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Abstract
Objective—To devise a clinical prioritisa-
tion system for rationing access to a
cardiac catheter waiting list and to de-
scribe its performance at predicting angio-
graphic findings and selecting patients for
angioplasty or coronary artery bypass
graft surgery.
Setting—Tertiary level cardiology centre.
Methods—(1) 665 consecutive patients on
an elective waiting list for coronary angio-
graphy were scored using a system de-
rived from established clinical criteria for
selecting patients for coronary surgery
(New Zealand/Duke). The scores were
compared with clinical outcome (referral
for surgery, angioplasty, or medical man-
agement). (2) In a subset of 125 patients,
scores derived from clinical criteria and
exercise testing were compared with find-
ings on coronary angiography. (3) Multi-
variate analysis was used in a new group of
178 patients to identify factors that would
be better predictors of the angiographic
score. (4) A new scoring system was
devised based partly on the results of the
multivariate analysis. It was applied to a
new test group of 100 patients using clini-
cal outcome and angiographic score as
outcome measures.
Results—(1) Using the established clinical
score, similar proportions of patients were
referred after angiography for medical
management, angioplasty, or coronary
bypass grafting, irrespective of their
original score. The exceptions were pa-
tients with a score < 20, who were more
likely to continue medical management.
(2) There was poor correlation (r = 0.05)
between the clinical score and the subse-
quent angiographic score. (3) Multivari-

ate analysis identified age, male sex,
previous myocardial infarction, high
cholesterol, and diabetes as independent
predictors of coronary score. (4) The
modified scoring system, incorporating
the predictors identified by multivariate
analysis, performed better than the origi-
nal scoring system in predicting coronary
score when both were tested, but some
patients had severe disease despite a low
score.
Conclusions—Patients can be ranked
using clinical and non-invasive criteria,
and a rationing system implemented on
this basis. With prioritisation by non-
invasive criteria, the risk of missing
serious coronary disease in patients with
relatively mild symptoms must be ac-
cepted; this risk becomes greater the more
stringently rationing is applied.
(Heart 1998;79:448–453)
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Coronary arteriography is now a routine inves-
tigation in patients with angina or other forms
of suspected coronary artery disease.1 Access
to coronary arteriography in Great Britain has
traditionally been restricted by financial limita-
tions, and the problem is further exacerbated
by regional variations in referral rate.2 3 Re-
peated attempts have been made to provide a
rational basis for planning the necessary
number of coronary arteriograms for given
populations,4–6 but these were hampered by
incomplete epidemiological data, and have
been overtaken by developments, in particular
the extension of eVective intervention to older
patients.
For several years providers of cardiac serv-

ices have been aware of increasing tension
between the demand for cardiac investigation
and intervention, particularly for coronary dis-
ease, and the level of funding available to pro-
vide service. The problem has been compli-
cated by the NHS reforms of 1991 with the
introduction of an internal market and multi-
ple levels of funding, and further aVected by
the patient’s charter requirement that all
procedures should take place within one year of
a patient being placed on a waiting list. Implicit
rationing has always been a feature of NHS
provision, but we became convinced that a
more formal, equitable, and transparent system
was necessary.
The issues to be addressed in designing such

a rationing system are complex. It would be
helpful to have a system that will select for
angiography the patients most likely to require

Table 1 Scoring factors in non-invasive prioritisation scheme: first version

Heading Details Score

Angina Class I: angina on strenuous exertion 1
Class II: angina on walking/climbing stairs rapidly 2
Class III: angina walking one or two level blocks 8
Class IV: unstable angina/rest pain 18

Exercise test Bruce stage IV or negative at stage III 0
Stage III positive 8
Stage II positive 12
Stage I positive 22
Could not exercise 10

No of antianginal drugs None (excluding GTN) 0
One 5
Two 10
Three 15
More than three 20

Previous MI 10
Previous unstable angina 10

Possible maximum score is 80, allowing a further 20 points for social factors.
Fields in italics were not included in original criteria.
GTN, glyceryl trinitrate; MI, myocardial infarction.
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angioplasty or coronary bypass grafting. How-
ever, there is also a subgroup of patients with
severe symptoms but normal coronary arterio-
grams in whom it can be shown that coronary
angiography is very cost-eVective. In deciding
who requires intervention should one’s main
aim be relief of symptoms or improvement in
survival? As Gray and Hampton have pointed
out,7 these two aims lead to diVerent selection
criteria and indeed to diVerent selection
strategies. If the aim is to produce maximum
relief of symptoms then selection should
emphasise symptomatic criteria and the aim
will be to perform the maximum number of
interventions (angioplasty or bypass grafting)
for the minimum number of diagnostic proce-
dures. Conversely if the aim is to select patients
whose lives will be prolonged the best strategy
may be to perform a large number of diagnos-
tic procedures but to limit bypass grafting to
those patience with severe coronary disease
(and omit angioplasty altogether).
One of the few attempts to reconcile the two

points of view has been the New Zealand

priority criteria project.8 This part evidence
based, part consensus based scheme uses clini-
cal, angiographic, and social criteria to con-
struct a numerical priority scale. This scale is
then used as an instrument for rationing access
to coronary bypass graft surgery. Inspired by
this, we set out to investigate whether a similar
concept could be used to prioritise patients for
diagnostic coronary angiography.
We describe the project in two phases. In the

first phase we devised a prioritisation scheme
based on clinical data, applied it retrospectively
to patients undergoing angiography, and meas-
ured its performance in terms of predicting
coronary angiographic findings and the selec-
tion of patients for angioplasty, bypass grafting,
or medical management.We found that neither
symptom severity nor exercise testing were
good predictors of the extent of disease found
at coronary angiography. A second phase of the
project then involved the use of multivariate
analysis to identify features that would be inde-
pendent predictors of coronary score. We
incorporated these into a new scoring system,
which we tested in a further 100 patients.

Methods
Glenfield hospital is a tertiary cardiac centre
serving a population of approximately 1.8 mil-
lion. About 2500 cardiac catheter studies are
performed each year, of which some two thirds
are elective procedures. The majority of these
cases are initially seen in the outpatient clinic,
where the decision to proceed to a catheter
study is usually made. As part of a prospective
contract monitoring exercise begun in June
1996, clinical data are collected at the time the
patient is placed on the waiting list, using a
standard data collection form.

INITIAL MAPPING OF WAITING LIST PATIENTS TO A

CLINICAL SCORING SYSTEM

A clinical scoring system based on that used in
the New Zealand priority criteria project was
drawn up. The data used and the weighting
attached to the diVerent findings are shown in
table 1. Weightings for angina severity and for
exercise test performance were adapted di-
rectly from the New Zealand/Duke criteria.8 9

Because we were dealing with an outpatient
population, the weighting used for Canadian
Cardiovascular Society class 4 angina was that
given for class 4A. We gave additional points—
for previous myocardial infarction, unstable
angina, and the number of antianginal drugs—

Table 2 Angiographic scoring factors (adapted from
reference 8)

Extent of coronary disease Score

No stenosis > 50% 0
1 vessel disease 50–74% 8
> 1 vessel disease (50–74%) 9
1 vessel disease (75–89%) 9
1 vessel disease (> 90%) 14
2 vessel disease (50–89%) 15
2 vessel disease (> 90%) not involving LAD 15
1 vessel disease (> 90%) involving proximal LAD 19
2 vessel disease (> 90%) involving LAD 19
3 vessel disease 19
3 vessel disease (> 90%) in at least one 19
3 vessel disease with 75–89% stenosis involving
proximal LAD 19

3 vessel disease with > 90% stenosis involving
proximal LAD 27

Left main (50%) 27
Left main (75–89%) 32
Left main (> 90%) 36

LAD, left anterior descending coronary artery.

Table 3 Expanded clinical information collected in patients undergoing angiography

Patient characteristics
Patients in multivariate
analysis % (n = 178)

Patients used to test
modified score %
(n = 100)

Male 74 73
Female 26 27
Age (years)
< 59 41 36
60–74 52 58
> 75 7 6

Smoker 12 7
Diabetes 13 16
Hypertension 18 26
Cholesterol > 6.5 mmol/l 28 26
Symptomatic angina 95 95
Antianginal drugs
None 7 3
1 drug 27 15*
2 drugs 43 44
> 2 drugs 22 38*

Exercise test
Not done 19 20
Positive 61 69
Negative/equivocal 20 11

Previous myocardial infarct 34 57*
Previous angioplasty or bypass graft 17 22
Outcome
Medical management 42 53
Refer for angioplasty 33 25
Refer for bypass graft 25 22

*Significant diVerence at 5% level.

Figure 1 Cumulative frequency curve for non-invasive
scores applied to 665 catheter waiting list patients.
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which were not specified in the original
published criteria. These weightings were
reached by consensus among the six cardiolo-
gists in our unit. We omitted data about the
extent of coronary artery disease, since these
were obviously not available before cardiac
catheterisation.We also omitted data about the
social impact of the symptoms, since these were
not specified in our data collection form,
designed before publication of the New
Zealand project. Scores for each of the clinical
criteria were summed and multiplied by a scal-
ing factor of 1.2 to convert the scores to a scale
with a maximum of 100. Clinical outcome data
were obtained from the case records and
checked against angioplasty and surgical wait-
ing lists. For the purposes of this study we used
only the decisions made at the time of the
coronary angiogram or the first postangiogram
outpatient visit.

COMPARISON OF CLINICAL SCORE WITH

ANGIOGRAPHIC DATA

Comparison was made between the non-
invasive score and angiographic data in a
subset comprising the 125 consecutive patients
who had undergone angiography by March
1997. Angiographic data were scored as shown
in table 2, on the basis of the New Zealand pri-
ority criteria project. Angiographic data were
abstracted from case records. Where the report

was incomplete the original angiograms were
reviewed. All angiograms were reviewed by a
single observer.

IDENTIFYING BETTER PREDICTORS OF

ANGIOGRAPHIC FINDINGS

In 178 consecutive patients undergoing angio-
graphy (the 125 patients described above, plus
an additional 53 patients), clinical data were
collected as described above, and additional
information was obtained concerning previous
infarction, diabetes, hypercholesterolaemia, and
hypertension (table 3). Diabetes was defined as
a recorded diagnosis of diabetes or the prescrip-
tion of antidiabetic drugs. Hypercholesterolae-
mia was defined as a plasma cholesterol concen-
tration of greater than 6.5 mmol/l.Hypertension
was defined as a recorded diagnosis of hyperten-
sion or a systolic blood pressure of greater than
160 mm Hg or a diastolic blood pressure of
greater than 100 mm Hg. Angiograms were
scored as described above. Univariate and mul-
tivariate regression analysis were used to identify
predictors of the angiographic score. Variables
tested were age in years, diabetes, hypertension,
hypercholesterolaemia, previous myocardial inf-
arction, previous cardiac surgery, unstable an-
gina, number of antianginal drugs, dyspnoea,
sex, and smoking.
For multivariate regression analysis variables

were initially entered in order of strength of
correlation on univariate analysis.

MEASURING THE PERFORMANCE OF A MODIFIED

SCORING SYSTEM

The modified scoring system incorporating
changes resulting from multivariate analysis
was compared to the original system in a new
set of 100 consecutive patients.

DATA HANDLING AND STATISTICAL ANALYSIS

Datasets were maintained in DBase IV and
Microsoft Excel. Statistical analysis used SPSS
for Windows.

Results
INITIAL MAPPING OF WAITING LIST PATIENTS TO A

CLINICAL SCORING SYSTEM

Outpatient booking forms were returned for
1150 patients, of whom 665 had a primary
diagnosis of ischaemic heart disease and were
scheduled for diagnostic coronary angiogra-
phy. All these patients were scored according to
the system shown in table 1. Patients excluded
were 263 scheduled for PTCA after previous
angiography, 122 for electrophysiology or
cardioversion, and 100 with valve disease.
The cumulative distribution of the scores for

the 665 patients with a primary diagnosis of
ischaemic heart disease is shown in fig 1. For
any given score on the X axis, this graph indi-
cates on the Y axis the percentage of patients
with at least that score.
By September 1997, 572 patients had

undergone angiography, seven had died, and
83 were still awaiting angiography or had
transferred to the private sector. Data on three
patients were missing. Figure 2 shows the rela-
tion between score and postangiography man-
agement decision.

Figure 2 Relation between original clinical score and postangiography management
decision for 572 patients for whom outcome data were available.
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Table 4 Cumulative adjusted R2, coeYcients, and standard error for multivariate
predictors of coronary artery score

Variable Adjusted R2 CoeYcients Standard error

Previous MI 8.4 4.26 1.24
Sex 13.4 5.69 1.33
Age 17.6 0.21 0.06
Hypercholesterolaemia 22.3 4.31 1.29
Diabetes 24.7 4.31 1.69

MI, myocardial infarction.
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COMPARISON OF CLINICAL AND ANGIOGRAPHIC

SCORES

Comparison of the original clinical and angio-
graphic scores in 125 consecutive patients who
had undergone coronary angiography showed
a poor correlation (r = 0.05). Bland-Altman
analysis (results not shown) did not suggest any
trend to better or worse correlation with the
magnitude of the score.

IDENTIFYING BETTER PREDICTORS OF

ANGIOGRAPHIC FINDINGS

Because of the limited ability of symptom and
exercise test related variables to predict the
degree of coronary obstruction found at
angiography, we used regression analysis to
investigate the predictive value of a series of
additional variables.
Significant associations on univariate analy-

sis were found between coronary score and age,
diabetes, previous myocardial infarction, hy-
percholesterolaemia, previous cardiac surgery,

number of antianginal drugs, and sex. The five
variables that were independent predictors of
coronary score on multivariate analysis were
sex, previous myocardial infarction, age,
diabetes, and hypercholesterolaemia. The cu-
mulative R2 values and coeYcients for these
variables are given in table 4. The scoring sys-
tem was modified to include these variables,
with weightings determined by the regression
coeYcients (table 5).

MEASURING THE PERFORMANCE OF A MODIFIED

SCORING SYSTEM

The group used to derive the modified scoring
system and the group used to test it are
compared in table 3. The groups were similar
apart from a higher incidence of previous myo-
cardial infarction and more patients on multi-
ple antianginal drugs in the index group. The
ability of the modified scoring system to predict
patients’ angiographic scores in a new test
group of 100 patients is shown in fig 3.
Because the angiographic score (table 2) is

not truly continuous, patients were divided into
the following four groups, which approximate
to quartiles: group 1 (score < 14), n = 25,
patients with normal coronaries or mild
coronary disease; group 2 (score 15–18), n =
26, moderate disease—for example, two vessel
disease (> 90%) not involving left anterior
descending coronary artery (LAD); group 3
(score 19–26), n = 27,more severe disease—for
example, three vessel disease with 75–89% ste-
nosis involving proximal LAD; group 4 (score
27–36), n = 22, very severe coronary disease
including left main coronary stenosis. Patients
in groups 3 and 4 have patterns of coronary
disease for which it is widely accepted that
intervention is indicated on prognostic
grounds. For identifying patients with a
coronary score of 19 or higher, a score of 20
had a sensitivity of 98% and a specificity of 6%,
a score of 30 had a sensitivity of 89% and a
specificity of 22%, and a score of 40 had a sen-
sitivity of 71% and a specificity of 60%. Figure
4 shows a receiver operating characteristic
curve for the ability of the modified scoring
system to identify patients with angiographic
scores in groups 3 or 4. Figure 5 shows the

Table 5 Scoring factors in non-invasive prioritisation scheme: modified version

Heading Details Score

Angina Class I: angina on strenuous exertion 1
Class II: angina on walking/climbing stairs rapidly 2
Class III: angina walking one or two level blocks 8
Class IV: unstable angina/rest pain 18

Exercise test Bruce stage IV or negative at stage III 0
Stage III positive 8
Stage II positive 12
Stage I positive 22
Could not exercise 10

Age (years) > 49 4
> 64 8

Sex Male 10
Diabetes 7
High cholesterol 7
Previous myocardial infarction 8

Figure 3 Ability of the modified scoring system to predict patients’ angiographic scores
(grouped as described in the text) in a new test group of 100 consecutive patients.
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Figure 4 Receiver operating characteristic curve (%
sensitivity v 100 − % specificity) for the ability of the
modified scoring system to identify patients with
angiographic scores in the two highest categories (groups 3
or 4) in a new test group of 100 patients.
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relation between score and clinical outcome. A
score of 40 had a sensitivity of 67% and a spe-
cificity of 50% for predicting coronary artery
bypass graft surgery (CABG), a sensitivity of
47% and a specificity of 40% for percutaneous
transluminal coronary angioplasty (PTCA).

Discussion
The data show that it is possible to carry out a
ranking exercise based on clinical data col-
lected out the time of entry to the catheter
waiting list. We confirmed previous work
showing a poor correlation between symptom
severity or exercise testing and coronary
anatomy, although both are valid independent
predictors of outcome.8 9 The modified scoring
system does have some ability to predict sever-
ity of coronary disease, as well as reflecting
symptom severity and exercise tolerance. It is
possible that prediction could be improved by
using cholesterol as a continuous variable, and
by including other variables such as lipoprotein
(a), but at the cost of complexity. Using a larger
series for the multivariate analysis might have
identified more predictors, but their additional
contribution would be small. Both the original
and the modified clinical scores were only
modestly successful in predicting clinical out-
come, but they were being tested in a selected
population that already had a high probability
of going on to PTCA or CABG. So far as we
are aware there has been no previous system-
atic attempt to apply specific numerical scores
prospectively to defined clinical features of
patients being considered for coronary angio-
graphy, and to base selection on the result,
although the concept was suggested by Gray
and Hampton.7 There have, however, been
several attempts to evaluate “appropriateness”

retrospectively, both in patients undergoing
angiography and in patients being considered
for intervention.9–13 These studies have given
high appropriateness scores to severely symp-
tomatic patients with objective restriction of
exercise tolerance and persisting symptoms
despite drug treatment, particularly when
combined with extensive coronary disease.
Our scoring system is successful in giving a

relatively low priority to patients who subse-
quently had relatively minor coronary disease
at angiography, but also underestimated the
severity of coronary disease in a small but sig-
nificant proportion of patients. Is an imperfect
prioritisation system better or worse than no
prioritisation system at all? The answer will
depend on the prevalence of coronary disease
in the population studied, on the ultimate
objectives of prioritisation, and on the strin-
gency with which the prioritisation system has
to be applied. Decisions on appropriateness
cannot be made in isolation from financial
considerations. In the present study we have
not sought to define appropriateness, but to
investigate whether non-invasive data could be
used for prioritising patients as a step towards
both fairness in the allocation of resources and
a clearer understanding of what a given level of
funding will and will not purchase.

PRACTICAL IMPLEMENTATION OF THE

PRIORITISATION SYSTEM

Since the beginning of financial year 1997, cir-
cumstances have compelled us to implement a
rationing system based on the work described
above for patients who are the responsibility of
our major purchaser. A simple proforma has
been designed, which is completed in the clinic
at the time the patient is considered for angiog-
raphy. Although we have not specifically vali-
dated its use, practical considerations have led
us to include myocardial perfusion scanning as
an alternative to exercise electrocardiography
for those unable to exercise, and for women.14

We knew at the beginning of the financial
year the total number of cases the purchaser
would fund. Allowance was made for emer-
gency admissions (estimated from previous
experience) and for patients already on the
waiting list. Reference to the cumulative
frequency curve for the previous year (fig 1)
suggested a threshold value that patients
needed to achieve before they were placed on
the waiting list. For the current financial year,
in respect of our principal purchaser this was
40 points. Patients who do not reach the
threshold value are being told that they have
not reached the level of priority specified by
their purchaser. Some of these patients may
wish to discuss alternative ways of funding
their investigation. Any patient considered for
angiography who does not reach the specified
threshold is nevertheless recorded and followed
up. If symptoms or circumstances change the
scoring process is repeated. The threshold
value is reviewed monthly in the light of
progress with the contract, number of emer-
gency admissions, and any additional sources
of funding. We are naturally concerned that
even at this threshold we are excluding a

Figure 5 Relation between modified score and clinical outcome in a new test group of 100
patients.
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proportion of patients with severe coronary
disease and this will be an increasing problem if
the threshold should rise higher. In fact, the
trend over the past six months has been for a
progressive shortening of our waiting list, and
by the end of next year it should be down to
three months. This, together with a promise of
additional purchasing, should enable us cau-
tiously to lower our threshold.
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