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This study assessed chest pain locations/symptoms
among patients who presented with acute chest pain
and how these compare with a clinical diagnosis of
cardiac or noncardiac chest pain. A cluster analysis
was undertaken to determine any pattern in the chest
pain locations described by patients. Cluster analysis
identified 4 distinct chest pain locations (upper chest,
central retrosternal, central chest, and left chest and
left arm). There was considerable location/symptom
overlap between patients who had cardiac chest pain
and those who had noncardiac chest pain. �2005
by Excerpta Medica Inc.

(Am J Cardiol 2005;95:1228–1231)

Acute chest pain is the second most common pre-
sentation to hospital emergency departments.1

Each year in the United States, there are �6 million
patients admitted to the hospital for acute chest pain,
with an annual economic cost to the health care sys-
tem of $8 billion (United States currency).2 The aim of
this study was to determine how clusters (groups) of
patients with respect to chest pain locations/symptoms
compare with a clinical diagnosis of cardiac or non-
cardiac chest pain. The hypothesis was that chest pain
characteristics alone are not useful in differentiating
cardiac from noncardiac chest pain.

• • •
This study was approved by the ethics committee

of the Wentworth Area Health Service (Sydney, New
South Wales, Australia). A consecutive sample of
patients who presented with chest pain to a tertiary
teaching and referral hospital (Emergency Depart-
ment, Nepean Hospital, Penrith, New South Wales,
Australia) over a 12-month period were enrolled in
this cross-sectional methodologic study. Patients were
followed through to general admission or to the chest
pain clinic at Nepean Hospital. Admissions to these
centers were monitored to capture patients who had
been referred from other sources. Baseline character-
istics of this cohort have been described elsewhere.3

Patients come from the Wentworth Area Health
Service catchment area, which consists of a popula-
tion of 307,787 (7.7% of the Sydney population) and

is sociodemographically very similar to the Australian
population according to 2001 census data, except that
its inhabitants are slightly younger (30 vs 35 median
years), and it has a slightly higher socioeconomic
status based on income ($450 vs $350 median income
per week). Ethnic status was not obtained, but most
would be Caucasian based on data from the Australian
Bureau of Statistics (www.abs.gov.au).

On presentation, subjects were invited to partici-
pate in the study. An information package was pro-
vided. This included the Chest Pain Questionnaire, a
letter describing the study, and a patient consent form
(which required a signature), which gives permission
to access a patient’s medical records. This instrument
has been previously described and validated.4,5

All patients were asked to fill out the Chest Pain
Questionnaire, including those who did not wish to
undergo further diagnostic procedures. At initial pre-
sentation, patients who elected to undergo further di-
agnostic tests were assessed according to a standard
protocol. This protocol is based on guidelines from the
National Health and Medical Research Council
(NHMRC) and is used for assessment of chest pain in
the Nepean Hospital Emergency Department.6,7 The
NHMRC guidelines are based on those of the Amer-
ican College of Cardiology and American Heart As-
sociation, which were updated in 2002.8 A detailed
history and physical examination were included in
these initial procedures. More specialized diagnostic
tests, which are dependent on the origin of the pain
(e.g., gastrointestinal and cardiac), were determined
by the characteristics of each patient who presented.
No clinical data on medications, electrocardiograms,
additional risk factors (i.e., obesity, history of cere-
brovascular disease, and family history of coronary
heart disease) were collected or available for this
particular study.
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FIGURE 1. Cardiac chest pain (white bars), noncardiac chest pain
(gray bars), and all chest pain (black bars) by age.
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The “gold standard” used in this study is based on
the emergency physicians and the cardiologists (who
were blinded to data from the Chest Pain Question-
naire) who diagnosed and treated patients from this
cohort with acute chest pain. Diagnoses of an acute
coronary syndrome were based on clinical and diag-
nostic tests undertaken (e.g., creatine kinase-MB and
troponin levels), which were assessed on a case-by-
case basis.9,10

Cardiac chest pain was defined as a diagnosis by a
physician as being due to acute myocardial infarction
or ischemic heart disease or was classified as probably
having an ischemic origin based on NHMRC diagnos-
tic pathways and protocols. Noncardiac chest pain was
defined as chest pain that had not been diagnosed as
acute myocardial infarction or ischemic heart disease
by a physician. Gastroesophageal reflux disease was
defined as heartburn and/or acid regurgitation occur-
ring at least weekly. Diabetes mellitus was defined as
a blood sugar level �7.8 mmol/L. Smoking status was
determined as nonsmoker, current smoker, or never
smoked. High cholesterol level was defined as a total

cholesterol level �5.5 mmol/L. High blood pressure
was defined as �140/90 mm Hg. Dyspnea was de-
fined as shortness of breath.

“Cluster analysis” is a generic term that describes
a subset of statistical procedures that can be used to
create a classification.11–15 These procedures start with
a dataset that contains information (e.g., chest pain
locations) about a sample of entities (e.g., patients
who have chest pain) and attempts to sort these enti-
ties into relatively homogenous and mutually exclu-
sive groups (or clusters). In this study, cluster analysis
was used to sort patients into “chest pain” clusters or
groups based on similarities in reported symptoms.

A k-means cluster analysis was applied (which
involves first specifying the number of clusters de-
sired, i.e., k) by using factors that had been extracted
from principal components analysis as the basis for
forming the cluster solution.11–15 Analysis commenced
with a 2-cluster solution and proceeded by generating
increasingly complex cluster solutions (i.e., 3, 4, 5,
and 6 clusters). The choice of 2 clusters as a starting
point was based on the expectation of �2 chest pain
clusters that would reflect cardiac and noncardiac
chest pain groups. For more detailed information on
cluster methods, see Eslick et al.15

Patient demographic and clinical characteristics are
reported as means � SD or confidence intervals for
numerically scaled features and percentages for discrete
characteristics. Chi-square tests were used to compare
univariate groups with odds ratios (ORs) and 95% con-
fidence intervals (CIs). All p values calculated were
2-tailed; the � level of significance was set at 0.05.

Of patients who presented with acute chest pain,
212 (84 women and 128 men; mean age 57 � 14
years, range 18 to 90) were recruited into this study.
Overall, there was no significant difference with re-
spect to age or gender. Men who had cardiac chest
pain were slightly older than women, but this was not
statistically significant (62 vs 59 years, p � 0.4).
There was no difference in age between men and
women who had noncardiac chest pain (55 vs 55
years, p � 0.9).

FIGURE 2. Descriptions of cardiac chest pain (white bars), noncardiac chest pain (gray bars), and all chest pain (black bars).

TABLE 1 Cluster Analysis of Factors Identified in the Patient
Sample (mean factor scores by cluster)

Chest Pain
Location*

Clusters

Central
Chest

Left Chest
and Arm

Central
Retrosternum

Upper
Chest

A 0.00 0.11 0.06 0.83
B 0.13 0.46 0.10 0.78
C 0.06 0.54 0.17 0.95
D 0.81 0.08 0.02 0.20
E 0.90 0.49 0.39 0.61
F 0.94 0.38 0.10 0.29
G 0.13 0.00 0.03 0.02
H 0.26 0.08 0.15 0.12
I 0.16 0.05 0.05 0.00
J 0.10 0.00 0.05 0.00
K 0.06 1.00 0.00 0.02
L 0.10 0.22 0.02 0.05

*Diagrammed in Figure 3.
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As shown in Figure 1, all-cause chest pain peaked
among patients who had noncardiac chest pain and
were 50 to 59 years old, whereas those who had
cardiac chest pain produced a bimodal distribution
that peaked in 2 age groups, 40 to 49 and 70 to 79
years. Noncardiac chest pain was present in a larger

proportion of younger groups (18 to 29 and 30 to 39
years old) compared with cardiac chest pain.

Prevalences of noncardiac chest pain were 54%
(95% CI 45 to 63) among men and 45% (95% CI 37
to 55) among women (men vs women, p � 0.2). Men
were �3 times more likely to have cardiac chest pain
compared with women (OR 2.60, 95% CI 1.35 to
4.99). Of all participants, only 71 (33%, 95% CI 27 to
40) reported being diagnosed by a physician as having
a myocardial infarction, and 18 (8%, 95% CI 5 to
13%) fulfilled Rose’s questionnaire criteria for angina.

To determine the characteristics of chest pain that
subjects were describing, questions were asked con-
cerning the type and location of chest pain (“What is
the best word to describe the chest pain you are
experiencing?”) More than 1 answer could apply. The
most common responses were “tightness,” “pressure,”
“sharp,” “heavy,” and “aching” (Figure 2). Location
and prevalence of chest pain were based on a diagram
(Table 1 and Figures 3 and 4) and subjects circled the
letter/letters that best indicated the location of their
chest pain. Locations B, E, or H met the criteria for
“sternal” chest pain (n � 206), locations G, I, J, K, and
L met the criteria for arm/abdominal locations (n � 87),
and the remainder were defined as other chest pain areas
(n � 229). Among patients who had nonretrosternal
chest pain, 83% had noncardiac pain and 17% had car-
diac pain. Among those who had retrosternal chest pain,
77% had noncardiac pain and 23% had cardiac pain.

Patients who had cardiac chest pain were 2 times as
likely to report severe to very severe chest pain than

FIGURE 3. Locations of chest pain according to the cluster analy-
sis that is presented in Table 1.

FIGURE 4. Location and prevalence of chest pain. All chest pain
(top), cardiac chest pain (middle); noncardiac chest pain (bottom).

FIGURE 5. Cluster locations of acute chest pain.
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moderate chest pain (OR 2.06, 95% CI 1.05 to 4.10),
whereas patients who had noncardiac chest pain were
more likely to report moderate chest pain. Mean du-
rations of chest pain were 15 to 30 minutes in the
noncardiac group and 5 to 15 minutes in the cardiac
group. On average, the frequency of chest pain symp-
toms described occurred �1 time/month in the non-
cardiac and cardiac groups. There was no association
between diabetes and cardiac or noncardiac chest pain
(14% vs 14%, OR 0.92, 95% CI 0.35 to 2.52). Neither
cardiac chest pain (OR 1.43, 95% CI 0.72 to 2.91) nor
noncardiac chest pain (OR 0.70, 95% CI 0.34 to 1.39)
was associated with smoking status. In addition, there
was no association between diabetes and smoking
status (smoking vs nonsmoking, OR 0.68, 95% CI
0.29 to 1.67). Those who had cardiac chest pain were
2 times as likely to have hypercholesterolemia (OR
2.07, 95% CI 1.03 to 4.17) compared with those who
had noncardiac chest pain. No statistically significant
differences were found between cardiac and noncar-
diac chest pain in relation to high blood pressure (p �
0.35). No difference was observed in rates of patients
who had noncardiac/cardiac pain and dyspnea (12%
vs 16%, p � 0.73). There was a significant difference
among patients who had noncardiac/cardiac chest pain
and heartburn (56% vs 40%, p � 0.04). Those who
had noncardiac chest pain were �2 times more likely
to have heartburn than were those who had cardiac
chest pain (OR 1.89, 95% CI 1.03 to 3.46). There was
no difference between patients who had noncardiac
chest pain and dysphagia and those who had cardiac
chest pain and dysphagia (33% vs 21%, p � 0.07).
Those who had noncardiac chest pain did not differ
significantly with respect to gastroesophageal reflux
from those who had a cardiac cause for their chest pain.

Results of the k-means analysis appear in Table 1.
The sample yielded a complex cluster structure with 4
location groupings. These groupings were central chest,
left chest and arm, central retrosternal, and upper chest
(Figure 5). Most clusters represented single anatomic
chest locations; however, there was overlap of loca-
tions. The prevalence among patients who had cardiac
chest pain for each cluster was highest among those who
had pain in the left chest and arm (54.5%), in the central
retrosternum (34%), in the upper chest (33.3%), and in
the central chest (23.1%). In comparison, cluster char-
acteristics of patients who had noncardiac chest pain
were the central chest (76.9%), the upper chest
(66.7%), the central retrosternum (66%), and the left
chest and arm (45.5%).

• • •
The present study suggests that patients who present

to hospital emergency departments with acute chest pain
suggestive of an acute coronary syndrome have con-
siderable overlap with patients who present with non-
cardiac chest pain (and vice versa). Chest pain is a
heterogeneous symptom.16 Therefore, characteristics
of chest pain such as pain location and patient descrip-
tion may not be useful in differentiating acute coro-

nary syndromes from noncardiac chest pain. This
study used a cluster analysis technique to determine
how patients’ chest pain locations cluster and the
likely clinical interpretations of such groupings. There
were 4 clusters (groups) of chest pain locations among
this patient sample that reported acute chest pain,
which included the central chest, left chest and left
arm, sternum, and upper chest.

Moreover, the scientific methods involved using a
k-means (nonhierarchical) cluster analysis. Cluster
analysis is not entirely new to medicine, but this is the
first time that a cluster analysis method has been used
in a clinical cardiology patient setting (based on a
MEDLINE and Current Contents search involving the
key term cluster analysis). This is somewhat surpris-
ing because of the advantages of this technique in
interpreting patterns among patients who have symp-
toms (e.g., acute chest pain).13–15

Acknowledgment: I thank Stuart C. Howell, BA, for
statistical advice and Nicholas J. Talley, MD, PhD,
and David S. Coulshed, PhD, for reviewing the manu-
script.

1. Eslick GD, Fass R. Non-cardiac chest pain—evaluation and treatment. Gas-
troenterol Clin North Am 2003;32:531–552.
2. Eslick GD, Coulshed DS, Talley NJ. Review article: the burden of illness of
non-cardiac chest pain. Aliment Pharmacol Ther 2002;16:1217–1223.
3. Eslick GD, Talley NJ. Non-cardiac chest pain: predictors of health care
seeking, the types of health care professional consulted, work absenteeism, and
interruption of daily activities. Aliment Pharmacol Ther 2004;20:909–915.
4. Eslick GD, Jones MP, Talley NJ. Non-cardiac chest pain: prevalence, risk
factors, impact and consulting—a population-based study. Aliment Pharmacol
Ther 2003;17:1115–1124.
5. Eslick GD, Talley NJ. The development and validation of the Chest Pain
Questionnaire (CPQ) for non-cardiac chest pain (NCCP). Gastroenterology 2004;
126(suppl 2):A-309.
6. National Health and Medical Research Council. Clinical Practice Guidelines:
Diagnosis and Management of Unstable Angina. Canberra: Commonwealth De-
partment of Health and Family Services, 1997.
7. Aroney CN, Boyden AN, Jelinek MV, Thompson P, Tonkin AM, White H.
Management of unstable angina guidelines—2000. Med J Aust 2000;173(suppl):
S66–S88.
8. Braunwald E, Antman EM, Beasley JW, Califf RM, Cheitlin MD, Hochman
JS, Jones RH, Kereiakes D, Kupersmith J, Levin TN, et al. ACC/AHA 2002
guideline update for the management of patients with unstable angina and
non–ST-segment elevation myocardial infarction—summary article: a report of
the American College of Cardiology/American Heart Association task force on
practice guidelines (committee on the management of patients with unstable
angina). J Am Coll Cardiol 2002;40:1366–1374.
9. Pope JH, Selker HP. Diagnosis of acute cardiac ischemia. Emerg Med Clin
North Am 2003;21:27–59.
10. Boersma E, Mercado N, Poldermans D, Gardien M, Vos J, Simoons ML.
Acute myocardial infarction. Lancet 2003;361:847–858.
11. Brusco M, Cradit JD. A variable-selection heuristic for k-means clustering.
Psychometrika 2001;66:249–270.
12. Coleman DA, Woodruff DL. Cluster analysis for large datasets: an effective
algorithm for maximizing the mixture likelihood. J Comput Graph Stats 2000;
9:672–688.
13. McLachlan GJ. Cluster analysis and related techniques in medical research.
Stat Methods Med Res 1992;1:27–48.
14. Milligan GW, Cooper MC. Methodology review: clustering methods. Appl
Psychol Meas 1987;11:329–354.
15. Eslick GD, Howell SC, Hammer J, Talley NJ. Empirically derived symptom
sub-groups correspond poorly with diagnostic criteria for functional dyspepsia
and irritable bowel syndrome. A factor and cluster analysis of a patient sample.
Aliment Pharmacol Ther 2004;19:133–140.
16. Eslick GD. Non-cardiac chest pain: epidemiology, natural history, health care
seeking behaviour and quality of life. Gastroenterol Clin North Am 2004;33:1–23.

BRIEF REPORTS 1231


	Usefulness of Chest Pain Character and Location as Diagnostic Indicators of an Acute Coronary Syndrome
	Acknowledgment


