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Comparative study of chest pain characteristics in
patients with normal and abnormal coronary
angiograms

R A Cooke, N Smeeton, J B Chambers

Abstract
Objective-To improve the characterisa-
tion of chest pain by comparing symp-
toms in patients with normal and
abnormal coronary angiograms.
Study design-Prospective case-control
study.
Setting-Single tertiary cardiac referral
centre.
Patients-65 consecutive patients with
chest pain and completely normal coro-
nary angiograms recruited over a period
of one year, and 65 sex matched patients
with significant stenoses at angiography.
Main outcome measures-Standardised
chest pain questionnaires.
Results-61 of65 patients (94%) and every
control reported chest pain on exertion.
There were no important differences in
the site, quality, and radiation ofpain but
three symptoms had discriminatory value
expressed in binary fashion ("typical" v
"atypical"): the consistency with which
pain was reproduced by exercise (typical,
score index 10/10), the duration of pain
episodes (typical, five minutes), and the
frequency of pain at rest (typical, 10% all
pain episodes). All three symptoms were
atypical in 21 (32%) patients with normal
coronary angiograms, but only one
patient with an abnormal coronary
angiogram. Patients with no typical fea-
tures had a 2% chance of an abnormal
coronary angiogram if aged under 55
years or 12% ifaged 55 years or more. The
additional impact of exercise stress test-
ing was low.
Conclusions-Chest pain characteristics
which separate patients with normal
coronary angiograms from patients with
obstructive coronary heart disease can be
defined objectively. This may allow
improvements in referral patterns for
specialist opinion or angiography, and in
characterisation of patients in research
studies.

(Heart 1997;78:142-146)
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Chest pain is a complex symptom and its
description is often simplified both in clinical
practice and in research studies as either "typi-
cal" or "atypical" of a cardiac origin. These

terms are subjective and open to wide varia-
tion in interpretation. For example Day and
Sowton observed that 27 of their patients with
normal coronary anatomy (60%) had pain
related to exertion, but in only seven (16%)
was the relation reproducible.' It is not clear
therefore whether the incidence of "typical"
pain for this study was either 60% or 16%, nor
is it clear how we should define a reproducible
relation to exercise. There are in fact few
objective data about chest pain characteristics,
and almost none comparing patients with nor-
mal and abnormal coronary angiograms.
The objective of this study therefore was to

compare the symptoms in patients with nor-
mal and abnormal coronary angiograms and to
define those characteristics most closely asso-
ciated with a diagnosis of typical chest pain,
based on angiographic findings.

Methods
SUBJECTS
Of 1022 patients undergoing coronary angiog-
raphy for the investigation of chest pain
between March 1990 and April 1991, 84
(8 2%) had completely normal coronary
angiograms. Five patients had confirmed
myocardial infarction, nine had left ventricular
hypertrophy or abnormal regional wall motion
on echocardiography, and three had mitral
valve prolapse. In addition two patients had
pain of recent onset (within the previous two
months). There remained a study group of 65
patients. Their mean age was 54 (SD 9-0)
years and 41 (66%) were female (table 1).
These were compared with 65 sex matched
consecutive admissions, all of whom had an
angiographically significant stenosis (> 70%
luminal diameter narrowing by visual assess-
ment) of at least one major epicardial artery
subtending a normally contracting region of
myocardium, and an estimated ejection frac-
tion of > 50% by visual assessment of the
contrast ventriculogram. None had significant
valve disease, previous myocardial infarction,
or had been previously investigated by coro-
nary angiography (table 1). The results of
exercise treadmill testing were available for 55
patients with normal and for 56 patients with
abnormal coronary angiograms (table 2).

PROCEDURES
Each patient was interviewed within 24 hours
of coronary angiography by one of two authors
who were unaware of the angiographic find-
ings and clinical details. A standardised ques-
tionnaire modified from Master was used to
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Table I Demographic data

Normal patients Abnormal patients
(n = 65) (n = 65)

Age (mean) (SD) 53 6 (9 0) 61 (8 5)'
Sex (No (%) female) 41 (66%) 41 (66%)
Smoking:
Never 33 (51%) 22 (34%)2
Current 16 (25%) 23 (35%)
Cigarette years (median) (range) 0 (0-1400) 245 (0-1600)

History of hypertension 21 (32%) 28 (43%)
Blood pressure > 160/95 mm Hg 3 (5%) 22 (34%)3
Family history of CAD 27 (42%) 25 (38%)
Cholesterol (mmol/l) 6-0 (1-5) 6-8 (1-5)4

'95% confidence interval for the difference between the means is 4-4 to 10-5, P < 0 01.
2x2= 39, df= 2, P> 0-05.
3P < 0-001.
4Data available for 46 patients with normal, and 54 patients with abnormal coronary
angiograms. The 95% confidence interval for the difference between the means is 0 19 to 1-37,
p < 0-01.
CAD, coronary artery disease.

Table 2 Exercise data

Normal patients Abnormal patients
(n = 55) (n = 56)

Heart rate (beats/min):
Rest 85 (15) 74 (13)t
Peak 125 (23) 156 (29)t

Systolic blood pressure (mm Hg):
Rest 132 (18) 154 (24)t
Peak 174 (26) 188 (27)*

Exercise time (min) 6 (2-8) 9 (2-7)t
Chest pain 32 (58%) 41 (73%)*
ST depression:
> 1mm 10 (18%) 37 (66%)t
> 2mm 5 (9%) 23 (41%)t

LBBB 3 (5%) 1 (2%)

Data expressed as mean (SD). *P < 0 01; tP < 0-001 (two tailed t test).
LBBB, left bundle branch block.

record demographic details and chest pain
characteristics.2 There was a total of 50 ques-
tions about the site, quality, radiation, precipi-
tating and relieving factors, and duration of
pain. The consistency with which pain was

reproduced by exercise was tested by asking
the patient "if you go up a steep hill (or any
other appropriate stressor) on 10 separate
occasions, on how many of these would you
experience chest pain?" The response was

called the reproducibility score (range 0-10).
The frequency of spontaneous rest pain was

documented by asking "if you have 10
episodes of pain in a row, how many occur sit-
ting quietly?" Patients were also asked to spec-
ify, where possible, the usual duration and
range in duration of their pain episodes. A sec-

ond questionnaire was used to record the inci-
dence of associated symptoms. This included
four questions from the British Thoracic
Society dyspnoea index, 10 used in previous
work by one of the authors to screen for
organic or psychogenic breathlessness, and 12
relating to the upper and lower gastrointestinal
tract.'
A standard Bruce protocol was used for

exercise testing. All cardiac medication was

stopped a minimum of 48 hours before the
test. Significant ST segment depression was

defined as horizontal or downsloping ST seg-
ment depression of at least 1 mV in any lead
occurring over three consecutive beats. The
electrocardiograms were reported by an expe-
rienced independent blinded observer. A posi-
tive test was defined by the development of
significant ST depression or left bundle
branch block.

Coronary angiography was performed using
the standard Sones or Judkins techniques with
multiple orthogonal views. All angiograms
were reported by two experienced cardiolo-
gists. A normal angiogram was one where
there was complete absence of even minimal
luminal irregularities. A significant epicardial
stenosis was defined as a luminal diameter
narrowing of 70% or more by visual assess-
ment. Left ventricular function was assessed
visually by contrast ventriculography, and in
addition echocardiography was performed in
each patient.

STATISTICS
Values are given as mean (SD). The Student t
test (two tailed) or the Mann Whitney U test
were used where appropriate for continuous
variables, and the x2 test with Yates correction
or Fisher exact test was used for categorical
variables. A P value less than 005 was consid-
ered to be significant. To investigate the ability
of the data to predict the presence of coronary
artery disease, logit analysis was performed
(using the statistical package for the social sci-
ences version X (SPSS-X)). A linear model
was fitted to the log of the odds of an individual
being diagnosed as having coronary artery dis-
ease based on the independent variables which
were viewed as having two categories.
Multiple variables including the questions
relating to symptoms, age, and gender were
entered The possible first and second order
interactions between independent variables
were studied. The post-test probability of dis-
ease was calculated according to the method
described by Diamond and Forrester.4

Results
CHEST PAIN CHARACTERISTICS
There were no important differences between
the groups in the site, radiation, or quality of
pain (table 3). The median duration of symp-
toms was 24 months (range 2 to 216) in
patients with normal coronary angiograms, v
18 months (range 2 to 720) in patients with
abnormal coronary angiograms (P > 0.05).
Thirty five (54%) and 53 (81%) patients
respectively had daily pain (odds ratio 0-26,
P < 0-01).

Sixty one patients with normal coronary
angiograms (94%), and every patient with an
abnormal coronary angiogram, reported
provocation of chest pain by physical activity,
but a consistent relation with physical activity
(reproducibility score 10) was found in only
25 (38%) and 51 (78%) patients, respectively
(odds ratio 0-17, P < 0 001). Pain provoked
by emotional stress was equally common (44
(68%) and 34 (52%) patients; P > 0-05). Pain
in relation to meals occurred in six patients
with normal coronary angiograms (9%), but
also in 16 patients with abnormal angiograms
(26%) (odds ratio 0-31, P < 0-05). Seven
patients with normal angiograms (11%) and
14 patients with abnormal angiograms (22%)
reported pain on lying flat (P > 0-05).

Fifty four patients with normal coronary
angiograms (83%), but only 35 patients with
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Table 3 Chest pain characteristics

A Site

Coronary angiogram Normal Abnormal

(n = 65) (n = 65) OR

Site 1 5 (8%) 3(5%) 1.72

2 11 (17%) 16 (25%) 0.62

3 11 (17%) 13 (20%) 0.81

1 \ 2 3 4 23 (35%) 10 (15%) 3.01*

5 55 (85%) 41 (63%) 3.22t

4.0 5 96 6 38(58%) 18 (28%) 3.67*

7 8 9 7 7 (11%) 3 (5%) 2.49

8 10 (15%) 7 (11%) 1.51

9 10 (15%) 3 (5%) 3.76

*P<0.05tP<0.01 IP<0.001

B Radiation and quality

Coronary angiogram Normal Abnormal

(n = 65) (n = 65) OR

Radiation: Back 19 (29%) 20 (31%) 0.93

Neck 28 (43%) 29 (45%) 0.94

Left arm 34 (52%) 34 (52%) 1.0

Rightarm 17 (26%) 17 (26%) 1.0

Quality: Gripping 28 (43%) 28 (43%) 1.0

Stabbing 8 (12%) 9 (14%) 0.87

Burning 4 (6%) 14 (22%) 0.24*

*P < 0.05

OR, odds ratio

abnormal angiograms (54%) reported
episodes of unprovoked pain at rest (odds
ratio 4-2, P < 0-001). These accounted for
more than one in 10 pain episodes in 46
patients with normal coronary angiograms
(71%), compared to only 19 patients with
abnormal angiograms (29%) (odds ratio 5 9,
P < 0-001). The incidence of nocturnal pain
was similar (18(28)% v 11(17)% of patients,
P > 0 05).

Table 4 Breathlessness questionnaire
Normal patients Abnormal patients
(n = 65) (n = 65) OR

Dyspnoea:
Walkingontheflat 37 (57%) 25(38%) 2-11
Stairs 49 (75%) 38 (58%) 2-18
Stops due to dyspnoea 42 (65%) 31 (48%) 2-0
Washing or dressing 21 (32%) 16 (25%) 1-46
Rest 17 (26%) 7 (11%) 2-93*
Conversation 26 (40%) 15 (23%) 2-22
Trivial exertion 23 (35%) 5 (8%) 6-57*
Emotion 38 (58%) 19 (29%) 3.41t
Situational 10 (15%) 3 (5%) 3-76
Sudden episodes 22 (34%) 11 (17%) 2-51*
Lyingflat 13 (20%) 7 (11%) 2-07

Air hunger 45 (69%) 25 (38%) 3-60*
Light headedness 32 (49%) 17 (26%) 2.74t
Digital paraesthesiae 34 (52%) 14 (22%) 4-0t

*P<0-05; tP<O1-0; *P<0-001.
OR, odds ratio.

There was no significant difference between
the groups in the numbers reporting relief by
short acting nitrates: 46 patients with normal
coronary angiograms (71%) v 48 patients with
abnormal angiograms (74%). However, relief
within five minutes occurred in only 19
patients (29%) and 41 patients (63%) respec-
tively (odds ratio 0-24, P < 0.001). No relief
was reported by 15 patients with normal coro-
nary angiograms (23%), and 10 patients with
abnormal angiograms (15%), P > 0-05.
The duration of pain episodes was five min-

utes or less in 23 patients with normal coro-
nary angiograms (35%), compared with 56
patients with abnormal angiograms (86%)
(odds ratio 0 09, P < 0-001); pain lasting
longer than 30 minutes was reported by nine
(14%) and none, respectively (P < 0-01).
Fifteen patients with normal angiograms
(23%) and three with abnormal angiograms
(5%) could not specify the duration of pain
(odds ratio 6-2, P < 0-01).

Associated symptoms
The median (range) number of symptoms of
breathlessness was significantly higher in
patients with normal coronary angiograms
than in patients with abnormal angiograms, at
5-0 (0 to 11) v 3 0 (0 to 10), P < 0-001 (table
4).

Thirteen patients with normal coronary
angiograms (20%) and three with abnormal
angiograms (5%) had intermittent dysphagia
(odds ratio 5-2, P < 0-05), and 14 (22%) and
two (3%) respectively had variable stool habit
(odds ratio 8-6, P < 0-01). There were no sig-
nificant differences in the incidence of heart-
burn (24 (37%) v 25 (38%)), waterbrash (20
(3 1%) v 19 (29%)), or flatulence (29 (45%) v
20 (31%)).
Twenty patients with normal coronary

angiograms (31%) and 16 with abnormal
angiograms (25%) reported chest wall tender-
ness (P > 0-05); pain was precipitated by neck
or back movement in only four (6%) and
none, respectively. Five patients (7%) and two
patients (3%), respectively, localised their pain
using one finger.

Differentiating patients with normal and
abnormal coronary angiograms
Only three symptom variables were of statistical
value in separating the groups: the repro-
ducibility score; the rest score; and the usual
duration of pain episodes (table 5). These
were expressed in binary fashion, where a
reproducibility score of 10, a rest score of 0 or
1, and usual duration of five minutes were
defined statistically as "typical", and a repro-
ducibility score of 1 to 9, rest score of 2 to 10,
and usual duration more than five minutes
were defined as "atypical" or likely to be asso-
ciated with a normal coronary angiogram. The
best separation of the groups was obtained
using two or more "typical" features as a cut
off (table 6) and these were present in only 16
patients with normal coronary angiograms
(26%), but in 55 patients with abnormal coro-
nary angiograms (85%).
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Table 5 Logit modelfor the prediction ofnormal v abnormal coronary angiogram

Coefficient Z value SE

Constant 0-28 2-12 0-13
Age (55 years v < 55 years) 0 47 3-69 0-13
Reproducibility score (10 v 1-9) 0 47 3-60 0-13
Usual duration (5 min v > 5 min) 0-42 3-36 0-13
Rest score ( or 1 v 2-10) 0-26 2-21 0-12

Only subjects with exertional chest pain (61/65 patients with normal angiogram, and every
patient with abnormal angiogram) were entered into the analysis. None of the interactions fitted
in the logit model was significant, and the level of agreement between the estimated probabilities
and the observed incidence of normal angiograms was high (P = 0-68).
Twenty patients with abnormal angiograms (30%) had involvement of only a single vessel, 29
(45%) had two vessel disease, and 16 (25%) three vessel disease. Using the Kruskal Wallis one
way analysis of variance there was no correlation with the number of diseased vessels for the
reproducibility of pain (H = 0 32(2); P = 0 85), the duration of pain episodes (H = 1-53(2); P =
0-46), or the frequency of unprovoked rest pain H = 1-69(2); P = 0 43).

Table 6 Cumulative frequencies of "typical" pain features in patients with normal and
abnormal coronary angiograms

Normal patients Abnormal patients
Number of "typial"features* (n = 61) (n = 65)

One 43 (70%) (9/35) 64 (99%) (38/56)
Two 16 (26%) (2/15) 55 (85%) (35/47)
Three 7 (12%) (1/7) 29 (48%) (20/26)

*Number of subjects (%) followed by the incidence ofECG abnormalities (ST depression or left
bundle branch block on exercise) in parentheses.

Table 7 Probability ofabnormal coronary angiogram (CA) based on pain characteristics
and age

Probability (%) of
No of "typical" symptoms abnormal CA Actual incidence

< 55 years:
0/3 2% 14/14 (100%)
1/3 6% to 12% 2/15 (13%)
2/3 25%to44% 5/11 (45%)
3/3 69% 6/11 (55%)

> 55 years:
0/3 12% 1/8 (13%)
1/3 29% to 48% 7/21 (33%)
2/3 69% to 84% 22/26 (85%)
3/3 93% 22/24 (92%)

Table 8 The additional value of exercise testing: pre and post-test probabilities of
abnormal coronary angiogram

Positive test Post-test probability
Pre-test Predictive
probability NCA ACA value Positive test Negative test

Low 10/33 3/6 65% 16% 54%
High 0/3 24/33 75% 51% 86%

NCA, normal coronary angiogram; ACA, abnormal coronary angiogram. In this analysis the
conventional 30% or less probability of having an abnormal coronary angiogram is taken as low,
and 70% or more as high probability.

The overall results of the logit regression
analysis are shown in table 7. In addition to
the three symptom variables above, age > 55
years or < 55 years was statistically significant.
Chest pain which was exertional but included
none of the "typical" features relating to
reproducibility, frequency of rest pain, and
duration was associated with a probability of
obstructive disease of only 2% in patients aged
< 55 years, and 12% for those aged > 55
years. A positive exercise test result increased
the probability of disease from 2% to 5% in
patients < 55 years, and from 12% to 33% in
patients > 55 years. The respective probabili-
ties of disease in patients with normal test
results were < 1% and 5%.
The additional value of exercise treadmill

testing for the prediction of an abnormal coro-
nary angiogram is shown in table 8.

Discussion
Too much emphasis is attached to the quality,
site, and radiation of pain and not enough

importance given to the consistency with
which pain is related to exercise and its dura-
tion. By concentrating on the latter-even in
this selected group of patients-a detailed his-
tory resulted in a useful separation of those
with normal and abnormal coronary
angiograms.

Waxler et al reported "typical" pain in only
nine of 100 patients (all female) with angio-
graphically normal coronary arteries (9%).5
Similarly Proudfit et a!6 and Day and Sowton'
stated that in the majority of patients the his-
tory was "atypical". These studies, however,
were retrospective and no comparison was
made against patients with angiographically
confirmed angina. Furthermore, the criteria
used to define typical pain were subjective and
largely ill defined. Alban Davies et al examined
70 consecutive admissions with suspected
angina, of whom 52 had myocardial ischaemia
and the remainder had oesophageal disease.7
Discriminant analysis identified eight features
of value, including the duration of pain
episodes, consistency of provocation by exer-
cise, and frequency of spontaneous pain. The
observations are consistent with our findings
but the study involved acute emergency admis-
sions and there was no angiographic confirma-
tion of clinical diagnoses.
The separation of patients into those with

typical and atypical pain is arbitrary and may
be too simplistic since it is apparent that there
are various degrees of "typical". The three
point questionnaire model in our study could
be used to divide pain into at least four cate-
gories depending on whether no answers, one
answer, two answers, or all the answers were
typical. If none was typical and the patient was
aged < 55 years, the chance of an abnormal
coronary angiogram was 2%, and if one, two,
or three were typical the probabilities ranged
from 6% to 69% (table 7). If confirmed by fur-
ther work, such a clinical classification could
guide specialist referral by a general practi-
tioner or help a cardiologist decide the need for
angiography. Thus in retrospect if angiography
had not been performed in patients in whom all
pain characteristics were atypical, approxi-
mately one third of all normal angiograms
would have been avoided at the cost of failing
to detect one patient with obstructive coronary
disease.
The present study makes no implications

about the aetiology of chest pain in patients
with normal coronary angiograms. It has long
been recognised that the history in patients
with syndrome X often includes many atypical
features.8 In a study of patients referred to a
specialist pain clinic Kaski et al reported that
most had pain which was typical for angina but
noted that more than half had episodes of pain
which usually lasted longer than 10 minutes,
and over a third had pain at rest.9 In our study
the incidence of syndrome X as strictly defined
was very low. Comparisons with other pub-
lished work may be facilitated by the use of a
standard classification of pain such as the one
described in our study.

There was a low discriminatory power of
symptoms often thought to identify patients
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with non-cardiac pain. Pain in relation to meals
or provoked by bending or stooping suggesting a
gastro-oesophageal aetiology was less common
in patients with normal as compared to abnor-
mal coronary angiograms, and pain radiation to
the back-which was found by Schofield et al
to be associated with oesophageal rather than
cardiac pain-was equally common.10 Similarly
there were no differences in the incidence of
localised chest wall tenderness and localisation
"under a finger", thought to suggest muscu-
loskeletal pain. These symptoms may not be
taken in isolation and should be interpreted in
the overall context. Of great importance was
the fact that both groups reported relief of pain
with short acting nitrates. However, rapid relief
compatible with the pharmacological action of
the drug was far more frequently seen in
patients with abnormal coronary angiograms.

Symptoms of intermittent dysphagia and
irregular bowel habit, consistent with a higher
incidence of functional motility disorders or
increased somatic awareness, were significantly
more common in patients with normal than
with abnormal angiograms. Most striking was
the significantly higher incidence of breathless-
ness, but a considerable overlap between the
groups prevented these from being of value in
discrimination.

It was not the objective of the study to pro-
vide a prospective model for the prediction of
angiographic results. It is recognised that the
performance of discriminant statistical analysis
when applied to the original data set is better
than would be obtained with another series of
patients. Further studies are warranted in
larger and more diverse populations. It should
also be noted that our data do not apply to
patients with recent onset of pain, whose symp-
toms may be more atypical. It is also recog-

nised that the present population is highly
selected and that other criteria are likely to
assume discriminative value in the wider clini-
cal setting. Even in this highly selected patient
group, however, an important degree of dis-
crimination was obtained.

In conclusion, chest pain characteristics
vary between patients with normal and abnor-
mal coronary angiograms. A three point ques-
tionnaire defining the consistency with which
pain is related to exercise and its duration dif-
ferentiated accurately a high proportion of
cases and may be the basis of a more objective
classification of chest pain. This could be used
to screen patients for referral to a cardiologist
or for angiography.
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