the treatment of achalasia. In patients who
cannot tolerate any endoscopic or surgical intervention, nitrates and calcium chan-
nel blockers may be used to decrease LES pressure to enhance bolus clearance.
However, these medications tend to be short-acting, with maximum pharmacologic
duration of 120 min, and are often limited by side effects including dizziness and
headaches [3]. Thus, medical therapy should be avoided as long as endoscopic or
surgical options remain viable.
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Endoscopic Botulinum Toxin Injection

Botulinum toxin A (Botox) inhibits acetylcholine release. When injected into the
LES, it lowers LES pressure. Approximately 25 units of Botox total are injected into
the four quadrants of the LES. Initial response rates are high at 80%, but the effect
seems to be transient, with many patients requiring repeat injections with dimin-
ished efficacy over time [4—6]. This may be due to antibody formation to the toxin
as well as fibrosis of the LES from repeated treatments. In spite of this, Botox does
benefit from minimal side effects and ease of delivery, and is therefore most often
reserved for non-surgical candidates with achalasia, such as elderly patients.

Pneumatic Dilation

Pneumatic dilation uses air filled balloons under high pressure to mechanically dis-
rupt the smooth muscle of the distal esophagus and LES. The dilators typically
range in size from 30 to 40 mm. Pneumatic dilation is performed using fluoroscopic
guidance with the balloon crossing the LES. Usually two or more dilations are
required, resulting in high remission rates at 1-5 years after treatment. Four percent
of dilations cause perforations requiring surgical repair, which is more common in
patients requiring serial dilations compared to single dilation [7]. Perforation,
though rare, is more frequent with balloons greater then 30 mm, and with the initial
dilation [8]. Relapse is more likely to occur in males, subjects with extreme esopha-
geal dilatation, younger age (<40), and poor bolus emptying on timed barium swal-
low [7, 9, 10]. Because pneumatic dilation is less invasive than myotomy, it is often
the preferred approach in subjects with surgical risk factors, such as older age and
medical comorbidities.

Heller Myotomy

First performed in 1913, the Heller myotomy is now performed laparoscopically
and usually with an extended myotomy into the cardia of the stomach. The extended
myotomy allows for further reduction of LES pressures to a goal of <10 mmHg.
However, this comes at the risk of significant reflux. To help mitigate this risk, a
partial fundoplication (either anterior Dor with 180° wrap, or posterior Toupet with
270° wrap) is also performed [11, 12]. Symptomatic improvement occurs in 90% of
patients post-operatively, though efficacy does decrease with time [4]. The most
common complication is GERD requiring PPI treatment in upwards of 40% of
patients, even when a partial wrap is performed. However, a complete wrap or
Nissen fundoplication is usually avoided, since it can become difficult to distinguish
post-operative dysphagia from a tight wrap versus an incomplete myotomy. In cer-
tain cases of Type III achalasia, the myotomy can be extended proximally in the
esophagus to address severe esophageal spasticity.

Laparoscopic Heller myotomy is superior to a single pneumatic dilation but this
difference dissipates with graded pneumatic dilations guided by clinical symptoms.
A meta-analysis comparing graded pneumatic dilation to laparoscopic myotomy
determined myotomy was more effective than pneumatic dilation, but there were no
differences in reflux rates and LES pressure [13]. The largest trial included in the
meta-analysis found no significant difference in success rate for pneumatic dilation
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(90%) versus Heller myotomy (93%) at 1 year [14]. Five years after treatment, there
remained no significant difference in success rates between the myotomy and pneu-
matic dilation groups [15].

Endoscopic Myotomy

Per-oral endoscopic myotomy (POEM) is a newer alterative to surgical myotomy. It
is a form of natural orifice transluminal endoscopic surgery (NOTES). This is an
incisionless surgery performed with a flexible endoscope, with submucosal tunnel-
ing made distal to the mucosal incision. Contraindications include severe esophagi-
tis, coagulation disorders, prior therapy with possible submucosal fibrosis such as
radiation, endoscopic mucosal resection, and portal hypertension. The technique
involves four steps: (1) mucosal incision with entry into the submucosa, (2) forma-
tion of a submucosal tunnel, (3) myotomy, and (4) closure of the mucosal incision.
In POEM, the circular muscle of the LES is disrupted and the longitudinal muscle
layer is left intact. The technique involves insertion of a flexible endoscope into the
esophagus and use of a very small electrosurgical knife through the instrument
channel of the endoscopy. A small mucosal incision is made in the mid esophagus
so that the endoscope can then enter into the 1-2 mm submucosal space between the
mucosa and muscularis propria. This space is expanded with saline injections to
provide space for insertion of the 10-mm endoscope, which is subsequently
advanced to create a tunnel into the gastric cardia. A myotomy is then performed
within the tunnel. The length of the myotomy depends upon the underlying disorder
and is typically longer in spastic esophageal disorders compared to achalasia sub-
type I or II. Finally the original mucosal incision is closed with sutures or endo-
scopic clips [16]. Typically patients are admitted to the hospital overnight for
observation and given prophylactic antibiotics and antiemetics. An esophagram is
obtained the day after the procedure to rule out an esophageal leak and the diet is
advanced to a soft diet for the next 2 weeks. POEM is a safe procedure with low
rates of adverse events which include pneumoperitoneum, pneumothorax, bleeding,
mucosal perforation and gastroesophageal reflux (which is of concern since a partial
fundoplication cannot be performed at the time of POEM unlike during laparo-
scopic Heller myotomy). POEM has demonstrated a high rate of clinical success
(82-100%) and is comparable to laparoscopic Heller myotomy in safety and effi-
cacy based on a recent meta-analysis [17]. POEM is also effective and safe in
patients who have refractory or recurrent symptoms despite prior surgical or endo-
scopic treatment [18].

EGJ Outflow Obstruction

There are no specific treatments for EGJOO since the etiology of this entity is not
well understood. It may be a variant of or represent early achalasia. Alternatively,
it may be caused by abnormal anatomy at the cardia including a hiatal hernia.
The same treatment options available for achalasia may be applied for
EGJOO. However, as many as one-third of patients diagnosed with EGJOO
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experience spontaneous symptom resolution without specific intervention.
Medical therapies such as calcium channel blockers and nitrates may be used, but
only 50% of patients experience a response [19]. More invasive treatment options
including Botox injection, pneumatic dilation, or surgery are all highly effica-
cious with favorable outcomes, but given the unclear natural history of this diag-
nosis, are reserved for severe cases. Recently, the use of acotiamide hydrochloride,
a prokinetic drug approved for functional dyspepsia, may offer some treatment
benefit in EGJOO. Acotiamide acts as an acetylcholinesterase inhibitor with pro-
kinetic activity and improved gastric emptying, and 83.3% of EGJOO patients
reported at least some symptomatic improvement as well as normalization of the
IRP following its use [20-22].

Diffuse Esophageal Spasm

Treatment of DES can be difficult and therapy is mainly focused on symptom con-
trol, primarily because of the current lack of understanding of the underlying etiol-
ogy of DES and dearth of controlled therapeutic trials. Proton pump inhibitors and
histamine receptor antagonists may be used to address any contribution from acid
reflux, which has the potential to induce or be a consequence of esophageal spasm.
Smooth muscle relaxants including nitrates and calcium channel blockers, anticho-
linergics, and phosphodiesterase-5 inhibitors are used to decrease LES pressure and
esophageal contraction amplitude. While nitrates have not been tested in a con-
trolled fashion in patients with DES or other spastic disorders, they have been dem-
onstrated manometrically to prolong the DL and decrease distal contraction
amplitude [23]. Phosphodiesterase-5 inhibitors such as sildenafil block the break-
down of nitric oxide and thereby prolong smooth muscle relaxation [24]. Many of
these therapies are limited by side effects such as headache and dizziness. Low dose
antidepressants (tricyclic antidepressants, serotonin receptor inhibitors, trazodone)
are effective in improving chest pain caused by DES, though data does not demon-
strate any effect on motility. This suggests that visceral hypersensitivity could be a
major driver of symptoms [25]. Studies have demonstrated that more invasive tech-
niques such as empiric bougie dilation or Botox injection of the LES alone do not
significantly improve symptoms, though data is more promising when considering
Botox injection of the esophageal body [26, 27]. Pneumatic dilation, while effective
in the treatment of achalasia, has not been proven in DES. Limited data demon-
strates some improvement with an extended Heller myotomy, but this invasive
approach is reserved for refractory patients [28]. A recent systematic review and
meta-analysis demonstrated POEM as an effective and safe treatment modality for
spastic esophageal disorders including type III achalasia, diffuse esophageal spasm
and jackhammer esophagus [29].

Overall, treatment of DES should be approached in a stepwise fashion. First, the
patient should be placed on antireflux medication. If this therapy is ineffective, a
smooth muscle relaxant such as a calcium channel blocker or a treatment for vis-
ceral hypersensitivity such as tricyclic antidepressant can be tried. If symptoms
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persist, more invasive treatments such as Botox injection can be considered. Finally,
surgery is reserved for patients who fail all other treatment modalities.

Hypercontractile (Jackhammer) Esophagus

Similar to DES, therapy of hypercontractile esophagus is aimed at symptom con-
trol, as the underlying pathophysiology remains poorly understood. Treatment is
dictated by the predominant clinical complaint. Smooth muscle relaxants including
nitrates and calcium channel blockers, as well as anticholinergic medications, may
be applied to treat symptoms of dysphagia. For subjects with noncardiac chest pain,
tricyclic antidepressants may help address the clinical contribution from visceral
hypersensitivity. In severe cases, Botox injection in the esophageal body has resulted
in clinical improvement in dysphagia symptoms and may be an option for select
patients [27].

Absent Peristalsis/Scleroderma Esophagus

The current treatment of absent esophageal peristalsis includes aggressive reflux
management, with use of proton pump inhibitors at maximum dose. Unfortunately,
prokinetic medications have not demonstrated clinical utility in this patient popula-
tion. Scleroderma esophagus is a connective tissue disorder that affects the smooth
muscle of the esophagus, resulting in aperistalsis and decreased LES pressure.
Antireflux surgery has been discouraged because of the risk of significant post-
operative dysphagia with decreased or absent peristalsis of the esophageal body,
although some studies have proposed partial fundoplication to manage severe
GERD symptoms in select patients with absent peristalsis [30]. Esophageal stric-
tures may develop from significant uncontrolled reflux and often require dilation.

Ineffective Esophageal Motility

Treatment options are limited for [IEM. Because most cases are associated with
GERD, treatment is aimed at antireflux control. Buspirone is a serotonin receptor
agonist which may enhance LES resting pressure in IEM, and presents a possible
treatment for IEM regardless of reflux association, in patients with clinical symp-
toms of dysphagia [31].

Fragmented Peristalsis

Similar to IEM, treatment options are limited in fragmented peristalsis because the
clinical implications of this diagnosis remain unclear. Treatment tends to be focused
on management of concomitant GERD.
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Summary

Esophageal motility disorders are a broad category of diseases with a variety of
symptoms, including dysphagia and chest pain. The pathophysiology is not always
fully understood, but may involve alterations in inhibitory or excitatory innervation
of the smooth muscle of the distal esophagus and LES. The gold standard in diag-
nosis is HREM, and the Chicago classification offers an organizational framework
for better evaluation and management. Major disorders of motility are generally
pathologic, and include achalasia, EGJOO, DES, hypertensive esophagus, and
absent peristalsis, such as scleroderma. Minor disorders including IEM may be
associated with GERD or have no clinical correlation. Treatments are targeted at the
particular diagnosis. In achalasia, endoscopic and surgical options are preferred. For
the remaining motility diagnoses, medical management forms the mainstay of treat-
ment, which can be limited by side effect profiles.
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