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• Objective: To determine whether information from 
the physician's initial evaluation of patients with sus
pected coronary artery disease predicts coronary anat
omy at catheterization and 3-year survival. 
• Design: Prospective validation of regression model 
estimates in an outpatient cohort. 
• Setting: University medical center. 
• Patients: A total of 1030 consecutive outpatients 
referred for noninvasive testing for suspected coronary 
artery disease; 168 of these patients subsequently 
underwent catheterization within 90 days. 
• Measurements: Information from the initial history, 
physical examination, electrocardiogram, and chest 
radiograph was used to predict coronary anatomy (the 
likelihood of any significant coronary disease, severe 
disease [left main or three-vessel], and significant left 
main disease) among 168 catheterized patients and to 
estimate 3-year survival among all patients. These 
estimates were compared with those based on tread
mill testing. Cardiovascular testing charges were cal
culated for all patients. 
• Results: Predicted coronary anatomy and survival 
closely corresponded to actual findings. Compared 
with the treadmill exercise test, initial evaluation was 
slightly better able to distinguish patients with or with
out any coronary disease and was similar in the ability 
to identify patients at increased risk for dying or with 
anatomically severe disease. Based on arbitrary defini
tions, 37% to 66% of patients were at low risk and 
responsible for 3 1 % to 56% of the charges for cardio
vascular testing. 
• Conclusions: The physician's initial evaluation, de
spite the subjective nature of much of the information 
gathered, can be used to identify patients likely to 
benefit from further testing. The development of strat
egies for cost-conscious quality care must begin with 
the history, physical examination, and simple labora
tory testing. 

P hysicians frequently evaluate patients with symptoms 
that may represent angina. The initial assessment usu
ally begins with a history, physical examination, elec
trocardiogram, and chest radiograph. On the basis of 
this initial assessment, the physician must decide 
whether to begin empiric therapy or to consider further 
evaluation with noninvasive testing, cardiac catheteriza
tion, or both. Additional testing is often justified on the 
grounds that much of the information collected in the 
initial assessment is "soft" data and not sufficiently 
precise to permit the accurate identification of patients 
at high or low risk. 

Further testing, although often justified, exposes the 
patient to additional risk and cost. Strategies for eval
uating patients with suspected ischemic heart disease 
that maximize the quality of care while minimizing the 
use of unnecessary tests depend on the accurate iden
tification of patients who need further evaluation. The 
accurate identification of high- and low-risk patients 
based on the physician's initial assessment would per
mit the development of cost-efficient strategies for eval
uating patients with suspected ischemic heart disease. 

Stored in the Duke Database for Cardiovascular Dis
ease is the accumulated experience at Duke of all pa
tients with suspected coronary artery disease who were 
referred for cardiac catheterization (1-7). At the time of 
cardiac catheterization, findings from the history, phys
ical examination, electrocardiogram, chest radiograph, 
noninvasive tests, and catheterization are recorded. Pa
tients are then prospectively followed at regular inter
vals. We have previously developed statistical models 
that use a subset of this information—the history, phys
ical examination, electrocardiogram, and chest radio
graph—to estimate the anatomic severity of catheteriza
tion findings and to estimate long-term survival. 

Outpatients with chest pain who are evaluated in a 
physician's office might differ substantially from pa
tients subsequently referred for cardiac catheterization 
(8). Thus, we were not certain that models developed in 
the catheterization cohort would perform well when 
applied to outpatients. 

We describe the performance of models based on 
information from the physician's initial assessment 
when prospectively applied to a cohort of outpatients. 
We wished to determine whether a physician's office 
evaluation of a patient with nonacute chest pain could 
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identify high- and low-risk pat ients and to evaluate the 
potential impor tance of this information in the delivery 
of cost-effective quality ca re . 

Methods 

Patients 

Our study sample included 1030 consecutive, symptomatic 
patients who had not had previous cardiac catheterization and 
who were referred for outpatient noninvasive testing at the 
Duke University Medical Center between 28 March 1983 and 
31 January 1985. All patients had complete baseline evalua
tions that were done prospectively before testing. The sample 
included 602 patients referred by Duke cardiologists or fellows 
and 428 patients referred by other physicians at Duke or in the 
surrounding community. Our study sample comprised a con
secutive series of patients with suspected coronary artery dis
ease for whom the physician felt noninvasive testing was war
ranted. Baseline evaluations were done by a cardiology fellow 
or physician assistant who completed a standardized form con
taining all descriptors. The evaluation was facilitated by two 
other forms: a self-administered questionnaire completed by 
each patient and a referral form completed by the Duke staff 
cardiologist (for patients referred by cardiology staff) that to
gether provided all descriptors. Chest pain histories were clas
sified at the time of the patient interview by the examiner. 
Definitions and further descriptors have been previously de
scribed (6, 9-11). 

The methods of data management and follow-up have been 
reported previously (6, 9-11). In brief, baseline information was 
entered prospectively into the Duke Database for Cardiovas
cular Disease. Because missing information interrupts the clin
ical report process, descriptors were complete on all patients. 
Follow-up information was obtained at 1 and 3 years using a 
mailed, self-administered patient questionnaire. Patients not 
returning the questionnaire were contacted via telephone by 
trained interviewers. For patients who died, we obtained death 
certificates as well as physician and hospital records (including 
autopsy information when available), and we conducted tele-

phone interviews with the next of kin to discuss the circum
stances of the patient's death. All deaths were classified by an 
independent events committee (blinded to baseline informa
tion). 

Analysis 

We examined three diagnostic outcomes and one prognostic 
outcome. The diagnostic outcomes (available only in the 168 
patients subsequently referred for cardiac catheterization 
within 90 days) were the presence of significant coronary ar
tery disease (>75% luminal diameter narrowing of at least one 
major coronary artery); the presence of severe coronary artery 
disease (the presence of significant obstruction of all three 
major coronary arteries or of the left main coronary artery); 
and the presence of significant left main coronary artery ob
struction. Survival at 3 years was the prognostic end point. In 
the survival model, patients who were referred for angioplasty 
or coronary artery bypass graft surgery or who were dying of 
noncardiovascular causes were censored (withdrawn alive) the 
first time one of these events occurred. 

The development of the predictive models evaluated in our 
study has been described previously (1-7), and model details 
are included in the Appendix. In brief, the models were de
veloped in consecutive series of patients referred for cardiac 
catheterization between 1969 and 1983; none of these patients 
were included in the present study. The strategy used to de
velop the models required the division of patients into "train
ing" and " tes t" samples to minimize spurious associations. 
Model development in each case was done entirely in the 
"training" sample. Logistic multiple regression (12) was used 
for diagnostic outcomes, and the Cox proportional hazards 
regression model (13, 14) was used for survival. All candidate 
predictor variables were examined graphically to ensure that 
their relation with the outcome was modeled appropriately. 
When nonlinearities were present that would violate model 
assumptions, appropriate recoding or transformation of the 
variables was carried out so that model assumptions were 
satisfied in each case. To decrease the risk for spurious rela
tions and "overfitting" the models, a series of clinical indexes 
were developed to reflect important areas of pathophysiology 

Table 1. Characteristics Used To Estimate Outcomes* 

Characteristics Any Severe Left Main Survival 
Disease Disease Disease 

History 
Age X X X X 
Gender X X X X 

Chest pain 
Type X X X 
Frequency X X 
Course X X 
Nocturnal X X 
Length of time present X X 

Diabetes mellitus X X 
Smoking X X 
Hyperlipidemia X 
Hypertension 

X 
X 

Previous history of myocardial infarction X X X 
Peripheral or cerebral vascular disease 
Congestive heart failure severity 

Physical examination 
Carotid bruit 
Ventricular gallop 

Electrocardiogram 
Significant Q waves X 
ST-T wave changes X 
Conduction abnormalitiesf 
Premature ventricular contractions 

Chest radiograph 
Cardiomegaly 

X 

X 

X 
X 

X 

X 

X 
X 

X 
X 

X 
X 
X 
X 

X 

* X indicates that the variable is a significant predictor in the multivariable regression model. 
t Conduction abnormalities included left bundle-branch block, right bundle-branch block, intraventricular conduction delay, and left axis deviation. 

82 15 January 1993 • Annals of Internal Medicine • Volume 118 • Number 2 

Downloaded From: http://annals.org/ by a Imperial College London User  on 10/05/2013



Table 2. Baseline Characteristics in Outpatients 

Variable All Study Patients 
(n = 1030) 

Discrete characteristics, % 
Male sex 63 

Patients with Cardiac 
Catheterization 

(n = 168) 

69 

Symptoms 
Typical angina 28 

49 
Atypical angina 52 47 
Nonanginal pain 20 4 
Progressive angina 18 24 
Nocturnal angina 22 24 

Risk factors 
Smoking 44 53 
History of hypertension 41 42 
Diabetes 10 10 
Hyperlipidemia 11 13 

Other clinical descriptors 
ST-T wave changes on electrocardiogram 35 42 
History of myocardial infarction 18 33 
Q waves on electrocardiogram 8 11 
History of congestive heart failure 14 11 
Class IV congestive heart failure 0 0 
Ventricular gallop 1 1 
Peripheral vascular disease 3 4 
Cerebral vascular disease 3 

Continuous characteristics 
2 

Age, v 55 (45,63) 56 (48,65) 
Pain frequency, episodes/wk 2 (1,7) 2 (1,7) 
Duration of coronary artery disease symptoms, mo 12 (3,36) 

* Median (25th, 75th percentiles). 

7 (3,34) 

(4). Forward stepwise variable selection was used to aid in 
identifying important baseline predictors. Selected interactions 
among predictor variables were also examined. When a final 
model had been developed, it was tested and validated in the 
independent " tes t" sample. Baseline variables important for 
estimating each of the diagnostic and prognostic outcomes are 
listed in Table 1. Baseline descriptors collected for each pa
tient were entered into each model to generate a patient-spe
cific estimate of the probability of each outcome. Model pre
dictions of the likelihood of significant coronary artery disease, 
severe coronary artery disease, left main coronary artery dis
ease, and survival at 3 years were generated for each outpa
tient in this study at the time of his or her initial evaluation 
based solely on information collected before noninvasive test
ing. 

Assessing the quality of predictions requires the use of sta
tistics unfamiliar to most clinicians. Two components of pre
dictive quality were examined. Reliability, the concordance 
between predicted and observed outcomes, was assessed by 
grouping all patients into quantiles of predicted risk and graph
ically comparing the observed prevalence of the outcome as a 
function of the mean predicted risk for each quantile group. 
Discrimination, the ability to separate patients with and with
out the outcome of interest, was assessed in two ways. First, 
the distribution of predictions for patients with and for patients 
without each outcome was graphically compared. Second, a 
concordance probability or c-index was computed (5). The 
c-index is calculated by pairing each patient who has the out
come with each patient who does not have the outcome and 
determining the proportion of patient pairs in which the patient 
with the outcome had a higher estimated probability. A c-index 
of 0.80, for example, can be interpreted as follows: Eighty 
percent of the time a patient with the outcome was given a 
higher predicted probability of the outcome than the patient 
without the outcome. The c-index ranges from 1 to 0, with 1 
corresponding to perfect discrimination, 0.5 to random perfor
mance of a predictor, and 0 to perfectly incorrect discrimina
tion. For a binary outcome, the c-index equals the area under 
the receiver-operating-characteristic (ROC) curve (15). To fur
ther show the discrimination of the survival model, the sample 
was divided into subgroups of equal size based on the risk for 

dying within 3 years, and Kaplan-Meier (16) empirical survival 
curves were calculated. 

Placing the Results in Perspective 

The two approaches to describing the discriminatory ability 
of the models (the distribution of predictions for patients with 
and without the outcome and the c-index) do not effectively 
communicate a perspective on the importance of information. 
A traditional approach to showing the discriminatory ability of 
two tests is to compare the ROC curves of each test. Receiver-
operating-characteristic curves show the tradeoff between sen
sitivity (among patients with the outcome, the proportion with 
a positive test) and specificity (among patients without the 
outcome, the proportion with a negative test), as the threshold 
value above which the test is considered positive is varied. 
When many characteristics are used in a model to provide the 
probability of an outcome, ROC curves are generated by first 
calculating the probability of the outcome for each patient in 
the sample using his or her individual characteristics. Next, the 
sensitivity and specificity of the model is calculated several 
times, as the threshold for what is considered a positive test is 
"allowed" to vary. For example, when a probability threshold 
of 0% for a "positive" test is selected, virtually all patients 
will have higher estimates and sensitivity will be 1.00 and 
specificity will be 0. At the other extreme, when a threshold of 
100% is selected, virtually all patients will have lower esti
mates and sensitivity will be 0 and specificity will be 1.00. At 
probability thresholds between 0% and 100%, the ROC curve 
shows the tradeoff between sensitivity and specificity by illus
trating sensitivity as a function of 1 - specificity. A "bet ter" 
test, defined as a test with a higher sensitivity and specificity 
will produce a curve that is shifted toward the upper left. A 
test providing random estimates will produce a 45-degree line. 

To show the importance of the initial assessment, we com
pared the discriminatory ability of the model estimates with the 
discriminatory ability of a test intuitively more familiar to the 
clinicians, the treadmill exercise test. The ROC curves for 
models based on information from the initial assessment were 
compared with ROC curves for models based on only treadmill 
exercise test data. 
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Figure 1. Reliability of the models 
for estimating the likelihood of signif
icant coronary artery disease, with 
distributions of predicted probability. 
Significant disease was defined as 
75% or greater narrowing of a major 
coronary artery. Left panel. The ob
served proportion with significant 
disease is shown as a function of 
the mean predicted likelihood of sig
nificant coronary artery disease for 
deciles of predicted risk. The solid 
line represents "perfect" reliability 
and is shown for reference. Right 
panel. The distribution of predicted 
likelihood of significant disease is 
shown for patients with and without 
significant disease. 

Representative ROC curves for the information from the 
treadmill exercise test were developed using information stored 
in the Duke Database on 3104 consecutive symptomatic pa
tients evaluated between 1969 and 1982 who underwent cath
eterization within 6 weeks of treadmill testing (17, 18). In a 
fashion similar to that described above, models for each of the 
outcome variables based on the treadmill test information were 
developed. Logistic models (for diagnostic outcomes) and Cox 
models (for survival) were used to build models relating tread
mill variables to the outcome. Treadmill variables considered 
included the following: the interpretation (positive, indetermi
nate, or negative adequate), the maximum exercise heart rate, 
the treadmill exercise time, the development of angina during 
the test or that required stopping the test, and interaction 
terms reflecting the importance of "early positive" tests (the 
product of interpretation and the maximum heart rate or exer
cise time) or "symptomatically positive tests" (the product of 
interpretation and whether angina developed). Estimates of the 
likelihood of significant coronary artery disease, severe coro
nary artery disease, left main coronary artery disease, and 
3-year survival from these models were generated for each of 
the 3104 patients, and corresponding ROC curves were calcu
lated. For each outcome, the area under the ROC curve based 
on data from the initial assessment was statistically compared 
with that based on data from treadmill exercise testing (15). 

The comparison of the ROC curves based on information 
from the physician's initial assessment with that from treadmill 
exercise testing may overestimate the value of the information 
from treadmill exercise testing because the sample from which 
the treadmill ROC curves were derived is the same as that in 
which the models were developed. In contrast, the ROC 
curves for initial assessment reflect the performance of models 
developed in one sample and applied to a different sample. 
Typically, model performance will degrade when applied to a 
new sample. 

A fairer comparison might contrast the ROC curve based on 
information from the physician's initial assessment with the 
ROC curve based on the treadmill test data in the subgroup of 
outpatients who underwent treadmill testing. This subgroup of 
patients also undergoing catheterization included only 98 pa
tients, of whom only 64, 28, and 7, respectively, had signifi
cant, severe, or left main coronary disease. Survival compar
isons would have been based on 623 outpatients undergoing 
treadmill testing, of whom only 4 died within 3 years. Because 
this approach would have resulted in insufficient outcome 
events for comparison, the method described above was used. 

Finally, we considered the potential effect on patterns of 

testing that could result if physicians used information from the 
initial assessment to better identify high-risk patients who 
would be referred for testing or low-risk patients who might be 
spared further testing. Two arbitrary definitions of high risk 
were considered: a predicted 3-year survival of less than 97% 
or a likelihood of left main disease of more than 2%; and a 
predicted 3-year survival of less than 95% or a likelihood of 
left main disease of more than 5%. To examine the effect of 
using these definitions, we calculated the likelihood of left 
main disease and of 3-year survival for each patient in our 
sample. We determined how many patients who had left main 
disease or who died within 3 years would have been "missed" 
(incorrectly labeled as low-risk) using these definitions. The 
proportion of patients at high or low risk in the outpatient 
study sample was then determined to provide an estimate of 
the percent of patients at low risk who were referred for 
testing but for whom greater reliance on information from the 
initial assessment might have made testing unnecessary. Total 
charges for testing were also determined based on current 
(1991) charges at Duke Hospital for tests the patients received. 
Charges for catheterization include only the laboratory and 
professional fees but do not include any additional hospital 
charges to reflect the increasing use of outpatient cardiac cath
eterization (19). 

Results 

Baseline characteristics for the 1030 outpatients and 
the subgroup of 168 patients subsequently referred for 
cardiac catheterization within 90 days are shown in 
Table 2. In general, the groups were similar and repre
sented a broad spectrum of findings. Patients referred 
for catheterization were more likely to be male and to 
have a history of smoking, typical or progressive an
gina, and previous myocardial infarction. 

Predicting Coronary Anatomy 

The quality of the predictions for estimating diagnos
tic outcomes in the 168 patients referred for catheter
ization within 90 days is shown in Figures 1, 2, and 3. 
This subgroup included 109, 45, and 12 patients with 
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significant, severe, and left main disease, respectively. 
In Figure 1, left, the observed prevalence of significant 
coronary artery disease is shown as a function of the 
predicted likelihood of significant coronary artery dis
ease for each decile of predicted risk. The 45-degree 
line of identity corresponds to perfect reliability and is 
shown for reference. The observed prevalence of sig
nificant disease is nearly identical to that predicted, 
indicating excellent reliability of the model predictions. 

Figure 1, right, shows the distribution of predictions 
for patients with and without significant coronary artery 
disease. Ninety percent of patients with significant cor
onary artery disease had predictions of disease greater 
than 44%, whereas 62% of patients without significant 
coronary artery disease had predictions of the likeli
hood of significant coronary artery disease less than 
44%. The c-index was equal to 0.87 (95% CI, 0.82 to 
0.93), indicating that the model correctly rank-ordered 
pairs of patients with respect to their disease state 87% 
of the time. 

Corresponding "reliability graphs" and presentations 
of discrimination are shown for severe disease (left 
main or three-vessel disease) in Figure 2 and for left 
main disease in Figure 3. Predictions are lower because 
anatomically severe disease is less prevalent than sig
nificant coronary artery disease. As was the case for 
significant disease, the predicted likelihood of severe 
disease and left main disease agreed well with observed 
outcomes. Although considerable overlap in predictions 
of the likelihood of severe disease and left main disease 
was present, the models were able to identify patients 
likely or unlikely to have these findings. Ninety percent 
of patients with severe disease had estimates greater 
than 20%, whereas 55% of patients without severe dis
ease had estimates less than 20%. The c-index for se
vere disease estimates was 0.78 (95% CI, 0.71 to 0.85). 
All patients with left main disease had estimates greater 
than 2%, whereas 31% of patients without left main 
disease had estimates less than 2%. The c-index for left 
main disease estimates was 0.73 (95% CI, 0.59 to 0.87). 

Compared with the c-index for significant disease, the 
c-indexes for severe disease and left main disease were 
lower, indicating that these outcomes are harder to pre
dict. 

Predicting Survival 

Follow-up information was obtained in 973 of the 
1030 patients (94%). At the end of 3 years, 844 patients 
were alive (and had not undergone revascularization), 
30 had died of cardiovascular causes, 19 had died of 
noncardiac causes, 18 had undergone angioplasty, and 
62 had had coronary artery bypass graft surgery. 

The ability to estimate survival is shown in Figures 4 
and 5. The "reliability graph" in Figure 4, left, shows 
that predicted 3-year survival was virtually identical to 
that observed. The ability to distinguish patients who 
died from those who lived is shown in Figure 4, right. 
Ninety percent of the patients who died had estimates 
of 3-year survival less than 97%, whereas 41% of the 
patients who lived had estimates greater than 97%. The 
c-index was 0.82 (95% CI, 0.64 to 0.99), indicating that 
82% of the time a patient who died was given a lower 
predicted 3-year survival probability than a patient who 
lived. 

Because so few patients have died, it is difficult to 
show the discriminatory ability of the survival model. 
We divided the sample into two groups of equal size 
based on their model-predicted 3-year survival and cal
culated Kaplan-Meier survival curves for each group 
(Figure 5). If no discrimination was present, the two 
curves would be superimposed on each other. The abil
ity to separate patients into high- and low-risk groups 
shows in a more familiar way the significant discrimi
natory ability of the model. The average 3-year pre
dicted survivals for the two groups, 0.98 and 0.92, cor
respond closely to the observed Kaplan-Meier rates, 
0.99 and 0.94. 

Figure 2. Reliability of the models 
for estimating the likelihood of se
vere coronary artery disease, with 
distributions of predicted probabil
ity. Severe disease was defined as 
left main or three-vessel disease. 
Left panel. The observed propor
tion with severe disease is shown 
as a function of the mean pre
dicted likelihood of severe coro
nary artery disease for quintiles of 
predicted risk. The solid line rep
resents "perfect" reliability and is 
shown for reference. Right panel. 
The distribution of predicted like
lihood of severe disease is shown 
for patients with and without se
vere disease. 
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Comparing Predictions Based on Physician Assessment 
and Treadmill Exercise Test 

To provide a perspective on the value of the infor
mation from the physician's initial assessment, we com
pared the discriminatory ability of the model estimates 
with that of the estimates made solely on the basis of 
information obtained from treadmill exercise testing. In 
Figure 6, ROC curves for each outcome derived from 
the information in the physician's initial assessment are 
compared with representative ROC curves derived from 
model estimates incorporating information from exer
cise treadmill testing (see Methods). In panel A of Fig
ure 6, the ROC curve for the information from the 
initial assessment is shifted toward the upper left, indi
cating superior discrimination for the diagnosis of sig
nificant coronary artery disease (P = 0.005) compared 
with the ROC curve for treadmill exercise testing. In 
panel B, the two ROC curves are similar, indicating 
equivalent performance for discriminating among pa
tients with or without severe coronary artery disease 
(P > 0.2). Panel C shows a mild trend for superiority of 
the treadmill exercise test in identifying patients with 
left main disease (P > 0.2), whereas panel D suggests a 
mild trend for superiority of the information from the 
physician's initial assessment in recognizing patients 
likely to die within 3 years (P > 0.2), although CIs are 
wide because so few deaths occurred in the outpatient 
sample. Thus, the discriminatory ability of a physician 
relying solely on information from the initial assess
ment, as opposed to information from treadmill exercise 
testing, would be superior for coronary artery disease, 
the same for severe coronary artery disease, slightly 
worse for left main disease, and slightly better for death 
within 3 years. 

Approaches such as ours could be used to identify 
low-risk patients for whom additional testing is unnec
essary. Among the 1030 study patients, 884 had a 
known 3-year survival or had left main disease identi
fied at catheterization (the remaining 146 patients un
derwent revascularization procedures for non-left main 

disease, were missing follow-up data, or died of non-
cardiovascular causes). To show the potential value of 
the physician's initial assessment in risk stratification, 
consider two examples created by arbitrarily defining 
low risk as either 1) a predicted 3-year survival of 0.97 
or greater and a likelihood of left main disease of 0.02 
or less; or 2) a predicted 3-year survival of 0.95 or 
greater and a likelihood of left main disease of 0.05 or 
less. Based on the first definition (Table 3), 37% of the 
sample (324 of 884 patients) would have qualified as low 
risk and might be considered as not needing additional 
testing. In this low-risk group, fewer than 1% of pa
tients actually either had left main disease or died 
within 3 years (the 146 patients not considered in the 
calculation included only 32 patients identified as being 
at low risk). Based on the second definition of low risk 
(see Table 3) 66% of the sample (582 of 884 patients) 
might be spared further testing. In this low-risk group, 
fewer than 1.5% of patients either had left main disease 
or died within 3 years. 

Efficient use of data collected during the initial phy
sician-patient encounter may also substantially lower 
the cost of care for patients with suspected ischemic 
heart disease. As shown in Table 3, the low-risk pa
tients (when arbitrarily defined as having a risk for left 
main disease <2% and a 3-year survival >97%) were all 
referred for further testing (218 patients had treadmill 
exercise tests and 118 had radionuclide procedures [12 
patients had multiple tests]). The additional outpatient 
testing charges at Duke University for these patients 
would total $112 054 at current prices. Further, these 
charges represent 35% of all outpatient charges for 
these tests among all patients evaluated ($112 054 of 
$323 224 total). This group also included 25% of pa
tients who subsequently had cardiac catheterization 
within 90 days. Thus, of the total $556 754 charges 
(noninvasive testing and catheterization) for the patients 
considered, $169 954 (31%) occurred in the low-risk 
subgroup. Using a slightly more liberal definition of low 
risk, the low-risk subgroup accounted for 64% of out-

Figure 3. Reliability of the models 
for estimating the likelihood of left 
main coronary artery disease, with 
distributions of predicted probabil
ity. Left panel. The observed pro
portion with left main disease is 
shown as a function of the mean 
predicted likelihood of left main 
coronary artery disease for quin-
tiles of predicted risk. The solid 
line represents "perfect" reliabil
ity and is shown for reference. 
Right panel. The distribution of 
predicted likelihood of left main 
disease is shown for patients with 
and without left main disease. 
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Figure 4. Reliability of the models 
for estimating the likelihood of 
3-year survival, with distributions 
of predicted probability. Left panel. 
The observed proportion who sur
vive 3 years is shown as a function 
of the mean predicted likelihood of 
3-year survival for deciles of pre
dicted risk. The solid line repre
sents "perfect" reliability and is 
shown for reference. Right panel. 
The distribution of predicted 
3-year survival is shown for pa
tients who did and did not die 
within three years of cardiovascu
lar causes. 

patient charges ($205 570), 45% of catheterization 
charges ($106 150), and 56% of total testing charges 
($311 720). 

Discussion 

Our study shows that important diagnostic and prog
nostic outcomes can be predicted from information col
lected by the physician as a part of the initial assess
ment. Ours is the first study to examine the value of the 
initial assessment prospectively and to apply the lessons 
learned from prognostic studies of inpatients to a large 
independent sample of outpatients. 

Despite the fact that much of the clinical information 
collected by a physician is "soft" or subjective data, 
predictions of outcome based on the information from 
the initial evaluation are accurate and can be used to 
identify high- and low-risk patients. In this era of high 
technology, the physician can select from a wide variety 
of tests to evaluate patients with suspected coronary 
artery disease. It is tempting to eschew the information 
from the initial evaluation in favor of these "objective" 
tests. Such an approach, however, is inconsistent with 
the goal of providing cost-conscious quality care, be
cause additional testing increases the risk and cost of 
evaluation. To restrain the growth of medical care costs 
while preserving the quality of care, physicians need to 
rely more on information from their initial evaluations. 

The contribution the initial assessment can make to 
the evaluation process is substantial. The treadmill ex
ercise test is often used to identify high- or low-risk 
patients. The comparisons between the discriminatory 
ability of the information from the initial assessment 
with that from the treadmill exercise test helps to place 
the potential importance of the initial evaluation in per
spective. Aided by information from either the initial 
evaluation or the treadmill test, physicians will do as 
well or better by relying on the initial evaluation. 

The examples shown in Table 3 suggest that substan
tial cost savings might accrue by placing greater reli
ance on the initial evaluation. It is tempting to speculate 
that 30% to 50% of the total charges related to diagnos
tic testing in patients with suspected coronary artery 
disease might be saved. Such a calculation, however, 
may overestimate the savings available because the 
tests provide other useful information (for example, 
functional assessments), and total costs reflect evalua
tion of patients in many different settings. Thus, we 
would urge caution in using our findings to support the 
concept that much of the cost of evaluation in patients 
with suspected coronary artery disease is unnecessary. 
Still, it is likely that substantial savings can be realized 
while maintaining or improving the quality of care if 
physicians place greater reliance on information ob
tained in the initial evaluation. We believe that a formal 
study that examines the effect of routinely available 
quantitative estimates (or guidelines based on them) on 
outcomes and cost is warranted. 

Figure 5. Survival in high- and low-risk patients. Using estimated 
3-year survival rates, the sample was divided into two equal-sized 
groups of patients at "high" and "low" risk. Kaplan-Meier sur
vival curves are shown. 
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Figure 6. Receiver operating char
acteristic curves comparing the dis
criminatory ability of the initial as
sessment with that of the exercise 
treadmill test. Results for any sig
nificant disease {panel A); severe 
disease (left main or three-vessel) 
(panel B); left main disease (panel 
C); and survival (panel D) are 
shown. 

We did a rigorous, prospective evaluation in patients 
seen at our institution. The models performed remark
ably well even though the outpatients probably differed 
substantially from the inpatients in whom the models 
were developed. In our study, however, we did not 
consider whether our findings could be applied in other 
medical centers without a significant degradation in per
formance. The evaluation also considered sophisticated 
statistical model estimates based on a carefully col
lected database of information and not simple physician 
estimates. Although the decreasing cost and the avail
ability of computers makes possible the application of 
such approaches, the findings cannot be applied in set
tings in which total reliance is placed on physician judg
ment. Further studies need to address whether the re
sults can be applied in other institutions and to compare 
the ability of sophisticated models with that of clinician 

estimates. Previous studies (20-22) and preliminary re
sults in our laboratory suggest that the models that we 
have developed based on our institutional experience 
can be applied in other institutions but that the predic
tive estimates made using such models are superior to 
those made by expert clinicians. Consequently, we urge 
caution in assuming that our results can be duplicated 
solely from physician judgment. 

In summary, we examined a large consecutive series 
of outpatients referred for noninvasive evaluation be
cause of suspected coronary artery disease. Although 
much of the information obtained by physicians during 
the initial assessment is subjective, our study confirms 
the importance of that information in identifying pa
tients likely to benefit from further testing and supports 
the development of strategies that use the physician's 
initial assessment in the evaluation process. 

Table 3. Distinguishing High-Risk Patients Who Have 
Left Main Disease or Will Die Within 3 Years 

Definition Left Main Disease 
or Death 

Alive Total 

Definition A* 
High Risk 39 521 560 
Low Risk 2 322 324 

Definition Bt 
High Risk 33 269 302 
Low Risk 8 574 582 

* High risk = likelihood of left main disease of more than 2% or 
estimated 3-year survival of less than 97%. 

t High risk = likelihood of left main disease of more than 5% or 
estimated 3-year survival of less than 95%. 

Appendix: Study Models 

Significant Disease 

The probability of significant coronary disease was calcu
lated as 

1/(1 + O 

where e = base of natural logarithm 
x = a$x + azy2 + . . . + a#k + B 

where yu y2, • • -, v* a r e t n e characteristics, 
au a2, • . ., ak are the corresponding logistic regression 
coefficients, and 
B is the intercept term (in this case, -7.376). 

The predictive characteristics are listed below with their coef
ficients: 
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Characteristics Coefficient 

Age 0.1126 
Sex (0 = male, 1 = female) -0.328 
Age * Sex (interaction) -0.0301 
Typical angina (1 if present) 2.581 
Atypical angina (1 if present) 0.976 
History of MI (1 if present) 1.093 
ECG Q waves (1 if present) 1.213 
History of Ml * Q waves (interaction) 0.741 
Smoking (1 if present) 2.596 
Hyperlipidemia (1 if present) 1.845 
Diabetes (1 if present) 0.694 
ECG ST-T wave changes (1 if present) 0.637 
Age * Smoking (interaction) -0.0404 
Age * Hyperlipidemia (interaction) -0.0251 
Sex * Smoking (interaction) 0.550 

Severe Disease 

The model used to estimate the likelihood of severe coro
nary artery disease is a conditional probability model. It is the 
product of two probabilities: the probability of significant dis
ease (provided above) and the probability of severe disease, 
given the presence of significant disease (SEV|SIG); thus, 

PSEV|SIG = 1/(1 + e~x) 

where e = base of natural logarithm 
x = tfjVj 4- ay 2 4- . . . 4- akyk 4- B 

where v,, y2 , • . ., yk are the characteristics; 
a,, a2, . . ., ak are the corresponding logistic regression 

coefficients, and 
B is the intercept term (in this case, -3.4732). 

The predictive characteristics are listed below with their coef
ficients: 

Characteristics Coefficient 

Log10 of duration of CAD 4- 1 0.3424 
Type of pain (0 = nonanginal, 1 = atypical, 0.3014 

2 = typical) 
(LogI0 of duration of CAD 4- 1) * type of pain 0.1559 

(interaction) 
Age 0.0299 
ECG Q waves (1 if present) 0.3513 
Pain index (Typical angina * episodes weekly 0.0054 

angina [maximum, 35]) * (1 * progressive 
pain + 4 * ST-T waves but no 0 
waves 4- 2 * presence of nocturnal angina) 

Sex (0 = male, 1 = female) -0.3823 
Risk factor index 0.1734 

(hyperlipidemia + diabetes -I- hypertension) 
Vascular disease index (history of peripheral 0.2402 

vascular disease 4- history of 
cerebrovascular disease + presence of 
carotid bruits) 

Left Main Disease 

The probability of left main disease was calculated as 

1/(1 + e~x) 

where e = base of natural logarithm 
x = a]yl 4- a^y2 + . . . 4- a,yk 4- # , 

where v,, v2, - - ., yk are the characteristics, 
ax, a2, . . ., and ak are the corresponding logistic re

gression coefficients, and 
B is the intercept term (in this case, -6.7271). 

The predictive characteristics are listed below with their coef
ficients: 

Characteristics Coefficient 

Typical angina 1.1252 
Age (maximum, 65 years) 0.0483 
Sex (0 = male, 1 = female) -0.5770 
Vascular disease index (history of peripheral 0.5923 

vascular disease 4- history of 
cerebrovascular disease -I- presence of 
carotid bruits) 

Log1() of duration of CAD 4- 1 0.4027 

Survival 

S, = S0MexpW 

The probability of being alive at any time (t) is equal to the 
underlying population survival curve S0 at time t raised to the 
ex power, 
where e = base of the natural logarithm 

x = a]y] 4- ay2 + . . . + akyk 

where v , , y 2 , . • ., and yk are the characteristics, and 
«,, a2, • - ., and ak are the corresponding Cox propor
tional hazard regression coefficients. 

The predictive characteristics are listed below with their coef
ficients: 

Characteristics Coefficient 

Prognostic pain index (*Episodes of daily 0.0364 
angina * (6 * unstable angina 4- 2 * 
progressive angina 4- nocturnal angina 
4- 3 * presence of ST-T wave changes * 
[1-0.5 * (ECG Q waves)])) 

Myocardial index (History of CHF 4- 2 * 0.4506 
class IV CHF + cardiomegaly 4- ECG 
PVCs + ventricular gallop 4- 2 * 
[history of previous MI or Q waves]) 

Vascular disease index (History of 0.5333 
peripheral vascular disease 4- history of 
cerebrovascular disease 4- presence of 
carotid bruits) 

Conduction index (4 * ECG LBBB 4- 1 * 0.08975 
ECG RBBB 4- 2 * ECG LAD + 4 * 
ECG IVCD) 

Age 0.02260 
Sex (0 = male, 1 = female) -0.6732 
Typical angina 0.2952 
Centering constant —1.8833 

S0 = 0.9782 at 1 year 
0.9610 at 2 years 
0.9422 at 3 years 
0.9243 at 4 years 
0.9097 at 5 years 

Appendix Abbreviations: CAD = coronary artery disease; 
CHF = congestive heart failure; ECG = electrocardiographic; 
IVCD = intraventricular conduction defect; LAD = left axis 
deviation; LBBB = left bundle-branch block; MI = myocardial 
infarction; PVCs = premature ventricular contractions; and 
RBBB = right bundle-branch block. 
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