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Abstract: Noncardiac chest pain is a term that encompasses all 

causes of chest pain after a cardiac source has been excluded. 

This article focuses on esophageal sources for chest pain. Esopha-

geal chest pain (ECP) is common, affects quality of life, and 

carries a substantial health care burden. The lack of a systematic 

approach toward the diagnosis and treatment of ECP has led to 

significant disability and increased health care costs for this condi-

tion. Identifying the underlying cause(s) or mechanism(s) for chest 

pain is key for its successful management. Common etiologies 

include gastroesophageal reflux disease, esophageal hypersensi-

tivity, dysmotility, and psychological conditions, including panic 

disorder and anxiety. However, the pathophysiology of this condi-

tion is not yet fully understood. Randomized controlled trials have 

shown that proton pump inhibitor therapy (either omeprazole, 

lansoprazole, or rabeprazole) can be effective. Evidence for the 

use of antidepressants and the adenosine receptor antagonist 

theophylline is fair. Psychological treatments, notably cognitive 

behavioral therapy, may be useful in select patients. Surgery is not 

recommended. There remains a large unmet need for identifying 

the phenotype and prevalence of pathophysiologic mechanisms 

of ECP as well as for well-designed multicenter clinical trials of 

current and novel therapies. 

Noncardiac chest pain is a nonspecific term that encom-
passes all causes of chest pain after cardiovascular dis-
ease has been definitively excluded. The term therefore 

includes etiologies such as esophageal diseases, musculoskeletal or 
inflammatory disorders, pulmonary diseases, neurologic causes such 
as entrapment neuropathy, and psychological disorders.1 In clinical 
practice, esophageal chest pain (ECP) is a common problem whose 
diagnosis and treatment remain challenging. 

Functional chest pain of esophageal origin is part of the spec-
trum of ECP that is diagnosed when other organic etiologies have 
been ruled out. Rome III criteria define this condition as episodes 
of unexplained chest pain that are usually midline in location and 
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of visceral quality; therefore, these episodes are potentially 
of esophageal origin.2 The nature of ECP is identical. In 
this article, we provide an update on the epidemiology, 
diagnostic strategies, and treatment of ECP.

Epidemiology

The exact prevalence of ECP is difficult to estimate because 
its diagnosis requires the use of multiple diagnostic tests 
to exclude other conditions. However, several studies 
have reported the prevalence of ECP based on symptom 
patterns. In a population-based survey from Olmsted 
County, Minnesota, the annual prevalence was estimated 
to be 23%, with an equal sex distribution.3 A validated 
chest pain questionnaire used in 1000 randomly selected 
individuals in Australia reported the prevalence of ECP to 
be 33%, with a nearly equal prevalence in either sex (32% 
in men vs 33% in women). Interestingly, the prevalence 
of ECP decreased with advancing age.4 Compared with 
younger women (<25 years), older women (45-55 years) 
reported less frequent ECP.4 In Argentina, a population-
based survey estimated the annual prevalence of ECP to 
be 23.5%, and the condition was most frequently associ-
ated with symptoms of gastroesophageal reflux disease 
(GERD) at least once a week.5 In China, the annual 
prevalence of ECP was 19%.6 Reports using Rome I cri-
teria for ECP have shown a prevalence of 13.6% among 
householders in the United States,7 but other causes of 
chest pain were not excluded due to methodologic limita-
tions of the study.

There are several risk factors associated with ECP 
that influence the frequency with which symptoms are 
reported, the number of prescriptions that are written, 
and the health care resources that are utilized. In one 
study, patients with ECP were younger, consumed more 
alcohol, smoked more frequently, and reported more 
anxiety when compared with other causes of chest pain.8 
ECP also accounted for approximately 2% to 5% of all 
emergency room visits in the United States, and more 
than 6 million patients were admitted to a hospital for the 
evaluation of chest pain.9 Overlap with other functional 
gastrointestinal disorders is common in patients with 
ECP. One study reported that 80% of patients with ECP 
had an overlap with another functional gastrointestinal 
disorder such as irritable bowel syndrome (27%) or func-
tional bloating (22%).10

Patients often report ECP as a debilitating medical 
condition due to the physical pain involved, and this is 
further compounded by the psychological distress asso-
ciated with the condition. Consequently, these patients 
report a diminished quality of life. Patients with ECP 
also seek health care from a variety of settings. In a survey 
of primary care physicians (PCPs), 79.5% of patients 

with noncardiac chest pain, including those with ECP, 
were treated by PCPs. Interestingly, PCPs referred these 
patients most frequently to a gastroenterologist (75.6%), 
followed by a cardiologist (7.8%) or a pulmonologist 
(1.6%). Almost half of these patients (45.6%) were 
treated with proton pump inhibitors (PPIs).11 

Costs associated with ECP have not been systemati-
cally assessed. In the United States, it has been estimated 
that the annual cost of admission and investigation of 
acute chest pain with normal coronaries is $8 billion.12 
Indirect costs associated with prescriptions and the loss 
of work-related productivity were not included, but there 
are data showing that work absenteeism rates (29%) 
and interruptions to daily activities (63%) are quite 
high in these patients.13 A recent Irish study found that 
the cost per hospitalization in patients with nonspecific 
chest pain was €3729, and the annual national cost for 
providing health care for ECP was €71 million.14 ECP 
patients make numerous visits to the emergency room, 
have greater utilization of health care and greater costs, 
report significant psychological distress, and demonstrate 
diminished quality of life.2

Pathophysiology

Several mechanisms have been proposed, and it is likely 
that the pathogenesis of ECP is multifactorial and het-
erogeneous. In a given patient, one or more mechanisms 
may be involved. 

Gastroesophageal Reflux Disease 
ECP is often presumed to be due to GERD, and the pain 
may be mediated by activation of esophageal chemore-
ceptors.15 DeMeester and colleagues showed that 46% of 
patients with noncardiac chest pain had acid reflux during 
ambulatory pH studies.16 In another study, pH testing 
yielded a positive symptom index and/or pathologic acid 
reflux in 50% of individuals with chest pain.17 A different 
study showed that acid reflux may cause ECP in 30% to 
60% of patients.18 Nonacid (or weakly acidic) reflux may 
also cause chest pain, but the mechanism leading to this 
symptom is not clearly known.19 In a study of patients on 
and off PPI therapy, heartburn—but not regurgitation or 
chest pain—decreased significantly during PPI therapy, 
suggesting that nonacid reflux may cause ECP.20 How-
ever, more evidence is needed to establish the association 
of nonacid reflux and ECP. Thus, both acid and nonacid 
reflux may be involved in the pathogenesis of ECP, and 
the latter may include bile acid reflux.

Esophageal Dysmotility
Several motility disorders have been implicated in the 
pathogenesis of ECP, including diffuse esophageal spasm, 
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nutcracker esophagus, achalasia, scleroderma, and non-
specific motility disorders.21 However, the evidence is con-
flicting. In one study, although 32% of patients had dys-
motility, none experienced pain.17 A study of 10 patients 
who underwent 24-hour endoluminal ultrasonography 
found sustained esophageal contractions during episodes 
of spontaneous chest pain.22 However, this activity, medi-
ated by longitudinal muscle contractions, occurred only 
in a subset of patients and only during some of the pain 
episodes. In another study, heartburn with acid reflux was 
shown to be triggered by these sustained contractions.23 
Esophageal spasm may cause ECP and may occur either 
spontaneously or as a result of noxious stimuli such as 
acid reflux or ingestion of corrosive materials.24

Esophageal Hypersensitivity
Esophageal hypersensitivity refers to a sensory dysfunc-
tion in which patients experience discomfort or pain at 
thresholds that are significantly lower than those experi-
enced by healthy controls. Esophageal hypersensitivity is 
believed to be a key mechanism for ECP and considered a 
hallmark of this condition.10,25 Patients with ECP demon-
strated a hyperreactive and poorly compliant esophagus 
and 50% lower sensory thresholds during esophageal 
balloon distension studies when compared with healthy 
controls.25,26 In one study, 83% of ECP patients reported 
discomfort at pressure distensions less than 50 cm H2O, 
whereas none of the healthy controls reported discomfort 
at this distension threshold.26 In addition, 80% of ECP 
patients reported that their usual chest pain was repro-
duced during the test. More significantly, in another 
study, smooth muscle relaxation with atropine did not 
improve esophageal sensory thresholds or chest pain, sug-
gesting that muscle spasm is not the main cause of ECP.27 
In yet another study, esophageal hypersensitivity was seen 
in 90% of patients with nutcracker esophagus, suggesting 
that sensory dysfunction causes chest pain in hypercon-
tractile esophagus.24 Together, these findings suggest that 
esophageal hypersensitivity, rather than a primary motor 
dysfunction, is more important in the pathogenesis of 
symptoms in ECP. Furthermore, these findings explain 
why smooth muscle relaxants by themselves are generally 
ineffective for relieving ECP.21

Recent studies suggest that pain perception in ECP 
may be due to central sensitization28 and that N-methyl-
D-aspartate (NMDA) blockers may alter chest pain. This 
was elegantly demonstrated with ketamine (an NMDA 
blocker), which reversed visceral hypersensitivity.29 In a 
controlled study of healthy subjects, citalopram, a selec-
tive serotonin reuptake inhibitor given intravenously, 
significantly increased sensory thresholds and prolonged 
the time for the perception of heartburn after acid infu-
sion,30 implying that ECP may be centrally mediated. 

More recently, adenosine has been implicated in the 
pathogenesis of chest pain; adenosine infusion decreased 
esophageal sensory thresholds in both healthy controls 
and ECP patients, suggesting that both peripheral and 
central sensitization may play a role.31

Diagnostic Approaches

There is little consensus on how to diagnose a patient 
with ECP. A practical approach is to identify and/or rule 
out mechanisms that cause ECP. An algorithm for the 
diagnosis and management of ECP is shown in Figure 1. 
GERD is a widely recognized cause of ECP, and a logical 
first step is to perform diagnostic studies directed toward 
identifying this problem.

Several studies have proposed a high-dose PPI trial 
(using omeprazole, rabeprazole, or lansoprazole) as a tool 
for the diagnosis of GERD-related ECP. This approach 
has shown similar levels of sensitivity and specificity 
for the diagnosis of ECP that is not related to GERD. 
The optimal dose and duration of the PPI trial remain 
controversial and heterogeneous. Double-dose PPI trials 
were assessed for 7 days in 3 studies.18,32,33 Alternatively, 
omeprazole 40 mg twice daily for 2 weeks34 and lanso-
prazole 30 mg once daily for 4 weeks35 were found to 
have a sensitivity of 78% to 92% and a specificity of 67% 
to 87% for identifying GERD-related chest pain. It is 
important to emphasize that in the aforementioned stud-
ies, the standard test for GERD diagnosis was endoscopy 
(erosive esophagitis) and 24-hour pH metry. In addition, 
responders to the PPI trial were predominantly patients 
who had documented erosive esophagitis or greater acid 
exposure on 24-hour pH metry.

Two meta-analyses have shown that a PPI therapeu-
tic trial adequately identified patients with ECP caused 
by GERD.36,37 When a therapeutic PPI trial fails or clini-
cal suspicion remains high favoring GERD as a cause of 
ECP, then further evaluation is recommended. Although 
erosive esophagitis is being seen less frequently in clinical 
practice, an upper endoscopy is the first diagnostic step, 
particularly in the presence of alarm symptoms (dyspha-
gia, weight loss, bleeding). However, erosive esophagitis 
is infrequently found in patients with ECP. In addition, 
strictures or signs suggestive of eosinophilic esophagitis 
that may be associated with ECP can also be identified. 

Nonerosive reflux disease (NERD) is the most fre-
quent type of GERD,38 particularly with widespread use 
of PPIs. Patients with NERD are challenging because 
they can show true reflux (excessive acid exposure, non-
acid reflux, or symptom correlation) or they may have 
no acid exposure or symptom correlation; this subtype 
is also frequently associated with functional heartburn.2 
In addition, ECP is more frequently seen in NERD. In 
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Figure 1. An algorithm for the diagnosis and management of esophageal chest pain. 

Modified with permission from Coss-Adame E, et al. Clin Gastroenterol Hepatol. 2014;12(8):1224-1245.
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this group of patients, 24-hour pH metry can detect true 
reflux even when a PPI trial is negative. Studies that have 
addressed therapy with a PPI trial have shown that most 
patients who respond to treatment have abnormal pH 
metry results (39%-75% in responders).18,33,34 

Esophageal motility disorders are associated with 
ECP. High-resolution esophageal manometry with 
impedance is the standard test for identifying motility 
disorders. It should be performed in patients complain-
ing of ECP, especially when endoscopic evaluation is 
negative. Approximately 30% of patients with ECP show 
abnormal esophageal manometry, and the most common 
disorder, seen in approximately 14.4% of patients, is nut-
cracker esophagus.39 The frequency of achalasia or distal 
esophageal spasm is very low. A study of ECP from South 
America showed that only 8% of subjects had abnormal 
esophageal manometry, and nutcracker esophagus was the 
most frequent motor abnormality.40 

When reflux or motility dysfunction has been 
excluded by the aforementioned diagnostic approaches, 
esophageal hypersensitivity will explain the presence of 

ECP. Esophageal hypersensitivity is best identified with 
an esophageal balloon distention test. In a study of 348 
patients with chest pain of presumed esophageal origin, 
after excluding GERD (via a normal upper endoscopy 
and normal 24-hour pH metry) and dysmotility, an 
esophageal balloon distension test was performed in 181 
subjects. A positive balloon distention test result identify-
ing esophageal hypersensitivity as a source of ECP was 
seen in 128 of 178 (72%) patients, and in 75% of these 
patients (97 patients), the chest pain was reproduced dur-
ing the test.41 Although the esophageal balloon distension 
test can be a useful diagnostic test in patients with unex-
plained chest pain, more studies are needed to confirm 
and assess its utility in clinical practice, especially as this 
test is typically performed in specialized centers. A diag-
nostic approach for ECP is shown in Figure 2.

Clearly, judicious use of the aforementioned diag-
nostic strategies could lead to a better understanding of 
the etiology of ECP and facilitate optimal management. 
In addition, these approaches should be individualized 
based on the clinical features and the available resources.

Figure 2. Diagnostic yield of testing for esophageal chest pain.

Modified with permission from Nasr I et al. Aliment Pharmacol Ther. 2012;35(12):1474-1481.
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Treatment

Treatment strategies should start with an empiric PPI 
trial. If there is no response, the clinician should consider 
grouping patients according to their underlying patho-
physiology, and then should use this information to direct 
treatment. The Table shows common etiologies, patho-
physiologies, and treatments of esophageal chest pain.

Treatment of Gastroesophageal Reflux Disease–
Related Esophageal Chest Pain
Acid reflux causes ECP, but it is only one of many com-
ponents of a complex, multifactorial disorder.42,43 In a 
meta-analysis of 8 studies, the pooled sensitivity, specific-
ity, and diagnostic odds ratio for a PPI test vs 24-hour pH 
study and endoscopy were 80%, 74%, and 13.8% (95% 
CI, 5.48-34.91), respectively. The pooled risk ratio for 
continued chest pain was 0.54 (95% CI, 0.41-0.71).36 A 
systematic review that included 7 randomized controlled 
trials comparing PPI use vs placebo found a therapeutic 
gain of 56% to 85% and a relative risk of 4.3 (95% CI, 
2.8-6.7; P<.001) in GERD-positive patients, along with 
a therapeutic gain of 0% to 17% and a relative risk of 
0.4 (95% CI, 0.3-0.7; P<.0004) in GERD-negative 
patients.37 These data suggest that patients with acid 
reflux and ECP may improve with PPI therapy; hence, a 
PPI trial is the first-line approach.

Several PPIs, including omeprazole, lansoprazole, 
and rabeprazole, have been examined. In one study, ECP 
patients with acid reflux were more likely to respond to 
PPI therapy than ECP patients without reflux.18 However, 
the literature on GERD and ECP is inconsistent. This is 
because patients with NERD, who represent 70% of the 
GERD population, may not respond to PPIs. Studies have 
shown that approximately 50% of these individuals may 
experience heartburn without acid reflux,2 and at least 
one-third of these patients have physiologically normal 

levels of acid reflux. It is likely that these individuals have 
either altered afferent receptor dysfunction or aberrant 
central modulation of pain.

Treatment of Dysmotility-Related Esophageal Chest Pain
Several drugs with different mechanisms of action have 
been studied, including calcium channel blockers, nitrates, 
and botulinum toxin.44-47 However, only small numbers 
of patients were evaluated, and overall the studies showed 
either no benefit or only a partial response.

Sildenafil, a phosphodiesterase type 5 inhibitor, was 
examined in an uncontrolled, small study of patients with 
spastic esophageal motor disorders.48 The results were 
inconsistent, and both acid reflux and cardiac disease were 
not excluded. Thus, antispasmodics and muscle relaxants 
are either in effective or there is poor evidence to support 
their use.

Treatment of Hypersensitivity-Related Esophageal 
Chest Pain
Various classes of drugs have been studied, including the 
antidepressants imipramine and trazodone, selective sero-
tonin reuptake inhibitors such as citalopram and sertraline, 
and the adenosine receptor antagonist theophylline.42,49-57

In a 3-week trial of imipramine, clonidine, and pla-
cebo, chest pain decreased in 52%, 39%, and 1%, respec-
tively, but the reduction was significant (P<.03) only in 
the imipramine group.49 Likewise, a 6-week randomized 
controlled trial of trazodone (100-150 mg/day) showed 
greater global improvement (P=.02) than placebo.50 In 
another study, sertraline was titrated up to 200 mg daily 
in 30 patients for 8 weeks, which resulted in a significant 
reduction in pain (P<.02) when compared with placebo.51 

Psychological treatment (coping skills) plus sertraline, 
sertraline alone, coping skills alone, or placebo was also 
effective in ECP, with the highest response occurring in the 
combined therapy group (coping skills plus sertraline).52 

Table. Common Etiologies, Pathophysiologies, and Treatments of Esophageal Chest Pain

Etiology Pathophysiology Treatment

Gastroesophageal 
reflux disease

• Acid exposure (chemical stimuli)
• Weakly acidic/nonacid or bile reflux

• Proton pump inhibitors

Dysmotility • Smooth muscle hypercontractility
• Longitudinal smooth muscle layer shortening

• Nitrates
• Calcium channel blockers
• Phosphodiesterase type 5 inhibitors

Visceral  
hypersensitivity

• Abnormal and lower thresholds for sensory  
perception

• Esophageal hyperreactivity
• Central sensitization

• Tricyclic antidepressants
• Selective serotonin reuptake inhibitors
• Trazodone
• Adenosine receptor antagonist (theophylline)

Psychiatric  
disturbances

• Altered central processing, anxiety, panic
• Abnormal activation of emotional center during pain

• Cognitive behavioral therapy
• Hypnotherapy
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Interestingly, antidepressants were effective even in the 
absence of psychological comorbidity, suggesting that 
most patients with ECP may benefit from these drugs, 
while treatment with coping skills may be useful in 
patients with increased levels of anxiety and catastroph-
izing.52 In one study, venlafaxine improved symptoms 
in 52% of patients compared with 4% in the placebo 
group.53 Paroxetine also improved physician-rated symp-
toms, but not patient-rated chest pain.54 In another study, 
paroxetine was no more effective than placebo.55

Theophylline, an adenosine receptor antagonist, has 
been shown to have both visceral analgesic properties and 
smooth muscle relaxant properties.56 In a randomized, 
placebo-controlled, crossover study of theophylline given 
200 mg orally twice daily, 58% of patients with ECP 
showed improvement in chest pain compared with 6% in 
the placebo group.57 More studies are needed to confirm 
the safety and efficacy of theophylline in clinical practice.

Psychological Treatments for Esophageal Chest Pain 
Several approaches have been tested, but cognitive 
behavioral therapy (CBT) has shown the best results. 
Four randomized controlled trials of CBT have been 
reported,42,58-61 comparing it with conventional treatment, 
usual care, or a control. Overall, pain severity decreased, 
depression and anxiety improved, and some quality-of-life 
domains improved.43 However, GERD was not excluded 
in these patients,42 questioning the efficacy and applicabil-
ity of CBT to routine practice. 

In a single-blind, randomized, controlled trial, hypno-
therapy showed greater improvement when compared with 
supported listening plus placebo medication.58 An open-
label study administered a psychological treatment combina-
tion (breathing exercises, education, relaxation, and graded 
exposure to activity) to 60 patients with ECP, and showed a 
significant reduction in median chest pain episodes, as well 
as anxiety and depression scores that were maintained for 6 
months.59 However, the study was not blinded, and GERD 
and other sources of chest pain were not excluded.

A study of 9 patients compared biofeedback (dia-
phragmatic exercises), breathing techniques, and self-con-
trol of stress by using galvanic skin resistance feedback. 
Symptoms improved in 5 of 9 patients with functional 
chest pain but not in patients with functional heartburn.60 

Finally, 20 minutes of Johrei treatment (spiritual 
energy healing) was compared in a randomized controlled 
trial of 6 weeks to a wait-list control.61 There was a signifi-
cant reduction in chest pain intensity scores (P<.0002) in 
the Johrei group but not in the control group. 

Most of the aforementioned studies did not include 
either sham treatment or a credible control; hence, these 
preliminary observations need further confirmation with 
carefully designed controlled trials.

Surgical Treatments for Esophageal Chest Pain
Several surgical approaches have been tried, including long 
esophageal myotomy62 or thoracoscopic vs laparoscopic 
myotomy,63 but the efficacy of these procedures is unclear, 
and randomized controlled trials are lacking. Achalasia 
may also cause chest pain. Recently, peroral endoscopic 
myotomy (POEM) has evolved as a treatment option 
for achalasia, and one center has reported a success rate 
of 82.4% 1 year after the procedure.64 In a retrospective 
study, a POEM procedure was performed in 33 patients 
with achalasia, 8 of whom had chest pain, with complete 
resolution of symptoms.65

Summary

ECP is a common problem. After ruling out life-threatening 
causes of chest pain, notably heart disease, several diagnostic 
modalities are available, including upper endoscopy, high-
resolution esophageal manometry, pH metry, and esopha-
geal balloon distention testing. These tests should facilitate 
an accurate diagnosis of ECP. Treatment is best directed 
toward the underlying mechanism(s) that may be identified 
by the aforementioned tests. If drug therapy fails, psycho-
logical treatments, especially CBT, may be considered. 

The authors have no relevant conflicts of interest to disclose.
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