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Background. Limited data address the roles of gender, perfusion defect reversibility, and
imaging position in interpretation of images acquired on an upright/supine cadmium-zinc-
telluride (CZT) cardiac imaging system.

Methods and Results. From a consecutive cohort of patients imaged on an upright/supine
CZT camera, 260 patients with coronary angiograms were studied. Multivariable models
identified gender as a significant effect modifier for imaging variables of CAD. For males, a
supine summed stress score (SSS) ‡ 3 provided high accuracy (sensitivity 70.7%, specificity
72.2%), and highest contribution to multivariable models. In females, supine SSS ‡ 2 provided
the best cut-off for defect size and severity (sensitivity 90%, specificity 35.9%), but specificity
was improved substantially to 53.3% with decrease in sensitivity to 80% by also requiring
quantitative identification of perfusion defect reversibility in the supine position. Eight vari-
ables, accurate for predicting coronary disease, were more accurate with supine than upright
imaging.

Conclusions. Perfusion defect reversibility improved specificity in female patients for
detection of coronary disease compared to perfusion defect size and extent alone. Supine images
provided superior accuracy for detection of coronary disease compared to upright images. (J
Nucl Cardiol 2021;28:1569–82.)

Key Words: SPECT Æ MPI Æ CAD

Electronic supplementary material The online version of this

article (https://doi.org/10.1007/s12350-019-01878-7) contains sup-

plementary material, which is available to authorized users.

The authors of this article have provided a PowerPoint file, available

for download at SpringerLink, which summarizes the contents of the

paper and is free for re-use at meetings and presentations. Search for

the article DOI on SpringerLink.com.

Funding Funded by a Grant from the John R. Strauss Fund for

Research and Education in Cardiovascular Imaging.

Reprint requests: Myron C. Gerson, MD, Division of Cardiovascular

Health and Disease, Department of Internal Medicine, University of

Cincinnati College of Medicine, 231 Albert B. Sabin Way ML 0542,

Cincinnati, OH 45267-0542, USA; myron.gerson@uc.edu

1071-3581/$34.00

Copyright � 2019 American Society of Nuclear Cardiology.

1569

https://doi.org/10.1007/s12350-019-01878-7
http://crossmark.crossref.org/dialog/?doi=10.1007/s12350-019-01878-7&amp;domain=pdf


Abbreviations
SPECT Single-photon emission computerized

tomography

SSS Summed stress score

Combined

SSS

Combined summed stress score (SSS C

3 both supine and upright, or SSS C 5

in either upright or supine position)

Supine

SSS

Summed stress score in supine position

SRS Summed rest score

SDS Summed difference score

SRP Summed rest percentage

SSP Summed stress percentage

QREV Total quantitative change in defect

reversibility in the entire left ventricle

QREVS QREV in the supine position

INTRODUCTION

Cadmium-zinc-telluride (CZT) technology provides

a combination of improved cardiac image resolution

with substantially reduced imaging duration and/or

radiotracer dose. Although large studies have evaluated

the diagnostic accuracy for detection of coronary artery

disease (CAD) using a CZT camera designed for supine

and prone imaging,1,2 the published literature to guide

the interpretation of upright/supine cardiac image

sequences acquired with a CZT camera is more lim-

ited.3–6 The existing upright/supine CZT camera

literature focuses on total perfusion defect size and

severity (i.e. summed stress score [SSS]), but variously

excluded patients with prior myocardial infarction,3,4

prior coronary revascularization,3,4 cardiomyopathy,3,5

valvular heart disease,3 left bundle branch block or

pacemakers,5 and non-obese patients,6 or excluded

consideration of comparison resting images.4 We

hypothesized that, in consecutive subjects referred for

stress myocardial perfusion imaging (MPI), who also

underwent coronary angiography, different diagnostic

criteria might be necessary to maximize overall test

accuracy, provide guidance to selectively increase test

sensitivity, and identify new criteria that are gender

specific.

METHODS

Study Population

The study was approved by the Institutional Review

Board of the University of Cincinnati as a retrospective review

and was exempt from informed consent.

Between June 20th, 2014 and June 19th, 2015, 1889

patients underwent exercise or pharmacologic (regadenoson)

single-photon emission computerized tomography (SPECT)

MPI in the University of Cincinnati Exercise Laboratory. From

this cohort, 260 patients who completed both upright and

supine stress and rest images and underwent coronary angiog-

raphy within 3 months of the stress MPI were consecutively

included in the present study, regardless of the past history.

Myocardial Perfusion SPECT Imaging

Patients were instructed not to use caffeinated beverages

or foods for 24 hours prior to testing. Beta-blockers and

calcium channel antagonists were routinely withheld for 24 to

48 hours prior to testing, unless approval was denied by the

referring physician. Stress imaging was performed on a

treadmill by the Bruce protocol or using pharmacological

stress with regadenoson 0.4 mg intravenously, with adjunctive

exercise where possible.

Upright and supine stress and rest images were acquired

on a D-SPECT CZT dedicated cardiac camera (Spectrum

Dynamics Inc., Palo Alto, CA). Upright imaging was per-

formed with the imaging chair at a 65�-70� angle. Rest images

were acquired for 3-11 minutes at 60 minutes following

weight-based injection of 9.4-14 mCi of technetium-99m

tetrofosmin. Stress images were acquired for at least 3 minutes

at 30-45 minutes following weight-based injection of 27.7-42

mCi of technetium-99m tetrofosmin.

SPECT images were processed with iterative reconstruc-

tion (ordered subset expectation maximization) on a Spectrum

Dynamics Cedars View processing station. Interpretation of

the images was accomplished with Corridor4DM SPECT

software (INVIA Medical Imaging Solutions, Ann Arbor, MI),

by two experienced physicians, independently and in blinded

fashion, without knowledge of test indication or patients’

clinical data, except gender, height and weight. Each of the 17

cardiac segments at stress and rest, in each imaging position,

was interpreted on a scale from 0 (normal) to 4 (absent

myocardial activity) as previously reported from our labora-

tory.7 Close attention was provided in positioning the base and

apex limits to assure the congruence of stress and rest limits.

Summed stress score (SSS), summed rest score (SRS), and

summed difference score (SDS) were recorded from upright

and supine positions, and average SSS was calculated from the

average of the upright and supine stress images. Upright and

supine transient ischemic dilation (TID) ratios and rest and

post-stress left ventricular ejection fraction (LVEF) were

calculated from the gated images by the 4DM SPECT

software. In addition, for both the upright and supine positions,

quantitative percent stress and rest regional perfusion defect

sizes were calculated for the left anterior descending, left

circumflex, and right coronary artery territories. Any pixel

value in the left ventricle that was more than or equal to 2

standard deviations below the mean value for the normal

population was considered abnormal.7 Summed stress percent-

age (SSP) (Figure 1) and summed rest percentage (SRP) were

each calculated as the sum of the defect percentages in all three

See related editorial, pp. 1583–1585
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coronary artery territories. Summed change percentage (SCP)

was calculated as the difference between SSP and SRP. Visual

evidence of defect reversibility consisted of any decrease in

defect severity or size by at least one grade, and was assessed

for reversibility in either upright or supine position, in both

upright and supine position, and for reversibility in either

upright or supine position accompanied by a fixed defect in the

other position. Total quantitative assessment of defect

reversibility (QREV) for the entire left ventricle (Figure 1),

including the border zones not assigned to a specific coronary

artery, was assessed as any increase in total left ventricular

defect percent at stress compared to rest, and, also, as any 5%

or greater increase in reversibility from stress to rest. Due to

the use of a different software in the present study, the

combined SSS criterion in the present study did not precisely

reproduce the previously published methods.3 In the present

study, the combined criterion for SSS C 3 in both upright and

supine positions was not limited to abnormal pixels identified

in the upright position and then confirmed in the supine

position.

Coronary Angiography

Coronary angiographic images were blinded for the

patient’s age, gender, past medical history, presenting symp-

toms, and stress MPI results. Angiographic CAD was defined

as a stenosis either C 50% in the left main coronary artery or C

70% in the left anterior descending, left circumflex, or right

coronary artery, or a major branch. Angiographic CAD was

assessed independently by one blinded reader and then

compared with the un-blinded reading in the patient’s chart.

Any differences were resolved independently by a second

blinded reader.

Statistical Analysis

Continuous variables were described using mean and

standard deviation (SD) while categorical data were described

using frequency and proportion. All data were summarized for

entire cohort and separately for each gender. Student’s t test
was used to determine significant difference between samples

for quantitative variables while Fisher’s exact test was used for

categorical variables. The unadjusted logistic regression anal-

ysis was carried out to determine each considered clinical

factor associated with angiographic CAD and the predictive

performance of each variable was obtained using receiver

operating characteristics curve (ROC) analysis. The multivari-

able logistic regression analysis was carried out to determine

multiple predictors for angiographic CAD. Various predictive

models were developed to predict CAD (a) Model 1: baseline

predictors without using any imaging parameters (b) Model 2

& 3: baseline predictors plus nuclear test variables. The results

Figure 1. Quantitative variable Summed Stress Percentage (SSP) (blue rectangle) is the sum of the
percent abnormality for the three coronary territories (in this illustration, SSP = 9). Image is taken
from a male subject with supine summed stress score of 0 and\ 5 in both positions, suggesting
absence of CAD by previously published criteria. In the present analysis, the summed stress
percentage C 6 is abnormal and consistent with the finding of a 90% stenosis in the mid left anterior
descending coronary artery in this patient. QREVS is the total quantitative change in defect
reversibility (QREV) in the entire left ventricle in the supine position, calculated as total defect
percent (yellow circle) at stress minus the total defect percent at rest. In this male patient QREVS is
normal.
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of logistic regression analysis were summarized using odds

ratio and 95% confidence interval (CI) and P value while

predictive summary was measured using the area under the

ROC curve. Furthermore, nuclear test variables at upright and

supine positions were evaluated separately for predicting CAD

using logistic regression models. The diagnostic performance

of all considered nuclear tests (SSS, SRS, SDS, total quanti-

tative reversibility, transient ischemic dilation, qualitative

reversibility on each or combined positions) in relation to

angiographic CAD was summarized using sensitivity and

specificity by each gender separately for entire cohort and

pharmacologic tests cohort only. Various final predictive

models for CAD separately for each gender were developed

and model performance was specified for an appropriate

threshold maximizing sensitivity and specificity. Backward

stepwise selection criteria with probability of removal with

15% cut-off of the predicted probability by the model was used

for developing multivariable logistic regression. In addition,

any variable which provided at least 2% increase in the area

under the curve from the comparative nested model was added

in the multivariable model. The important results were

summarized with cluster bar diagram or ROC curves. All

statistical analyses were carried out using STATA 15.1

(StataCorp, College Station, TX). P values less than 5% were

regarded as statistically significant results.

RESULTS

Demographic characteristics and representative

nuclear variables for consecutive patients who com-

pleted myocardial perfusion imaging during the study

period and had a subsequent coronary angiogram are

shown in Table 1. Men had a higher average body mass

index (BMI) (34.0 vs 30.7, P\ .001), were less likely to

have had coronary artery bypass surgery (3% vs 15%, P
= .025), and had higher stress (59% vs 51%, P\ .001)

and rest (60% vs 52%, P\ .001) LVEF compared to

women. Other baseline characteristics, including pre-test

likelihood of coronary artery disease,8 and nuclear

variables were equally distributed between men and

women. A pharmacologic stress test was performed in

73.9% of the patients. Significant angiographic CAD

was present in 77 of the 260 study patients (29.6%, 95%

CI 24%-36%), including 56 men and 21 women. In view

of the small number of female patients (n = 6) who

completed treadmill exercise to target heart rate and

were found to have angiographic CAD, data are pre-

sented for the combined pharmacologic and exercise

group and separately for patients tested with pharmaco-

logic stress.

Unadjusted/univariate demographic predictors of

angiographic CAD are presented in Table 2. Although

both age and gender were predictive for the presence of

angiographic coronary disease, the calculated pre-test

likelihood of disease8 was not.

Nuclear test variables were analyzed to compare the

predictability for angiographic CAD in the upright vs

supine position. Eight of the variables most strongly

associated with angiographic CAD all performed best

when acquired in the supine rather than upright position

(top of Table 3). This included the continuous variables

SSS, SDS, SSP, SRP, SCP, supine LVEF, transient

ischemic dilation, and the binary variable visual

reversibility. Six additional binary variables were also

predictive (bottom of Table 3), including total quanti-

tative assessment of defect reversibility for the entire left

ventricle in the supine position (QREVS), combined

SSS,3 consensus of the two readers that a scan was

normal vs abnormal, and visual reversibility criteria 1, 3,

and 5. As a predictor of angiographic coronary disease,

purely subjective detection of myocardial perfusion

defect reversibility approached the level of quantitative

identification of defect reversibility (data not shown),

but was limited by inter-observer variability (kappa

score for subjective identification of a reversible perfu-

sion defect in either imaging position was 0.452).

Quantitative variables describing defect size in individ-

ual coronary artery distributions were tested but were

not among the most significant predictors

Adjusted, multivariable predictors of significant

angiographic CAD were best identified by three models

(Table 4). Model 1, without including any nuclear

perfusion variables, identified age, BMI, male gender,

history of CAD, history of percutaneous coronary

intervention, history of coronary artery bypass surgery,

and post-stress supine LVEF to be independently asso-

ciated with CAD (AUC = 81%). Inclusion of nuclear

perfusion variables in Model 2 yielded better predictive

performance for CAD (AUC = 82%) and showed

combined SSS, QREVS, along with male gender, history

of CAD, PCI and body mass index C 35 kg/m2

independently associated with the presence of CAD.

Model 3 showed that replacing two nuclear variables

with only supine SSS C 3 in Model 2 produced the same

predictive performance (AUC = 82%).

The only demographic variable from the multivari-

able analysis that altered impact of the nuclear variables

on the detection of angiographic CAD was gender.

Therefore, gender-specific analysis of nuclear variables

was performed. Individual test performance separated

by gender showed that, in general, specificity was lower

for women as compared to men (Table 5). For male

patients the highest level of combined sensitivity and

specificity by perfusion imaging was achieved with

either the combined SSS3 (sensitivity 69.0%, specificity

74.4%), supine SSS C 3 (sensitivity 70.7%, specificity

72.2%), or supine SSP C 6 (sensitivity 79.3%, speci-

ficity 53.3%). For female patients, high sensitivity of
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90.0% was provided by supine SSS C 2 with decline in

specificity to 35.9% or by QREVS with sensitivity of

85.0%, but with low specificity of 34.8%. The perfor-

mance of these nuclear tests (supine SSS, combined

SSS, SSP and QREVS) remained the same and high in

the pharmacologic only population as well.

The highest performing multivariable models sep-

arated by gender for prediction of angiographic CAD are

shown in Table 6. For male patients, the highest

combination of sensitivity and specificity for detection

of CAD was provided by Model 2 which included

supine SSS C 3, along with age C 60 years and histories

of PCI or CABG, and post-stress supine LVEF (AUC

83%).Two other indices of defect size and extent,

combined SSS (Model 1: AUC = 82%) and SSP C 9

(Models 1 and 3: AUC = 82 and 81%) along with age C

60 years and histories of PCI and CABG were strong

predictors for CAD. For female patients, combined SSS

and quantitative defect reversibility along with history

of CAD, history of cardiomyopathy, and BMI C 35 Kg/

m2 produced a high predictive accuracy for CAD

(Model 1: AUC = 86%). Use of a supine SSS C 2

along with histories of CAD, cardiomyopathy, and BMI

C 35 kg/m2 produced the highest predictive accuracy for

Table 1. Comparison of demographic and imaging variables by gender

Variables
All Subjects Men Women P-

valueN (% or SD) N (% or SD) N (% or SD)

Number of subjects 260 112 (43.1%) 148 (56.9%)

Age (years), mean (SD) 59.1 (10.2) 59.5 (10.3) 58.9 (10.2) .63

Body mass index (kg/m2), mean (SD) 32.1 (8.2) 34.0 (8.7) 30.7 (7.5) .001

History of diabetes mellitus 102 (39.8%) 45 (40.9%) 57 (39.0%) .8

History of hypertension 203 (79.3%) 89 (80.9%) 114 (78.1%) .64

History of hyperlipidemia 113 (44.1%) 54 (49.1%) 59 (40.4%) .2

History of coronary artery disease 67 (26.2%) 24 (21.8%) 43 (29.5%) .2

History of myocardial infarction 31 (11.9%) 15 (13.4%) 16 (10.8%) .75

History of percutaneous intervention 25 (9.8%) 11 (10.0%) 14 (9.6%) 1

History of coronary artery bypass surgery 18 (7.0%) 3 (2.7%) 15 (10.3%) .025

History of cardiomyopathy 48 (18.8%) 22 (20.0%) 26 (17.8%) .75

History of valvular heart disease 16 (6.3%) 10 (9.1%) 6 (4.1%) .12

Family history of coronary disease 149 (62.1%) 70 (67.3%) 79 (58.1%) .18

Beta blocker use 106 (41.1%) 49 (44.1%) 57 (38.8%) .44

Pharmacologic stress 192 (73.9%) 83 (77.1%) 109 (73.6%) 1

Pre-test likelihood of coronary disease (%), mean

(SD)

42.6 (29.8) 40.6 (28.3) 44.2 (31.0) .34

Supine stress LVEF, median (IQR) 55 (45, 63) 59 (52, 66) 51 (41.5–59) \ .001

Supine rest LVEF, median (IQR) 56 (46, 63) 60 (53, 67) 52 (42, 59.5) \ .001

Change in LVEF, median (IQR) 1 (- 4, 5) 1 (- 3, 5) 0.5 (- 5, 5) .49

Supine Summed Stress Score, median (IQR) 2 (1, 6) 3 (1, 5.5) 2 (0, 6) .31

Supine Summed Difference Score, median (IQR) 1 (0, 3) 2 (0, 3) 1 (0, 3) .38

Supine transient ischemic dilation ratio, median

(IQR)

1.02 (0.95,

1.1)

1.01 (0.96,

1.1)

1.03 (0.93,

1.1)

.75

Supine summed stress percentage, median (IQR) 8 (4, 18) 9 (5.5, 17) 8 (3, 19.5) .37

Supine summed change percentage, median (IQR) 3 (0, 7) 3 (0, 7) 2 (0, 7) .74

Supine total quantitative change in defect

reversibility

177 (68.1%) 77 (68.8%) 100 (67.6%) .89

Reversibility 3 76 (29.2%) 28 (25.0%) 48 (32.4%) .22

Reversibility 5 98 (37.7%) 42 (37.5%) 56 (37.8%) 1

SD, standard deviation; IQR, interquartile range; Reversibility 3, decrease in visual abnormal myocardial perfusion from stress to
rest in at least one coronary artery segment, upright or supine, with at least one segment with fixed abnormality in the other
imaging position; Reversibility 5, decrease in visual abnormal myocardial perfusion from stress to rest in at least 1 coronary
segment, both upright and supine imaging positions
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CAD (Model 2: AUC = 87%). Predictive equation

model 2, with probability of CAD C 37%, yielded the

highest sensitivity (82.5%) and specificity (71.9%) for

males while predictive equation model 2 with probabil-

ity of CAD C 13% produced highest sensitivity (90%)

and specificity (71.1%) for females (Table 6, Supple-

mentary Figure 1). QREV did not improve accuracy of

the model for male patients (Table 6, Figure 2), due to

limited specificity. In contrast, QREVS was a significant

predictor of CAD in female patients (Table 6, model 1,

and Figure 3). In female patients, a supine SSS C 2

provided the strongest imaging predictor of angio-

graphic CAD. Figure 4 illustrates that for male

patients, high accuracy was achieved with supine SSS

C 3, particularly in patients who had pharmacologic

stress. Sensitivity for male patients for all tests could be

improved to 79.3% with a SSP C 6, but with a decline in

specificity to 53.3%. Similarly, QREVS increased the

sensitivity to 79.3%, but with a loss of specificity to

40.0%. For female patients, the addition of QREVS to

supine SSS C 2 provided a sensitivity of 80% and

specificity of 53.3%. The combination in women of

supine SSS C 2 and QREVS for pharmacologic stress

testing only yielded a sensitivity of 92.9% with a

specificity of 54.3%.

DISCUSSION

Limited data are available to guide the use in female

patients of upright and supine imaging on a CZT cardiac

camera. Nakazato provided the fundamental report

comparing upright and supine CZT imaging to coronary

arteriography.3 That report contained 15 women tested

with a stress and rest Tc-99m perfusion study and was

focused on quantitative perfusion defect size and extent.

Patients in that study were highly selected, excluding

patients with prior myocardial infarction, coronary

artery revascularization, non-ischemic cardiomyopathy,

or valvular heart disease. The present study used upright

and supine technetium-99m perfusion imaging on a CZT

camera with angiographic correlation, and examined a

broad range of subjective and quantitative perfusion

imaging variables in a population of 148 women and

112 men. In the present analysis, accuracy of upright

and supine CZT imaging in women was highest by

combining a highly sensitive criterion for perfusion

defect size and extent, supine, SSS C 2, with a

quantitative measure of defect reversibility, QREVS.

The finding of reversibility of perfusion defects

from stress to rest is consistent with ischemia and was

independently predictive of angiographic coronary

stenosis in women in the present study. Fixed defects,

whether related to myocardial scar or attenuation arti-

facts, increase summed stress and rest scores, but do not

specifically correspond to a residual coronary artery

stenosis. In contrast to summed stress and rest scores,

QREVS may be better suited to avoid incorrectly

identifying shifting soft tissue artifacts related to change

in body position as a sign of coronary stenosis in

women. The summed difference score (SDS) is another

accepted measure of defect reversibility. In the present

study, SDS was univariately predictive of the presence

Table 2. Unadjusted/univariate predictors of angiographic coronary artery disease

Variables OR 95% CI P value AUC

Age (years) 1.044 1.015–1.074 .003 0.616

Body mass index (kg/m2) 0.949 0.915–0.984 .005 0.613

Gender-male 2.964 1.651–5.324 \ .001 0.625

History of diabetes mellitus 0.949 0.549–1.639 .850 0.506

History of hypertension 0.993 0.514–1.920 .984 0.501

History of hyperlipidemia 1.693 0.988–2.899 .055 0.565

History of coronary artery disease 4.594 2.535–8.327 \ .001 0.657

History of percutaneous intervention 7.496 2.982–18.844 \ .001 0.597

History of coronary artery bypass surgery 5.323 1.918–14.771 .001 0.561

History of cardiomyopathy 1.205 0.616–2.355 .586 0.515

History of valvular heart disease 1.061 0.356–3.163 .916 0.502

Family history of coronary disease 1.005 0.571–1.768 .987 0.501

Beta blocker use 1.452 0.849–2.482 .173 0.546

Pharmacologic stress 0.981 0.534–1.802 .950 0.502

Pre-test likelihood of coronary disease 1.008 0.999–1.017 .096 0.567

Unadjusted/univariate predictors for abnormal cardiac catheterization demonstrating significant coronary artery disease
OR, odds ratio; CI, confidence interval; AUC, area under the curve; LVEF, left ventricular ejection fraction
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or absence of angiographic coronary artery disease, but

was not independently predictive in the multivariable

models. This may reflect that the reference standard was

the presence of angiographic stenosis and not specifi-

cally the presence of myocardial ischemia, as might be

identified by a fluorodeoxyglucose positron emission

tomogram. The more predictive variable, SSS, reflects

the presence of anatomic disease related to scar or

ischemia.

Guidelines from American Society of Nuclear

Cardiology (ASNC)9 recommend routine use of 2-

position imaging (upright/supine or supine/prone) to

mitigate attenuation artifact defects. Nevertheless, when

upright and supine images yield discordant findings that

are not typical in location for attenuation artifact it may

be useful to know if prediction of coronary disease is

generally more accurate by upright or supine images.

The present study found that stress perfusion defect size

and extent on supine images alone was more accurate

than on upright images alone for identifying angio-

graphic CAD.

The current study included stress and rest images

acquired in both the upright and supine positions. The

combination of supine stress and rest images for

detection of defect reversibility provided more accurate

detection of CAD than upright stress and rest images,

which appears to have implications for the best selection

of stress/rest positioning for this CZT imaging system.

In the current study, eight nuclear test variables which

were strongly associated with angiographic CAD per-

formed best when acquired in the supine position as

compared to the upright position, including continuous

variables SSS, SDS, SSP, SRP, QREV, supine LVEF,

and transient ischemic dilation, as well as the binary

variable, visual reversibility.

Gender-specific differences in cardiovascular epi-

demiology, clinical manifestations, management and

outcomes are being increasingly identified. There has

been a call for gender-specific research to identify such

differences. A prior meta-analysis of 26 studies per-

formed on conventional gamma cameras showed no

significant difference in the sensitivity (P = .15) or

specificity (P = .23) between male and female patients

for detection of CAD.10 However, gender-specific anal-

ysis of nuclear variables in detecting angiographic CAD

in the present study with an upright CZT cardiac camera

Table 4. Adjusted/multivariable predictors for angiographic coronary artery disease

Variables OR 95% CI P-value AUC

Model 1 0.81

Age (years) 1.039 1.004–1.075 .029

Body mass index (kg/m2) 0.963 0.922–1.007 .095

Gender-male 2.485 1.246–4.957 .01

History of coronary artery disease 1.737 0.803–3.756 .161

History of percutaneous intervention 7.720 2.388–24.953 .001

History of coronary artery bypass surgery 3.682 1.154–11.745 .028

SLEVFs 0.977 0.955–0.999 .043

Model 2 0.82

Combined SSS 4.545 2.316–8.921 \ .001

QREVS 2.241 1.057–4.750 .035

History of coronary artery disease 2.729 1.285–5.798 .009

History of percutaneous intervention 5.110 1.586–16.466 .006

Body mass index C 35 kg/m2 0.361 0.170–0.768 .008

Gender-male 3.434 1.698–6.946 .001

Model 3 0.82

Supine SSS C 3 5.239 2.661–10.313 \ .001

History of coronary artery disease 2.849 1.356–5.988 .006

History of percutaneous intervention 4.985 1.539–16.143 .007

Body mass index C 35 kg/m2 0.359 0.170–0.758 .007

Gender-male 3.538 1.756–7.129 \ .001

OR, odds ratio; CI, confidence interval; AUC, area under the curve; SLVEFs, left ventricular ejection fraction post-stress in the
supine position; Combined SSS, summed stress score C 3 both supine and upright, or SSS C 5 in either upright or supine position;
QREVS, total quantitative change in defect reversibility (QREV) in the entire left ventricle in the supine position; Supine SSS,
summed stress score in the supine position
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showed that, in general, specificity was lower for women

as compared to men. In addition, there were significant

differences in optimal cut-off criteria in predicting

angiographic CAD between the two genders. For male

patients, a supine SSS C 3 provided a high level of

combined sensitivity (70.7%) and specificity (72.2%),

and was the strongest perfusion variable in the multi-

variable models. For female patients, the single variable

providing the highest combination of sensitivity and

specificity was a supine SSS C 2 alone, with a strong

overall sensitivity of 90%, but with decline in specificity

to 32.9%. An alternative single predictor was QREVS

with a sensitivity of 85.0% and specificity of 34.8%. On

multivariable analysis, variables identifying perfusion

defect reversibility were significant predictors of CAD

in female patients but not in male patients. Such

differences in gender-specific interpretation of SPECT

imaging have not been reported previously and may

have significant implications for clinical practice. For

female patients, with both supine SSS C 2 and QREVS

present, there was a sensitivity of 92.9% and specificity

of 54.3% with pharmacologic stress and a combined

sensitivity of 80% and specificity of 53.3% for both

stress modalities (Figure 4).

To our knowledge, this is the first study in which

gender-specific differences in interpretation of com-

puter-generated data for CZT SPECT systems on an

upright camera system were analyzed and presented.

Gimelli and associates,11 who studied 61 female patients

with supine and prone CZT imaging, and angiographic

correlation, analyzed correlation with perfusion defect

extent and severity. No quantitative or qualitative index

of defect reversibility was reported. The current study

differs from prior studies of upright and supine CZT

imaging in terms of patient selection. We included

consecutive patients presenting to a hospital stress

nuclear laboratory, with no exclusion for known CAD,

prior coronary revascularization, cardiomyopathy, left

bundle branch block, heart failure, atrial fibrillation, or

valvular heart disease, hence, the results may be

applicable to a wide patient population. The presence

of known CAD, including prior myocardial infarction,

and/or prior coronary artery revascularization, is a likely

confounder in the detection of residual coronary artery

stenosis when stress defect size and extent is the

principal variable. As a result, to provide an accept-

able level of test specificity, test sensitivity may be

reduced substantially. We therefore noted additional

diagnostic options that improve test sensitivity, but at a

larger loss of specificity. For example, in male patients,

supine SSS C 2 provided sensitivity of 76.0% and

specificity of 55.6% and supine SSP C 6 provided

sensitivity of 79.3% and specificity of 53.3% (example

in Figure 1).T
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Limitations of this study include retrospective

analysis of patients who had both a SPECT-MPI and

coronary angiography, which may have introduced

referral bias. In addition, the study was conducted at a

single large academic medical center, so the population

characteristics and results may vary for other patient

populations. The present study is limited by the small

number of women (n = 21) who were found to have

significant coronary artery disease at catheterization. As

a result of the small number of female patients who

exercised to target heart rate on the treadmill and were

found to have significant angiographic CAD, it was not

feasible to present exercise data separately. Data were,

therefore, analyzed as a combined pharmacologic and

exercise stress group and as a pharmacologic group

only. Difference in the software used in the present

Table 6. Multivariable models for all tests separated by gender

OR 95% CI
P-

value AUC Probability of CAD (p) SE (%) SP (%)

Male

Model 1 0.82 C 0.40 82.46 67.42

Combined SSS 2.788 0.757–10.268 .123

SSP C 9 supine 2.698 0.719–10.122 .141

Age C 60 3.412 1.489–7.818 .004

Hx PCI 7.043 1.590–31.187 .010

Hx CABG 3.676 1.019–13.269 .047

Model 2 0.83 C 0.37 82.46 71.91

Supine SSS C 3 5.223 2.256–12.09 \ .001

Age C 60 3.618 1.566–8.357 .003

Hx PCI 6.643 1.543–28.597 .011

Hx CABG 3.554 0.991–12.743 .052

SLEVFs 0.980 0.951–1.01 .194

Model 3 0.81 C 0.38 80.70 65.17

SSP C 9 supine 6.095 2.681–13.858 \ .001

Age C 60 3.390 1.497–7.678 .003

Hx PCI 7.323 1.690–31.730 .008

Hx CABG 3.700 1.029–13.300 .045

Female

Model 1 0.86 C 0.15 85.00 67.78

Combined SSS 4.582 1.218–17.237 .024

QREVS 4.105 0.808–20.849 .089

Hx CAD 19.238 4.351–85.073 \ .001

Hx CMP 0.071 0.008–0.632 .018

BMI C 35 0.342 0.093–1.266 .108

Model 2 0.87 pC0.13 90.00 71.11

Supine SSS C 2 19.158 2.513–146.034 .004

Hx CAD 25.316 4.672–137.189 \ .001

Hx CMP 0.062 0.007–0.551 .013

BMI C 35 0.256 0.068–0.966 .044

Multivariable models for detection of angiographic coronary artery disease by all tests, separated by gender
OR, odds ratio; CI, confidence interval; AUC, area under the curve; SE, sensitivity; SP, specificity; Combined SSS, summed stress
score C 3 both supine and upright, or SSS C 5 in either upright or supine position; SSP, summed stress percentage; Hx PCI, history
of percutaneous coronary intervention; Hx CABG, history of coronary artery bypass surgery; Supine SSS, summed stress score in
the supine position; SLVEFs, left ventricular ejection fraction post-stress in the supine position; QREVS, total quantitative change in
defect reversibility (QREV) in the entire left ventricle in the supine position; Hx CMP, history of cardiomyopathy
For male model 2; probability of CAD = exp(- 2.53 ? 1.65**SSSS C 3 ? 1.29*Age C 60 ? 1.89*Hx PCI ? 1.27*Hx CABG-
0.02*SLVEFs)/(1?exp(- 2.53 ? 1.65**SSSS C 3 ? 1.29*Age C 60 ? 1.89*Hx PCI ? 1.27*Hx CABG-0.02*SLVEFs)); For female
model 2; probability of CAD = exp(- 2.61 ? 2.95*SSSS C 2?3.23*Hx CAD-2.78*HX CMP-1.36* BMI C 35)/(1 ? exp(-
2.61?2.95*SSSS C 2?3.23*Hx CAD-2.78*HX CMP-1.36* BMI C 35))
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Figure 2. Total quantitative reversibility (QREVS) of the entire left ventricle in the supine position
and subjective identification of defect reversibility in either the upright or supine position did not
improve accuracy of the model in male patients due to limited specificity. SSSS C 3 is supine
summed stress score C 3.

Figure 3. In female patients, a supine summed stress score (SSSS) C 2 provided the strongest
single imaging predictor of angiographic coronary artery disease. Total quantitative reversibility
(QREVS) for the entire left ventricle in the supine position was also a significant predictor of
coronary artery disease in female patients. Rev. either, subjective identification of defect
reversibility in either the upright or supine position.
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study limited exact duplication of the previously pub-

lished method for prediction of CAD by combined

upright and supine CZT imaging.3 The present study, by

not constraining the requirement for SSS C 3 in both

positions to abnormal pixels in the upright position that

could be confirmed in the supine position may have

provided slightly higher sensitivity and lower speci-

ficity. Further, coronary angiography was performed in

most patients without functional assessment with frac-

tional flow reserve or other invasive physiologic

measurement. Future studies with comparison of the

imaging findings to invasive functional measures and to

long-term outcome will provide a better reference

standard.

If higher sensitivity is a priority, we found in males

that the variable supine summed stress percentage C 6

could increase sensitivity to 79.3%, but with a decline in

specificity to 53.3%. An alternative approach to increase

sensitivity with less loss of specificity is to incorporate

clinical and left ventricular function variables in a

predictive model. The multivariable predictive models

in the present study (see legend for Table 6, yielded

improved prediction of CAD for male patients (sensi-

tivity 82%, specificity 67%) and female patients

(sensitivity 90%, specificity 71%), but these predictive

models require prospective validation.

CONCLUSIONS

For males, a supine summed stress score (SSS) C 3

provided favorable accuracy (sensitivity 70.7%, speci-

ficity 72.2%), and highest contribution to multivariable

models for prediction of angiographic coronary artery

disease. In females, supine SSS C 2 provided the best

cut-off for defect size and severity (sensitivity 90%,

specificity 35.9%), but specificity was improved sub-

stantially to 53.3% with decrease in sensitivity to 80%

by also requiring quantitative identification of perfusion

defect reversibility in the supine position. Incorporating

patient-related factors may optimize test performance

further, for males (sensitivity 82%, specificity 67%) and

for females (sensitivity 90%, specificity 71%).

NEW KNOWLEDGE GAINED

The present study suggests that when the findings

on supine and upright images are discordant in a

territory not readily explained by attenuation artifact,

that the supine images are more likely than the upright

Figure 4. Supine summed stress score (SSSS) C 3 provided favorable sensitivity and specificity in
male patients. Sensitivity could be improved in males with supine summed stress percentage
(SSSP) C 6, but with loss of specificity. In female patients, a SSSS C 2 combined with total
quantitative reversibility (QREVS) for the entire left ventricle in the supine position provided the
strongest imaging predictor of angiographic coronary artery disease, for all stress testing modalities
and for pharmacologic testing only.

Journal of Nuclear Cardiology� Athar et al 1581

Volume 28, Number 4;1569–82 Effects of gender and defect reversibility on detection of coronary disease with an upright



images to provide accurate identification of abnormal

perfusion. The study also suggests that significant

gender-based differences exist in the optimal cut-offs

for objective CZT SPECT MPI variables acquired with

an upright camera, and hence differences in the

approach to test interpretation may be needed.
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