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CLINICAL RESEARCH

Preoperative prediction of significant coronary artery
disease in patients with valvular heart disease
D R RAMSDALE, E B FARAGHER, D H BENNETT, C L BRAY, C WARD, D C BETON

Abstract

A prognostic index for predicting significant coronary
artery disease was established using multiple logistic
regression analysis of clinical data from 643 patients with
valvular heart disease who had undergone routine
coronary arteriography before valve replacement. The
index or equation obtained incorporated the presence of
angina, a family history of ischaemic heart disease, age,
cigarette smoking habits, mitral valve disease, sex, and
electrocardiographic evidence of myocardial infarction.
The equation was validated using prospective data from
387 patients with valvular disease and shown to enable
almost a third of routine coronary arteriograms to be
omitted while maintaining 95% sensitivity for patients
with coronary artery disease.
Similar analysis of the more detailed prospective data

produced a second discriminant function incorporating
diastolic blood pressure, total cigarettes smoked in life,
the severity of angina, family history of ischaemic heart
disease, age, current cigarette smoking habits, and the
ratio of total to high density lipoprotein cholesterol. This
method improved the discrimination between patients
with and without coronary artery disease, allowing
omission of 30% of routine coronary arteriograms with
100% sensitivity for patients with coronary disease and
omission of 41% with a 96% sensitivity level.

Introduction

In many cardiac centres routine coronary arteriography is
performed before valve replacement in all patients over 40 years
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of age with valve disease. This is done, firstly, to detect coronary
artery disease, which has been shown to be a major determinant
ofprognosis during and after valve replacement,1 2 and, secondly,
to assess the anatomy of the proximal left coronary artery in case
selective coronary cannulation and perfusion are necessary at
operation.3 Several workers4-6 have suggested that only patients
with angina need coronary arteriography since those without
angina are unlikely to have appreciable coronary artery disease.
This advice has, however, been shown to be ill-conceived by
other studies,7 -' which have found an incidence of coronary
artery disease of 10-20% in patients with valvular disease
without angina. Since routine coronary arteriography demands
extra time, expense, equipment, and irradiation and carries its
own (albeit small) morbidity and mortality,"- 3 it would be
useful to have a reliable non-invasive method of predicting those
patients least likely to have coronary artery disease, in whom
arteriography could be omitted.

Impressive epidemiological evidence' 4-' 7has established a
strong association between certain clinical characteristics and an
increased likelihood of developing the clinical manifestations of
coronary artery disease, and some workers6 -18 have derived
from these characteristics methods of predicting an individual's
risk of myocardial infarction or sudden cardiac death.'9 A few
studies20-25 have examined the association between these risk
factors and arteriographic evidence of coronary artery disease,
but none has investigated the use of a risk-factor profile to
predict the presence of coronary artery disease in patients with
valvular heart disease.
We carried out two separate studies on patients with valvular

disease undergoing routine coronary arteriography before valve
replacement. In the first study a discriminant function for
identifying patients with and without significant coronary artery
disease was established from risk factor data collected retro-
spectively. Subsequently, a more detailed prospective study was
performed both to validate the derived discriminant function and
to compute an improved index from the more comprehensive
data collected.

Patients and methods

Retrospective study-The clinical details shown in table I were
obtained retrospectively from the case notes of 643 consecutive
patients with valvular heart disease who underwent routine coronary
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arteriography from 1 December 1976 to 30 November 1979. Selective
coronary arteriograms had been performed by standard techniques,27 -29
recorded on cine film, and interpreted by a cardiac radiologist without
knowledge of the patients' clinical data. Reduction of the diameter of
the vessel lumen by 50% or more30 was taken as indicating appreciable
coronary artery disease.

Prospective study-The clinical details shown in table II were

recorded at the time of admission for cardiac catheterisation from all
387 patients with valve disease undergoing routine coronary arterio-
graphy during 1980. After a 16-hour fast, blood was collected for
biochemical analysis (see table II). Glucose tolerance tests were

carried out when the fasting blood sugar was greater tWan 6-17 mmol/l
(111 mg/100 ml). Standard biochemical techniques were used to

measure fasting glucose,3132 total3 and high-density lipoprotein

(HDL)34 cholesterol, serum triglycerides,35 and urate.36 Selective
coronary arteriograms were performed as in the retrospective study
and reported by the same cardiac radiologist. Coronary artery lesions
were recorded on standard coronary artery maps and narrowings of
50 /0 or more selected to represent appreciable coronary artery disease.

Statistical methods-Separate multiple logistic regression analyses37
were applied to the data from the two studies using the GLIM
statistical computer package.38 The available variables were not all fed
into the analysis together, but instead the more informative stepwise
approach was adopted. The single variable accounting for the largest
proportion of the total variability was identified. Then the variable
which when added to the first accounted for most of the remaining
variability was found, and so on. At each step the statistical cri-
terion used to decide whether or not to include a variable was the
log-likelihood ratio test with the significance level set at1'>O. The
coefficients of the linear additive model thus derived were used to
form a simple prognostic index which could be applied before cardiac
catheterisation to identify those patients least likely to have appreciable
coronary artery disease. Large scores indicated a high risk of coronary
artery disease, while low scores were associated with low risk. Inter-
mediate values were equivocal. Appropriate alterations could be made
to the constant term in the index so that a patient with a negative
score was deemed not to require coronary arteriography.
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FIG 1-Prognostic indices (or risk factor scores) for patients
with and without coronary artery disease (CAD). Retro-
spective data applied to regression equation derived retro-
spectively.

TABLE i-Clinical characteristics in 643 patients studied retrospectively

Variable Score

Age Age in years
Sex 0 = male; 1 = female
Height Height in cm
Weight Weight in kg
O Above mean weight for height °,,
Angina
History of myocardial infarction
History of systemic hypertension
History of diabetes mellitus
Family history of ischaemic heart disease (parents, siblings,

parents' siblings, grandparents) 1 present; 0 absent
Regular cigarette smoking (10 year history of > 10/day

within last 10 years)
Electrocardiographic evidence of myocardial infarction26
Mitral valve disease
Aortic valve disease J
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Results and comments

RETROSPECTIVE STUDY

The 643 patients (mean age (±SD) 55+8 years) consisted of 273
men (mean age 55 ± 8 years) and 370 women (mean age 55 +9 years).
Coronary artery disease was found in 147 (2299%) patients. The
variables entered into the regression equation and the scoring system

for the prognostic index are shown in table III. The scores obtained
by the 643 patients are shown in fig 1. The constant term was set so

that all patients with a negative score were found not to have significant
coronary artery disease. Table IV shows the variation in test sensitivity
and specificity according to the score chosen to represent a "positive-
risk" score (critical score).

PROSPECTIVE STUDY

The 387 patients (mean age 54-6±9-3 years) consisted of 180 men
(mean age 540+10-7 years) and 207 women (mean age 548±8-8

TABLE II-Clinical characteristics in 387 patients studied prospectively

Variable Score

Age Age in years
Sex 1 = male; 2 = female
Weight Weight in kg
Height Height in cm

Above mean weight for height ",
Current cigarette smoker a
Previous cigarette smoker
Age started Age in years
Age stopped Age in years
Number of cigarettes smoked daily No daily
Total cigarettes smoked in life No in life
Severity of dyspnoea Grade 1-4*
History of angina 1 =yes; 0 =no
Severity of angina Grade 0-4*
Length of history Length in years
History of myocardial infarction 1 yes; 0 =no
Family history of ischaemic heart disease
Father
Mother
Brother ISister~~~~~~~~~{ l=yes; 0-noSister
Grandparents
Aunt
Uncle
Total number of relatives No
History or signs of peripheral vascular disease 1 =yes; 0= noHistory of diabetes ys =n
Length of history Length in years
History of hypertension 1 = yes; 0 = no
Length of history Length in years
Systolic blood pressure at presentation mm Hg
Diastolic blood pressure at presentation mm Hg
2 blood pressures > 150/90 mm Hg
Electrocardiographic evidence of infarctioni2l

Anterior
Inferior

Other electrocardiographic abnormalities
Sinus rhythm
Atrial fibrillation
Right bundle-branch block 1 =yes; 0 =no
Left bundle-branch block
Aortic stenosis
Aortic incompetence
Mitral stenosis
Mitral incompetence
Mitral prolapse
Mitral valve disease
Other valve disease J

Left ventricular contractility 1 = good; 2 = moderate;
3 = poor

Left ventricular end diastolic pressure (before angiogram) mm Hg
Total serum cholesterol mmol/l
HDL-cholesterol mmol/l
Total:HDL cholesterol ratio ratio
Serum triglycerides mmol/l
Fasting blood glucose mmol/l
Serum urate mmol/l

*Grade of dyspnoea and angina: 0 =absent; 1=on strenuous exertion; 2 = on

moderate exertion; 3 = on slight exertion; 4 = at rest.

TABLE III-Variables entered into regression equation (in order shown) and the
scoring system used to develop prognostic index from retrospective study

Constant term -4700
History of angina Add 1379 if yes, 0 if no
Family history of ischaemic heart disease Add 1250 if yes, 0 if no
Age Add age (in years) multiplied by 84
Cigarette smoking Add 1068 if yes, 0 if no
Mitral valve disease Add 1162 if yes, 0 if no
Sex Subtract 893 if female, 0 if male
Electrocardiographic evidence of myocardial

infarction Add 1798 if yes, 0 if no
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years). Significant coronary artery disease was found in 112 (28-9%)
patients.

Validation of the discriminant function using the prospective data-
Applying a prognostic index to the patients from whom it has been
derived may produce biased favourable results. The index was thus
applied to the 387 patients studied prospectively, and the sensitivity
and specificity of the test are shown in table V. With the critical score
set at 0, all patients with significant coronary artery disease would have
been correctly identified, as would 150% of those patients without
appreciable coronary artery disease (low specificity). In this latter group
of patients routine coronary arteriography could have been safely
omitted. Raising the critical score to 600 would have resulted in

TABLE Iv-Sensitivity and specificity of prognostic index according to definition
of critical risk score. Retrospective data from 643 patients applied to regression
equation derived retrospectively

Critical risk score

0 300 600 750

Number with true-positive result 147 144 141 141
Number with false-positive result 400 364 315 288
Number with true-negative result 96 132 181 208
Number with false-negative result 0 3 6 6
Test sensitivity (U) 100 98 95 9 95 9
Test specificity (',,,) 19 26-6 36-5 42

Coronary angiograms saved 14-9 21 29-1 33-3

TABLE v-Sensitivity and specificity of prognostic index according to definition
of critical risk score. Prospective data from 387 patients applied to regression
equation derived retrospectively

Critical risk score

0 300 600 750

Number with true-positive result 112 109 106 106
Number with false-positive result 214 193 170 160
Number with true-negative result 61 82 105 115
Number with false-negative result 0 3 6 6
Test sensitivity (%°.') 100 97-3 94-6 94-6
Test specificity (,) 22-2 29-8 38-2 41-8

' Coronary angiograms saved 15-8 22-0 28-7 31-3

100% sensitvty level
~0- 96% sensitivity level
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FIG 2-Prognostic indices (or risk factor scores) for patients with
and without significant coronary artery disease (CAD). Prospec-
tive data applied to regression equation derived prospectively.

TABLE VI-Improved prognostic index from prospective study

Constant term -12058
Diastolic blood pressure Add diastolic blood pressure (in

mm Hg) multiplied by 87
Total number of cigarettes in life* Add number multiplied by 0-0106
Severity of anginat Add severity grade multiplied by 683
Family history of ischaemic heart disease Add 1167 if yes, 0 if no
Age Add age (in years) multiplied by 64-6
Current cigarette smoker Add 997 if yes, 0 if no
Total:HDL-cholesterol ratio Add ratio multiplied by 196-3

*Total = average number smoked annually x number of years smoking.
tGrading: 0 =none; 1 =on strenuous exertion; 2 = on moderate exertion; 3=on
slight exertion; 4-=at rest.
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5-4% of those patients with significant coronary artery disease being
misdiagnosed, but would have allowed us to oniit routine coronary
arteriography in almost a third of all patients without significant
coronary disease.

Derivation of an improved prognostic index-The variables entered
into a second regression equation based on the 387 patients studied
prospectively are shown in table VI, together with the scoring system
for this "improved" prognostic index. The scores obtained by the 348
patients for whom all the above variables were recorded are illustrated
in fig 2. Again, the constant term was adjusted so that all patients with
a negative score were found not to have major coronary artery disease.
This second index clearly discriminated better between patients with
and without major coronary artery disease, although a zone of overlap
still existed. With a critical score of 0 coronary arteriograms could
have been omitted preoperatively in 29-6% of patients (those with a
negative score) in the knowledge that all patients with significant
coronary artery disease would have been correctly identified (see
table VII). Increasing the critical score to 500 would have resulted in
the omission of over 40% of routine coronary arteriograms at the
expense of missing 4% of significant coronary artery lesions.

TABLE vIi-Sensitivity and specificity of prognostic index test according to
definition of critical risk score. Prospective data from 348 patients applied to
regression equation derived prospectively

Critical risk score

0 250 500

Number with true-positive result 98 95 94
Number with false-positive result 147 128 112
Number with true-negative result 103 122 138
Number with false-negative result 0 3 4
Test sensitivity (%) 100 96-9 95-9
Test specificity (%) 41-2 48-8 55-2
% Coronary angiograms saved 29-6 35-9 40-8

Discussion

Our results show that clinical and laboratory data can be used
to identify patients with significant coronary artery disease. We
have shown that multivariate analysis of even simple clinical
data on risk factors can establish a discriminant function which
enables 30% of routine preoperative coronary arteriograms to be
omitted while maintaining a 96% yield ofpatients with significant
coronary artery disease. By analysing more detailed risk factor
data, the discriminant function can be improved even further,
so that 30% of routine coronary arteriograms can be saved
without missing any patients with significant coronary disease
and over 40% can be omitted while maintaining 96% sensitivity
for patients with coronary disease.

Application of the multiple logistic regression technique to
the prospective data has enabled us to assess the contribution
of each factor to the overall angiographic picture of coronary
disease. It has taken into account the interdependence of these
factors and determined which collectively are most important.
A combination of seven characteristics was of particular value in
discriminating between those most likely and those least likely
to have appreciable coronary artery disease. These characteristics
include the severity of angina and five important coronary risk
factors-namely, diastolic blood pressure, cigarette consumption,
family history of ischaemic heart disease, total :HDL-cholesterol
ratio, and age. The importance of the severity of angina is self-
evident and the others are well-established as important
epidemiological risk factors for the clinical manifestations of
ischaemic heart disease.14-17 The diastolic blood pressure
appears to be a particularly significant independent risk factor
for coronary disease in patients with valve disease and is of
recognised epidemiological importance in the general population
as a whole.39 Cigarette smoking features prominently. The total
number of cigarettes smoked in life is particularly important,
and even though the figure given by a patient is at best only a
rough estimate of cigarette consumption, it appears to be more
important than the current rate of smoking which has been
adopted in most studies. Current smokers appear to be more
likely to have significant coronary artery disease than former
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smokers. A family history of ischaemic heart disease may
represent the genetic proportion of coronary risk, since other
workers have shown that hyperglycaemia,40 hyperlipidaemia,4' 42
raised blood pressure,43 and low levels of HDL44 4 tend to run
in families. The total:HDL-cholesterol ratio was found to be
the most important lipid predictor of coronary artery disease
and this evidence supports previous suggestions from Framing-
ham46 that this ratio is the single most useful predictor of risk
from coronary heart disease. Age itself is also an important risk
factor. Age probably reflects the duration of exposure to the
other more important risk factors in addition to its individual
correlation with others, such as systolic blood pressure and
serum cholesterol, but there may be a more subtle causal
relationship between age and the development of coronary
artery disease.

This statistical analysis does not imply that those variables
excluded from the final equation are not important indicators or
predictors of coronary artery disease. It means that after the
information in the equation has been taken into account, the
remaining variables fail to further discriminate between patients
with and without appreciable coronary artery disease. Thus,
although the length of history of angina, history of myocardial
infarction, diabetes mellitus, systolic blood pressure, serum
cholesterol, triglycerides, and urate were significant indicators
of the presence of coronary disease in a univariate analysis
(unpublished data), these were found to be of little value after
the other factors had been taken into account.

This technique of selecting patients with valve disease who
are at low risk of coronary artery disease is potentially important
in reducing the number of routine coronary arteriograms
necessary before valve replacement. This could save time and
expense and reduce irradiation exposure and the morbidity and
mortality associated with this procedure. Nevertheless, although
we have shown that our initial discriminant function is valid by
applying it to the prospective data, the "improved index"
developed in the prospective study remains unvalidated. It is
therefore most important to examine the performance of the
improved second equation by applying it to independent data
from a new population of patients, and we have recently started
such a prospective study.
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