
As we face the new millennium, coronary artery disease (CAD) remains the

greatest cause of death not only in the United States but also in other in-

dustrialized nations.1 Cardiovascular mortality rates have been at epidemic

levels for several decades. In 1996, CAD resulted in 476,124 deaths in the United

States, a number that increases to more than 725,000 (of more than 2 million deaths

in the United States) if related syndromes are included.1 The mortality rates associat-

ed with this disease have decreased markedly over the years, predominantly in white

men. The age-adjusted mortality rate for myocardial infarction (MI) has decreased

from 226.4 per 100,000 in 1950 to 124.1 per 100,000 in 1987, and the adjusted rate

for cerebrovascular events has decreased from 88.8 per 100,000 to 30.7 per 100,000

during the same period.1

The decline in cardiovascular morbidity and mortality that has occurred during the

past 10 to 20 years can be attributed, in large part, to improvements in diagnostic

and therapeutic options available to physicians and to the decrease in lag time be-

tween the development and validation of technology and its incorporation into clin-

ical practice.1,2 New technologies are in widespread use today, including therapeutic,

such as newer percutaneous revascularization techniques, and diagnostic, such as

stress echocardiography or gated myocardial perfusion single-photon emission CT

(SPECT) using technetium-99m agents. Also, these technologies are being used in

ever-increasing numbers; cardiac catheterizations have increased from about 

In this era of cost containment and evidence-based medicine, validation of a test’s 
diagnostic ability may be only the beginning step to its acceptance and use. In the
imaging world, a test gains cost-effectiveness points if it not only is an independent
predictor of outcomes but also adds prognostic information to pretest data. If the
test can be used to risk-stratify patients, its value is further enhanced. This review
discusses how one of the newer imaging techniques, single-photon emission CT, 
ranks with regard to the risk assessment of patients with coronary artery disease. 
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300,000 in 1979 to more than 1.2 mil-

lion in 1996, with similar increases 

in coronary artery bypass surgery 

procedures (about 100,000 to 600,000 

over the same interval) and percutane-

ous transluminal coronary angioplasty 

(PTCA) procedures (about 40,000 to

150,000).1

Although the increased use of new

technology has impacted cardiovascu-

lar survival, the cost implications have

been enormous. National health ex-

penditures have increased from $26.9

billion in 1960 (5.9% of the gross na-

tional product [GNP]) to $247.3 billion

in 1980 (8.9% of the GNP) to $1035.1

billion in 1996 (13.6% of the GNP).1,2

Estimates are that increases in the use of

new technology account for as much as

one third to one half of the increases in

health care costs.3 If one considers the

increasing demand for this lifesaving

(albeit expensive) technology, the accel-

erating development and cost, and the

continued aging of the US population

(resulting in an increased proportion of

the population with CAD), serious con-

cerns arise regarding the future financ-

ing of health care.

The Era of Cost-Containment 
in Medicine
Because of the economic burdens of

new technology on health care, a revo-

lution in how medicine is practiced has

occurred since the 1980s.4 Pressure has

been brought to limit health care costs,

and rethinking of clinical strategies is

common. Newer ways of analyzing and

applying medical information, such as

evidence-based approaches to medical

care and the use of cost-effectiveness

analysis (to determine the greatest

health gain per dollar spent [“bang for

the buck”]), have won widespread 

acceptance.5

For patients with CAD in particular,

risk-based approaches have become im-

portant because of the considerable ev-

idence that the risk of adverse outcomes

can be reduced by appropriate preven-

tive and therapeutic strategies.5 Further,

the cost-effectiveness of interventions

varies with the level of risk in the cohort

in question. The concept that calculat-

ing the level of risk for a particular pa-

tient can aid in the selection of a thera-

peutic strategy has grown increasingly

popular.5 To successfully harness this

approach, it is necessary to have agreed-

on definitions for levels of risk, data re-

garding the benefit ratio of various ther-

apies within risk categories, and a

means to identify risk for a patient who

has a particular set of characteristics.

It has become imperative to validate

newer, expensive technologies before

their routine application (and reim-

bursement) as well as to reassess more

established technology. This new form

of technology assessment emphasizes

the measurement of the incremental or

added value of a test (ie, what informa-

tion a test yields beyond what was al-

ready known about the patient) and the

cost implications of its use.4,6,7 It is this

change in approach that has fueled a

surge in the literature of stress SPECT

with regard to its prognostic value and

application in risk stratification as well

as its cost-effectiveness.

Measurement of Incremental 
Prognostic Value: Methodologic
Considerations
The measurement of incremental value

has become central to the evaluation of

all noninvasive testing. The focus on in-

cremental value demonstrates a shift

from showing that a test is a superior in-

dependent predictor of adverse outcomes,

compared with clinical or historic data,

to demonstrating that the test can add

information regarding patient status to

the clinical or historic data.4,6,7

Briefly, the incremental value of a

test such as SPECT may be assessed by

several statistical tests but is most com-

monly evaluated by multivariable mod-

els that control (risk-adjust) for avail-

able clinical data (eg, historic or pretest

Main Points
• To successfully use a risk-based approach as a guide to therapy, it is necessary

to have clearly defined risk levels, data on the benefit ratio of various thera-
pies within risk categories, and a means to identify risk for a patient with a
particular set of characteristics.

• Stress single-photon emission CT (SPECT) adds more prognostic informa-
tion over clinical and historic data for women than for men.

• During a 5-year period, stress nuclear studies stratified risk of cardiac death
in patients with known coronary artery disease (CAD), while exercise ECG
failed to do so.

• A normal stress SPECT is associated with a lower cardiac event rate than is a
normal stress echocardiogram.

• Stress SPECT enhanced risk stratification in patients with low, intermediate,
and high pretest likelihood of CAD.

• Limiting more expensive testing, such as SPECT, to a smaller number of in-
termediate- and high-risk patients, rather than to low-risk patients, achieves
successful risk stratification and efficient resource utilization.
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information) and then determine the

increase in predictive power from the

results of noninvasive testing. The

added value is often quantified by a

change in model chi-square (�2). This

test statistic can be thought of as a

means to quantitate the amount of in-

formation that is known from a set of

data variables.

The data are considered in a series of

sets. First, a �2 is determined for clinical

and historic data. Then, a �2 is deter-

mined for this information with the ad-

dition of exercise treadmill test (ETT)

data. Finally, the results of SPECT are

added to generate a final �2. This ap-

proach yields information regarding

the added value of ETT to historic and

clinical data, as well as the addition of

SPECT to all prenuclear information.6,7

This stepwise approach mimics the or-

der in which clinical information is ac-

cumulated by physicians and is equally

legitimate for diagnostic, prognostic,

economic, and functional outcomes.

Do stress SPECT studies yield added

prognostic value? Ladenheim and col-

leagues8 first introduced the concept of

incremental prognostic value in a study

of 1659 patients who had no history of

previous MI or revascularization and

who had undergone ETT with a stress-

redistribution thallium protocol im-

aged with a planar technique. This

study demonstrated that in certain pa-

tient subsets, prognostic information

was increased by the addition of stress

perfusion results even after clinical, his-

toric, and ETT data were considered. In

particular, the perfusion study added

prognostic information for the subset of

patients with abnormal resting ECGs.8

To date, numerous studies have ex-

tended these results to define the incre-

mental prognostic value of stress SPECT

in diverse patient subsets.9-19 Of note is

the fact that these subsets include men

and women; patients with and without

prior CAD, pharmacologic, and exercise

stress; young and old patients. Also of

interest is that exercise stress SPECT

yields greater independent and incre-

mental prognostic information for

women than it does for men, despite

numerous past issues regarding the val-

ue of this test in women.

A recent study compared the prog-

nostic value of stress SPECT in 2742

men and 1394 women11 who under-

went dual-isotope SPECT. The patient

population was followed for 20 ± 5

months for cardiac death or nonfatal

MI. The incremental value of nuclear

testing was determined using both step-

wise and Cox proportional hazards

models (Figure 1). For men, clinical and

historic information was predictive of

adverse outcomes (global �2 = 56), as it

was for women (global �2 = 48). In the

Cox model, using clinical, historic, and

ETT variables, the global �2 for men and

women was identical (75). In this study,

the Cox model for nuclear variables re-

vealed that the global �2 for men (61)

was less than that for women (114). Fur-

ther, after adjusting for prescan infor-

mation, the gain in total �2 was 15 for

men (final global �2 = 90) and 45 for

women (final global �2 = 120). Thus,

this study revealed that stress SPECT

adds more prognostic information for

women than for men.

Clinical Incremental Prognostic
Value—Demonstrating Enhanced
Risk Stratification
Although the statistical approach de-

scribed above is mathematically sound

and quantifies the added value, clinical-

ly, the results of the analysis are less 

intuitive, difficult to apply , and of un-

clear relevance and applicability. Many

clinicians are also of the opinion that

regression methods do not mirror clini-

cal reasoning. Thus, a modification of

this incremental approach is to demon-

strate enhanced risk stratification—that

is, to show that after patients are risk-

stratified using all data known before 

a nuclear test, statistically significant 

further risk stratification can be

achieved by the results of the SPECT

study.6,7,10

A vital consideration, however, is

what constitutes an appropriate and

Figure 1. Values of global �2 in men and women for 3 models: clinical and historic data (HX)
as the initial model; the addition of exercise treadmill test (ETT) data; and the addition of sin-
gle-photon emission CT (SPECT) data after ETT data. The increase in �2 is statistically sig-
nificant for both men and women for the addition of both ETT and SPECT data.

150

120

90

60

30

0

�2

56  
48

90

Men

Women

75  75

120

Clinical + HX + ETT + SPECT



98 REVIEWS IN CARDIOVASCULAR MEDICINE FALL 2000

RISK ASSESSMENT continued 

meaningful risk stratification. This is

usually defined by 2 characteristics.

First, a normal (“negative”) study

should be associated with a very low

risk of adverse outcomes. The threshold

for low risk is usually considered to be a

frequency of hard events (cardiac death

or nonfatal MI) of 1% or less per year of

follow-up.6,7 The low risk (fewer than

1% hard events per year) associated

with normal stress SPECT studies is an

important component of its ability to

risk-stratify a variety of patient popula-

tions. To date, almost all studies exam-

ining the risk of patients following nor-

mal stress SPECT studies have reported

rates of hard events of 1% or less per

year of follow-up.9-12,15-26 This low risk has

been present with both SPECT and pla-

nar imaging; with exercise and pharma-

cologic stress; with thallium and ses-

tamibi as imaging agents; and in all pa-

tient subsets based on sex, age, pretest

likelihood of CAD, or history of CAD.

Since normal studies can identify pa-

tients who are at sufficiently low risk for

subsequent events that these occur-

rences can be safely managed medical-

ly, additional costly testing and inter-

ventions in such patients can be avoid-

ed.10,27,28 Hence, both successful risk

stratification and cost-effectiveness be-

gin with the identification of low risk

after noninvasive testing.

Normal Stress SPECT Studies in
Patients With Documented CAD
To justify its use for risk stratification in

patients with known CAD, a normal

stress SPECT study must also demon-

strate low risk in this cohort. Two small,

single-site studies have shown that pa-

tients with documented CAD and nor-

mal stress perfusion studies have a low

risk of adverse outcomes.20,22

More recently, investigators from the

Angioplasty Compared to Medicine

(ACME) trial25 sought to evaluate the

prognostic ability of cardiac exercise

stress tests to predict cardiac mortality

and morbidity in patients with docu-

mented CAD. A total of 328 patients

with documented single- or double-ves-

sel disease were assigned randomly to

PTCA or medical therapy. Six months

after randomization, maximal symp-

tom-limited exercise tests were per-

formed using electrocardiography in

300 of these patients and thallium

scintigraphy in 270. The investigators

followed the patients for a minimum of

5 years.

The authors found that the stress nu-

clear study, despite having been per-

formed using the outdated planar tech-

nique, significantly stratified patients

with respect to their risk of cardiac

death 5 years later, and that exercise

ECG failed to achieve this stratification

(Figure 2). As important is the fact that

within the cohort of patients assigned

to nuclear testing, stratification was

achieved within the subset of patients

treated with PTCA but not within the

subset assigned to medical therapy. The

latter underwent stress testing while

still taking their anti-ischemic medica-

tions, whereas the post-PTCA subgroup

underwent stress testing while not tak-

ing such medications. In this study, pa-

tients with documented CAD and nor-

mal stress planar thallium studies were

still at relative low risk at 5 years (car-

diovascular mortality rates: PTCA arm,

1.4% per year; medical therapy arm,

1.8% per year); however, at 5 years after

nuclear testing, an abnormal stress per-

fusion study showed a significantly

greater event rate than did a normal

study in the PTCA arm but not in the

medical therapy arm. Perhaps the use of

anti-ischemic medications masked or

blunted the amount of inducible isch-

emia, thus compromising the perfor-

mance of the nuclear study. To date,

these are the only data that compare

outcomes in patients tested while on or

off medications.

Event Rates in Normal Studies 
Using Other Noninvasive 
Modalities
A number of other modalities are cur-

Figure 2. Cardiac mortality rates in patients with normal and abnormal stress planar thallium-
201 (Tl-201) images and exercise treadmill test (ETT) results. Significant stratification was
achieved by the planar Tl-201 test results, while the ETT failed to achieve significant stratifi-
cation, based on a 5-year follow-up in the Angioplasty Compared to Medicine trial.25
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rently capable of performing stress

imaging studies. Stress echocardiogra-

phy, in particular, has gained wide-

spread acceptance. Although the abili-

ty of stress echocardiography and stress

SPECT to identify CAD (as measured by

sensitivity and specificity) are probably

similar,29 test referral bias virtually elim-

inates the possibility of validly compar-

ing the technologies.30,31

On the other hand, these 2 imaging

modalities clearly differ when analyzed

toward a prognostic end point. To date,

the most pressing question regarding

the use of stress echocardiography is the

ability of a normal study to identify pa-

tients who are truly at low risk (fewer

than 1% hard events per year). A meta-

analysis of risk after a normal study re-

vealed that summary estimates of hard

event rates per year in patients with

normal studies were 1.3% (95% confi-

dence interval [CI], 0.8% to 1.7%) for

stress echocardiography and 0.7% (95%

CI, 0.5% to 0.9%) for SPECT.32 Meta-re-

gression of all 26 published studies re-

vealed that after adjusting for differ-

ences between the populations tested,

the modality used significantly affected

the hard event rate in normal studies,

with normal stress SPECT studies strati-

fying patients as having significantly

lower risk (P = .004).

Risk Stratification and Abnormal
Scan Results
The second important characteristic of

risk stratification is that the majority of

events (more than 80% to 90%) should

occur in those patients who had abnor-

mal studies—that is, of the patients re-

ferred for testing, the test should iden-

tify the majority of those who were at

risk. Finally, the event rate associated

with an abnormal test result should not

only be greater than that associated

with a normal scan, but the relative risk

of an abnormal scan compared with a

normal scan should exceed 1, and the

CI of the relative risk should not in-

clude 1. This relative risk defines the ef-

fectiveness of the stratification.

Risk stratification using stress 

myocardial perfusion imaging (MPI).

A number of studies have evaluated the

ability of stress SPECT to further risk-

stratify patients after pre-SPECT infor-

mation is considered. A recent study ex-

amined 2200 patients who underwent

rest thallium-exercise stress sestamibi

dual-isotope SPECT and who had no

prior history of CAD at the time of their

index study.12 The authors, first ex-

amining statistical incremental value,

showed that after adjusting for clinical

history and ETT results, the addition of

stress SPECT information resulted in a

dramatic and statistically significant in-

crease in global �2 for the prediction of

hard events (�2 increase: 31 to 169, 

P < .001) (Figure 3). Clinically more rel-

evant is that after stratifying the pa-

tients into low-, intermediate-, and

high-risk groups based on their prescan

likelihood of CAD, the results of nuclear

testing further stratified all prescan risk

groups. Normal scan results were at an

exceedingly low event rate (fewer than

1% per year) within all clinical risk sub-

groups (low, intermediate, and high

likelihood of CAD), and the rate of hard

events increased significantly as a func-

tion of the scan result, a demonstration

of clinical incremental value (Figure 4).

This pattern of very low risk in the set-

ting of normal scan results and signifi-

cantly increasing risk as a function of

worsening scan results was present in

both men and women as well as in

young and old patients. This enhanced

risk stratification achieved by nuclear

testing in both men and women was

demonstrated previously, with the in-

teresting finding that stress MPI showed

greater discrimination for high-risk

Figure 3. Values of global �2 in patients with no history of coronary artery disease who under-
went stress single-photon emission CT (SPECT) and were followed. A statistically significant
increase in �2 is present comparing clinical (pre-exercise treadmill test [ETT]) data with clini-
cal plus ETT (post-ETT) data and the addition of SPECT (post-ETT + nuclear) data.
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women than for high-risk men.

These results were recently extend-

ed in a multicenter database registry of

5009 men and 3402 women, again

finding that SPECT resulted in en-

hanced risk stratification.17 Shaw and

colleagues18 investigated the role of

SPECT in the elderly in great depth,

confirming the presence of added val-

ue from SPECT in this cohort using ei-

ther exercise or dipyridamole-induced

stress.

Event-Specific Risk Stratification
Recently, an observational, single-site

study of 5183 patients who underwent

stress MPI and were followed for hard

events examined the ability of stress

SPECT to risk-stratify patients with re-

gard to the risks of cardiac death and

nonfatal MI as separate end points.23 As

expected, significant increases in the

frequency of cardiac death and MI oc-

curred as a function of worsening scan

results (Figure 5). Of interest, however,

is that patients with mildly abnormal

stress radionuclide myocardial perfu-

sion studies were at intermediate risk

for MI (2.7% per year) but at low risk for

cardiac death (0.8% per year). Perhaps

a mildly abnormal perfusion study

identifies patients with a high likeli-

hood of CAD but the CAD present is

mild or branch disease. Since revascu-

larization has not been shown to lower

the incidence of nonfatal MI but med-

ical therapy has, these patients with

mildly abnormal studies may be candi-

dates for initial medical therapy if their

functional status and quality of life are

not compromised.

This pattern of outcomes—low risk

of cardiac death in patients with mild

CAD and intermediate risk of MI in the

setting of CAD, the latter independent

of the amount of disease present—that

was described in this study is not an

Figure 4. Rates of hard events (cardiac death or nonfatal myocardial infarction) per year of
follow-up in patients with normal, mildly abnormal, and moderate to severely abnormal scans.
A statistically significant increase in hard event rate is present between categories of prescan
likelihood of coronary artery disease (CAD).

Figure 5. Rates of cardiac death and nonfatal myocardial infarction in patients undergoing
dual-isotope stress single-photon emission CT and follow-up. Event rates are expressed per
year and within categories of scan results (normal, mildly abnormal, moderately abnormal,
and severely abnormal scans).
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original finding. In 1980, Harris and

colleagues,33 from the Duke University

data bank, examined the relationship

between the initial cardiac event that

patients experienced during a mean fol-

low-up of 5 years and the extent of

anatomic coronary disease noted on an

index catheterization (Figure 6). In pa-

tients with multivessel coronary disease

or poor left ventricular function, cardiac

death was the predominant initial car-

diovascular event. On the other hand,

nonfatal MI was the initial event in pa-

tients with single-vessel coronary dis-

ease. In these patients, the occurrences

of nonfatal MI far outnumbered cardiac

deaths. Thus, despite the presence of

anatomic coronary disease, patients

with mild CAD had excellent cardio-

vascular survival. This supports the pos-

sibility that risk stratification by means

of noninvasive testing can identify the

level of risk of varying outcomes that

may best benefit from differing thera-

peutic approaches.

In the study of more than 5000 pa-

tients undergoing stress SPECT de-

scribed above, a cost-analysis compared

2 strategies of referral to catheterization:

one, after all abnormal studies; the oth-

er, only after a moderately or severely

abnormal scan. The latter strategy yield-

ed a 33.5% cost savings—without im-

pact on outcomes—by decreasing the

use of catheterization in patients with

mildly abnormal scans.23 ■
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