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To eumlne the value of clinical measures of ischemia for

5,886 ive patients who had
sympwmﬁc xigniﬁunt (=75% stenosis) coronary artery
disease were studied, Using the Cox regression model in &
randomly selected half of the patients, the prognostically

than was any anginat i

the angina score added significant lndepenr]em prognostic
Information to the patient’s age, sex, coronary anatomy
and left ventricolar function. Patients with three vessel
dmuelndlnomnlvemrkle(n- 1,233 had a 2 year

independent clinical variables were weighted and d
into a simple angina score: angina score = angina course X
(1 + daily angina frequency) + ST-T changes, where
angina course was equal to 3 if unstable or variant angina
was present, 2 if the patient’s angina was progressive with
nocturnal episodes, 1 If it was progressive without roctur-
nal symptoms and 0 if it was stable; 6 points were added for
the presence of ‘‘ischemic” ST-T changes. This angina
score was then validated in an indepedent patient sample,

‘The score was a more powerful predictor of prognosis

vival rate of 90% with an angina score of
0and a 6% survival rate with an angina score =9, With an
ejection fraction <50% and three vessel disemse (n =
1,116), the corresponding infarction-free survival figures
were 76 and 56%. Thus, a careful summarization of clinical
mnrkmoﬂscbenﬂnlnlhefumohnm;lmmnm
yvide a powerful p fc tool and may ald
identllylng high risk patients who are candidates for ag-
gressive therapeutic interventions.
(J Am Coll Cardiol 1988;11:20-6)

Before the advent of coronary angiography, clinicians relied
on the severity of a patient’s symptoms and abnormalities
on the electrocardiogram (ECG) at rest to gauge the sevemy
of coronary artery disease and the of beginni

For these reasons, many clinicians have increasingly relied
on the findings at cardiac catheterization to determine ther-
apeutic al and have d h d the patient’s

o7 altering therapy (1). Many studies using cardiac catheter-
ization have now documented that coronary disease may
progress to an advanced stage in the absence of sympioms
(2). Furthermore, left ventricular function and the extent
of anatomic discase have been shown to be of greater
prognostic importance than the severity of symptoms (3-5).
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ic status and other simple clinical observations
©).

From a series of questions about the quality, severity,
frequency and course of the angina and an examination of
the rest ECG, the experienced physician forms an overall
clinical impression of the tempo of a patient’s coronary
disease. Most previous studies of prognosis in coromary
disease have focused on individual aspects of angina rather
than on g important ch istics of angina into a
summary measure similar to the physician’s overall impres-
sion. This approach tends to weaken the apparent prognostic
value of anginal symptoms relative to other variables such as
coronary anatomy.

The present study had iwo goals: The first goal was to
determine how to group anginal characteristics into a clini-
cally meaningful index (angina score) with maximal prognos-
tic vatue. The second goal was to examine the extent to
which such an angina score provides prognostic information
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independent of coronary anatomy and left ventricular func-
tion,

Methods

Baseline data collection and follow-up. Since 1971, infor-
mation on all paticnts undergeiag cardiac catheterization at
Duke University Medical Center has been collected prospec-
tively (7). A complete medical history, physical examina-
tion, chest radiograph and standard 12 lead ECG have been
obtained in all patients. Catheterization variables describing
coronary anatomy and ventricuiat function have also been
collected on all patients (3).

Follow-up miormanon cuncemmg death aad nonfatal

was prospectively by mailed questi
naire or telephone interview at 6 momhs, 1 year anu yeaity
intervals thereafter, as described previously (3). Follow-up
was 98% complete at all follow-up intervals. The criteria
used to diagnose follow-up myocardial infa/ction have been
published (8).

Definitions. Definitions of angina used in this study have
been published previously (3,9). Unstable angina was de-
fined as severe angina at rest requiring admission to the
cardiac care unit to exclusk an acute myocardial infarction
during the same admission as that of the cardlac catheter-
ization. Angma wu lassified as
had i d in fi , severity or durati m the 6
weeks before cardiac catheterization but the crir H
unstable angina vicre not met, Typical angina was defined as
dizcomfort thought by the cardiologist to be characteristic of
myocardial ischemia that usually, but not necessarily, fol-
fitled the classic triad of substernal pain, relief by nitroglyc-
eiin and provacation by exertion. Nocturnal angina was
defined as chest discomfort that had awakened the patient
within the 6 weeks before catheterization. Vanant angma
was rest angina p d by d ST
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Study patients. The study group consisted nf 54 886 con-
secutive patients ing cardiac cath be-
tween November 1, 1969 and December 31, 1984 who had
symptomatic significant coronary artery disease {=75% lu-
minal diameter narrowing of at least one major coronary
vessel). Patients who had significant primary valvular or
congenital heart disease or a cardiomyopathy were ex-
cluded. The group was 81% male with a median age of 54
years (10th to 90th percentiles, 41 to 66). Seventy-cne
percent had typical angina, 2% had nonanginal symptoms
and the remainder had atypical angina. Unstable angina was
present in 14%, ive {but not b in
42% and stable angina in 44%. Thirty-two percem of patients
described nocturnal episodes of angina {one-third of this
group had stable angina and two-thirds had progressive or
unstable angina). The median duration of symptoms was 22
months and 17% of the study patients had had angina <3
months ai the time of catheterization. Vasiant angina was
present in 2%. Seventeen percent of patients were in New
Vork Heart Association funciioinal class I and 69% were in
>class 1II. The median daily angina frequency was <1
episode (10th to 90th percentiles, 0 to 2). **Ischemic” ST-T
changes were present on the resi ECG in 20% of patients,
and 40% had evidence of an old Q wave myocardial infarc-
tion.

At cardiac catherenzurmn 47% of the study group had
three vessel or left main coronary artery disease, 30% had

i nad one vessel disease. The
median cjection fraction was 54% (10th to 90th percentiles,
31 to 68%).

Cargiac Coronary hy was per-
formed in multiple right antenor ohllque and left anterior
oblique prajections, as p d (3). Significant
coromary artery disease was defined as =275% luminal diam-
eter narrowmg of a major coronary artery. The coronary

segment and no

hod: used in this study have been validated

(10). Angina frequency was &mma!ed from the patient’s
report of the average number of episodes experienced per
day during the 6 weeks before catheterization. If there had
been a recent change in the anginal pattern, then the average
number of episodes in the 1 to 2 weeks hefore catheterization
was used. New onset angina was defined as angina of <3
months’ duration (9). Each patient was d to the

in a previ i hol study (12). The left
ventricular sjection fraction was calculated using the modi-
fied area-length method (13).

Statistical methods, Cumulative survival rates were cal-
culated from the day of cardiac catheterization using the
Kaplan-Merer method (14). Survival rates for subgroups
were not calculatsd beyond the point at which <20 patients

appropriate New York Heart Association classification (11).
The duration of coronary disease symptoms was defined as
the time inverval between the first manifestation of coronary
disease reported by the patient (either angina or myocardial
infarction) and ihe patient’s cardiac catheterization. ST-T
wave changes suggestive of ischemia on the {ast 12 lead rest
ECG taken before catheterization were idered present if

1 at risk. 1 ion-free survival was the primary
study end point. A secondary analysis was performed using
cardiovascular survival as the end point. All patients were
considered to be initially treated nonsurgically. The fol-
low-up time of patients undergoing coronary bypass graft
surgery (2,768 patients, 47%) was included up o the date of
their operation; these patients were then withdrawn (that is,

there was either =1 mm of ST depression or T wave
inversion in leads with a dominant R wave in the absence of
bundle branch block or a paced rhythm.

d) from the susvival calculations.

The angina score was derived in four steps: First, the
paiients were randomly classified into two groups: 1) a
training sample of 2,946 patients used for developing the
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angina scare, and 2) a validation sample of 2,940 patients for
evaluating he final score (15). Second, the likelihood ratio
chi-square statistic with the Cox proportional hazards re-
gression model was used to measure the strength of associ-
ation between individual anginal ct istics and infarc-
tion-free survival (16,17). Third, a subset ofangma vanahles
that ined all the available i n-
formation was identified using the Cox model A combma-
tion of statistical modeling and clinical intuition was used to
select the final angina scare variables. The regression model
coefficients were rounded and used to assign a weight to
each independent anginal characteristic. Finally, the prog-
nostic power of the new angina score was examined in the
independent validation sample of 2,940 patients.

Results

Grouping of anginal characteristics into an angina score.
The relation of individual anginal characteristics with infarc-
tion-free survival in the 2,946 training sample patients is
shown in Table 1. The characteristics most strongly associ-
ated with the risk of nonfatal myocardial infarction or death
were the fi y of anginal episodes, the p of
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Table 2. Patient’s Anginal Course (0 to 3)
Based on Separate Variables and Their Cox Model
Regression Coefficients in 2,946 Training Sample Patients

Variable ] Weight* Fal

Unstable angina 0.90 3 %
Variant angina 0.80 3 6
Progressive angina with nocturnal 0.64 2 1

episodes but without variant or

unslable angina
Progressive without variant or 0.8 1 4

unstable angina and without

noctumal episodes

The reference category is stable angina, which is assigned a weight of 0.
*Weights are derived from regressicn coefficients: T values are adjusted for
ather variables in the model. 8 = Cax model regression coefficient.

k ing the fr of episodes of angina was dependent
on the pauent s nverall angma course (expressed in the Cox
model as the product of course [0 to 3] and frequency [0 to
5]). Whan the course was stable (angina course = 0), there
was no additional pmgnostic information in the daily pain

unstable angina and ‘‘ischemic™ ST-T wave abnormalities
on the ECG. The risk of a cardiac event increased as
symptom tempo went from stable angina (fowest risk) to
progressive angina without nocturnal episodes, to progres-
sive angina with nocturnal episodes and to unstable angina
or variant angina (highest risk). These separate variables and
their Cox model regression coefficients were then used to
form a summary measure of the patient’s angina course,
which ranged from 0 to 3 (Table 2). Once the angina course
was classified in this fashion, neither the New York Heart
Association functional class nor the presence of new onset

fi . When the pain was progressive or unstable,
however, the cardiac event rate increased with increasing
angina frequency (up to a maximum of 5 episodes/day).

The preseice of typical angina was a significant prognos-
tic factor that was independent of the angina course and
daily frequency (ch|~square 18) The rela!ion of typical
angina to p s di
through ns relation with the amnunt of coronary disease
present. Thus, 57% of patients with one vessel disease, 67%
with two vessel disease and 78% with three vessel disease
had typical angina. Once the amount of coronary disease
presenl was taken mto account typical angina provided no

angina (<3 months) added any additional prognostic infor-
mation.
Angina frequency (tounded to 0 to S episodes/day) added d

Similarly, the duration of
coronary dlsease symptoms was related to prognosis inde-

significant information to the angina course (chi-square =
15). Furthermore, the prognostic information added by

Table 1. Association of Individual Anginal Characteristics With
Infarction-Free Survival in 2,946 Training Sample Patients

Anging} Characteristic Univariate 5
Frequency of anginal discomfort 4
Unstable angina K
Typical angina 18
Duration of coronary disease symptoms. 17
Progressive angina with nocturnal episodes 13
(but not unstable)

Variznt angina u
Progressive {but not unstable) angina 9
New onset {<3 months) cngina 6
New York Heart Association class 6"
*Ischemic™ ECG ST-T changes »n

ly of the angma course and frequency (chl-square =
11), but i |ls 2 was

by the coronary anatomy. For this reason, neither typical
angina nor the duration of symptoms was retained in the
angina score.

The final i d of the an-
gina score was rhe presence of ST-T wave abnormalities at
rest (coded as present or absent). Cox model analysis
showed that the presence of such changes added six points
to the angina score relative to their absence. Thus, the final
angina score had three components:

Score = course (0 to 3 points) + course X daily pain
frequency {up to 5) + ST-T abnormalities (6 points),

which reduced to:

Score = course X (1 + frequency) + ST-T abnormalities,
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INFARCTION-FREE
SURVIVAL PROBABILITY

YEARS

Figure 1. Validation of new angina score in 5,886 patients. Kaplan-
Meier infarction-free survival probability (¥ axis) is plotted against
follow-up time in years (X axis). Infarction-free survival estimates
for each of three groups of the angina score are shown for the
training sample of patients (n = 2,946) (solid lines) and for the
validation sample of patients (n = 2,940) (dashed lines).

and ranged from 0 (that is, the patients with stable angina
and no ST-T wave changes at rest) to a maximal possible 24
(that is, the patient with unstable angina, five or more
episodes of pain a day and ST-T wave changes at rest).
Neither the score variables nor the score weights were
substantially changed when the analysis was repeated with
the surgical patients excluded.

Validation of angina score. Validation of the final angina
score was accomplished by comparing the Kaplan-Meier
estimates of infarction-free survival observed in the 2,946
training sample patients that had been used to devetop the
score with the corresponding estimates from the 2,940 pa-
tients in the independent validation sample. To facilitate
comparisons between training and validation samples, the
angina score was arbitrarily divided into three levels (Fig. 1).
Observed infarction-free survival for each level of the angina
SCOre was very close in |he two patient samples, indicating
that the p provided by the score was
reprod\lmble.

Prognostic stratification. Figure 2 shows the relation of
the score with prognosis for up to 10 years of follow-up in the

Figure 2. Infarction-free survival probability (Y axis) versus 10
year follow-up (X axis) for three angina score groups: Group 1
(score = 0 to 2); Group 2 (score = 3 to 8); Group 3 {score =9).

INFARCTION -FREE
SURVIVAL PROBABILITY
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Table 3. Cox Model Analysis of Angina Score and Cardiac
Catheterization Variables

& Infarction-Free

Characteristic Survival* X Survival*
Ejection fraction 154 s
Number of diseased vessels 63 [
Left main stenosis 1 n
Angina score 7 40
Age 5 14
Sex 1 2

*? values are adjusted for other variables in the mods!

total study group. During the first year of follow-up, the
cardiac event rate {death or nonfatal myocardial infarction)
was 6% in the patients with an angina score of 0 10 2 (Group
1), 12% in those with a score of 3 to 8 (Group 2) and 24% in
those with a score =9 {Group 3). After the first vear. the
annual event rate in Group i averaged 4%, compared with
5% in Group 2 and Group 3. Additional analyses showed that
the effect of the angina score on prognosis was cbserved
mainly during the first year of follow-up and that, by about 3
years, the score did not further stratify prognosis.

Added value sfter catheterization. To test ihe prognostic
value of the angina scare once the results of cardiac cathe-
terization were known, the score was entered into a Cox
model along with variables for left ventricular ejection
fraction, rumber of diseased vessels and amount of left main
coronary stenosis, as well as age and sex (Table 3). For both
total cardiac events and cardiovascuiar death, the siection
fraction was the most important prognostic factor. Impor-
tantly, in both cases the angina score contributed substantial
independent prognostic information to the results of cardiac
catheterization. These results were unchanged when the
analysis was repeated with the surgically treated patients
excluded. Patients with one vessel disease and an ejection
fraction =50% (n = 981) had a 2 year infarction-free survival
of 95% with an angina score of 0 and 90% with an angina
score =9. The corresponding figures for the patients with
one vessel disease and an abnormal left ventricle (n = 394)
were 93 and 89%, respectively. Fatients with three vessel
disease (without significant ieft main disease) and a normal
left ventricle (n = [,233) had a 2 year infarction-free survival
of 90% with an angina score of 0 and 68% with an angina
score =9, With an ejection fraction <50% and three vessel
disease (n = 1,116), the corresponding infarction-free sur-
vival figures were 76 and 56%, respectively.

Table 4 documents that combining the different clinical

descriptors of i ja into a d score leads to beiter
i dictions than is d by using each char-
actenstlc individually. No smgle characteristic of angina
ined as much prog) as the angina

score, although unstable angina (for total events and cardio-
vascular death) and variant angina (for toxal events only)
were highly signift when idered i

y.
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Table 4. Prognostic Value of Angina Score Compared With
Angina Score Components

Infarction-Free
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of angina a day and rest ST segment depression on the ECG
(angina score = 3 x (1 + 4) + 6 = 21). The expected survival
rates are quite different for these patients, and the event-free
rales are even more disparate despite identical coronary
y and left ventricular ejection fraction.

Characteristic Survival* Survival*
Angina score Tt 40
Unstable angina 37 3
Varianl angina 24 3
Progressive angina 10 5
with nectornal
episodes

Progressive angina, no 0 0
nacturnal episodes

ST-T wave changes H 5

*All y* values are adjusted for ejection fraction. number of diseased
vessels, amount of left main coronary stenosis, age and sex.

To underscore the clinical importance of the character-
istics in the angina score, Cox model predicted survival and
infarction-frec survival rates for four hypothetical patients of
the same age and sex treated with nonsurgical therapy were
generated (Table 5). All four patients are 60 year old men
with three vessel coronary disease, a left ventricular ejection
fraction of 60% and no left main coronary artery sienosis.
Patient A has stable angina occurring once a week, no
nocturnal angina and a normal rest ECG (angina score = 0 X
{1 + 0) + 0 = 0). Patient B has stable angina (no change in
frequency or severity for at least 6 weeks) that occurs once
a day, as well as rest ST depression on the ECG (angina
score = 0 x (1 + 1) + 6 = 6). Patient C has progressive
angina occurring twice daily that occasionally awakens him
at night, rest ST depression on the ECG and no prolonged
episades of angina requiring coronary care unit admission
(angina scare = 2 X (1 + 2) + 6 = 12}, Patient D has unstable
angina requiring coronary care unit ad four episod

Discussion

Impertance of the angina score. This study demonstrates
that a simple clinical angina score that summarizes the
qualitative and quantitative features of anginal discomfort
adds independent prognostic information to the results of
cardiac catheterization. The angina score highlights the
concept that the patient’s symptoms are an independent
dimension of coronary disease that affects prognosis above
and beyond any effect of the findings at coronary angiogra-
phy. Furthermore, the prognostic importance of the new
angina score significantly exceeds the importance of any
single feature of anginal symptoms (Table 4), thus demon-
strating the potential value of clinical indexes that simulate
the “‘gestalt™ impression of the experienced physician.

Although it is well known that unstable angina places
patients at high risk of subsequent cardiac events (3,8,18,19),
the importance of other gradations in the overail specirum of
coronary disease symptoms has not been previously demon-
strated. Unstable angina, progressive angina and the fre-
quency of anginal episodes reflect the *‘tempo’* or dynamic
character of the anginal pattern, Many previous studies have
characterized the severity of angina by using the New York
Heart Association (NYHA) or the related Canadian Cardio-
vascular Society class (20,21}, Duy results (Table 1) and
those of the Seattle Heart Watch angiographic registry and
the Coronary Artery Surgery Study (CASS) registry have
shown that thése classification systems do have some prog-
nostic value when considered by themselves (5,22). In

with our findings, however, neither the Seattle

Table 5. Cox Model Predicted Survival and Infarction-Free Survival for Four 60 Year Old Men With Three—Vessel

Coronary Disease and Ejection Fraction of 60%

Patient A Patient B Patient C Patient D
Course Stable Stable Progressive with Unstable
nocturnal episodes

Daily angina frequency o 1 2 4
ST-T changes No Yes Yes Yes
Angina score 0 6 12 2
Survival

1 Year 0.96 095 093 0.88

3 Yeass 0% 088 485 978

5 Years 0.86 0.83 0.7 0n
Infarction-free survival

1 Year 094 90 0.84 078

3 Years 084 079 on .58

5 Years 075 on 0.63 0.54
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Heart Watch registry aor the CASS registry found angina
class to be an independent predictor of prognusis in medi-
cally treated patients. One explanation for this is that,
although the NYHA class is a reasonable measure of cur-
rent symptom severity, it provides no information about
how rapidly symploms are advancing. In our data, the rate
of p was prt ically much more
important than the severity of current sympmms (Table
1). Adding the duration of symptoms or the presence of
typical angina does not alleviate this problem: our data show
that both of these factors provide no prognostic information
that is independent of the amount of coronary disease
present. In our study, the tempo and frequency of angina
provided important prognostic information even when the
coronary anatomy and left ventricular function were known
(Table 3).

The angina score emphasizes that the varions anginal
syndromes fit into an orderly spectrum of prognosis, with
unstable angina and variant angina at the high risk end of the
spectrum and stable angina at the fow risk end. Validation of
the angina score in an independent popuiation of paticats
demonstrates the correctness of this scale. The presence of
new onset angina (<3 months), which was shown in a
previous study from this laboratory to be progrostically
lmportant was not mdependent of other more powerful
prog anginal istics (9).

The firial component of the angina score, “‘ischemic’
ST-T wave changes, was found to be an adversc prognostic
factor in several previous studies (3,5,23). The electrophys-
iologic basis for ST-T changes at rest and the mechanism for
their impact on cardiac event rates remain speculative. It is
possible that analysis of specific types of ST-T changes, such
as deep symmetric T wave inversion, might further subdi-
vide risk.

The subjective nature of symptoms is a major concern
with respect 1o their use in assessing prognosis. Compared
with these *‘soft” variables, more objective measures, such
as treadmill exercise testing, thallivm scintigraphy or radio-
nuclide anglography, seem aitractive. These tests can be

b d only periadically. ki whereas the patient’s
symp ic status is ! pensively at all times.
Furth ithough subjective ch i nc are difficult

to quantify, their mdependent association with prognosis
shown in this study provides a strong argument in favor of
the continued need to consider them.

Because several clinical variables may measure dxﬁerem
aspects of the same hophysiols process,
information can be extracted when these related variables
are combined into a clinical index (i5). When taken out of
their proper clinical context, the apparem prognostic value
of individual may be Jerably diluted be-
cause characteristics that describe similar pathophysiology
*“‘compete’ with each other in standard stepwise multivari-
able models, yielding smaller statistical vatues for each of
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them. Combining characteris ics into an index that more
closely simulates the clinical thought process leads to a more
realistic appraisal of the progaostic value of these descrip-
tors.

Prognestic value of angina score over time. In our study
the prognostic value of the s:ore diminished progressively
during follow-up. Thus, symptoms provided information
primarily about short-term, rather than long-term, progno-
sis. This finding confirms the clinicians 1acit understanding
that a patient’s course must e gauged by periodic reevalu-
ation. Perhaps serial measwements of the angina score at
regular intervals woutd great:y improve our ability to predict
the risk of a cardiac event jospectively. Support for this
approach comes from the V.terans Administration Cooper-
ative Surgery Study, which f>und that their angina question-
naire was useful in stratify:ng short-term prognosis when
applied at several points in {ollow-up (24}.

Medicat therapy. One important limitation of this study is
that the angina score does nct take into account the patient’s
antianginal therapy. When “ve tested the prognostic impor-
tance of knowing that the patient was receiving a beta-
receptor blocker or 2 long a:ling nitrate, these vaniablcs did
not add 1o our score. We did not, however, attempt a
detailed evaluation of the iitensity of therapy, such as the
dose or the presence of liniting side effe-ts. The angina
questionnaire used in the Veterans Administration Cooper-
ative Surgery Study incluled a sut ion that assigned
points for nitrates and beta-receptor blockers, but no at-
tempt was made to determine how much prognostic infor-
mation was provided by medical therapy that was indepen-
dent of the severity of angit a {24). Thus, it is uacertain how
much our 2ngina score wold be improved by adding data
abeut prescribed medications.

Conclusions. We have siiown that a careful clinicai evai-
uation of the anginal history and rest ECG can be of great
importance in predicting a patient’s risk of future cardiac
events. This information czn be incorporated into a simple
but powerful clinical angina score that remains a significant
prognostic factor even after coronary amatomy and left
ventricular function are kiown. Greater attention to the
subjective aspects of coronry artery disease may aid clini-
cians in targeting effective :nd aggressive therapeutic inter-
ventions to periods of increased risk.
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