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Objectives. This study was designed to évaluate the incremen-
tal progrostic value over clinical and exercise variables of rest
thalliom-201/exercise. technetium-99m . sestamibi . singl¢-photon
emission computed tomography (SPECT) in women compared
with men and to determine whether this test can be used to
effectively risk stratify patients of both genders.

Background. To minimize the previously described gender-
related bias in the evaluation of coronary artery disease in women,
there is a need to identify a noninvasive testing strategy that is
able to accurately and effectively risk stratify women.

Methods, We identified 4,136 consecutive patients (2,742 men,
1,394 women) who underwent dual-isotope SPECT. The incremen-
tal value of nuclear testing was determined using both a stepwise
Cox proportional hazards modei .and. Kaplan-Meier survival
analysis. Receiver operating characteristic carve analysis was
peﬂ‘ormed to determine test discrimination for high risk patients
in men and woraen.

Results. The patient pop-lmon was followed up for 20 x §

, months for events (cardiac death or nonfatal myocardial infarc-
tion). During this time, 63 myocardial infarctions and 32 cardiac
deaths occurred in the men, and 31 myocardial infarctions and 14
cardiac deaths occurred in the women. Nuclear testing signifi-
cantly stratified both men and women irrespective of their rest

electrocardiogram. Cox proportional hazards analysis revealed
that nuclear testing added incremental prognostic value in both
men and women after inclusion of the most predictive clinical and
exercise variables (overall chi-square 89 in men vs. 120 in women,
p < 0.005). Kaplan-Meier survival analysis demonstrated that
nuclear testing farther stratified men and women with both
intermediate to high and low prescan likelihoods of coremary
artery disease (p < 0.005 for all). Receiver operating character-
istic curve analysis demonstrated superior discrimination for the
nuclear scan results in identifying high risk women than men
(area under the curve: 0.84 = 0.03 vs. 0.71 + 0.03 in men, p <
0.0005). The odds ratio comparing event rates in patients with
abnormal versus those with normal scan results was greater in
women than .in. men, suggesting superior strauﬁmtmn using
nuclear festing in women,

Conclusions. Dual-isotope myocardial perfusion imaging yields
incremental prognostic valve in both mea and women. This
modality identifies low risk women and men equally well but
relatively high risk women more accurately than relatively high
risk men and, thus, is able to stratify women more effectively than

(J Am Coll Cardiol 1996;28:34-44)

Ischemic heart diseas is the leading céuse of death in both

men and women in the United :States (1). Although the -

incidence of nonfata! ‘coronary artery disease has doubled

among women in the past decade (2), and the rate of referral
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of women to interventional tésting and revascularization has

also increased (2), a number of studies have found that

coronary artery diseas¢ in womer is identified less often (3), at
a later stage (4) and treated less aggr%swely than in men

B (5—10)

Some i mvestlgators suggest that these differences arc appro-
pnate when corrected for baseline: group differences (9-11),

 but others consider them illustrative of a gender-related bias in

the diagnosis and management of coronary artery discase

_{6~9). To minimize this bias in the evaluation of womien, there

is a need for a noninvasive test strategy ‘that is able to
accurately and econommally risk stratify women, thus identi-
fying a subset of patients in need of further, invasive testmg

. and possible revascularization. In this context; although previ-
= ousstudm have oontrastedthedlmostxceﬁimcyofelectro—
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cardiographic (ECG) and nuclear stress testing in women and
men, prognostic efficacy has not been similarly compared.

We undertook the present study to determine whether
nuclear exercise testing adds similar incremental prognostic
information over that provided by clinical and exercise data in
-women compared with men and whether this modality, incor-
porated in a clinical strategy, can be used to effectively risk
stratify both men and women.

Methods

Study population. This study was a retrospective analysis of
data from 4,620 consecutive patients (3,100 men, 1,520 women)
who underwent rest thallium-201/exercise technetium-99m sesta-
mibi separate-acquisition dual-isotope single-photon emission
computed tomography (SPECT) between January 1, 1991 and
December 1, 1993 at Cedars-Sinai Medical Center. Patients who
were known to have valvular heart disease or primary cardiomy-
opathy were excluded. Of the initial population, 139 men and 59
women were lost to follow-up, and 12 men and 4 women were
excluded because of missing data, resulting in a study population
of 4,406 (2,949 men, 1,457 women).

Patients who underwent revascularization within 60 days of
the index dual-isotope SPECT exercise test were censored
from all analysis and were not considered in the analysis of
patient outcomes after 60 days. Of the 4,406 patients (2,949
men, 1,457 women [95% of the initial population}), 207 men
and 63 women:were thus censored. This temporal threshold
was utilized to provide discrimination between patients with
and without clinical deterioration that may have resulted in
late referral to revascularization. We have previously reported
(12,13) that patients who are reférred to revascularization
within the first 60 days after nuclear testing do so, in large part,
on the basis of their scan results, whereas patients who are
referred to. revascularization >60 days after nuclear testing
tend to be. referred because of worsening of clinical status.
Thus, the data presented here are based on a subset of 4,136
patients (2,742 men, 1,394 women)

Exercise myo: ardial perfusion protocol. All patients un-
derwent exercise Jual-isotope myocardial perfusion imaging as
previously described (13). Whenever possible, beta-adrenergic
blockirg agents and calcium channel antagonists were discon-
tinued 48 h, before ‘testing, and nitratc compounds were

discontinued for 6 h before testing: Before exercise, thallium- .

2M (2.5.10 3.0 mCi)-was injected intravenously at rest, with
dose variation based on patient weight. Rest. thallium-201

SPECT imaging was initiated .10 min after injection of the :
isotope. In'-a minority of paiien’s,: thallium redistribution
images (24-h images) were obtained, and the results were '
considered in our analysis in'place of the rest thallium scores. -
After; thallium imaging, all ‘patients performed a symiptom-":

limited exercise treadmill test (ETT) using standard protocols
with 12-lead ECG recording of each minute of exercise. Blood
pressure was recorded at rest, at the end of each exercise Stage
and at peak exercise. Maximal degree of ST segment change at
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Figure 1. Assignment of myocardial regions for scoring of SPECT
images. Usually. scans with muhtiple segments scored as having stress.
rest scores of 1 to € or a single segment with a stress score of 2 were
classified as equivocal. Scans with two segments assigned stress scores
of 2 were classified as probably abnormal, and scans containing two or
more stress segments assigned scores of 2 or scans with one or more
segments assigned scores of 3 were classified as definitely abnormal.
Assignment of segmental scores took into account knowledge of
normal segment variation. Reversibility of segmental scores influenced
the interpretation toward abnormal. When fixed defects on the stress
study were considered to be secondary to attenuation, their score was
decreased to 1. If apparent apical defects were considered likely ta
represent normal apical thinning. or if defects were considered to be
secondary 1o breast atienuation, they were assigned a score of 1. On
the basis of these scoring guidelines, the observers judged each
patient’s study results as normal, probably normal, equivocal, probably
abnormal or definitely abnormal in a reading blinded to the patients
clinical historical and exercise treadmill information. The observers
were then made aware of the patient’s other relevant. nonnuclear
information and formed a final interpretation of the study (scan
result), which by agreement among observers could not vary by more
than one grade from the initial (blinded) interpre! ‘ion.

SHORT AXIS

80 ms after the J point of the ECG was measured and assessed
as horizontal, upsloping or downsloping.

The ECG response to testing was categorized as ellher
nonischemic (no significant ECG changes), ischemic (>1-mm
horizontal or downsloping ST segment elevation or depression
except in leads without significant Q waves or in lead aVR),
equivocal (bordertine ECG changes) or nondiagnostic (exercise-
induced ECG changes uninterpretable because of digoxin use,
pawdrhythm,bund!cbmndlbhck) The clinical response to

* exercise was also assessed as either ronischemic, ischemic (anginal

sympioms during excrcise), equvocal or ‘abnormal (excrtional
hypotension or inappropriate shortness of breath).

At pear-maximal exercise, a 20- to 30-mCi dose of Tc- 99m
sestamibi was injected (actual patient dose varied with patient
weight), and exercise continued for one additional minute after

“injection. The SPECT imaging was begun 30 min after isotope

injection and was performed as previously described (14), All
images were subject 1o quality control measures (15): ‘
Image interpretation. Scmiquantitative visual. interpreta-

~'tion was performed using short-axis, vertical long-axis and

horizontal long-axis tomoegrams (15). The short-axis and verti-
cal long-axis myocardial tomograms : ‘were - divided into 20
segments and were scored by consensus of two expenenced
observers (Fig. 1). N

, Smugnphacmdeus.Asummed stmssoorewasot»
tained by adding the score of the 20 scgments of the: stress
images. A summed rest thallium defect score was obtained by
similarly adding the 20 segments of the rest thallium images:

< The sum of the differences between each of the 20 segments on
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the stress and rest images was defined as the summed difference
score and represents the amount of ischemia present. All three
of these derived nuclear variables measure both the extent and
severity of perfusion abnormalities (13,14). Whenever avail-

able; scores of late redistribution rather than rest thallium '

images were used. Fewer women than mer. had late imaging
(43 [3.1%)] of 1,394 women, 155 [5.6%] of 2,742 men, p <
0.001).

Patient’ follow-up. Patient follow-up was performed by
scripted telephone interview by interviewers who had knowl-
edge of the patient’s test results. Events were defined as either
cardiac death (confirmed by review of death certificate and
hospital chart or physician’s records) or nonfatal myocardial
infarction (documented by =ppropriate ECG and cardiac
enzyme level changes). If a patient was found to have had both
more than one event after nuclear testing; the more serious
event (¢.g., cardiac death) was considered; if two myocardial
infarctions occurred, the temporally proximal event to the
index test was considered. When interventions (cardiac cathe-
terizatior., coronary artery bypass surgery or percutaneous

transluminal coronary angioplasty) were identified, these out-

comes weie confirmed by hospital records or physician’s office
records. All patients included in this report were followed up
for at least 1 year (mean 20 * 5 months).

Likelihood of coromary artery disease. For purposes of
analyzing patients in different risk subsets, we used analysis of
the preexercise and prescan likelihood of coronary artery
disease as aggregate descriptors of proven prognostic impor-
tance based on Bayesian analysis of age, gender, symptom
classification, rest ECG, cardiac risk factors and (for prescan
likelihood) the resuits of ECG stress testing but not the nuclear
scan information (exercise heart rate, blood pressure, dura-
tion, magnitude and slope of ST segment changes, exertional
hypotension. and ‘rest ECG characteristics) and calculated
using CADENZA (16). In' patients with a prior history of
myocatdi il infarction, the likelihood o coronary artery disease
was assumed.-to be 1, and in: patients with previously docu-
mented coronary artery discase without prior myocardial in-
farction, the value ‘represents the likelihood of exercise-
induced ischemia rather than hkehhood of anatomic discase
(17).

" Statistical analysis. Comparisons between patient groups
were performed using a one-way analysis of variance for contin-
uous vatiables and a chi-square test for categoric variables. All
continuous variables are described as miean value + SD. Receiver

operating characteristic curves are- described as mean value +

'SEM. A pvalue < 0.05 was considered statistically significant.

Incremental value. To determine the additive prognostic
value of a test it is necessary iv include all other information
known regarding the patient before that time. With this in
mind, incremental prognostic value was determined in three
different ways:

MULTIVARIATE ANALYSIS. ‘The Cox propomonal hazards

model (BMDP version 7) (18,19) was developed in a stepwise
fashion to determine four- distinct ‘statistical ‘models each

determining, the best predictor of events on the basis of 1)
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clinical information, 2) excrcise information, 3) nuclear infor-
mation, and 4) the increase in prognostic information after
adding the most predictive clinical and exercise variables
(model 2) to a model that “forces in™ the best clinical variables
{model 1), and 5) a model to determine the increase in
prognostic information after adding the most predictive nu-
clear variables (model 3) to a model that “forces in” the best
clinical and exercise variables (model 4). Entry significance
threshold into the model was p < 0.05. A statistically signifi-
cant increase in the global chi-square of the model after the
addition of the nuclear variables would indicate incremental
prognostic value. Details of this analysis are described in the
Appendix.

SURVIVAL ANALYSIS, Cumulative survival rates as a function
of time after the index nuclear exercise test were calculated
using the Kaplan-Meier method and compared using the
Mantel-Cox test (19,20). Patients were first stratified in this
analysis by prescan likelihood of coronary artery disease (thus
incorporating information derived from patient historical data
and risk factors as well as the results of exercise ECG testing)
into low and high clinical risk subgroups. These ‘subgroups
were then further stratified by the results of the nuclear scan.
Incremental value was defined as a statistically significant
difference in the survival rates of the subgroups after inclusion
of nuclear information (p < 0.05 by Mantel-Cox test).

Test discrimination. The areas under the receiver operating
characteristic (ROC) cuirves (expressed as the area * SEM)
were compared to assess the relative ability of nuclear testing
to discriminate between low and high risk patients in both men
and women. Differences between ROC curve areas were
expressed relative to a baseline area of .5, a value reflecting
absence of discrimination (20-25).

Effectiveness of stratification. Effectiveness of stratification,
that is, the assignment of patients to high and low risk groups,
was expressed as an odds ratio of an event given an abnormal
versus a normal scan. These odds ratios in men and women
were compared using the Mantel-Haenszel statistic and test of
homogeneity of odds ratlos (19).

Results
Initial patient population. The 2,742 men and 1,394

. women included in the:prognosis analysis are characterized in

Table 1. The women were sngmﬁcantly older and presented
with nonanginal symptoms or atyplcal angina and multiple
cardiac risk factors more. frequently than did the men, who

. more commonly. presented without symptoms at the time of

nuclear testing. The meén had a more ‘fréquent history ‘of
previous myocardial infarction of cardiovascular intervention

- (cardiac catheterization, bypass surgery or pefcutanieous trans-

luminal ‘coronary angioplasty) and had a higher pre-ETT and,
prescan likelihood of coronary artery disease.

" Ouicome events. Among the 2,742 men and 1,394 women,
@ total of 95 events occurred during the follow-up period in

. men and 45 events in' women. These included 63 myocardial

infarctions and 32 cardiac deaths in the men and 31 myocardial
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Table 1. Patient Characteristics

Men Women . 4
{n = 2,742) (n = 1.394) Yalue
Age (yr) 617 2122 6518 <000

. Cardiac risk factors

0 3% (635) 19 (259) S <0004

1 37’: (1.0i6) 347 (471 NS
2 % (719) 315 (431) <0001

>2 l4‘i 372) 1652 (227} NS

Symploms

Asymptomatic 43% (1,193) 28 (387) <(.001
Nonanginal 215 (892) 27% (374) <{LOM
Atypical angina 207 (554) 8% (386) <0002

Typical angina 1272 (341) 1447 (191) NS

SoB 2% (62) 1% (56) NS
Hx Ml 2477 (666) 147 (198) Bl ]
Hx cath 39% (1,070) 194 (271) =000
Hx PTCA 14% (398) 6% (91) <0.001
Hx CABG 17% (466) 6 (86) <(.00!
Hx CAD 46% (1.267) 25 (353) <0.001
Pre-ETT Lk CAD 049 =036 042034 <0001
Postscan Lk CAD 049 £ 042 0412038 <0001

Data presented are mean value + SD or percent (numbor) of patients.
CABG = curonary artery bypass. surgery; CAD = coronary artery disease;
cath = cardiac catheterization; ETT = exercise test; Hx = history of; Lk =
fikelihood of; MI = myocardial infarction; PTCA = percutaneou. transluminal
coronary angioplasty; SOB = shortness of breath.

infarctions and 14 cardiac deaths in the women. The overali
event rate was 3.5% in the men and 3.2% in the women (p =
NS). The censored revascularization rate (revascularization
within the first 60 days after nuclear testing) was 7.5% in men
(207 patients) and 4.5% in women (63 patients, p = 0.04).
The frequency of events as a function of presenting symp-
toms is illustrated in Figure 2. Although a difference in the
event rate between anginal and nonanginal presentations was
present in men (anginal 5.1%, nonanginal 2.6%, p < 0.001),
there was no such difference-in- women (anginal 3.6%, nonan-
ginal 2.9%, p = NS). The frequency of evenis as a function of
scan result is illustrated in Figure 3. The event rate increased
as a function of scan result in both men and women (both p <
0.001). This rate increased more rapidly in women than in men

Figure 2. Event rates in men and women as a function of presenting

symptoms (angma] [solid bars] vs. nonanginal [hatched bars]). The
event rate in men with anginal symptoms was significantly greater than
that in men with nonanginal symptoms (*p < 0.0001). HE rate = hard
event rate over the follow-up period. No such difference was present in
the women. S B
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Figure 3. Event rates in men (sobid bars; 1nd women (hatched bars)
as a function of <can result. The event ra 2 in women with definitely
abnormal (DEF ABNL) scan results was significantly greater than that
in men (*p < .001). EQ = equivalent; DEF NL = definitely pormal;
HE rate = hard event rate over the follow-up period; PROB ABNL =
probably abnormal: PROB NL = probably normal.

as the scan result worsened; women with 2 definitely abnormal
scan response had greater than twofold higher event rate than
men (13.9% vs. 6.6%, p = 0.001).

licremental value and the rest ECG; wnivariate analysis,
The frequency of cvents as a function of summed stress score
afier subgrouping by rest ECG results is shown in Figure 4. In
both men (Fig. 4A) and women (Fig. 4B), significant stratifi-
cation occurred as a function of summed stress score in
patients with both interpretable and uninterpretable rest
ECGs. After climination of patients at low risk (prescan
likelihood of coronary artery disease < 0.15), the remaining
women and men with interpretable rest ECGs were signifi-
cantly stratified by the nuclear test result (Fig. 4).

Univariate analysis. Clinical patient charzcteristics, exer-
cise and nuclear variables in patients with and without subse-
quent events after nuclear testing in men and women are
presented in Tables 2 to 4, respectively. In general, the patients
with events were older and more symptomatic, had a higher
pre-ETT and post-ETT likelihood of coronary artery disease as
well as greater abnormalities on their exercise and nuclear tests.

Mu'tivariate amalysis. In men, the likelihood of coronary
artery disease before exercise testing, an ECG uninterpretable
for exercise testing, a history of known coronary artery disease
and num® + of cardiac risk factors-were found to be the clinical
predictors of events (global chi-square 56), whereas likelihood
of coronary artery disease before excrcise testing, an ECG

~ uninterpretable for exercise testing and number of cardiac risk

factors were included in the most predictive Cox clinical model
in the 'women (global chi-square 48). In the Cox model for
combined clinical and exercise vanables, likelihood of coro-
nary artery disease before exercise testing, peak rate-pressure

product. and- exercise duration were the clinical and exercise

model predictors in men (global chi-square 75). In women, the
clinical and exercise Cox model consisted of prescan likelihood
of coronary artéry disease, peak rate-pressure product and
exercise duration (global chi-square 75). The Cox model for

. nuclear variables consisted of the summed stress score-in-men
-(global chi-square 61) and the summed difference score- and
'multivessel disease by perfusion scan in the women (glo‘nal

chi-square 114)
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Figore 4. Event rates in men (A) a;,t’ Women (B) subprouped by rest
electrocardiogram interpretable for yf;Myill testing (INTERP ECG),
uninterpretable for treadmill testing }/NINTRRP ECG) and intes-
pretable for treadmill testing but ¢#)dip8 paticts with a prescan
likelihood of coronary artery disea® <g.15 ANTERP EQG: INT-
HIGH LK CAD). Within each of th/\; three subgroups, in both men
and women, there was a significant d’\z’\ﬂ% foynd in the hagd gvent
rate over the follow-up period as g YyNcting of the summed stress
score. Solid bars = summed stress ¢/, <4 (p0rnal); hatehed bars =
‘summed stress score 4 to 8 (mildly ;’\,,ﬂmﬂ;,]): gray bars = summed
stress score >8 (severely abnormal), px G¢5.

Incremental value. Cox prop/Noual hazards. As shown in
Figure 5, when added to the clin/\} 404 exercise model in the
Cox proportional hazards analyy/, fyclear daga proviged 17%
-additional prognostic informatig i the men and 37% in the
women compared with clinical 434" exgreise variables alore
‘(both p < 0.001). The gain in toty! hisquare was 13 in he men
(global chi-square 90) and 45 in "¢ women (global chi-square
120). S o |

" Kaplan-Meier analysis. In iR el stragification of the:
study cohort into low: clinicaj \isk (prescan iikelihood of
coronary artery disease <0.15, ¢ v Y77) dnd high. clinjcal fisk:

(prescan likelihood of coronary sfiery disease > 015, n =

1,765) resulted in populations wi', Sighificantly different event

rates (low risk 1.0% vs. high risy } A%, 'p = 0.0002, chi-square
14). (Fig. 6A). The use of nuci/ly westing Stratified the high

‘clinical risk group into a subgroyf wiy normal scan resolis and -
a low event rate (1.9% [1.1%// W of follow-up]) and sub--
groups with significantly higher ¢4 ryges with abnotmal scan
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results (event rate 6.2%. p < 0.0001, chi-square 19 vs. normal
scan resuits) (Fig. 6C). The low clinical risk group was also
further stratified into a low event rate subgroup with normal
scan results (0.2% event rate) and a higher risk group with
abnormal scan results (event rate 4.6%, p = 0.00001, chi-
square 20 vs. normal scan resuhts and low clinical risk) (Fig.
6B). In both low and high risk subgroups, ta¢ use of scan
findings resulted in a fivefold difference in event rates between
normal and abnormal scan results.

In the women, a qualitatively similar but quantitatively
more impressive stratification was present. Prescan likelihood
of cosronary artery discase scparated the cohort into low
clinical risk (n = 556, event rate 0.79%) and high clinical risk
(n = 838, event rate 4.4%) subgroups, p < 0.001, chi-square -
1) (Fig. 7A). The high clinical risk group was stratified into a
subgroup with normal scan results and a low (0.8%) event sate
and a high risk group with abnormai scan results (event rate
i2.7%, p < 0.0001, chi-square 58 vs. normal scan results) (Fig.

~7C). Significant stiatification was noted in the low clinical risk

women; a normal scan result identified a low risk subgroup
(event rate $.29%), whereas an abnormal scan result identified
a subgroup with a higher event rate (4.3% [2 events in 46
patients}, p < 0.0002, chi-square 14 vs. normal scan resuits)
(Fig. 7B). These analyses demonstrate a more clinically rele-
vant incremental prognostic value of nuclear testing in men
and women.

Comparison of discrimination of nuclear testing in men
and women. To directly compare the relative discrimination of
nuclear festing in men versus women with respect to identify-
ing high risk subjects, we compared the areas under the ROC
curves to compare the discrimination for predicting events
using the summed stress score. The area under the curve in
women (0.84 = 0.03) was significantly greater than that for
men (071 = 0.03, p < 0.0005 vs. women). This finding
demonstrates that nuclear testing is better able to identify
women at high risk of future events than men independently of
baseline event rates, dizgnostic thresholds or selection bias.

"Test effectiveness. Nuclear testing also risk stratified
women more effectively than men (odds ratio [OR] for an
event with abnormal vs. normal scan results: men 4.4, women
22.8, Mantel-Haenszel OR 6.8, 95% confidence interval ([CI]
47 10 9.7, chi-square 109, p < 0.0001). This significant
difference in stratification effectiveness was present between
men and women in all prescan likelihood categories, demon-
strating that this effectiveness was independent of underlying
patient characteristics and ECG exercise test rcSults;(Mante]-
Haenszel OR 5.1, 95% CI 2.2 to 11.9 for low [<0.15] prescan
likelihood of coronary artery disease; OR 8.0, (95% C1 4.2 to

* 154 for intermediate [0.15 to 0.85] prescan likelihood of
- coronary-artery-disease; OR 3.6, (95% CI 1.9 to 6.9 for high

{>0.85] prescan’likelihood of coromary arterv disease). Thus;

" although the results of riuclear testing risk stratified both men

and women, the resultant stratification was more effective in

- women—similar low' event rates -in -both male and female
patients with nomal scan results but significantly higher event
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Table 2. Clinical Patient Characteristics Afier Nuclear Testing
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Women Men
Events No Eventy p Events No Events p
in = 45) {n - 1L34Y) Value (n 7 95 {n - 24y . Value
Age fyr) 69.4 = H.6 644 211X 008 oh2 13t 618 <121 R 1]
Symptoms
No angina 0% (18) 3567 (743} NS 4477 {42) 000 X5 Y [ 4]
Angina 474 (2h 414 (5567 NS 4470 L6 3278y <t
SOB 120 (6) 4% (30) <A1 T 258 ' <4003
Pre-ETT Lk CAD 068 =033 4422 6.3 ARy
ECG uninterp for ETT o (275 23 (317) il i FELPNEGH ShY {2 i
Hx CAD 58% (26) 244 (327) <0 T (72} A3 (1135 401
Cardiac risk factors™
Oorl i (14) oY) AL06 1972 (44) WY 1521 -1 ok
>1 697 (31) H5 (6174 I TY AR e e j9ng)y nu4

*Hypertersion, diabctes, elevated cholesterol fevels, family history of coronary arieny discase. Data prosented ate maan value = SD or percent (aumber) nf pamm\
ECG = ¢lecirocardiogram: vninterp = uninterpretable: other abbreviations as in Tuble 1.

rates in women with abnormal scan results than their male
counterparts (11.5% for women, 5.8% for men, p < 0.0001).

Discussion

To our knowledge, this is the first study to compare the
prognostic significance of exercise myocardial perfusion scin-
tigraphy in men and women. This study demonstrates that
exercise dual-isotope myocardial perfusion scintigraphy yields
acditional prognostic information over that obtained from
clir ‘cal and treadmill exercise variables alone in both women
and men followed up over a 20-month mean period after
testing. This incremental value was demonstrated in the setting
of rest ECGs that were interpretable and uninterpretable for
treadmill testing both in men and in women. After stratifica-

Table 3. Exercise Characteristics After Nuclear Testing

tion by clinical eriteria, high risk groups could be further
stratified by nuclear testing into subgroups with low (14
event rate/year) and relatively high event rates (257 event
ratefycar) in both men and women, ifias demonstrating clini-
caily relevant incremental prognostic information. Prognostic
nuclear testing had superior discrimination for identifving high
risk patients in women - compared with men in this study.
Finaily, stratification was more effective in women than men. a5
measured by the odds ratio of events in abnormal versus
normal scan results. a function of the greater event rate
associated with abnorma! scan results in women.

Coronary artery disease in women. Numerous studies have
demonstrated differences in coronary artery disease character-
istics, management and refated outcomes in men and women
{2-9.11.26-32). There is conflicting informaton regarding the

Women Men
P P
Events No Events Value Fvents No Events \'alu:;:

Ex duration (min) 41220 58223 <0001 Tha L7 Ry 24 Tt
Peak heatt rate (beats‘min) 135 = 14 4= 18 <00 [ R b <l
Peak BP{mm Hg) 1632 172226 AL 167 - 2n o
RPP (beatsimin X mm Hg) 22083 = 4653 24,782 = 4K14 AN RSN TH '
Post-ETT- Lk CAD 0.76 —0.32 139 =136 ‘
MPHR (%) 45 = 94 923 =103 NS LIRS Y AR T CONS
ECG respose

Nonischemic Mty 77 (61%) BXit 1) R E] 45741387 i NS

Ischemic 75 (0 220 (304 256 13 1706 © NS

Abpormal 126 (19) 2054277 38643y HF78%)) CONS

Equivocal 74 (3) 1% {150) 15 44y &4 31y T NS
Ex-induced angina- o P .

None 5506 ¢25) B17G (LN <047 LS b} B3 (2194 B

‘Present 290 (13) 9 (128) <M A (1) ¥ 1249) vaml

Equivocal 954 B (823 <A gt} BEEC R NS

Abngrmal response but sonischemic | R 3% (42) NS (1) U NS

Data praentcd are mean value * SD or percent (number) of patients. BP = blood pressure; ECG = ckctrocardnognpnx Bx =excrivee; HR = beart rate:
achieved; RPP = rate-pressure pmdm

MPHR max:mal predw:d heart rate,



40 HACHAMOVITCH ET AL
PROGNOSTIC NUCLEAR TESTING IN WOMEN

Table 4, Nuclear Variables After Nuclear Tesxmg

Women Men

Events No Events Events No Events
SSS 1284 27%55 1411l 65289
SDs. | : 89+81 1934 79+79 42+ 690
SRS — 22240 08:31 6083 22157
Notreversible defects - 09+07 03+12 22+29 08220
Reversible defects 35+30 0616 - 32x32 1625
Multivesse! disease 0% (37 | 5%(68) N%(37)  14%(384)
Normal scan results B%6)  WEN0) 2% 4% (1437

*p < 0,001 for all oompanm Data presented are mean value + SD or
percent (numbser of patients). SDS = summed difference scc -¢; SRS = summed
resi score; SSS = summed stress score.

accuracy of noninvasive methods in identifying coronary artery
disease in women. Although we previously showed (33) that
the diagnostic accuracy of perfusion scintigraphy is similar in
women and men, technical difficulties in the interpretation of
scans in women has led to a perception of reduced diagnostic
accuracy in this group.

Risk stratification in women by poninvasive testing.
Studies assessirg the prognostic value of noninvasive testing in
women have been limited. Data from the Coronary Artery
Surgery Study indicate that exercise ECG testing was able to
risk stratify both men and women (34). Recently, Pancholy et
al. (35) found that nuclear testing was prognostically predictive
in women and added incremental prognostic information over
clinical and exercise variables in a catheterized population but
did’ not compare : their’ prognosis with;a male group. The

-present study ‘aiso demonstrates the incremental prognostic
value of nuclear testing in women and extends these findings by
demonstrating that nuclear testing has superior effectiveness
and greater discrimination for the idemtification of high risk
patients in women than in men.

Greater cardiac risk in women, In our current study,
although men and. women had similar low event rates after a
nurmal scan, women had a higher event rate than men after an
abnormal ‘nuclear scan, explaining, in part. the statistically
superior prognostic performance of nuclear testing in women.
Previous reports have also shown that women with known
coronary artery .disease;, myocardial infarction or coronary
artery bypass surgery are at higher risk of an 2dverse outcome
than- their male’ counterparts' (28-32). Shaw et al. (6) also
found that women referred for noninvasive testing had a

markedly greater rate of myocardial infarction or death than
men (6.9% vs. 2.4%, p < 0.002). Several hypotheses have been

advanced to account for these gender-related mortality differ-
ences. - Surgical 'mortality -increases with" decreased patient

height and lower coronary artery lumen diameter, both char---
acteristics associated with. women(36), possibly -predisposing

‘women to lowered thresholds for coronary occlusion by acute
‘thrombus. Potentially, delayed referral or underreferral of

women fo intervention may also play a role in mortality-and
‘ morbndlty dxﬁerences. However, we prevrously demonstratcd !
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Figure 5. Results of determination of incremental prognostic value
using the Cox proportional hazards model in men and women for the
three models tested (clinical variables [solid bars}), clinical plus exercise
variables [hatched bars], clinical plus exercise plus nuclear variables
[open bars]). The chi-square of the model including all variables was
significantly greater than that for clinical plus exercise variables in both
men and women. *p < 0.6001.

(11) that after consideration of the extent and severity of stress
perfusion abnormalities, no referral bias to catheterization or
revascularization was present betwzen men and women after
nuclear testing. In fact, a greater rate of referral to catheter-
ization was present in women with severe ischemia than in
their male counterparts (11). The greater risk of adverse
outcome in women with coronary artery disease and the
difficuities associated with identification of high risk women on
clinical grounds emphasize the need to identify a noninvasive
testing modality to identify women at high risk of future events.
The results of the current study suggest that this need can be
met by nuclear testing in appropriate patient subsets.

Clinical implications for risk stratification. Although the
Cox proportional hazards analysis documented the incremen-
tal value of nuclear testing in the overall patient population,
the Kaplan-Meier analysis extended these findings by demon-
strating the ability of nuclear testing to further ‘stratify the
patients in both low and high clinical risk groups. The use of
nuclear testing in patients with a low prescan likelihood of
coronary artery disease is questionable because of their low
overall risk (37). However, the results of this analysis in the
population of patients with an intermediate to high prescan
likelihood of coronary artery disease is of clear importance
because of their overall intermediate risk, indicating the need
for further risk stratification. :

When the two genders were compared directly, women
were stratified significantly more effectively than men in the
current study. Because proportionally fewer women than-men

. 'had abnormal scan results and. were thus categorm:d as high
‘isk after nuclear testing, fewer women would require referral

to further testing (e.g., catheterization). Thus, a clinical strat-
egy incorporating nuclear testing may be less costly in women
than men. However, this possibility requires further mvcstnga-
tion and should be evaluated in future trials:

Incremental valve as a fanction of rest ECG.. Two recent

. studies have demonstrated that the incremental -diagnostic

value of nuclar iesting for identifying severe coronary artery

. disease in patients with normal rest ECG findings is too small
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Figure 6. Survival curves for occurrence of events
‘cardiac death or nonfatal myocardial infarction) in
men with (A) low and intermediate to high prescan
‘ikelihond (LK) of coronary artery disease, (B) low
prescan likelihood of coronary artery with normal or
abnormal scan results and (C) intermediate to high
prescan likelihood of coronary artery discase with
normal or abnormal scan results. Event-free survival
was significantly lower for a high than a low prescar
likelihood of coronary artery discase in (A) (p < (.201)
and for abnormal versus normal scan results {B) and
(©) (p < 0.005 for both).
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Figure 7. Survival curves for occurrence of events
(cardiac death or nonfatal myocardial infarction) in
women with (A) low and intermediate to high prescan
likelihood (LK) of coronary artery discase, (B) low
prescan likelihood of coronary ariery disease with
normal or abnormal scan results and (C) intermediate
to high prescan likelihood of coronary artery disease
with normal or abnormal scan results. Event-free
survival was significantly lower for a high than a low
prescan likelihood of coronary artery disease in (8)
(p < 0.002) and for abnormal versus normal scan
results in (B) and (C) (p < 0.0001 for both).



JACC Vol. 28, No. 1
July 1996:34-44

to justify its use (38,39). We previously demonstrated (37) that

“when an optimized noninvasive ‘strategy is used in selecting
patients for testing, sestamibi imaging significantly enhances
both risk stratification and reduces the. cost of the testing
strategy in patients with normal rest ECG findings. The current
study demonstrates that signiﬁcant risk stratification is
achieved by nuclear testing in both men and women with rest
ECGs that are interpretable for exercise testing. This finding
was present even after exclusion of patients with a low prescan
likelihood of coronary artery disease who may rot have
required nuclear testing (Fig. 4).

Stady limitations. Technical. Scintigraphic studies in the
present study were assessed by experienced observers using a
standardized, semiquantitative approach to visual interpreta-
tion that we previously developed (14) and documented to be
highly reproducible (15). Nonetheless, the subjective nature of
this analysis and its dependence on the expertise of the
observer present a limitation with: respect to the extrapolation
of our results to those of other centers that would have been
avoided by the use of quantitative methods for analysis of
technetium-99m myocardial perfusion SPECT studies (40).
These programs correlate highly with both visual scan assess-
ment and coronary angiography (41). At the time of collection
of the SPECT studies in this patient population, we did not
have a quantitative analysis technique in operation on all of
our camera/computer systems. Prognostic studies using quan-
titz"ive analysis would be of interest.

The results of the present study may not be generalizable to
myocardial perfusion imaging performed in women with
stress-test thallium protocols because the ability to assess
stress-induced lung uptake of thallium, a powerful prognostic
variable, is not possible with stress sestamibi protocols. How-
ever, the use of sestamibi in women may be advantageous
because of its improved image quality and potentially reduced
attenuation artifacts frequently found in women (42).

Patient cohort. Our patient population is taken from a
group referred to exercise myocardial perfusion imaging for
both prognostic and diagnostic testing, and we cannot exclude
the possibility of bias introduced by way of this referral. The
patients are nevertheless typical of those reférred to a com-
munity hospital (university affiliated) in a-major urban area,
-and the results of the present study should be applicable to this
setung ;

Statistical. The use of the Cox proportional hazards model
is limited by the number of events accumulated during the
follow-up period. The iow loss - to follow-up rate, the large
patient group. used and the. adequate number of events favor
the accuracy of our multivariate results {20). .

‘Conclusions. The results of the present study demonstrate
that nuclear stress perfusion imaging is an effective noninvasive
means to risk stratify women into patient subgroups who are at
lowor relatively high risk of future cardiac events irrespective

of rest ECG findings. In light of previous work demonstrating
a gender-related referral bias in the diagnosis and treatment of

cardiac disease, as'well as gender-related differences in cardiac
ﬁ;k, this modality can play an important role in the assessment,
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and perhaps guide clinical management, of coronary artery of'
ischemic heart disease in women.

Appendix-

Cox Proportional Hazards Model

In performing Cox proportional hazards analysis, we limited the
number of variables entered into any model to'1 per 10 events of -
interest o avoid overfitting (20). The variables initially considered for
analysis included clinical (all those listed in Table 1 as well as the rest
ECG and the presence of individual cardiac risk factors); exercise (all
those listed in Table 3 as well as Blond pressure response to exercise
and prescar, likc fihood of cos onary disease); and nuclear (all those
listed in Table 4 as well a< the presence of transient ischemic dilation
of the left ventricle) variables.

The selection of the variables for entry into the multivariate models
detailed here was based on the results of univariate analysis. Variables
were examined for colinearity, and the proportional hazards assump-
tion was tested. For men the particular variables entered into the
models included 1) clinical—pre—exercise treadmill testing (ETT)
likelihood of coronary artery disease, age, number of cardiac risk
factors and presenting symptoms; 2) exercise—prescan likelirood of
coronary artery disease, clinical response to exercise, exercise duration,
rate-pressure product and ECG respise 1o exercise; 3) clinical plus
exercise—pre-ETT likelthood of coronaty artery disease, uninterpret-
.able rest ECG, coronary artery disease, number of cardiac risk factors,
prescan likelihood of coronary artery disease, rate-pressure product
and exercise duration; 4) nuclear—multivesse! disease by scan,
summed stress score and summed difference score; and 5) clinical
plus exercise variables forced in, with nuclear variables added—
uninterpretable rest ECG. coronary artery discase and number of
cardiac risk factors, excrcise duration, rate-pressure product forced in
and the summed stress score added. Those for women included 1)
clinical—pre-ETT likelihood of coronary artery discase, history of
coronary artery disease, number of cardiac risk factors, age, uninter-
pretable rest ECG for exercise testing; 2) exercise—prescan likelihood
of coronary artery disease, rate-pressure product, exercisc duration,
clinical response to exercise and ECG response to exercise; 3) clinical
plus exercise—pre-ETT likelihood of coronary artery disease, unirter;
pretable rest ECG, number of cardiac risk factors, exercise duration
and rate-pressure product; 4) nuclear—multivessel disease by scan,
summed stress score and summed difference soore; S) clinical plus
exercise vanables forced in, with nuclear variables added—exexcise
duration, prescan likelihood of cc.onary artery disease. rate-pressure
product forced in and the summed difference score: and multivessel
disease by scan added.
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