
disease (CAD) and have been validated against coronary
angiography. PET and SPECT have been validated for
detection of CAD in the same patient population against
coronary angiography by Go et al. (9) and Stewart et al. (10).
These 2 studies have reported typical accuracy numbers of
80%â€”95%for the detection of CAD for a patient population
with a high prevalence of disease. The detection accuracy of
PET was slightly better than SPECT for this population,
probably as a result of the better physical characteristics of
PET for attenuation correction and its higher spatial resolu
tion(9,10).

Differences by sex in the detection of CAD is an
important clinical and economic issue. Hansen et al. (11)

reported that SPECT detects CAD in fewer women than in
men, and they found a significant statistical correlation of
their results to the smaller heart sizes in women and the
limited resolution of SPECT. A review of SPECT imaging
for detecting heart disease shows that there may be a
difference in the detection accuracy in women and men
(12,13) and that the age of onset of heart disease may be
different in men and women (14).

A recent publication compared the diagnostic accuracy of
SPECT in CAD in men and women and showed that fewer
women than men had positive scans among patients without
coronary angiography studies (15). However, when these
numbers were adjusted by the pretest probability of disease,
based on angiographic determination of CAD, the detection
accuracy for CAD was similar for women and men (15).

There is a growing consensus that CAD in men is different
from that in women. The American Heart Association (14)
reports that 239,701 women died of coronary heart disease
(CHD) in 1993 compared with 250,362 men. Almost the
same number of men and women die each year of CHD, but
women seem to have heart disease later in life and there is a
higher percentage of mortality from first heart attack in

women (14). Women have more incidence of chest pain but
have more â€œnormalâ€•coronary arteries when studied by
coronary angiography (12,13). Is the sex difference in
positive scans caused by differences in the symptoms and

presentation of CAD in men and women? Or is the sex

Alower detectionrateof coronaryarterydisease(CAD)hasbeen
reported for SPECT imaging in women, despite the fact that
similar numbers of women and men die each year of heart
disease. Rulingout instrumentationas a possiblesource of this
low detectionrate for CAD in women could be importantin
determiningthe root cause of this difference.Methods: Patients
werereferredbycardiologistsandrandomizedto PETorSPECT
by the imaging center.A total of 210 patients (106 women, 104
men)wereenrolledin this study,with 105imagedby dual-isotope
SPECTand105 imagedby @RbPET.Rest/stressscanningwas
performedusingdipyridamole.Theeffectsofsex,priorhistoryof
CAD, and instrumentationon the detectionof positivescans
weredeterminedusingmultiplelogisticregressionanalysiswith
positive scans as the endpoint. Results: For the total study
population,sex and prior historyof CAD are significantlyassoci
ated with positivescans,whereas imagingmodalityand age are
not. There was no significant interactionbetween sex and prior
historyof CAD. Men have 4.1-foldgreaterodds of havinga
positivenuclearscanthanwomen,andpatientswithpriorhistory
of CAD have 5.2-fold greater odds of a positive scan after
controlling for the confounding effects of age and imaging
modality.In the subgroupof patientswith no prior historyof heart
disease, men have 3.9-foldgreater odds of a positivescan than
women, and the odds ratio of a positive scan is 2.5-fold greater
for PETthan for SPECT.Therewas no statisticaldifferencein the
numberof positivescansby SPECTor PET,or positivescansby
sexinpatientswithdocumentedhistoryofCAD.Conclusion:
Fewerwomenthanmenhavepositivenuclearcardiologyscans
by both PETandSPECT,despitesimilarsymptoms.lnstrumenta
tion characteristics alone do not account for this sex-based
differenceandsuggestthe possibilitythatearly CADmaypresent
differentlyin womenthan in men.

KeyWords:PET;SPECT;sex;coronaryarterydisease;heart
disease;nuclearcardiology; @Rb;@Â°1Tl;@Tc-sestamibi
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ET with 82Rb (1-4) and SPECT with 201'fl and @Tc
sestamibi (5â€”8)are used for the detection of coronary artery
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difference in positive scans observed with SPECT caused by
instrumentation limitations, such as attenuation artifacts,
poor resolution, or breast artifacts?

To address the issue of whether instrumentationcan
explain the sex difference in the detection of CAD by
nuclear cardiology, we performed a study in which we
compared SPECT with PET in the detection of CAD in the
same population. Our assumption is that selecting patients
from the same population reduces the referral bias caused by
differences in coronary risk factors and allows us to compare
one imaging modality to another.

Patients were randomly referred for assessment by either
PET or SPECT. Only those patients being considered for
dipyridamole stress were enrolled in this study, because
exercise stress is not possible with 82RbPET. The data were
analyzed for differences in the number of positive scans by
method (PET and SPECT) and sex. A follow-up telephone
call was made to the patients 6â€”12mo (average, 9 mo) after
their scans to assess early outcome.

The goals of this study were to determine whether there is
a difference in positive scans by PET and SPECT in the same
population and whether a sex difference exists in the number
of positive scans by PET and SPECT.

METHODS

Location of Study
This study was performed at the KennestonelPromina Hospital

in Marietta, GA, a 600-bed, suburban, midsized hospital with 12
practicing cardiologists. Two SPECT cameras are located in the

hospital for nuclear cardiology and 1 82RbPET camera is located
off campus for use in detection of CAD. None of the cardiologists
had his or her own SPECT or PET cameras and, therefore, there
was no economic referral bias in the study. Several nuclear
cardiologists trained in SPECT and PET imaging read the images.
Validation of the accuracy of this PET facility for CAD detection
against coronary angiography has been published previously (2).

PatientSelectionandRandomizationProcedure
The 12 cardiologists who refer to this hospital for nuclear

cardiology scans agreed to the randomization procedure and the
study protocol before implementing the program. Inclusion criteria
for this study were prior history of heartdisease documentedby
coronary angiography and symptoms of CAD, such as shortness of
breath, chest pain, and electrocardiogram (EKG) changes. Before
randomization, the physician clinically evaluated patients. For
patients with no previous history of heart disease, the clinical
evaluation combined with symptoms of chest pain, shortness of
breath, or resting EKG changes were required before recommend
ing a nuclear cardiology scan for the detection of CHD. Patients
with medical reasons that would precludetheirbeing randomized
to I modality or the other were excluded from this study.Once it
was decided that a patient could be randomized, he or she was
scheduled for a PET or SPECT scan. The physician was unaware of
imaging technique selected and hospital staff were unaware of
patient history before the assignment ofthe test modality. However,
physicians could not be blinded to the imaging modality during
image interpretation, because of the obvious differences in image
quality and presentation format for PET and SPECT SyStems.
Appropriate approvals were obtained from Kennestone Hospital

InstitutionalReview Board for this study before the startof this
project.

SPECTImagingProtocol
The SPECT imaging protocol was performed with a dual

isotope technique, using dipyridamole for stress (5). With the
exception of 6 patients who underwent dobutamine stress, all of the
patients underwent the following procedure. A rest scan with
74â€”111MBq 201Tl-chloride was carried with a 180Â°-arcdata
collection. Dipyridamole was then infused at the rate ofO.56 mg/kg
for 4 mm, and, 4 mm postinfusion, an injection of 740 MBq

@â€œTc-labeledsestamibiwas madeatpeakexercise. After 30 mmof
wait time, a 180Â°-arcdata acquisition was performed for the stress
scan. Three-dimensional images were then constructed and quanti
tative analyses of images were performed, using the standard
restâ€”stress-uptakeimages. SPECT results were recorded in a
databasealong with patientinformation.

PETImagingProtocol
The PETimagingprotocolincludeda 20-mm attenuationscanto

correct for radiation absorption in the body, before a rest scan
obtained with an infusion of approximately 1480 MBq 82Rb
chloride(2). Stresswas inducedwitha standarddose ofO.56 mg/kg
dipyridamolefor4 mm, afterwhich a stressscanwas obtainedwith
anotherinfusion of 1480 MBq 82Rb-chloride.The dataacquisition
times for both rest and stress scans were 6 mm. Visual and
quantitative analyses of images were carried for restâ€”stressimages,
andPETresultswere recordedin the database.

Patient Database
Information about age, sex, history of CAD, prior catheteriza

tions, coronary artery bypass grafts (CABG), and percutaneous
transluminal coronary angioplasty (PTCA) was recorded in a
database. SPECT and PET results were also recorded in the
database, and results from catheterizations, CABG, or PTCA
performed after scanning were entered. Patients were surveyed by
telephone, and informationon continuing problems, undiagnosed
symptoms, other cardiac procedures, and deaths was obtained. The
mean time of the telephone survey was approximately9 mo after
the nuclearscan (range,6â€”12mo).

Data Analysis
Multiple logistic regression analysis was performedusing all

patients with positive scans as the endpoint and age, sex, modality,
andpriorhistoryof CAD as covariates.The patientpopulationwas
further broken down into 2 subgroups, 1 with and 1 without
previous history ofCAD. These subgroups were analyzed using the
multiple regression analysis with positive scans as the endpoint.
Results of the telephone survey and the detection rates for each
modality were analyzed. Fisher's exact method or @2methods were
used to examine whether there were significant differences in the
numberof positive scans between PETand SPECT.Studentt tests
were used to determinewhethertherewas a significantdifference
in age betweenthe 2 groups.

RESULTS

Population,Age,andSex
There were 210 patients recruited for this study, with an

average age of 64 Â±12 y (Table 1). There were 104 men
with an average age of 62 Â±11 y and 106 women with an
average age of 66 Â±11 y. The age difference between the
men and women was statistically significant (P = 0.004).
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VariablePET (n = 105)SPECT(n =105)PAverage

age(y)63 Â±1265 Â±110.277Women43
(41%)63(60%)Men62
(59%)42(40%)0.006Patients

with history of CAD31 (30%)32 (30%)0.880

VariableWomenMenAverage

age(y)66 Â±1262 Â±11Shortnessofbreath2013Chestpain4731AnginaExertional86Stress33Rest118Atypical2012High

bloodpressure5547High
cholesterol(>240)1711Family

historyofCAD2119Myocardial
infarction1310Coronary

angiography1215lrregularheartbeat119Congestive

heartdisease43Values

arenumberofpatientsineachgroup.

95%Parameter
Standard

Variable estimate errorPOdds ratioconfidenceintervalAge

â€”0.003 0.0140.8500.997(0.970,1.025)Sex*
1.398 0.4270.0014.045(1 .751,9.342)Prior

CADt I .653 0.5550.0025.224(1 .866,14.626)Modalityl
0.260 0.3260.4261 .296(0.685,2.455)Sex/CADs

â€”0.712 0.6740.2910.491(0.131,1.839)*Sex

= 0 iffemale,1ifmale.tPrior
CAD= 1iftrue.lModality

= 0 if SPECT, 1 ifPET.Â§Sex/CAD
= interactionbetweensexandpriorCAD.

TABLE1
Population and Age Breakdown of PET and SPECT Patients

gender for the total population. Most of the parameters are
very similar for the 2 groups, except women have a higher
incidence of chest pain, shortness of breath, and atypical
angina compared with men. The average age of the women
ishigherat66Â±12y thanformenat62Â±11y.Forthe
most part, the male and female groups have very similar
symptoms, as would be expected from randomization.
However, because of the small number of patients in most of
the categories, a detailed statistical comparison was not
made by different risk factors.

Positive Scans by PET and SPECT for All Patients
Multiple logistic regression analysis was performed,

using all patients, with positive scans as the endpoint. Sex,
prior history of heart disease, age, and imaging modality
were the covariates (Table 3). Positive scans were signifi
cantly associated with sex (P = 0.001). The odds of a
positive scan in men are 4. 1-fold greater than in women.
Prior history of CAD was also significantly associated with
positive scans (P = 0.002). Patients with a prior history of
CAD have 5.2-fold greater odds of having a positive scan
than those with no prior history of CAD. There was no
significant correlation with imaging modality and positive
scans (P = 0.43) or age and positive scans (P = 0.85).
Neither the ageâ€”sexinteraction (P = 0. 192) nor the age
modality interaction (P = 0.963) was significantly associ
ated with positive scans.

PosftiveScansas Functionof PriorHistoryof CAD
The patient population was then subgrouped into those

with and those without previous history of CAD. The
number of positive scans detected by PET and SPECT, as a
function of prior history of CAD, are shown in Table 4. A x2
analysis of the data showed a significant difference in the
number of positive scans by SPECT and PET (P 0.008) in
the subgroup of patients with no prior history of CAD but
not in the groupwith documentedhistoryof CAD.

We performed multiple logistic regression analysis for
positive PET and SPECT scans from patients in the sub
group of no prior history of CAD (Table 5). The endpoint for

TABLE3
MultipleLogisticRegressionAnalysisof PositiveScansfor

All PET and SPECT Patients

There were 63 patients (30%) with prior history of CAD
documented by coronary angiography or myocardial infarc
tion. The average age of these patients with prior history of
CAD was 65 Â±10 y. The averageage of the remaining 147
patients (70%) with no prior history of CAD was 64 Â±11 y.
There was no statistical difference in the ages of these 2
subgroups of patients (P = 0.630).

A total of 105 patients was imaged with PET and 105 with
SPECT.The average age of the patients in the PET group
was 63 Â±12 y, whereas the average age of the patients in the
SPECT group was 65 Â±11 y. There was no statistical
difference in average age between the PET and SPECT
groups (P = 0.277). The number of patients with history of
CAD was 31 for the PETgroupand32 for the SPECTgroup
(P = 0.880). For the combined PET and SPECT population,
the number of women and men was similar. The distribution
of men and women between the 2 methods was significantly
different (P = 0.006) but was considered in the logistic
regression analysis. We believe that this distribution is
caused by the statistical nature of the data, because we did
not stratify by sex in this study.

PatientHistory,Symptoms,andRiskFactorsbySex
Table 2 shows some of the parameters that describe the

history of heart disease, symptoms, and risk factors by

TABLE2
Breakdown of Patient History, Symptoms,

and Risk Factors by Sex
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No.of
positivescansPET (%)SPECT(%)PTotal40/105

(38)30/105(29)0.143Total
in patientswithhistory

of CAD1 5/31(49)19/32(59)0.382Total
inpatientswithnohistoryofCAD25/74(34)11/73(15)0.008

95%Parameter
Standard

Variable estimate errorPOdds ratioconfidenceintervalAge

â€”0.023 0.0280.4070.977(0.925,1.032)Sex*
0.832 0.5880.1572.298(0.725,7.278)Modalityt

â€”0.796 0.5590.1550.451(0.151,1.351)*Sex

= 0 iffemale,1 ifmale.tModality
= OifSPECT,1 ifPET.

Deaths SexAge(y)Historyof CADScanresultsCommentsPET

group1
M72YesNegativeCath 4mo2

M71NoPositivepostscan CABGpostscan3
F73NoPositiveCathSPECT

groupI
F67YesPositiveOldMl2
M69NoPositiveAtrialfibrillation3

F73NoNegative4
M69NoNegativeEquivocalscanCath

= catheterization;Ml = myocardialinfarction.

95%Parameter
Standard

Variable estimate errorPOdds ratioconfidenceintervalAge

0.065 0.0170.7021 .006(0.974,1.040)Sex*
1.365 0.4360.0023.918(1 .668,9.202)Modalityt
0.8969 0.4270.0362.452(1 .062,5.663)*Sex

= 0 iffemale,1 ifmale.tModality
= 0 if SPECT,1if PET.

TABLE4
PositivePET and SPECT Scans by Historyof CAD

TABLE6
Multiple Logistic Regression Analysis of Positive Scans for

PatientswithPriorCAD

this analysis was positive scans, and the covariates were age,
sex, and imaging modality. Sex and imaging modality were
significantly associated with positive scans for the patients
with no prior history of CAD. Men have a 3.9-fold greater
chance of having positive scans (P = 0.002), and PET has a
2.5-fold greater probability of producing a positive scan than
SPECT after controlling for the confounding effect of sex
and age in patients with no history of CAD.

There was no significant difference in the number of
positive scans by PET and SPECT in the subgroup of
patients with documented history of CAD (Table 6). Mul
tiple regression analysis of this subgroup of patients showed
no significant association of positive scans with age, sex, or
modality of imaging.

NineMonths'OutcomeResults
A total of 182 patients of the 210 in the study (87%) were

contacted by telephone to assess the outcome of the scans.
The survey was conducted from 6 to 12 mo after the scan
(mean time, 9 mo). A total of 7 cardiac-related deaths in
cluded 4 men and 3 women. There were 3 deaths in the PET
group versus 4 in the SPECT group (Table 7). The number of
deaths recorded is small, and no statistical difference is
attained between the 2 modalities or by sex. It is important to
note that 2 of the deaths occurred in patients with prior
history of CAD, whereas 5 deaths occurred in patients with
no prior history of CAD.

DISCUSSION

Our results can be summarized in 3 major points.
1. Both PET and SPECT yield significantly fewer posi

tive cardiac scans in women than in men in the total

TABLE5
MultipleLogisticRegressionAnalysisof PositiveScansfor

Patients with No Prior History of CAD

population studied. There was no statistical difference in the
number of positive scans by PET and SPECT for the total
population.

2. In the subgroup of patients with no prior history of
CAD, PET yields more positive scans than SPECT, and both
PET and SPECT produce fewer positive scans in women
than in men. The probability of CAD and the likelihood of
disease severity are also low in this subgroup; therefore, the
greater number of positive scans by PET may be the result of
better resolution and quantification capabilities of PET (16).

3. In the subgroup of patients with documented prior
history of CAD, there is no significant difference in the
number of positive scans by sex or by imaging modality
(PET or SPECT). These patients have a high probability of
CAD, and there is no sex difference in the number of
positive scans by PET and SPECT in patients who are
known to have focal CAD.

We have shown that fewer women have positive nuclear
cardiac scans than men, independent of the imaging modal
ity (PET or SPECT). Attenuation errors and breast attenua
tion artifacts, which have been associated with lower
detection of CAD in women with SPECT (17), are not an
issue with PET. Therefore, the previously published sex

difference in positive scans in patients with no history of
CAD (15) is not the result of instrumentation characteristics

TABLE7
AnalysisofCAD-RelatedDeathsAfterPETorSPECT
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of SPECT but is more likely the result of inherent differ
encesinheartdiseaseinmenandwomen.

We have also shown that in the subgroup of patients with
documented CAD (>50% diameter stenosis), there is no
difference in number of positive scans by sex or imaging
modality; therefore, both PET and SPECT detect the perfu
sion defects resulting from these focal lesions equally well.

The exact reason for the sex difference in positive scans in
women is not known. We can speculate on 3 possible
explanations for the lower detection rate for CAD in women.

1. Women do not have heart disease until much later in
age and, therefore, are not diagnosed by nuclear cardiology
at an early age. This is the most quoted reason why women
suspected to have CAD have â€œnormalâ€•coronary angio
grams. It is based on the angiographic data, which shows
that the presence of CAD defined as narrowing of the
coronary artery by at least 50% in diameter is lower in

women than in men.
2. The chest pain that mimics CAD in women, and which

is responsiblefor referralto nuclearcardiologytests,is
caused by other factors, such as syndrome-X (18), instead of
focal CAD. Women have a higher incidence of chest pain
than men (14), but the reason for this difference is unknown.

3. Women have a higher incidence of diffuse disease or

endothelial dysfunction, instead of focal stenosis disease
that is usually associated with CAD. Endothelial dysfunc
tion can cause coronary artery spasm and result in chest
pain. This explanation is important, because the chest pain
would suggest CAD, but the endothelial dysfunction would
not be detected by coronary angiography and the patient
would be classified as normal.

Coronary angiography studies have reported that women
have fewer focal lesions and smaller coronary artery lumens
than men (19â€”21).PET, SPECT, and coronary angiography
have been optimized to detect focal lesions that cause abrupt
perfusion defects, which are easy to detect (22). Patients

with diffuse disease or endothelial dysfunction would be
missed by current nuclear cardiology methods, because
diffuse disease would cause a gradual decrease in perfusion
along the artery instead of an abrupt perfusion deficit
observed with focal lesions. Nuclear medicine methods are
not optimized for detecting small and gradual decreases in
perfusion associated with diffuse disease; we may need to
develop new methods for detecting mild diffuse disease by
nuclear cardiology.

CONCLUSION

We have shown that fewer positive scans result from
standard nuclear cardiology methods in women compared
with men, among patients who have no prior history of heart
disease. However, there is no sex difference in positive scans
in patients with documented focal CAD by angiography.
Therefore, there is a high probability that early heart disease
may be different in women than in men and that women may
have a low incidence of focal stenosis disease during the
early stages. Detection of mild or early heart disease in

women will require measurement of subtle changes in
myocardial perfusion during rest and stress. Quantitative
measurement of coronary flow reserve will be necessary to
detect early diffuse disease in patients.
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