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OVERVIEW OF THE PROBLEM
From 10% to 30% of patients who undergo cardiac catheteri-
zation for chest pain are found to have normal epicardial
coronary arteries (1,2). These patients are considered to
have noncardiac chest pain (NCCP) and many are referred
for evaluation of their upper gastrointestinal tract. By ex-
trapolating American data, a conservative estimate for the
Canadian incidence of NCCP is approximately 7000 new
cases/year (3). Because many of these patient are referred to a
gastroenterologist, it is imperative that the gastrointestinal
consultant understand the nature of this condition and have
a rational approach to its diagnosis and treatment. The ob-
jective of this document is to synthesize the available litera-
ture on the management of NCCP as it applies to practice of
gastrointestinal specialists and to recommend practical
guidelines for the management of this common problem.

DIFFERENTIAL DIAGNOSIS
A gastroenterology referral of a patient with NCCP is usually
prompted by the belief that the pain might be esophageal in
origin. However, it is important for the consultant to con-
sider other diagnostic possibilities. It is first crucial to ensure
that cardiac disease has been adequately excluded. Even in
patients with normal coronary angiography the possibility of
microvascular angina (4) should be considered. Pain from
the chest wall, or disease of the pleura or mediastinum are
usually obvious by history. Rarely, the pain of peptic ulcer
disease is referred to the low retrosternal region. Biliary colic
should also be considered in the differential diagnosis of

angina-like chest pain located in the low retrosternal region.
Finally, an incarcerated hiatus hernia may be the cause of
atypical low chest pain. In these patients the pain usually oc-
curs postprandially.

ATYPICAL ESOPHAGEAL PAIN:
CAUSES AND PATHOGENESIS

Sensory innervation of the esophageal body and lower eso-
phageal sphincter is carried via the vagus nerves, the
splanchnic and thoracic sympathetic nerves and the sympa-
thetic cardiac branch from the stellate ganglion (5). Sympa-
thetic afferents, which presumably carry much of the pain
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sensation from the esophagus, travel via dorsal root ganglia
into the spinal cord at T1 to L2. Cardiac pain fibres enter the
spinal cord at the same levels; therefore, it is not surprising
that esophageal pain can mimic cardiac pain both in distri-
bution and quality.

There are several proposed mechanisms whereby eso-
phageal disease or dysfunction can cause pain.

� Acid permeating the squamous epithelium can directly
activate sensory nerve endings. This usually produces
burning discomfort, but ambulatory pH and motility
studies have clearly demonstrated that many patients
experience angina-like pain coincident with acid reflux
events (6-9). Although bile acids may be present in the
refluxate, there is little evidence that these are a source
of pain in reflux patients (10). Acid stimulation of the
esophageal mucosa may also trigger myocardial ischemia
via reflex mechanisms (11).

� ‘Esophageal spasm’ may cause pain, presumably by
producing myoischemia. In general, manometric studies
performed while patients spontaneously experience
their NCCP have not demonstrated good correlation
between the pain and spastic esophageal contractions. If
the two were correlated, there would be a better
association with the duration versus the amplitude of
the contraction (12). Preliminary studies using
ambulatory intraluminal sonography suggest that muscle
contraction not detected by conventional intraluminal
manometry may be the source of chest pain episodes in
some of these patients (13).

� Esophageal distension can induce pain. However, most
patients with obstructive esophageal disease develop
gradual distension of their esophagus, which is rarely
associated with discomfort. Acute obstruction with
bolus impaction may cause pain through distension.

� Infiltrative diseases, the major one being malignant
neoplasm, can cause atypical chest pain by directly
invading sensory nerve fibres.

� There is mounting evidence that patients with atypical
chest pain have abnormal sensory perception, as
demonstrated by abnormal perception of esophageal
balloon distension (14,15). It is unclear whether this
represents a problem with the sensory afferents or
dysfunction at the level of the central nervous system.

APPROACH TO DIAGNOSIS
In a patient with a suspected esophageal cause of NCCP, a
wide array of diagnostic tools is available to the clinician.
Despite this, it often is difficult to establish clearly that the
esophagus is the source of the pain.
Historical features: Davies and colleagues (16) examined
historical features that help to differentiate atypical chest
pain of esophageal origin from that of cardiac origin. A
number of features suggested esophageal pain, including asso-
ciated esophageal symptoms (such as heartburn, regurgita-

tion and dysphagia, and relief with antacids), pain provoked
by stooping and recumbency, marked variability in the de-
gree of exercise that produced pain, onset of pain longer than
10 mins after exercise cessation, pain awakening patients
from sleep, pain provoked by swallowing and pain that was
severe in onset and then continued as a background ache for
several hours. However, because there was considerable over-
lap between the two conditions, it was concluded that history
alone was not particularly helpful in establishing a diagnosis.
Other studies have come to similar conclusions (17,18). If
the pain is associated with other, more definitive esophageal
symptoms such as heartburn, acid regurgitation and
dysphagia, then the clinician is on much firmer ground in
pursuing esophageal investigations. It is also important to ex-
plore psychosocial factors that may be contributing to the
problem (19).
Physical examination: The physical examination is gener-
ally unhelpful in diagnosing the cause of atypical chest pain.
It is nevertheless important to perform an examination to
verify to the patient that the complaints are being taken seri-
ously. Careful cardiac examination is important as is palpa-
tion of the chest wall to detect pain trigger points.

INVESTIGATIONS
A number of investigations are available to clinicians in
their diagnostic work-up of patients with NCCP. Unfortu-
nately, there is little scientific evidence supporting the util-
ity of any of these tests in improving patient outcome.
Radiological studies – Chest x-ray: A chest x-ray is useful to
rule out significant disease of the mediastinum, pleura and
lung parenchyma. This test is usually done in the course of
excluding cardiac disease as a cause of chest pain. It rarely is of
use in diagnosing esophageal disease, although it will detect a
large incarcerated hiatus hernia or a significantly dilated
esophagus.
Ultrasound: Abdominal ultrasound should be performed if
the atypical chest pain has features suggestive of biliary colic,
including unpredictable attacks of prolonged, steady pain in
the low retrosternal area. Biliary colic rarely extends to the
mid or upper chest. If biliary pain is suspected, liver function
tests should also be done during or shortly after an attack of
pain.
Upper gastrointestinal barium studies: Barium contrast
studies of the esophagus have relatively low sensitivity and
specificity in diagnosing gastroesophageal reflux disease
(GERD) (20) and are usually of little diagnostic value when
atypical chest pain is the sole presenting symptom. Contrast
radiography is useful when the patient has associated
dysphagia.
Upper gastrointestinal endoscopy: The value of endoscopy
in NCCP patients is controversial. Even though up to 50% of
all patients presenting with NCCP have GERD (21), no
more than half of these patients will have endoscopic evi-
dence of reflux esophagitis. Furthermore, in a recent study of
28 patients with NCCP, four were found to have reflux
esophagitis yet 12 had pathological reflux on 24 h esophageal
pH monitoring (17). All four patients with esophagitis had
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an abnormal ambulatory pH study. The low sensitivity of en-
doscopy in these patients has led some to argue that this test
should not be done unless there are associated symptoms,
such as dysphagia, that more specifically point to diseases of
the upper gastrointestinal tract. However, endoscopy has the
advantage of detecting other diseases of the proximal gastro-
intestinal tract, as well as Barrett’s esophagus. Furthermore,
erosive esophagitis provides an unequivocal rationale for ag-
gressive antireflux therapy.
Esophageal manometry with provocative testing: For years
esophageal manometry with provocative testing has been a
major diagnostic tool in the evaluation of patients with
NCCP, primarily because of the commonly held belief that
‘esophageal spasm’ underlies the pain in many of these pa-
tients. In recent years, however, the value of this diagnostic
test in NCCP has been seriously questioned (22). We (23)
found abnormal baseline manometry in approximately 60%
of patients with NCCP, but most of these were relatively mi-
nor, nonspecific esophageal motor disorders of questionable
clinical significance. In patients with NCCP but no dys-
phagia, it is distinctly rare to diagnose achalasia, the only eso-
phageal motor disorder for which proven effective therapy is
available, with manometry (24). There is also evidence that
in patients diagnosed with nutcracker esophagus (hyperten-
sive peristalsis), the most common manometric abnormality
in NCCP patients (23,24), the correlation between sponta-
neous episodes of chest pain and the hypertensive contrac-
tions is poor. It, therefore, can be concluded that in the ab-
sence of dysphagia, baseline esophageal manometry is of
little, if any, value in the evaluation of NCCP patients.

Because it is rare that a patient experiences a spontaneous
episode of chest pain during baseline esophageal manometry,
most motility laboratories perform provocative testing dur-
ing manometry in an attempt to precipitate the patient’s
pain. Three provocative tests are commonly used: esophag-
eal acid perfusion (Bernstein test), cholinergic stimulation
with either bethanechol or edrophonium, and esophageal
balloon distension.

Acid perfusion reportedly reproduces the atypical chest
pain seen in 10% to 50% of patients (23-25). The highest
yield comes from laboratories that use a perfusion port in the
more proximal esophagus, thus exposing a greater length of
esophagus to acid (23,24). The Bernstein test was initially
evaluated in patients with more typical reflux symptoms and
was found to have reasonable sensitivity and specificity (26).
However, it appears that this test may not be specific in pa-
tients with NCCP. Recent studies have reported that only a
minority of patients in whom atypical chest pain was repro-
duced by acid perfusion had their spontaneous pain preceded
by acid reflux during ambulatory esophageal pH monitoring
(6,8).

Provocative testing using either bethanechol or edro-
phonium has also been reported to reproduce chest pain in a
significant proportion of patients (8,23,24,27). This result
may not be associated with the induction of spastic esophag-
eal contractions. Unfortunately, this test also appears to lack
specificity. A positive result does not necessarily mean that

the patient’s spontaneous chest pain episodes are due to eso-
phageal spasm (6,8), nor is there evidence that it predicts a
response to therapy.

Esophageal balloon distension reportedly has a higher di-
agnostic yield than other forms of provocative testing
(28,29). Up to 60% of patients with NCCP have their pain
reproduced during balloon distension. Again, this test’s
specificity is uncertain, and it remains to be demonstrated
that a positive test is useful in guiding therapy. However this
provocative test has been useful in helping us understand the
pathophysiology of NCCP, in that it demonstrates visceral
hyperalgesia in a significant number of patients. This is de-
fined as a lowered sensory and pain threshold to esophageal
balloon distension. Patients with such hypersensitivity often
also have exaggerated sensitivity to esophageal acid perfu-
sion. Theoretically, the demonstration of a hypersensitive
esophagus by using balloon distension may guide therapy to-
wards agents that affect visceral sensation.

Although esophageal manometry with provocative test-
ing can suggest an esophageal cause of the pain, there is little
evidence that the test is useful in guiding therapy. There is
some evidence, however, that patients who have undergone
this testing to establish an esophageal cause of their pain may
subsequently cope better with the problem and use fewer
health care resources (30,31). This may be due to a lowering
of patient anxiety following a positive esophageal diagnosis.
Patients without a positive diagnosis may continue to worry
about undiagnosed heart disease.
Twenty-four hour ambulatory pH monitoring: A number
of studies have reported on the value of 24 h pH monitoring
in NCCP (32-35). The diagnostic yield of this test has varied
widely from study to study, most likely because of different in-
clusion criteria. Overall, about 40% of patients with NCCP
have either an abnormal degree of acid reflux on 24 h pH
monitoring, or a correlation between symptoms and reflux
events (21). However, a pathological degree of gastroeso-
phageal reflux on pH monitoring does not necessarily mean
that the patient’s atypical chest pain is reflux-related. Fur-
thermore, a normal 24 h pH study does not exclude reflux as a
cause. Several studies have documented a correlation be-
tween individual acid reflux events and chest pain episodes
in patients without pathological reflux (7,8). The test ap-
pears to be more useful for its ability to temporally correlate
episodes of chest pain with acid reflux. This approach is not
without problems, however. By convention the pH electrode
is placed 5 cm above the lower esophageal sphincter and,
therefore, may fail to record reflux episodes that cause pain.
An additional problem is that establishing a relationship be-
tween reflux events and chest pain is largely arbitrary. For in-
stance, many studies have used a ‘window’ before and after a
chest pain event, and score a reflux event occurring in this
time interval as being positively correlated with the chest
pain. By using such criteria, a reflux event occurring after the
patient experienced pain is reported as responsible for the
pain. This approach clearly inflates the true relationship be-
tween pain episodes and reflux.

Another major problem is that many patients with NCCP
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do not have pain on a daily basis. In this situation, ambula-
tory 24 h pH monitoring is of limited utility because the pa-
tient may not experience a spontaneous pain episode during
the recording. It is, therefore, recommended that 24 h pH
monitoring be used only in patients with frequent (ie, daily)
episodes of pain. Because of the cost of this test and the limi-
tations outlined above, many experts suggest that 24 h pH
monitoring be reserved for those who have failed empirical
therapy with a proton pump inhibitor (PPI) (see below). In
such patients, 24 h pH monitoring with the patient on treat-
ment will determine that the pain is either related to reflux
that has been inadequately controlled by the PPI or unre-
lated to reflux.
Combined ambulatory esophageal pH and manometry re-
cording: A number of centres have evaluated combined am-
bulatory pH and motility systems in patients with NCCP
(6-9). In general, the added diagnostic yield with this test has
been disappointing; at most 15% to 20% of pain episodes can
be correlated with esophageal dysmotility. Furthermore,
demonstrating that individual pain episodes correlate with
dysmotility is of dubious clinical significance given the lack
of effective therapy for the dysmotility.

EMPIRICAL THERAPY AS A DIAGNOSTIC TEST
In the past, therapeutic trials of antireflux treatment or
smooth muscle relaxants were of questionable value because
of relatively poor response to these agents, even when the
suspected disorder (ie, reflux or esophageal spasm) was
known to be present. The value of empirical therapy has
changed with the advent of PPIs. Well over 90% of patients
with acid reflux-related symptoms respond dramatically to
PPI therapy (36); therefore, a short trial is now commonly
used as a diagnostic test in NCCP. Failure to respond virtu-
ally excludes reflux as a cause. On the other hand, a dramatic
resolution of the chest pain makes it likely that the pain was
reflux-related. Recent studies have attempted to evaluate
this approach and have documented a strong correlation be-
tween abnormal 24 h pH monitoring and a symptomatic re-
sponse to a PPI (37). Many would argue that a trial of PPI
therapy is a cost effective approach in patients with NCCP,
particularly because GERD is the one cause of NCCP that
readily responds to treatment. A problem with this approach
is that some patients have a placebo response, which may
lead to unnecessary and costly long term therapy.

TREATMENT
There are three major approaches to the treatment of pa-
tients with NCCP:

� antireflux therapy;

� smooth muscle relaxants;

� drugs that affect visceral perception.

Ideally, treatment should be individualized to the patho-
physiology of a given patient, but unfortunately this is often
not possible.

Antireflux therapy: Theoretically, if NCCP is due to acid re-
flux, it should resolve following vigorous antireflux therapy.
Surprisingly, there are few well controlled studies of antire-
flux treatment in NCCP patients. A number of open label
studies using different forms of acid suppression or antireflux
surgery (33,38-41) have reported marked improvement in
patients with NCCP. In most of these studies, the incidence
of pathological reflux was much higher than in most series of
NCCP patients.

In a recent study, Achem et al (41) randomly assigned
36 patients with NCCP and abnormal 24 h esophageal pH
monitoring to either placebo or omeprazole (20 mg bid) for
eight weeks. Not surprisingly, these selected reflux patients
with atypical chest pain markedly improved on omeprazole
therapy versus placebo. Another study, published in abstract
form (37), randomly assigned 21 patients with daily episodes
of NCCP to either omeprazole 40 mg in the morning and 20
mg in the evening, or placebo for seven days. This was fol-
lowed by a two-week washout period and then crossover to
the other treatment. All patients had endoscopy and 24 h
pH monitoring before entry into the study. Eleven of 21 pa-
tients (52.4%) had pathological reflux as diagnosed by 24 h
pH monitoring (seven of these had erosive esophagitis). All
11 patients on omeprazole improved during therapy; eight of
the 11 had at least a 50% decrease in their symptoms. On the
other hand, only seven patients improved on placebo, but in
no placebo-treated patient was the improvement greater
that 50%. Only one patient with NCCP and no pathological
reflux improved on omeprazole.

This study suggests that empirical treatment with high
dose omeprazole may be useful in determining whether the
pain is reflux-related. However, this population of NCCP
patients had a relatively high frequency of abnormal reflux.
This approach may not be as useful in a more typical patient
population in which the incidence of pathological reflux
ranges from 10% to 20%.
Smooth muscle relaxants: Agents that decrease the force of
esophageal smooth muscle contraction (eg, antimuscarinics,
nitrates and calcium channel blockers) have been used ex-
tensively in the treatment of NCCP, particularly in patients
with a hypercontractile esophagus. Unfortunately, the use of
these agents is largely supported by only anecdotal reports.
Two randomized, placebo controlled trials using calcium
channel blockers in patients with nutcracker esophagus have
been reported (42,43). In the trial with nifedipine, there was
a trend towards improvement in the early treatment phase
that was lost as treatment continued. In the other trial, which
used diltiazem, a statistically significant improvement over
placebo was reported, but the study had significant methodo-
logical flaws. It thus appears that calcium channel blockers
and nitrates are of limited value in NCCP patients. These
agents may be worth trying in a small subgroup of patients
with severe esophageal spasm.
Drugs that affect visceral sensation: Tricyclic antidepres-
sants are used in a number of somatic and visceral pain disor-
ders. The mechanism(s) whereby these agents suppress pain
transmission is not well understood, but they appear to work
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both centrally and peripherally. It therefore appears rational
to use tricyclics in NCCP because of the evidence that many
NCCP patients have esophageal hyperalgesia. Two random-
ized, controlled trials have demonstrated efficacy of these
drugs in patients with NCCP (44,45). Patients in these stud-
ies were not selected based on demonstration of abnormal
visceral perception; whether improved outcomes will occur if
patients were selected on this basis remains to be determined.

RECOMMENDATIONS
Recommendations are also presented in Figure 1.

1. The gastrointestinal specialist must first ensure that
cardiac disease has been adequately excluded and should
consider other nonesophageal disorders such as chest
wall pain, biliary colic, peptic ulcer disease, etc.

2. Endoscopic examination is a reasonable initial
diagnostic test to exclude mucosal disease of the
esophagus, stomach and duodenum. This is most useful
when there are associated esophageal symptoms,
especially dysphagia.

3. If available, 24 h pH monitoring should be considered
in patients without evidence of endoscopic esophagitis
(or in whom endoscopy has not been performed) who
have frequent (ie, daily) pain episodes.

4. An empirical trial of therapy with a PPI for approximately
four weeks is a reasonable alternative to endoscopy and
24 h pH monitoring, or following a negative endoscopy.

5. Esophageal manometry with provocative testing should
be reserved for patients with nonreflux-related pain
episodes that are significantly interfering with daily life
and associated with patient anxiety because of
diagnostic uncertainty.

6. Treatment:
a) Reassurance and education are the cornerstone of

successful management.
b) If gastroesophageal reflux is suspected or documented as

a cause of the atypical pain, a PPI should be used
initially with subsequent step-down to lesser forms of
antireflux therapy.

c) Calcium channel blockers or nitrates may be indicated
in a small subgroup of patients with a markedly spastic,
hypercontractile esophagus.

d) Tricyclic antidepressant (eg, amitriptyline in doses of 25
to 100 mg/day) should be used in patients with
nonspecific abnormalities on diagnostic tests but a
suspected esophageal source. These drugs are
particularly indicated in patients with documented
visceral hyperalgesia.
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