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Dysphagia, heartburn, regurgitation, and noncardiac chest 
pain are symptoms of aberrant esophageal motility and reflux disease. 
Gastroesophageal reflux disease (GERD) is the second most common gas-

trointestinal diagnosis in the ambulatory setting, the most common being ab-
dominal pain.1 GERD affects 18 to 28% of people living in North America.2 Poten-
tial complications of GERD include stricture, Barrett’s esophagus, and esophageal 
adenocarcinoma. In terms of health care costs, disorders of the esophagus con-
sumed $18.1 billion in the year 2015 (second only to hepatitis); $12.4 billion of 
this spending was on acid-inhibition therapy (H2 blockers and proton-pump in-
hibitors).1 Esophageal motility disorders and GERD are benign in nature, with 
minimal associated mortality but a substantial effect on the quality of health.

L ow er Esoph age a l Sphinc ter

The sphincter mechanism at the esophagogastric junction consists of the lower 
esophageal sphincter, made up of smooth muscle, and the crural diaphragm, 
made up of skeletal muscle — referred to as the internal and external lower esopha-
geal sphincter, respectively. The smooth muscles of the lower esophageal sphincter, 
organized as clasp and sling fibers3 (Fig. 1A), have different physiological proper-
ties and neural innervation.4,5 Three-dimensional reconstructions of cross-section-
al views of the human lower esophageal sphincter show its unique myoarchitec-
ture.6,7 The circular muscles of the lower esophageal sphincter cross each other at 
the angle of His and continue into the stomach as sling fibers; this latter portion 
of the lower esophageal sphincter has been known by several names, including the 
inner oblique layer of the stomach, the collar of Helvitus (named in 1719), and the 
cardiac loop of Willis (named in 1674).8 The right crus of the diaphragm also has 
unique myoarchitecture; it divides into two bundles, and the muscle fascicles cross 
each other at the posterior–inferior and ventral–superior ends of the hiatus in a 
scissorlike fashion and encircle the esophagus (Fig. 1B).7 The muscle fascicles of 
the external anal sphincter also cross at the dorsal and ventral ends of the anal 
canal.9 Whether each sphincter in the body has unique myoarchitecture requires 
study, because it has important implications for how each one brings about the 
circumferential closure of orifices and how dysfunctional states might arise.

The lower esophageal sphincter and crural diaphragm are anatomically super-
imposed10 and tightly anchored by the two leaves of phrenoesophageal ligament; 
these leaves originate from the surface of the diaphragm, one from the thoracic 
surface and the other from the abdominal surface. The two leaves are inserted into 
the adventitia of the esophagus and into connective tissue between the longitudi-
nal and circular muscles.11 The lower esophageal sphincter is innervated by the 
vagus (parasympathetic or inhibitory) and spinal (sympathetic or excitatory) nerves 
and by neurons of the myenteric plexus (excitatory and inhibitory).12 The crural 
diaphragm is innervated by two phrenic nerves. The high-pressure zone of the 
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lower esophageal sphincter is shorter and has 
higher pressures along the greater curvature of 
the stomach and is longer and has lower pres-
sures in the area toward the lesser curvature. The 
tone of the lower esophageal sphincter is mostly 
myogenic.13 Excitatory and inhibitory neurons of 
the myenteric plexus and many neurohumoral 
factors play roles in the modulation of the tone.14

The crural diaphragm provides extrinsic “squeeze”; 
it increases esophagogastric junction pressure 
during inspiration, coughing, sneezing, or bend-
ing to guard against increases in pressure gradi-
ents between the chest and the abdomen.15

 Ph ysiol o gy of Esoph age a l 
Per is ta l sis

Each volitional act of swallowing elicits relax-
ation of the upper and lower esophageal sphinc-
ters and any ongoing esophageal contraction 

(deglutitive inhibition), followed by sequential or 
peristaltic contraction. Repetitive swallowing at 
short intervals (of <4 seconds) induces sustained 
inhibition of the esophagus and lower esopha-
geal sphincter and one peristaltic contraction at 
the end of the last swallow.16 Neural control of 
skeletal and smooth muscle of the esophagus 
occurs through the nucleus ambiguus and dor-
somotor nucleus of the vagus nerve (in the brain 
stem), respectively. The myenteric plexus, which 
contains excitatory neurons (releasing acetylcho-
line and substance P) and inhibitory neurons 
(releasing nitric oxide and vasoactive intestinal 
polypeptide) and is located between the circular 
and longitudinal muscles of the esophagus, pro-
vides the local control mechanism.17

During peristalsis, circular and longitudinal 
muscles contract and relax in a synchronous 
fashion, and a liquid bolus travels through the 
esophagus in the shape of an American football 

Figure 1. Myoarchitecture of the Lower Esophageal Sphincter and Hiatus.

Panel A shows the microscopic myoarchitecture of the circular and longitudinal muscle layers of the lower esophageal sphincter and 
stomach. The circular muscle fibers of the esophagus cross each other at the angle of His to continue as the oblique muscle fibers (in-
nermost muscle layer of the stomach) on the ventral and dorsal surface of the stomach. Panels B and C show the microscopic anatomy 
of the esophageal hiatus in superior view and posterior view, respectively. The two bundles of the right crus cross each other first and 
then encircle the esophagus to form the esophageal hiatus at the posterior–inferior and anterior–superior ends.

A Myoarchitecture of lower esophageal sphincter

Circular muscle
(esophagus)

Circular muscle
(stomach)

Anterior

Posterior

Longitudinal muscle
(stomach)

Clasp fibers

Mucosa

Longitudinal muscle 
(esophagus)

Distal esophageal circular muscle
fibers cross at the angle of His to form

the sling fibers on the stomach

C

B

Right crusLeft crus

Right arm
of right crus

Left arm
of right crus

Left crus

The New England Journal of Medicine 
Downloaded from nejm.org by LUIZ FERNANDES on November 11, 2020. For personal use only. No other uses without permission. 

 Copyright © 2020 Massachusetts Medical Society. All rights reserved. 



n engl j med 383;20 nejm.org November 12, 2020 1963

Esophageal Motility Disorders and GERD

(Fig. 2A).18 The fact that the bolus takes on this 
shape implies that similar to contraction, relax-
ation of the esophagus moves sequentially along 
the length of esophagus. Longitudinal muscle 
contraction in the contracted segment of the 
esophagus results in esophageal shortening and 
sliding between the circular and longitudinal 
muscle layers in the distended segment. Motor 
neurons of the myenteric plexus layers are mecha-
nosensitive, which raises the possibility that 
longitudinal muscle contraction in the contracted 
segment of the esophagus might be responsible 
for the activation of mechanosensitive inhibitory 

motor neurons, resulting in relaxation of the 
circular muscles distal to the contraction and 
thereby leading to relaxation of the lower esoph-
ageal sphincter.17 Esophageal distention is an 
important stimulus of esophageal peristalsis; a 
change in posture from supine to upright and 
the Trendelenburg position affect the amplitude 
of esophageal contraction and relaxation. Axial 
shortening of the esophagus during peristalsis 
and lifting of the lower esophageal sphincter (by 
2 to 3 cm) are critical for relaxation of the lower 
esophageal sphincter; these also result in physio-
logic herniation of the stomach into the chest 

Figure 2. Esophageal Function in a Person with Normal Function and in a Patient with Achalasia Esophagus.

Contraction behind and relaxation ahead of the bolus are the essential elements of peristalsis. In a normally func-
tioning esophagus, the bolus travels the esophagus in the shape of an American football (Panel A), and manometry 
shows normal lower esophageal sphincter relaxation and normal peristalsis (Panel B). In a patient with achalasia 
esophagus, partial esophageal emptying is seen (Panel C), and manometry shows poor lower esophageal sphincter 
relaxation and an absence of peristalsis (Panel D).
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that appears as a phrenic ampulla on radiologic 
barium swallow studies.19 Emptying of the phren-
ic ampulla, which takes place more slowly than 
emptying of the esophagus, is not due to peri-
stalsis; rather, it is related to descent of the 
lower esophageal sphincter from an intratho-
racic to an intraabdominal location.20

Esoph age a l Mo tili t y Disor der s

The esophageal motility disorders are catego-
rized as secondary and primary disorders. The 
pathogenesis of secondary motility disorders is 
associated with systemic diseases (Table 1). 
Among patients with scleroderma, 70% have 
involvement of the esophagus, with replacement 
of muscles by fibrous tissue and dysfunction of 
the cholinergic nerves.21,22 Loss of peristalsis and 
a hypotensive lower esophageal sphincter result 
in severe reflux disease and stricture in patients 
with scleroderma esophagus. Patients with dia-
betes mellitus have hypotensive and multipeaked 
esophageal peristaltic contraction related to in-

volvement of autonomic neuropathy that may 
result in mild dysphagia and an increased risk 
of GERD.23 Infiltration of the lower esophageal 
sphincter by neoplastic processes, such as ade-
nocarcinoma of the stomach, results in second-
ary achalasia. Primary or idiopathic esophageal 
motility disorders are of interest because they 
are much more common than secondary esoph-
ageal motility disorders, their pathogenesis re-
mains mysterious, and new diagnostics and 
therapeutic agents have been targeted toward 
these disorders.

High-resolution manometry performed with 
closely spaced pressure sensors and with pres-
sures displayed as colored topographic plots 
(Fig. 2B) is the current standard for diagnosing 
esophageal motility disorders. Increases and de-
creases in the vigor of esophageal contractions 
in the distal esophagus, shorter latency of distal 
esophageal contraction, and impaired relaxation 
of the lower esophageal sphincter are key crite-
ria used in the Chicago classification of primary 
esophageal motility disorders.24 The classification 

Table 1. Primary and Secondary Esophageal Motility Disorders.

Disorder Details

Primary or idiopathic esophageal motility 
disorders

Major

Achalasia esophagus types 1, 2, and 3 Impaired relaxation of the lower esophageal sphincter and no peristalsis

Esophagogastric junction outflow 
obstruction

Impaired relaxation of the lower esophageal sphincter and normal peristalsis

Distal esophageal spasm Normal relaxation of the lower esophageal sphincter and reduced latency of 
distal esophageal contraction

Hypercontractility of the esophagus Also called nutcracker or jackhammer esophagus; normal relaxation of the 
lower esophageal sphincter with high-amplitude peristaltic contractions

Minor

Ineffective esophageal peristalsis Low-amplitude esophageal contractions or fragmented esophageal peristalsis

Secondary esophageal motility disorders

Myasthenia gravis Low pressure of upper esophageal sphincter and esophageal muscle fatigue 
with repetitive swallowing

Dermatomyositis Low pressure of upper esophageal sphincter and esophageal muscle fatigue 
with repetitive swallowing

Scleroderma esophagus Low to absent pressure of lower esophageal sphincter; absence of esopha-
geal contractions and peristalsis in smooth muscle of the esophagus

Connective-tissue disorders Low to absent pressure of lower esophageal sphincter; absence of esopha-
geal contractions and peristalsis in smooth muscle of the esophagus

Diabetes mellitus Low-amplitude, multipeaked esophageal contractions and low pressure of 
the lower esophageal sphincter

Secondary achalasia esophagus Associated with neoplastic infiltration of lower esophageal sphincter or 
Chagas’ disease
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scheme for esophageal motility disorders is not 
based on histologic characteristics; whether 
these disorders represent a spectrum of the same 
disease or different disease entities remains un-
known.

Impaired relaxation of the lower esophageal 
sphincter and absence of peristalsis are the key 
diagnostic criteria for achalasia esophagus. For 
patients with this disorder, swallowing rather 
than peristalsis induces the simultaneous pres-
sure waves in the esophagus (pressurization) 
that are responsible for esophageal emptying, 
although the emptying in these patients is in-
complete. On the basis of the amplitude of pres-
surization, achalasia esophagus has been cate-
gorized into three types that have prognostic 
significance — types 1, 2, and 3 — with the 
amplitude of pressurization increasing from 
type 1 to type 3. Of the three types of achalasia 
esophagus, type 2 has the best response to 
medical and surgical treatment, and type 3 has 
the worst response.

Distal esophageal spasm is characterized by 
reduced latency of distal esophageal contraction, 
and nutcracker (or jackhammer) esophagus is 
characterized by a greater-than-normal ampli-
tude of distal esophageal contractions that are 
peristaltic. Low pressure of the lower esophageal 
sphincter and low-amplitude esophageal con-
tractions (ineffective esophageal peristalsis) are 
generally associated with reflux disease.

A relatively new diagnostic technique involves 
a functional lumen imaging probe (FLIP) system, 
which can also be used to diagnose esophageal 
motility disorders at the time of upper endoscopy 
in a patient who is under sedation; this tech-
nique is associated with less catheter-related 
discomfort for the patient than high-resolution 
manometry. FLIP measures distensibility (open-
ing and compliance) function of the lower esoph-
ageal sphincter and esophagus and the direction 
of peristalsis (antigrade or retrograde).25 FLIP is 
also useful in assessing the completeness of 
myotomy in achalasia and possible tightness of 
Nissen’s fundoplication.26

Patho genesis  of S ymp t oms in 
Esoph age a l Mo tili t y Disor der s

Dysphagia, chest pain, heartburn, and regurgi-
tation are symptoms of esophageal motility 
disorders. The intensity of individual symptoms 
varies, depending on the diagnosis; for example, 

dysphagia and weight loss are prominent in 
achalasia, and chest pain (imitating cardiac an-
gina, sometimes debilitating) is the presenting 
symptom in patients with distal esophageal 
spasm and hypercontractile (nutcracker or jack-
hammer) esophagus. Dysphagia in patients with 
nutcracker or jackhammer esophagus and in 
patients with type 3 achalasia may be related to 
low compliance or a lack of relaxation of the 
distal esophagus, which causes alteration in 
the bolus flow pattern in the esophagus.27 Surgi-
cal or medical therapy targeted toward ablation 
of the lower esophageal sphincter only (pneu-
matic dilation, Heller’s myotomy, or onabotu-
linumtoxinA injection into the lower esophageal 
sphincter) may not work well in these patients.20,28 
A long myotomy extending up to the aortic arch, 
which was used to treat diffuse esophageal 
spasm in the past, is a better therapeutic option 
for these patients.29

The genesis of esophageal pain and heart-
burn in esophageal motility disorders is multi-
factorial. Patients with esophageal pain have a 
hypersensitive and low-compliance (rigid) esoph-
agus.30 Many different stimuli can cause esopha-
geal pain, including GERD, sustained contrac-
tion of longitudinal muscle,31 low blood flow in 
the esophageal wall,32 up-regulation of nocicep-
tive receptors in esophageal mucosa (e.g., vanilloid 
receptor 1 and acid-sensitive ion channel), hyper-
sensitivity of the spinal and supraspinal neural 
pathways,33,34 and cortical hypervigilance.35,36

In advanced cases of achalasia (i.e., types 1 and 
2), myenteric ganglia are completely replaced by 
fibrous tissue. However, in patients with type 3 
(spastic) achalasia, ganglia are present but sur-
rounded by chronic inflammatory cells — T 
(predominantly) and B lymphocytes. Infection 
with herpes simplex virus, measles virus, or hu-
man papillomavirus, because of their affinity for 
squamous epithelium and neurotropism in a 
genetically susceptible host, is thought to be the 
cause of autoimmune destruction of myenteric 
neurons.37 Cytokines released by T lymphocytes 
and antineuronal antibodies that are present in 
the serum of patients with achalasia may cause 
up-regulation of genes that results in an imbal-
ance between excitatory motor neurons (increas-
ing activity) and inhibitory motor neurons (re-
ducing activity) in spastic achalasia.

Ultrasound imaging of the esophagus reveals 
esophageal muscle hypertrophy and an increase 
in muscle mass; these findings are more pro-
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nounced in patients with achalasia than in pa-
tients with distal esophageal spasm and more 
pronounced in patients with distal esophageal 
spasm than in patients with nutcracker esopha-
gus (Fig. 3).38 Studies in animals show that 
esophageal outflow obstruction leads to a cork-
screw appearance on barium swallow examina-
tion, muscle hypertrophy,39 inflammatory 
changes around the myenteric plexus,40 and loss 
of inhibitory innervation,41 findings similar to 
those in patients with achalasia. FLIP studies 
show poor distensibility of the lower esophageal 
sphincter in most patients with primary esopha-
geal motility disorders.25

A dysfunctional lower esophageal sphincter 
or esophagogastric junction may be the main 
abnormality in all primary esophageal motility 
disorders, and changes in esophageal muscle 
and myenteric neurons are secondary to outflow 
obstruction caused by dysfunctional lower esoph-
ageal sphincter. Recently, abnormalities of the 
crural diaphragm have been reported in patients 
with achalasia, which raises the possibility that 
a dysfunctional hiatus may be one of the causes 
of major esophageal motility disorders.42

Medic a l a nd Surgic a l Ther a py 
for Esoph age a l Mo tili t y 

Disor der s

Medical and surgical treatment methods are 
more effective in achalasia than in other esoph-
ageal motility disorders. Loss of peristalsis in 
achalasia is generally not reversible. The pharyn-
geal pump and gravity are adequate for propel-
ling a swallowed bolus to the distal esophagus. 
Reducing resistance to outflow by a dysfunc-
tional lower esophageal sphincter is the main-
stay of treatment for achalasia esophagus. It can 
be achieved by several approaches: endoscopic 
injection of botulinum toxin into the lower 
esophageal sphincter, pneumatic dilatation, per-
oral endoscopic myotomy, and surgical myotomy.

The onabotulinumtoxinA injection provides 
partial symptom relief for approximately 6 months 
in patients with achalasia, and it can be repeated 
several times. OnabotulinumtoxinA injection re-
duces lower esophageal sphincter pressure and 
paralyzes the crural diaphragm; it also promotes 
GERD.43 Pneumatic dilatation of the lower 
esophageal sphincter with a 30-mm, 35-mm, or 
40-mm balloon, an outpatient procedure, is an 
effective treatment with efficacy similar to that 

of the Heller’s myotomy.44 However, dilatations 
need to be repeated every few years. Perforation 
of the esophagus (incidence, 1 to 2%) is a seri-
ous complication of pneumatic dilatation. Lapa-
roscopic Heller’s myotomy with partial fundo-
plication (Dor’s procedure) is the treatment of 
choice for achalasia.45 Peroral endoscopic myot-
omy has received worldwide attention,46,47 and 
studies have shown that it has efficacy similar to 
that of Heller’s myotomy.45 The dysphagia out-
comes with peroral endoscopic myotomy are 
better than those with pneumatic dilatation and 
similar to those with Heller’s myotomy. GERD is 
more common after peroral endoscopic myoto-
my (40%), possibly because partial fundoplica-
tion is not possible. However, peroral endo-
scopic myotomy allows a long myotomy, which 
is needed for the treatment of achalasia type 3 
and distal esophageal spasm.

Some patients have both esophageal motility 
disorders and GERD; hence, a brief trial course 
of acid-inhibition therapy is warranted in pa-
tients with predominant heartburn and chest 
pain. Medical therapy for spastic esophageal 
motility disorders with calcium-channel blockers 
or onabotulinumtoxinA injection into the lower 
esophageal sphincter works in selected patients. 
However, the results of controlled trials have not 
been uniformly positive,48 probably because of 
heterogeneity of the pain mechanisms. Esopha-
geal pain in esophageal motility disorders does 
not respond well to medical and surgical thera-
pies. Dysphagia in the context of normal find-
ings on esophagogastric duodenoscopy, biopsy, 
and high-resolution manometry (functional dys-
phagia) may respond to empirical esophageal 
dilatation. Esophageal motility disorders are 
benign disorders that rarely progress over time 
and lack curative treatments; hence, therapy 
should be conservative in mild cases. Dietary 
and lifestyle modifications and sublingual ad-
ministration of nitroglycerine or hyoscyamine 
may be effective in patients with infrequent 
esophageal pain.

Patho genesis  of GER D

GERD is a condition in which a normal physio-
logical event is affected by an imbalance be-
tween aggressive and defensive factors (Fig. 4A). 
Reflux of gastric contents generally occurs 
through three mechanisms: transient relaxation 
of the lower esophageal sphincter (Fig. 4C), low 
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pressure of the lower esophageal sphincter, and 
sliding hiatus hernia.

Transient relaxation of the lower esophageal 
sphincter is the major mechanism underlying 
belching and reflux in healthy persons and in 
patients with GERD without hiatus hernia.49

Transient relaxation of the lower esophageal 

sphincter is accompanied by longitudinal muscle 
contraction of the distal esophagus and inhibi-
tion of the crural diaphragm (Fig. 4C),50 and 
gastric distention is the predominant stimulus 
of transient relaxation of the lower esophageal 
sphincter. Despite its importance in the patho-
genesis of GERD, drugs targeting transient re-

Figure 3. Pathogenesis of Esophageal Motility Disorders.

Panel A shows extrinsic (vagus) and intrinsic (myenteric plexus) innervation of the esophageal wall and the defect in patients with acha-
lasia esophagus. ACh denotes acetylcholine, NO nitric oxide, and VIP vasoactive intestinal peptide. Panel B shows ultrasound imaging 
of the distal esophagus in a person with normal function, a patient with distal esophageal spasm, a patient with nutcracker esophagus, 
and a patient with achalasia esophagus. The muscle layer of the esophagus is thicker in patients with esophageal motility disorders; the 
thickest muscle is seen in patients with achalasia esophagus.
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laxation of the lower esophageal sphincter have 
limited benefit and substantial adverse events.51

Most reflux that occurs during the day occurs 
while the lower esophageal sphincter and the 
crural diaphragm are anatomically separate (slid-
ing hiatus hernia).52 Patients with moderate-to-
severe GERD (i.e., erosive esophagitis53 and Bar-

rett’s esophagus54) have hiatus hernia, which 
highlights its importance in GERD.

Esophageal peristalsis is important for the 
clearance of refluxate volume and for reducing 
the duration of esophageal exposure to gastric 
contents.55 Abnormalities in esophageal peristal-
sis result in prolonged exposure of the esopha-

Figure 4. Pathogenesis of GERD.

Panel A shows the balance of defensive and aggressive factors in the pathogenesis of gastroesophageal reflux dis-
ease (GERD). GERD commonly develops because of a compromise in the defensive mechanism of reduced lower 
esophageal sphincter (LES) pressure, hiatus hernia, and transient relaxation of the lower esophageal sphincter. UES 
denotes upper esophageal sphincter. Panel B shows the genesis of symptoms of heartburn and activation of the sym-
pathetic pathway. Reflux of gastric contents causes damage to esophageal epithelium that results in widening of the 
intercellular spaces. Acid permeates the deeper layer of mucosa and stimulates nerves of the sympathetic pathway, 
resulting in a sensation of heartburn. Panel C is a manometric recording showing transient relaxation of the lower 
esophageal sphincter, which is the most common mechanism of reflux in patients without hiatus hernia. The arrow 
indicates relaxation of the lower esophageal sphincter independent of a swallow. The line tracing indicates changes 
in mucosal blood flow, which are likely to be related to longitudinal muscle contraction of the esophagus during 
transient relaxation of the lower esophageal sphincter. Panel D shows an esophageal mucosal impedance contour of 
mucosal integrity; mucosal damage results in lowering of mucosal impedance in patients with GERD (red indicates 
low mucosal integrity, yellow indicates minor changes, and blue indicates intact mucosa). The vertical dimension 
represents data from sensors arranged longitudinally along the esophagus, and the horizontal dimension repre-
sents data from sensors arranged around the internal circumference of the esophagus.
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geal epithelium to gastroduodenal contents, which 
leads to esophagitis. Restoration of the esopha-
geal pH after a reflux event also occurs through 
neutralization by saliva and bicarbonate-rich 
secretions of the esophageal submucosal glands. 
The clinical consequences of poor neutralization 
by salivary bicarbonate are seen in patients with 
xerostomia and Sjögren’s syndrome, in whom 
GERD and esophageal erosions are common. 
The upper esophageal sphincter is the final line 
of defense against reflux of gastric contents into 
the oropharynx and possible aspiration.56 Transi-
tion from physiologic to pathologic reflux is a 
consequence of defects in one or more of the 
defensive mechanisms.

The aggressive factors in the pathogenesis of 
GERD are gastroduodenal contents — that is, 
acid, pepsin, bile acids, and trypsin.57 However, 
gastroduodenal secretions are not present in 
greater amounts in patients with GERD or Bar-
rett’s esophagus than in other persons.58 Acid 
and pepsin together are more injurious to the 
esophageal epithelium than acid alone.59 Pepsin 
activity is substantially reduced when the pH is 
greater than 4. The degree of esophageal injury 
in GERD parallels the increase in frequency and 
duration of pepsin and acid-reflux exposure (when 
the pH is less than 4). Acid inhibition is the 
cornerstone of treatment for GERD-related esoph-
agitis. Esophageal exposure to gastroduodenal 
contents results in dilated intercellular spaces and 
increased epithelial permeability to noxious agents, 
which leads to symptom generation by activation 
of subepithelial nerve endings.60 Studies in ani-
mal and human esophageal cell lines show that 
injury to the esophageal epithelium induces an 
inflammatory reaction in the submucosal layer, 
with release of cytokines that mediate injury.61,62 
Acid-sensitive receptors called transient receptor 
potential vanilloid type 1 (TRPV-1) receptors, 
which are located in the submucosal nerve end-
ings, may be important in causing the reflux-
induced symptoms. Reductions in the acidity of 
refluxate, rendering it less damaging to the 
esophageal epithelium, account for the high suc-
cess rates (90 to 95%) for healing of the esopha-
gitis with proton-pump inhibitors. Acid pocket,63 
an unneutralized acidity in the gastric cardia 
after meals, may explain the clinical paradox of 
having neutralization of gastric acid by meals as 
well as the presence of symptoms of GERD in 
the immediate postprandial state (Fig. 4B).

Obesity is a major risk factor for GERD symp-
toms, erosive esophagitis, Barrett’s esophagus, 
and esophageal adenocarcinoma64; the mecha-
nism is increased gastric pressure that results in 
more transient relaxation of the lower esopha-
geal sphincter.65 The waist-to-hip ratio is more 
important than body-mass index in association 
with GERD.66 Weight reduction reduces GERD 
symptoms and esophageal acid exposure. The 
role of dietary factors such as alcohol, carbon-
ated drinks, and coffee intake in GERD is con-
troversial.

Di agnos tic a nd Tr e atmen t 
S tr ategies for GER D

Clinical suspicion based on a patient’s report of 
classic symptoms of heartburn (burning sensa-
tion rising from the stomach or lower chest to-
ward the neck or throat), usually occurring after 
eating large meals or spicy or citrus foods, is the 
typical clinical history associated with GERD. 
Regurgitation, defined as perception of flow or 
refluxed gastric contents into the pharynx, may 
not accompany heartburn but suggests the pres-
ence of a mechanical defect (e.g., a hiatus hernia). 
However, the sensitivity (30 to 76%) and speci-
ficity (62 to 96%) of such symptoms for diagnos-
ing GERD are suboptimal67 because of a substan-
tial overlap in symptoms among GERD, 
gastroparesis, functional dyspepsia, esophageal 
motility disorders, and rumination syndrome. 
GERD can also cause angina-like pain, worsening 
or difficult-to-treat asthma, posterior laryngitis, 
chronic cough, dental erosions, and disordered 
sleep.68 The relationship of these extraesopha-
geal or atypical manifestations to GERD is often 
difficult to prove.

Symptom response to a short (6-week) course 
of once-daily oral therapy with a proton-pump 
inhibitor confirms a clinical diagnosis of GERD 
in patients with typical or suspected atypical 
symptoms, with the caveat that response to pla-
cebo is common in these patients.69 The recom-
mendation for patients who have a response to 
empirical proton-pump inhibitor therapy is to taper 
to the lowest dose of acid suppression needed for 
symptom control.70 In patients who have no re-
sponse or a partial response to once-daily proton-
pump inhibitor therapy, treatment often involves 
switching to another agent or to twice-daily 
dosing, although data to assess the efficacy of 
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salvage therapy are lacking. Despite the fact that 
proton-pump inhibitors are highly effective in 
treating acid-peptic disorders, concerns about 
their long-term safety have resulted in reexami-
nation of their use in the long term.70

Diagnostic testing is indicated if there are any 
alarm symptoms such as dysphagia, weight loss, 
iron deficiency anemia, or bleeding. Patients with 
these symptoms should first undergo an upper 
endoscopic examination to rule out Barrett’s 
esophagus, strictures, and cancer. Further testing 
is indicated if symptoms persist after 6 to 8 weeks 
of acid-suppressive therapy. Diagnostic methods 
usually include ambulatory reflux testing, esoph-
ageal manometry, and gastric emptying tests; 
the goal of these tests is to rule out a contribu-
tion of GERD to the patient’s symptoms. Muco-
sal integrity tests performed during endoscopy 
while the patient is under sedation provide real-
time determination of the integrity of the esoph-
ageal epithelia as a surrogate marker for GERD-
related damage (Fig. 4D).71,72

Pro t on-Pump Inhibi t or–
R esis ta n t GER D

In the era of over-the-counter proton-pump in-
hibitors, the majority of patients with typical or 
atypical symptoms of GERD who are seen by 
physicians are the ones who have persistent 
symptoms despite taking proton-pump inhibitors. 
In this group, the role of diagnostic testing is to 
identify patients whose symptoms are not from 
GERD. Endoscopy is normally performed in these 
patients. Ambulatory impedance–pH monitoring 
while the patient is taking a proton-pump in-
hibitor may identify the small group of patients 
whose symptoms are from continued reflux of 
acid or weakly acidic gastric juice containing bile 
acids. A recent phase 2b trial of a drug that tar-
gets bile acids in patients with GERD whose 
symptoms are refractory to proton-pump inhibi-
tor therapy showed promise for reducing symp-
toms of heartburn and regurgitation.73

Patients with proton-pump inhibitor–resistant 
GERD may undergo esophageal pH testing while 
not taking proton-pump inhibitor therapy. On 
the basis of the results, patients are categorized 
into three groups: those with abnormal acid re-
flux scores (i.e., an esophageal pH of less than 
4 for more than 6% of the time over a period of 
24 hours) (nonerosive reflux disease), those with 
normal acid reflux scores and a positive symp-

tom correlation with reflux (acid-sensitive esoph-
agus), and those with normal reflux scores and 
no symptom association with reflux events 
(functional heartburn).74 Studies show that pa-
tients in these three groups have different re-
sponses to proton-pump inhibitors: the patients 
with nonerosive GERD have a better response 
than those in the other two groups, and those 
with functional heartburn have the least response. 
In a recent study, patients without a response to 
proton-pump inhibitors who had a positive 
symptom–reflux association on impedance–pH 
testing had a better response to antireflux sur-
gery than to medical therapy.75 High-resolution 
manometry has a role in defining conditions 
that mimic GERD — that is, achalasia, rumination 
syndrome, and supragastric belching. Heartburn 
is present in 35% of patients with achalasia. If 
the results of a gastric emptying test are found 
to be abnormal, dietary modifications and pos-
sibly prokinetic agents may be helpful.

Performed by an experienced surgeon, Nis-
sen’s fundoplication surgery is effective in treat-
ing GERD76; however, 10 to 20% of patients have 
bothersome side effects such as dysphagia, gas 
bloat, difficulty belching, and vomiting. Patients 
may be good candidates for antireflux surgery if 
they have concerns about long-term effects of 
proton-pump inhibitor therapy or if they have 
one of the following characteristics: recalcitrant 
symptoms of GERD (with GERD confirmed by 
proper testing), especially in patients with hia-
tus hernia; regurgitation symptoms that do not 
respond to adequate medical therapy in patients 
with no clinically significant gastric or esopha-
geal motility abnormalities; or moderate-to-
severe GERD associated with aspiration, asthma, 
recurrent pneumonia, or lung transplantation.

Conclusions

Symptoms of esophageal motility disorders and 
GERD are common, with myriad manifestations 
and a substantial effect on patients’ quality of life. 
The pathogenesis of esophageal motility disor-
ders involves degeneration of the inhibitory mo-
tor neurons of the myenteric plexus and muscu-
lar changes. Impaired relaxation and opening of 
the lower esophageal sphincter is common to all 
major motility disorders, and disruption of the 
lower esophageal sphincter by either medical or 
surgical means is the mainstay of treatment.

The pathogenesis of GERD involves an incom-

The New England Journal of Medicine 
Downloaded from nejm.org by LUIZ FERNANDES on November 11, 2020. For personal use only. No other uses without permission. 

 Copyright © 2020 Massachusetts Medical Society. All rights reserved. 



n engl j med 383;20 nejm.org November 12, 2020 1971

Esophageal Motility Disorders and GERD

petent antireflux barrier, defined as low pres-
sure of the lower esophageal sphincter, hiatus 
hernia, transient relaxation of the lower esopha-
geal sphincter, and impaired esophageal peri-
stalsis. In the absence of an effective medical 
therapy to enhance the competence of the lower 
esophageal sphincter and esophageal peristalsis, 
suppression of gastric acidity is the mainstay of 

medical treatment for GERD. A lack of response 
to adequate acid-inhibition therapy for suspected 
GERD should arouse suspicion of a non-GERD 
diagnosis. Recent advances in diagnostic testing 
for esophageal motility disorders and GERD have 
improved the management of these disorders.

Disclosure forms provided by the authors are available with 
the full text of this article at NEJM.org.

References
1. Peery AF, Crockett SD, Murphy CC,  
et al. Burden and cost of gastrointestinal, 
liver, and pancreatic diseases in the United 
States: update 2018. Gastroenterology 
2019; 156(1): 254-272.e11.
2. Dent J, Becher A, Sung J, Zou D, 
Agréus L, Bazzoli F. Systematic review: 
patterns of reflux-induced symptoms and 
esophageal endoscopic findings in large-
scale surveys. Clin Gastroenterol Hepatol 
2012; 10(8): 863-873.e3.
3. Liebermann-Meffert D, Allgöwer M, 
Schmid P, Blum AL. Muscular equivalent 
of the lower esophageal sphincter. Gas-
troenterology 1979; 76: 31-8.
4. Preiksaitis HG, Diamant NE. Regional 
differences in cholinergic activity of mus-
cle fibers from the human gastroesopha-
geal junction. Am J Physiol 1997; 272: 
G1321-G1327.
5. Brasseur JG, Ulerich R, Dai Q, Patel 
DK, Soliman AM, Miller LS. Pharmaco-
logical dissection of the human gastro-
oesophageal segment into three sphincter-
ic components. J Physiol 2007; 580: 961-75.
6. Yassi R, Cheng LK, Rajagopal V, Nash 
MP, Windsor JA, Pullan AJ. Modeling of 
the mechanical function of the human gas-
troesophageal junction using an anatomi-
cally realistic three-dimensional model. 
J Biomech 2009; 42: 1604-9.
7. Zifan A, Kumar D, Cheng LK, Mittal 
RK. Three-dimensional myoarchitecture 
of the lower esophageal sphincter and 
esophageal hiatus using optical section-
ing microscopy. Sci Rep 2017; 7: 13188.
8. Lerche W. The esophagus and phar-
ynx in action: a study of structure in rela-
tion to function. Springfield, IL:  Charles 
C Thomas, 1950.
9. Zifan A, Reisert M, Sinha S, et al. 
Connectivity of the superficial muscles of 
the human perineum: a diffusion tensor 
imaging-based global tractography study. 
Sci Rep 2018; 8: 17867.
10. Mittal RK, Zifan A, Kumar D, Ledger-
wood-Lee M, Ruppert E, Ghahremani G. 
Functional morphology of the lower esoph-
ageal sphincter and crural diaphragm de-
termined by three-dimensional high-reso-
lution esophago-gastric junction pressure 
profile and CT imaging. Am J Physiol 
Gastrointest Liver Physiol 2017; 313: G212-
G219.
11. Kwok H, Marriz Y, Al-Ali S, Windsor 
JA. Phrenoesophageal ligament re-visited. 
Clin Anat 1999; 12: 164-70.

12. Goyal RK, Hirano I. The enteric ner-
vous system. N Engl J Med 1996; 334: 1106-
15.
13. Goyal RK, Rattan S. Genesis of basal 
sphincter pressure: effect of tetrodotoxin 
on lower esophageal sphincter pressure in 
opossum in vivo. Gastroenterology 1976; 
71: 62-7.
14. Goyal RK, Rattan S. Neurohumoral, 
hormonal, and drug receptors for the 
lower esophageal sphincter. Gastroenter-
ology 1978; 74: 598-619.
15. Mittal RK, Balaban DH. The esopha-
gogastric junction. N Engl J Med 1997; 
336: 924-32.
16. Meyer GW, Gerhardt DC, Castell DO. 
Human esophageal response to rapid 
swallowing: muscle refractory period or 
neural inhibition? Am J Physiol 1981; 
241(2): G129-G136.
17. Mittal RK. Regulation and dysregula-
tion of esophageal peristalsis by the inte-
grated function of circular and longitudi-
nal muscle layers in health and disease. 
Am J Physiol Gastrointest Liver Physiol 
2016; 311(3): G431-G443.
18. Abrahao L Jr, Bhargava V, Babaei A, 
Ho A, Mittal RK. Swallow induces a peri-
staltic wave of distension that marches in 
front of the peristaltic wave of contrac-
tion. Neurogastroenterol Motil 2011; 23: 
201-207, e110.
19. Kwiatek MA, Nicodème F, Pandolfino 
JE, Kahrilas PJ. Pressure morphology of 
the relaxed lower esophageal sphincter: 
the formation and collapse of the phrenic 
ampulla. Am J Physiol Gastrointest Liver 
Physiol 2012; 302(3): G389-G396.
20. Kahrilas PJ, Bredenoord AJ, Carlson 
DA, Pandolfino JE. Advances in manage-
ment of esophageal motility disorders. 
Clin Gastroenterol Hepatol 2018; 16: 1692-
700.
21. Kumar S, Singh J, Rattan S, DiMarino 
AJ, Cohen S, Jimenez SA. Review article: 
pathogenesis and clinical manifestations 
of gastrointestinal involvement in sys-
temic sclerosis. Aliment Pharmacol Ther 
2017; 45: 883-98.
22. Roberts CGP, Hummers LK, Ravich 
WJ, Wigley FM, Hutchins GM. A case-
control study of the pathology of oesoph-
ageal disease in systemic sclerosis (sclero-
derma). Gut 2006; 55: 1697-703.
23. Yarandi SS, Srinivasan S. Diabetic 
gastrointestinal motility disorders and 
the role of enteric nervous system: current 

status and future directions. Neurogas-
troenterol Motil 2014; 26: 611-24.
24. Kahrilas PJ, Bredenoord AJ, Fox M,  
et al. The Chicago Classification of esoph-
ageal motility disorders, v3.0. Neurogas-
troenterol Motil 2015; 27: 160-74.
25. Carlson DA, Kahrilas PJ, Lin Z, et al. 
Evaluation of esophageal motility utiliz-
ing the functional lumen imaging probe. 
Am J Gastroenterol 2016; 111: 1726-35.
26. Carlson DA. Functional lumen imag-
ing probe: the FLIP side of esophageal 
disease. Curr Opin Gastroenterol 2016; 
32: 310-8.
27. Park S, Zifan A, Kumar D, Mittal RK. 
Genesis of esophageal pressurization and 
bolus flow patterns in patients with acha-
lasia esophagus. Gastroenterology 2018; 
155: 327-36.
28. Pandolfino JE, Kwiatek MA, Nealis T, 
Bulsiewicz W, Post J, Kahrilas PJ. Achala-
sia: a new clinically relevant classification 
by high-resolution manometry. Gastroen-
terology 2008; 135: 1526-33.
29. Kahrilas PJ, Katzka D, Richter JE. 
Clinical practice update: the use of per-
oral endoscopic myotomy in achalasia: ex-
pert review and best practice advice from 
the AGA Institute. Gastroenterology 2017; 
153: 1205-11.
30. Rao SS, Gregersen H, Hayek B, Sum-
mers RW, Christensen J. Unexplained chest 
pain: the hypersensitive, hyperreactive, 
and poorly compliant esophagus. Ann In-
tern Med 1996; 124: 950-8.
31. Balaban DH, Yamamoto Y, Liu J, et al. 
Sustained esophageal contraction: a mark-
er of esophageal chest pain identified by 
intraluminal ultrasonography. Gastroen-
terology 1999; 116: 29-37.
32. Jiang Y, Mittal RK. Low esophageal 
mucosal blood f low in patients with nut-
cracker esophagus. Am J Physiol Gastro-
intest Liver Physiol 2016; 310(6): G410-
G416.
33. Sarkar S, Aziz Q, Woolf CJ, Hobson 
AR, Thompson DG. Contribution of cen-
tral sensitisation to the development of 
non-cardiac chest pain. Lancet 2000; 356: 
1154-9.
34. Sarkar S, Hobson AR, Hughes A, et al. 
The prostaglandin E2 receptor-1 (EP-1) 
mediates acid-induced visceral pain hyper-
sensitivity in humans. Gastroenterology 
2003; 124: 18-25.
35. Gregersen H, Drewes AM, Frøkjaer 
JB, et al. Mechanism-based evaluation 

The New England Journal of Medicine 
Downloaded from nejm.org by LUIZ FERNANDES on November 11, 2020. For personal use only. No other uses without permission. 

 Copyright © 2020 Massachusetts Medical Society. All rights reserved. 



n engl j med 383;20 nejm.org November 12, 20201972

Esophageal Motility Disorders and GERD

and treatment of esophageal disorders. 
Ann N Y Acad Sci 2011; 1232: 341-8.
36. Coen SJ, Yágüez L, Aziz Q, et al. Neg-
ative mood affects brain processing of 
visceral sensation. Gastroenterology 2009; 
137: 253-261, 261.e1-261.e2.
37. Kahrilas PJ, Boeckxstaens G. The 
spectrum of achalasia: lessons from stud-
ies of pathophysiology and high-resolution 
manometry. Gastroenterology 2013; 145: 
954-65.
38. Mittal RK, Liu J, Puckett JL, et al. Sen-
sory and motor function of the esopha-
gus: lessons from ultrasound imaging. 
Gastroenterology 2005; 128: 487-97.
39. Tung HN, Schulze-Delrieu K, Shirazi S, 
Noel S, Xia Q, Cue K. Hypertrophic 
smooth muscle in the partially obstructed 
opossum esophagus — the model: histo-
logical and ultrastructural observations. 
Gastroenterology 1991; 100: 853-64.
40. Tung HN, Schulze-Delrieu K, Shirazi 
S. Infiltration of hypertrophic esophageal 
smooth muscle by mast cells and baso-
phils. J Submicrosc Cytol Pathol 1993; 25: 
93-102.
41. Conklin JL, Du CA, Schulze-Delrieu 
K, Shirazi S. Hypertrophic smooth muscle 
in the partially obstructed opossum 
esophagus: excitability and electrophysio-
logical properties. Gastroenterology 1991; 
101: 657-63.
42. Mittal RK, Kumar D, Kligerman SJ, 
Zifan A. Three-dimensional pressure pro-
file of the lower esophageal sphincter and 
crural diaphragm in patients with achala-
sia esophagus. Gastroenterology 2020; 
159(3): 864-872.e1.
43. Kumar D, Zifan A, Mittal RK. Botox 
injection into the lower esophageal sphinc-
ter induces hiatal paralysis and gastro-
esophageal reflux. Am J Physiol Gastroin-
test Liver Physiol 2020; 318(1): G77-G83.
44. Boeckxstaens GE, Annese V, des 
Varannes SB, et al. Pneumatic dilation 
versus laparoscopic Heller’s myotomy for 
idiopathic achalasia. N Engl J Med 2011; 
364: 1807-16.
45. Werner YB, Hakanson B, Martinek J, 
et al. Endoscopic or surgical myotomy in 
patients with idiopathic achalasia. N Engl 
J Med 2019; 381: 2219-29.
46. Von Renteln D, Fuchs KH, Fockens P, 
et al. Peroral endoscopic myotomy for the 
treatment of achalasia: an international 
prospective multicenter study. Gastroen-
terology 2013; 145(2): 309-311.e1-3.
47. Ponds FA, Fockens P, Lei A, et al. Ef-
fect of peroral endoscopic myotomy vs 
pneumatic dilation on symptom severity 
and treatment outcomes among treat-
ment-naive patients with achalasia: a ran-
domized clinical trial. JAMA 2019; 322: 
134-44.
48. Mion F, Marjoux S, Subtil F, et al. 
Botulinum toxin for the treatment of hy-
percontractile esophagus: results of a 
double-blind randomized sham-controlled 

study. Neurogastroenterol Motil 2019; 31(5): 
e13587.
49. Tack J, Pandolfino JE. Pathophysiology 
of gastroesophageal reflux disease. Gas-
troenterology 2018; 154: 277-88.
50. Babaei A, Bhargava V, Korsapati H, 
Zheng WH, Mittal RK. A unique longitu-
dinal muscle contraction pattern associ-
ated with transient lower esophageal 
sphincter relaxation. Gastroenterology 
2008; 134: 1322-31.
51. Kahrilas PJ, Boeckxstaens G. Failure 
of reflux inhibitors in clinical trials: bad 
drugs or wrong patients? Gut 2012; 61: 
1501-9.
52. Bredenoord AJ, Weusten BLAM, Tim-
mer R, Smout AJPM. Intermittent spatial 
separation of diaphragm and lower 
esophageal sphincter favors acidic and 
weakly acidic ref lux. Gastroenterology 
2006; 130: 334-40.
53. Savas N, Dagli U, Sahin B. The effect 
of hiatal hernia on gastroesophageal re-
flux disease and influence on proximal 
and distal esophageal reflux. Dig Dis Sci 
2008; 53: 2380-6.
54. Pohl H, Wrobel K, Bojarski C, et al. 
Risk factors in the development of esoph-
ageal adenocarcinoma. Am J Gastroen-
terol 2013; 108: 200-7.
55. Helm JF, Dodds WJ, Pelc LR, Palmer 
DW, Hogan WJ, Teeter BC. Effect of 
esophageal emptying and saliva on clear-
ance of acid from the esophagus. N Engl J 
Med 1984; 310: 284-8.
56. Shaker R. Airway protective mecha-
nisms: current concepts. Dysphagia 1995; 
10: 216-27.
57. Vaezi MF, Richter JE. Role of acid and 
duodenogastroesophageal ref lux in gas-
troesophageal ref lux disease. Gastroen-
terology 1996; 111: 1192-9.
58. Hirschowitz BI. A critical analysis, 
with appropriate controls, of gastric acid 
and pepsin secretion in clinical esopha-
gitis. Gastroenterology 1991; 101: 1149-
58.
59. Orlando RC, Bryson JC, Powell DW. 
Mechanisms of H+ injury in rabbit esoph-
ageal epithelium. Am J Physiol 1984; 246: 
G718-G724.
60. Farré R, Fornari F, Blondeau K, et al. 
Acid and weakly acidic solutions impair 
mucosal integrity of distal exposed and 
proximal non-exposed human oesopha-
gus. Gut 2010; 59: 164-9.
61. Souza RF, Huo X, Mittal V, et al. Gas-
troesophageal reflux might cause esopha-
gitis through a cytokine-mediated mech-
anism rather than caustic acid injury. 
Gastroenterology 2009; 137: 1776-84.
62. Dunbar KB, Agoston AT, Odze RD,  
et al. Association of acute gastroesopha-
geal reflux disease with esophageal histo-
logic changes. JAMA 2016; 315: 2104-12.
63. Fletcher J, Wirz A, Young J, Vallance 
R, McColl KE. Unbuffered highly acidic 
gastric juice exists at the gastroesopha-

geal junction after a meal. Gastroenterol-
ogy 2001; 121: 775-83.
64. Eusebi LH, Ratnakumaran R, Yuan Y, 
Solaymani-Dodaran M, Bazzoli F, Ford 
AC. Global prevalence of, and risk factors 
for, gastro-oesophageal reflux symptoms: 
a meta-analysis. Gut 2018; 67: 430-40.
65. Pandolfino JE, El-Serag HB, Zhang Q, 
Shah N, Ghosh SK, Kahrilas PJ. Obesity: 
a challenge to esophagogastric junction 
integrity. Gastroenterology 2006; 130: 639-
49.
66. Singh S, Sharma AN, Murad MH, et al. 
Central adiposity is associated with in-
creased risk of esophageal inflammation, 
metaplasia, and adenocarcinoma: a sys-
tematic review and meta-analysis. Clin 
Gastroenterol Hepatol 2013; 11(11): 1399-
1412.e7.
67. Moayyedi P, Talley NJ, Fennerty MB, 
Vakil N. Can the clinical history distin-
guish between organic and functional 
dyspepsia? JAMA 2006; 295: 1566-76.
68. Vaezi MF, Katzka D, Zerbib F. Extra-
esophageal symptoms and diseases attrib-
uted to GERD: where is the pendulum 
swinging now? Clin Gastroenterol Hepa-
tol 2018; 16: 1018-29.
69. Fass R, Ofman JJ, Gralnek IM, et al. 
Clinical and economic assessment of the 
omeprazole test in patients with symp-
toms suggestive of gastroesophageal re-
f lux disease. Arch Intern Med 1999; 159: 
2161-8.
70. Chiba N, De Gara CJ, Wilkinson JM, 
Hunt RH. Speed of healing and symptom 
relief in grade II to IV gastroesophageal 
reflux disease: a meta-analysis. Gastroen-
terology 1997; 112: 1798-810.
71. Vaezi MF, Sifrim D. Assessing old and 
new diagnostic tests for gastroesophageal 
reflux disease. Gastroenterology 2018; 154: 
289-301.
72. Patel DA, Higginbotham T, Slaughter 
JC, et al. Development and validation of  
a mucosal impedance contour analysis 
system to distinguish esophageal disor-
ders. Gastroenterology 2019; 156(6): 1617-
1626.e1.
73. Vaezi MF, Fass R, Vakil N, et al. IW-3718 
reduces heartburn severity in patients 
with refractory gastroesophageal ref lux 
disease in a randomized trial. Gastroen-
terology 2020; 158: 2093-103.
74. Aziz Q, Fass R, Gyawali CP, Miwa H, 
Pandolfino JE, Zerbib F. Functional 
esophageal disorders. Gastroenterology 
2016 February 15 (Epub ahead of print).
75. Spechler SJ. Medical versus surgical 
treatment for refractory heartburn. N Engl 
J Med 2020; 382: 296-8.
76. Lundell L, Miettinen P, Myrvold HE,  
et al. Comparison of outcomes twelve 
years after antireflux surgery or omepra-
zole maintenance therapy for reflux esoph-
agitis. Clin Gastroenterol Hepatol 2009; 7: 
1292-8.
Copyright © 2020 Massachusetts Medical Society.

The New England Journal of Medicine 
Downloaded from nejm.org by LUIZ FERNANDES on November 11, 2020. For personal use only. No other uses without permission. 

 Copyright © 2020 Massachusetts Medical Society. All rights reserved. 


