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Non Cardiac Chest Pain (NCCP)
Mini Review

Abstract
Non-cardiac chest pain (NCCP) is a common clinical problem however the
pathophysiology remains poorly understood. Until the pathophysiology is more
clearly understood, certain patients with NCCP continue to experience chest pain
and seek frequent medical attention. This mini-review will discuss the underlying
pathophysiology of NCCP including gastro-oesophageal reflux, oesophageal
dysmotility and visceral hypersensitivity. Furthermore, it aims to highlight the
current treatment options based on the current literature.
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Introduction

Non-cardiac chest pain (NCCP) is defined as recurring, anginalike, retrosternal chest pain of non-cardiac origin. In a pooled
meta-analysis, the global prevalence of NCCP was reported at
13 % [1]. Patient history and symptoms are not sufficient to
distinguish between cardiac and non-cardiac causes of chest pain
[2]. It is primarily important to investigate whether the chest
pain is of cardiac aetiology. If a cardiological explanation for the
chest pain has been eliminated, patients are often referred to for
investigations into a gastroenterological causation of pain.
The pathophysiology of NCCP remains to be fully elucidated.
Numerous factors have been found to be responsible for NCCP
including, gastro-oesophageal reflux disease (GORD), oesophageal
motility disorders, abnormal processing of oesophageal stimuli,
altered autonomic activity and visceral hypersensitivity. Some
of the underlying mechanisms have been extensively studied
e.g. GORD, however, the other potential causes remain underresearched. It is plausible that a multitude of mechanisms interact
with each other in the individual patient further complicating
the clinical picture. A greater understanding of the underlying
pathophysiology will help to improve the diagnosis and the
treatment of this condition. This review aims to describe the
potential causes of NCCP along with current treatment strategies
and highlight the need for further research.

Discussion

The Diagnosis of NCCP
The ROME III diagnostic criteria for functional chest pain of
a presumed oesophageal origin are as follows; The patient must
have fulfilled the following symptoms for at least the previous
three months with symptom onset at least six months prior
to diagnosis of: midline chest pain or discomfort that is not of
burning quality, absence of evidence that gastroesophageal reflux
Submit Manuscript | http://medcraveonline.com

is the cause of the symptom and absence of histopathology-based
oesophageal motility disorders [3]. Clinically, the initial definition
of “recurring, angina-like, retrosternal chest pain of non-cardiac
origin” is often labelled as NCCP.

Clinical Evaluation of patients with chest pain

Exclusion of cardiac disease is of primary important in the
evaluation of a patient presenting with chest pain. History and
clinical presentation alone have been found to be inaccurate
in predicting coronary artery disease [4]. The nature of cardiac
investigations performed typically depends on the patients, age,
family history, risk factors and local procedures. Most patients
will undergo an exercise tolerance test and functional imaging
with some patients progressing to coronary angiography dictated
by the NICE guidelines [5].
After exclusion of a cardiac aetiology, patients may be tested
for gastro-oesophageal reflux disease (GORD). Not all patients will
undergo upper gastro-intestinal endoscopy and this is of limited
value as the presence of oesophagitis is only inferential of GORD
and endoscopy has been found to be normal in more than 80 % of
cases in patients presenting with NCCP [6,7]. pH monitoring is the
gold standard in diagnosing GORD. If this test is not performed,
a therapeutic trial of acid suppressive medication may be the
most effective diagnostic tool available. Other than oesophageal
manometry, there are no routinely conducted diagnostic tests in
the diagnosis of NCCP.

The Proposed mechanisms underlying NCCP

A variety of factors have been implicated in the pathogenesis of
NCCP including GORD, oesophageal dysmotility, musculoskeletal
problems, psychological factors and visceral hypersensitivity.
There is some evidence to suggest that infusion of acid into the
oesophagus can reduce coronary blood flow in patients with
coronary artery disease [8]. It seems reasonable to assume that
none of these factors are mutually exclusive in the individual
patient and therefore may act in a synergistic nature leading to
symptomatology.
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Gastro-Oesophageal Reflux Disease (GORD)

Treatment of GORD in NCCP

The most common cause of NCCP is GORD and an abnormal
24-hour pH test has been reported in up to 62 % of patients
with NCCP [9]. GORD is present when the gastric contents enter
into the distal oesophagus causing symptoms or damage to the
oesophageal mucosa (oesophagitis). Acid suppressive medication
is highly effective and safe in the treatment of most patients
with GORD. The typical symptoms of GORD are heartburn and
indigestion. There are other atypical symptoms of GORD such as
dysphagia, chronic cough and NCCP [10].

Clinically, the majority of patients with GORD receive PPI’s as
an empirical treatment. Studies have shown that in patients with
NCCP, PPI therapy has been shown to be effective at relieving chest
pain symptoms. A PPI test has been proposed by Fass et al. [14]
this differs to empirical therapy in that a large dose is given for a
short period of time. GORD is the primary cause of NCCP therefore
a strategy such as this one makes clinical sense. This is backed up
by numerous studies outlined below.

The acid perfusion (Bernstein) test was previously popular
in predicting GORD related chest pain but has shown to be
insensitive when compared to ambulatory pH monitoring and
is no longer clinically used. In a study of 75 patients with NCCP,
the Bernstein test was found to have a specificity of 90 % but a
sensitivity of 36 % for acid-related chest pain [11,12].

Extensive research has been undertaken into the link between
GORD and NCCP. There is conflicting data into the role of GORD
in NCCP with around 20 % of patients with NCCP reporting chest
pain in relation to an acid reflux event during ambulatory 24 hour
pH studies [13-15]. There are controversies in the reporting of
24 hour ambulatory pH studies in patients with NCCP, however,
it seems likely that if the patient reports a chest pain symptom
which is demonstrated to be linked to a reflux event then a certain
degree of the patients symptoms are caused by GORD. Treatment
of GORD is fairly simple and this may provide the most sensitive
test in determining whether or not a patient’s NCCP is caused by
GORD.
Table 1: Acid suppressive medications for the treatment of NCCP [18].
Author, Year

Patients (n)

A double blinded placebo controlled trial comparing
omeprazole (20 mg b.d.) to placebo demonstrated that the PPI
was superior at controlling chest pain compared to placebo, 86
% compared to 6 % [16]. The largest trial of acid suppressive
therapy on NCCP comparing esomeprazole (40 mg b.d.) to
placebo showed that esomeprazole was statistically better at
controlling chest pain than placebo. The authors demonstrated
better control of chest pain in patients who had pain less than
two times a week but not in those who had pain more than two
times a week. Esopmprazole improved symptoms in 33.1 %
of the patients. The differences observed in this study may be
attributable to the exclusion of patients who clinically had GORD,
how these patients were excluded i.e. due to a positive 24 hour
pH test, endoscopyically, Bravo capsule or clinical judgement
etc. is not known [17]. A number of previous studies have been
reported using different PPIs and patient outcomes. A summary
of these can be found in Table 1. Clinically, it seems sensible to
undertake an empirical PPI trial in patients presenting with NCCP
as the first course of action if they have not undergone 24 hour
pH monitoring.

Trial

Medication Dose

Duration

Outcome

8 weeks

83 % improvement

8 weeks

Achem et al. [16]

12

Open label

Ranitidine 150 q.m.s /
omeprazole 20 mg b.d

Achem et al. [16]

36

Double-blinded,
placebo controlled

Omeprazole 20 mg b.d

Stahl et al. [19]

Chambers et al. 1998

13

23

Open label

Ranitidine 150 q.m.s

8 weeks

Open label

Omeprazole 40 mg qhs

6 weeks

Lansoprazole 30 mg b.d
vs. placebo

8 weeks

Esomeprazole 40 mg
b.d vs. placebo

4 weeks

Borjeson et al. 2003

19

Double-blinded,
placebo controlled,
crossover

Flook et al. [17]

599

Double-blinded,
placebo controlled

Other acid suppressive medications have been trialled in the
treatment of NCCP. Fass et al. [14] conducted a placebo controlled
trial comparing omeprazole to placebo for one week in 37
patients with NCCP. 78 % of GORD patients reported a positive
response and 14 % of non-GORD patients reported a response and

100 % improvement

81 % improvement vs 6 %

Improvement but complete
improvement in only 30 %

Significant reductions in pain
intensity and duration were
registered during the study.
Symptom relief did not change
significantly vs placebo

esomeprazole improvement 33.1
% vs 24.9 % (P= 0.035)

improvement in their chest pain [9]. Since this study a number of
other studies have been reported using different PPIs and patient
outcomes. This seems a reasonable outcome in lieu of the fact that
up to 62 % of patients with NCCP have GORD.
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Ranitidine, a H2 receptor antagonist, has been investigated
in two studies for the treatment of GORD related NCCP. Stahl et
al found that Ranitidine in 13 patients improved chest pain in
all the patients after eight weeks treatment [19]. Achem et al.
[20] demonstrated that in patients with nutcracker oesophagus
reducing oesophageal acid exposure using either omeprazole or
ranitidine and found positive results [20]. These results suggest
that in NCCP patients where GORD is likely to be the cause that a
therapeutic trial of acid suppressive medication is warranted as
first line treatment.

24 Hour pH Impedance Monitoring

The introduction of impedance pH monitoring into practice
allows clinicians to monitor the exact pH of a reflux episode i.e.
whether it is acidic (pH < 4), weakly acidic (pH 4-7) or non-acid
(pH >7). The extent of the reflux into the proximal oesophagus can
also be measured along with its clearance time. The role of nonacid reflux in NCCP has only been evaluated in one abstract. Vial et
al. [21] reviewed the impedance traces of 28 patients presenting
with NCCP undergoing pH impedance testing. A reflux event with
a pH >4 was classed as non-acidic reflux and only events lasting >
3 seconds were classed as reflux episodes. During the impedance
study, 24 patients experienced chest pain, 9 patients were taking
a PPI, and the remaining 15 were taking no acid suppressive
medication. The 24 patients experienced a combined total of 293
episodes of chest pain during the study. In the group taking a PPI,
24.5 % of patients experienced a reflux event related to chest
pain of which 20 % were acidic and 80 % were non-acid reflux
events. In the group who were not taking PPI’s, 36.6 % of patients
experienced chest pain related to a reflux event of which 64 %
of those were acidic with the remaining 36 % being non-acidic
impedance events [21].

This is the only study reporting on the role on non-acid reflux
in NCCP. Further work is required in order to evaluate the role
of non-acidic reflux events in NCCP, the authors classed any
episode with a pH > 4 as non-acidic but it is unknown whether
any of these events were strictly alkaline or whether all reported
events were “weakly acidic” reflux. This has the potential to be
a difficult study to replicate as to date there is no standardised
reporting of pH impedance studies and different equipment will
have different protocols, reporting methods and the software will
analyse the data in different ways. It is unclear whether these
patients experienced typical symptom of heartburn or an angina
like pain experienced by patients with NCCP. This is a singlecentre trial with small numbers; further studies are required in
order to evaluate the potential role of non-acid reflux in NCCP and
the utilisation of pH impedance studies in NCCP.

Oesophageal dysmotility

Oesophageal dysmotility has been found to play a role in
the pathogenesis of NCCP. Dekel et al. [] found 30 % of patients
with NCCP had an underlying oesophageal motility disorder
diagnosed on oesophageal manometry testing [22]. There is
some controversy as to which is the most common oesophageal
dysmotility disorder found in NCCP. Katz et al. [23] reported on
910 patients referred for oesophageal motility with NCCP to 251
patients referred with dysphagia. The majority of NCCP patients
had normal motility (72 %) with the remaining 28 % classed as
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having a motility disorder. Out of the abnormal motility patients,
nutcracker oesophagus was the most common disorder affecting
48 % of the patients whereas in the dysphagia group, only 10
% of patients had nutcracker oesophagus [23]. Dekel et al. [24]
reported on 587 patients presenting for oesophageal manometry
with NCCP or dysphagia. A normal manometry report was the
most common finding (70 %). The most common manometric
dysmotility finding in the NCCP group was a hypotensive lower
oesophageal sphincter (LOS) (61 %) with 10 % of patients having
a hypertensive LOS, 10 % having a nutcracker oesophagus and
a further 10 % having a non-specific oesophageal dysmotility
problem. The remainder of patients having ineffective peristalsis
(5 %), achalasia (2%) or diffuse oesopghageal spasm (2 %) [24].

Treatment of oesophageal dysmotility related NCCP

There is a complex relationship between oesophageal motility
disorders and GORD which is not fully understood. Clinically, this
can make the treatment of oesophageal dysmotility disorders
difficult. Treatments of NCCP related oesophageal dysmotility
have had mixed results. Several trials have examined the role of
pharmacological intervention in the treatment of NCCP attributed
to spastic motor disorders. Unfortunately, most of the studies
have included a small sample size and few are well designed
randomised placebo controlled trials.

Nitrates in the Treatment of NCCP

Nitrates have been used in the treatment of DOS and have
shown relief of pain after short term administration. These
trials have been small-scale observational trials and no placebo
controlled trials have been carried out in order assess the efficacy
of these compounds [25,26]. One study has examined the utility of
phosphodiesterase-5 inhibitors in the treatment of oesophageal
dysmotility related NCCP. The study took 11 patients with a range
of oesophageal dysmotility problems and administered sildenafil.
The manometric pattern was improved in nine of the patients
however symptomatology only improved in four patients. Two
of these patients discontinued the medication due to side effects
[27]. A single case report described improvements with various
phosphodiesterase-5 inhibitors in DOS [28]. There is a lack of welldesigned trials evaluating the effectiveness of these compounds in
both oesophageal motility disorders and NCCP.

Calcium channel blockers in the treatment of NCCP

There are a small number of studies evaluating the efficacy
of calcium channel blockers in NCCP. In the eight studies that
have been performed on patients with DOS, an improvement
was found by the majority of authors [29-36]. The trial with the
largest number of patients included found that 12 out of 18 study
participants diagnosed with DOS radiologically improved after
administration of nifedipine with the other 6 participants having
other organic diseases [32]. Radiologically, the sensitivity and
specificity for diagnosing DOS is low.

There is one randomised controlled trial comparing nifedipine
to placebo in patients with nutcracker oesophagus [37]. This
demonstrated that oral nifedipine reduced manometric contraction
amplitudes compared to placebo. However symptomatology was
not improved over a 14 week crossover trial. One trial assessed
the efficacy of diltiazem in a randomised cross over trial however
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the trial only included 14 subjects and was found to be effective
in improving symptoms whereas another study found conflicting
results with no benefit in its treatment of DOS [38,39].

The effectiveness of calcium channel blockers is NCCP is
unclear. Current data is lacking on their clinical utilisation and
effectiveness and larger well-designed trials of a longer duration
are required in order to determine whether these are an effective
treatment of NCCP.

Endoscopic injection of botulinum toxin in NCCP

Only one double-blind, randomised, cross-over trial reported
on the use of Botulinum toxin in NCCP in the literature [40].
This identified 11 patients with diffuse oesophageal spasm and
compared an injection of botulinum toxin (100 U) to a saline
Table 2: The Use of Botox in NCCP.
Author. Year

injection of the same volume. The botulinum injection improved
patients dysphagia however had no effect on their chest pain.
Other studies reporting on the use of botulinum toxin in NCCP
have been small observational studies. These are summarised in
the Table 2. There is one well designed randomised, cross-over
trial comparing the use of botulinum toxin with placebo and
only one trial in the literature had resolution of chest pain as the
primary outcome [40,41]. The role of botulinum toxin injections
in oesophageal motility disorders is not well understood and
there is a paucity of trials comparing botulinum toxin against
placebo in oesophageal dysmotility. Well designed, large, placebo
controlled trials are required in order to establish whether
injection of botulinum toxin has an effect in patients with NCCP
which is caused by an oesophageal dysmotility condition [43-45].

Patients (n)

Indication

Miller at al.
[41]

15

Motility
disorders
(nonachlastic)

Nebendahl et
al. [45]

3

DOS

100 U
4 quadrants at 5
levels

Nebendahl et
al.[43]

9

DOS

260 U
4 quadrants at 5
levels

Storr et al. [42]

9

DOS

100 U - multiple
sites distal
oesophagus, 1-1.5
cm interval.

At 6 months, 8 patients had symptom
improvement.
4 required repeat treatment to remain in
remission.

29

Spastic
motility
disorders

N/A

72 % experienced symptom improvement.
6 patients required a third dose to remain
in remission.

Miller et al.
[41]

Dose

Result

Comments

80 U

Symptom improvement in 73 %.
After 10.6 months mean follow-up 33 %
remained symptom free.
67 % required repeat endoscopic
treatments.

No manometric data
just patient reported
symptom outcomes.

Visceral hypersensitivity
Visceral hypersensitivity has long been proposed as a cause
of NCCP. To date, studies have focussed on balloon distension of
the oesophagus. Studies have suggested that patients with NCCP
demonstrate altered central processing of oesophageal stimuli
[46].
Richter et al. first demonstrated differences in visceral
sensations between patients with chest pain of an unknown
aetiology and asymptomatic controls [47]. This was conducted
using an intra-oesophageal balloon and asking patient to note
when they experienced pain, the control subjects experienced
pain at insufflation of greater than 8 ml compared to those with
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All patients reported symptom
improvement

Initial symptom improvement in all
patients.
At 6 months, 7 patients remained
symptom free.

No manometric data
reported.
Primary outcome was
improvement of chest
pain.

chest pain of an unknown aetiology of whom 50 % experienced
chest pain at lower insufflations. Rao et al. [48] investigated
the relationship between cross-sectional area and pressures
generated rather than the volume of balloon distension in order
to provoke pain [48]. They demonstrated that patients with chest
pain had a tolerance threshold which was 50 % lower when
compared to control subjects. The subjects included in the study
underwent upper gastrointestinal endoscopy and pH monitoring,
some were found to have acid sensitivity. Therefore, balloon
distension inducing sensitivity of the oesophagus is likely a shared
feature of chest pain patients with and without evidence of GORD.
This relationship has been proven by studies using acid perfusion
into the oesophageal lumen followed by distension studies [49].
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It is likely that these observations explain the reported 40
% of patients who have unexplained chest pain having gastrooesophgeal related pain and will exhibit abnormal acid exposure
times on 24 hour pH studies [50]. In patients where acid exposure
time is found to be abnormal, they are considered to have GORD as
the explanation of their chest pain and as previously discussed, an
empirical trial of acid suppressive medication may be warranted.
The ROME III foundation suggest that patients who do not exhibit
abnormal acid exposure time on 24 hour pH studies are to be
classified as having function chest pain and “distension stimuli
assume primary importance in diagnosis” [3]. Despite the body
of evidence linking abnormal sensory processing to NCCP, there is
no single test for routine use in the diagnosis of NCCP.

Various studies have shown that alterations in the central
nervous system (CNS) processing of afferent signals in patients
with chest pain have been detected using balloon distension
studies. Bradley et al, compared patients with unexplained chest
pain to healthy controls, GORD patients, coronary artery disease
patients and patients with IBS. Perceptions of oesophageal stimuli
were similar between the groups apart from the group with chest
pain of an unexplained nature. The author concluded that “errors
in central interpretation of afferent signals rather than an increase
in peripheral sensitivity is the relevant pathophysiological feature
of functional chest pain” [51,52]. Whitehead et al conducted a
systematic review of the literature in the evidence of sensory
processing being a diagnostic marker for IBS and found that
abnormalities in central processing are present in this group of
patients [53].
Together, studies reporting on the role of visceral
hypersensitivity in NCCP have focussed on the alterations
of sensory processing in the oesophagus following balloon
distension studies. Oesophageal balloon distension studies are
invasive and distressing for the patient. There is evidence to
suggest that a proportion of patients with NCCP are viscerally
hypersensitive. If this is the case it stands to reason that they are
sensitive throughout the length of the gastrointestinal tract and
this is not confined entirely to the oesophagus.

The treatment of visceral hypersensitivity in NCCP

Numerous studies have aimed to treat NCCP using agents
which modify visceral sensations. Several trials have evaluated
the efficacy of tricyclic antidepressants (TCA’s). Cannon et al.
[54] conducted a double-blind placebo controlled trial comparing
imipramine against placebo for three weeks in 60 patients with
NCCP. They reported a 52 % reduction in chest pain episodes [54].
Prakash et al reported long term outcomes using TCA’s in patients
with NCCP. They examined patients who failed to respond to acid
suppressive medication. They report that three out of four patients
responded at long term follow up to low dose TCA’s. Despite
the small sample size (n=21) if visceral hypersensitivity can be
demonstrated, following an empirical trial of acid suppressive
medication, then if visceral hypersensitivity can be demonstrated
it seems that TCS’s may be an effective treatment modality [55].
Selective serotonin reuptake inhibitors (SSRI’s) have been trialled
for use in NCCP. Sertraline was compared to placebo in a placebo
controlled trial. It was found that Sertraline significantly reduced
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pain scores when compared to placebo, however side-effects
associated with the use of SSRI’s were found in 27 % of patients
[56].

Hypnotherapy has been shown to be effective in patients
with functional gastrointestinal disorders such as IBS and
functional dyspepsia [57-59]. Miller et al. [58] demonstrated the
effectiveness of hypnotherapy on patient’s quality of life in a small
single blind controlled trial, they also demonstrated symptom
remission at long-term follow up [60,61]. The study had several
limitations including small numbers and due to the nature of
the treatment being offered it is impossible to conduct a placebo
controlled trial of such treatment. Despite the study’s limitations,
it shows a good initial and sustained response and required
further investigation in the treatment of NCCP and opens the
question as to whether other psychological interventions may be
effective in the treatment of NCCP.

Conclusion

NCCP presents a significant problem for clinicians and is
distressing for patients. There is evidence to suggest that patients
with NCCP have a good prognosis and a low risk of developing
coronary artery disease later in life [62-64]. Despite this,
NCCP patients remain difficult to reassure due to the cardiac
connotations of symptomatology. It has been shown that patients
with NCCP consult healthcare professionals more frequently than
their ischaemic heart disease counterparts [63]. The mainstay
of research in NCCP has focussed on the role of GORD as an
underlying cause. It seems sensible that once a cardiac cause has
been dismissed that patients undergo an empirical trial of acid
suppressive medication. If this proves to be ineffective at relieving
symptoms then further gastrointestinal investigations are
warranted. If these cannot provide an explanation for symptoms
then it has been suggested that these patients may be viscerally
hypersensitive. Current investigations have not yielded a test
which is non-invasive and effective at diagnosing hypersensitivity
in these patients and there is clinically a need for such an
investigation.
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