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he noninvasive differentiation between ischemic and
onischemic cardiomyopathy is frequently difficult. We
xamined the clinical value of stress electrocardio-
raphic gated (ECG-gated) single-photon emission com-
uted tomography (SPECT) to identify ischemic cardio-
yopathy and detect coronary artery disease (CAD) in
64 patients without known CAD, ejection fraction
40% by ECG-gated SPECT, and subsequent coronary
ngiography. Summed stress, rest, and difference scores
ere measured from the SPECT studies, and regional
all motion variance was calculated from the ECG-
ated images. Sensitivity and 95% confidence intervals
or the diagnosis of ischemic cardiomyopathy and for
etection of any CAD (>50% diameter stenosis) were
stimated using previously defined cutoffs for summed
tress score and regional wall motion variance. For the
iagnosis of ischemic cardiomyopathy, sensitivity of

tress SPECT (summed stress score >8) was 87% (95%
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onfidence interval [CI] 78 to 95), with a specificity of
3% (95% CI 60 to 82). The addition of wall motion

nformation (summed stress score >8 or regional wall
otion variance >0.114) increased sensitivity to 88%

95% CI 80 to 96) and decreased specificity to 45% (95%
I 35 to 55). If reversibility was also taken into account

summed stress score >8, regional wall motion variance
0.114, or summed difference score >0), sensitivity

urther increased to 94% (95% CI 88 to 100) and spec-
ficity decreased to 32% (95% CI 23 to 41). For detection
f any CAD, the combined approach using stress perfu-
ion, reversibility, and region of wall motion had a
ensitivity of 94% (95% CI 89 to 99) and a specificity of
5% (95% CI 35 to 57). Therefore, ECG-gated SPECT is
ery sensitive for detection of ischemic cardiomyopathy
nd CAD among patients with moderate to severe sys-

olic dysfunction. �2004 by Excerpta Medica, Inc.

(Am J Cardiol 2004;94:14–19)
yo-
io-

sion
s re-
sch-
ll
ns-
lini-
mibi

mic
y in

se-
re
and

se
rt-
er-

ated
003,
ys,
hen patients present with left ventricular d
function and chest pain, an early invasive e

ation with conventional coronary angiography is r
mmended.1 For many patients and particularly tho
ithout chest pain, an initial reliable noninvasive
roach would be preferable because coronary an
aphy has a low risk for serious complications.2 The
uccess of noninvasive approaches to disting
mong etiologies of cardiomyopathy, including ec
ardiography,3–5 radionuclide ventriculography,6,7 and
tress myocardial perfusion imaging8–12has been var
ble. In a relatively small study involving patie
ith clearly defined etiology of left ventricular sy

rom the Cardiovascular Division, Department of Medicine, Beth Israel
eaconess Medical Center and Harvard Medical School, Boston,
assachusetts; the Nuclear Cardiology Laboratory of the Henry Low
eart Center and the Department of Research Administration, Hartford
ospital, Hartford, Connecticut; and the University of Connecticut
chool of Medicine, Farmington, Connecticut. The study was sup-
orted in part by grants from the Hartford Hospital Research Fund,
artford, Connecticut, and Bristol Myers Squibb Medical Imaging,
illerica, Massachusetts. Manuscript received December 9, 2003;
evised manuscript received and accepted March 12, 2004.

Address for reprints: Peter G. Danias, MD, PhD, Beth Israel Dea-
oness Medical Center, 330 Brookline Avenue, Boston, Massachu-
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olic dysfunction, a combined approach of stress m
ardial perfusion and function using electrocard
raphic-gated (ECG-gated) single-photon emis
omputed tomography (SPECT) after stress wa
orted to distinguish between ischemic and noni
mic cardiomyopathy.13 However, data from sma
ell-controlled trials may not be applicable to u
lected patients. Accordingly, we examined the c
al usefulness of stress technetium-99m sesta
CG-gated SPECT in the differentiation of ische
ardiomyopathy from nonischemic cardiomyopath
consecutive series of patients with moderate to

ere left ventricular systolic dysfunction who we
eferred for stress myocardial perfusion imaging
ubsequently underwent coronary angiography.

ETHODS
Data collection: We queried the electronic databa

f the Cardiology Division of Hartford Hospital (Ha
ord, Connecticut) and identified patients who und
ent stress technetium-99m sestamibi ECG-g
PECT between July 15, 1995 and March 30, 2

ollowed by cardiac catheterization within 90 da
nd had left ventricular ejection fraction�40% by

CG-gated SPECT. Patients were excluded if they
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ad known significant coronary artery disease (CAD)
t the time of ECG-gated SPECT after stress (�50%
tenosis in any major coronary artery by angiography)
r a history of myocardial infarction.

Image acquisition and processing: A 1- (at rest and
fter stress) or 2-day protocol using technetium-99m
estamibi (Bristol Myers Squibb Medical Imaging,
illerica, Massachusetts) was used. For imaging after

tress, 30 to 45 mCi (1.11 to 1.67 GBq) of technetium-
9m sestamibi was administered at peak stress and
mages were acquired 15 to 60 minutes after injection
depending on the mode of stress). Images were ac-
uired 45 to 60 minutes after injection of 30 to 45 mCi
1.11 to 1.67 GBq) of technetium-99m sestamibi for
he 2-day protocol and 10 to 15 mCi (0.37 to 0.56
Bq) for the 1-day protocol. All images were ac-
uired with ADAC/Philips single- or dual-head
amma cameras (ADAC/Philips Medical Systems,
ilpitas, California) equipped with low-energy, high-

esolution collimators. Each data set was acquired
ver a 180° arc, from 45° right anterior oblique to 45°
eft posterior oblique. Sixty-four projections were ac-
uired (20 to 25 seconds/projection for stress and 30
econds/ projection for rest) and images were stored in
64 � 64 � 16 matrix. The photopeak window was

et at 140 keV � 20% and a 40% acceptance window.
CG-gated SPECT acquisitions were performed for
ll patients without significant arrhythmias. Filtered
ack-projection was performed by using a low-pass
utterworth filter with a cut-off frequency of 0.6 cy-
les/cm and an order of 5.0 for the transaxial slices to
thickness of 6.6 mm. Attenuation correction was not
sed.

Image interpretation: All images were reinterpreted
or myocardial perfusion and function by a consensus
f 3 experienced observers unaware of patient identity
nd any clinical or catheterization data. A 17-segment
odel14 was used for grading perfusion and function,

s previously described.13 In brief, for assessment of
erfusion, each segment was graded on a scale of 0 to
for at rest and stress (0 � normal activity; 1 � mild;
� moderate; 3 � severe decrease in photon counts;
� complete absence of photon). For each image, a

ummed stress score and a summed score at rest were
alculated by adding the scores for all 17 segments. A
ummed difference score was derived by subtracting
he summed score at rest from the summed stress
core. Left and right ventricular sizes at stress and at
est were scored on a scale of 0 to 3 (0 � normal; 1 �
ild; 2 � moderate; 3 � severe dilation). Evaluation

f systolic function was performed by visually assess-
ng the endocardial border excursion and region of
all thickening of the ECG-gated SPECT images.
ach segment was scored on a scale of 0 to 5 (0 �
ormal; 1 � mild; 2 � moderate; 3 � severe hypo-
inesia; 4 � akinesia; 5 � dyskinesia). The variability
n regional wall motion was expressed as the regional
all motion variance, which is the variance of the

verage wall motion score for patient coronary terri-
ories. Left ventricular ejection fraction was calculated
sing an automated quantitative method15 and con-

rmed visually. f

CORONARY A
Cardiac catheterization: All cardiac catheterization
lms were reviewed and visually assessed by 1 expe-
ienced observer unaware of any clinical or ECG-
ated SPECT data. Patients were classified as having
ignificant CAD if any major coronary artery had
50% diameter stenosis. Criteria to define ischemic

ardiomyopathy included (1) left main coronary artery
ith �50% diameter stenosis, (2) left anterior de-

cending coronary artery with proximal (before the
rst diagonal branch) �75% diameter stenosis, or (3)
2 major epicardial coronary arteries with �75%

iameter stenosis.16

Data analysis: Data from a previous pilot study
rom our laboratory suggested that patients with isch-
mic cardiomyopathy have a much higher summed
tress score and regional wall motion variance than do
atients with nonischemic cardiomyopathy.13 Accord-
ngly, we chose the previously identified 95% upper
onfidence intervals (CIs) for nonischemic cardiomy-
pathy (8.39 for summed stress score and 0.114 for
egional wall motion variance) as cutoffs to examine
he sensitivity, specificity, and accuracy of ECG-gated
PECT for detection of ischemic cardiomyopathy.
he potential additional utility of reversibility (ex-
ressed as the summed difference score), which in
rinciple should identify patients with stress-induced
schemia, was also examined.

Statistical analysis: All numerical values are pre-
ented as mean � SD (range) unless otherwise indi-
ated. Patients were classified as having (1) CAD
ersus no CAD and (2) ischemic versus nonischemic
ardiomyopathy from the angiographic data, which
ere considered the reference standard against
hich the sensitivity, specificity, and accuracy of
CG-gated SPECT were examined. Logistic regres-
ion analysis was used to identify variables that could
iscriminate between patients with ischemic cardio-
yopathy and those with nonischemic cardiomyopa-

hy. A forward stepwise model included parameters
hat on the univariate analysis were associated at p

0.1. Missing values were excluded from multivari-
te analysis. Odds ratios and 95% CIs were deter-
ined. A p value �0.05 was considered statistically

ignificant.

ESULTS
Patient characteristics: One hundred sixty-four con-

ecutive patients (age 62 � 11 years, range 38 to 87)
et the entry criteria and were included in this anal-

sis. For 97 patients (59%), the presence of ventricular
ysfunction was known at the time of stress imaging.

The indications for stress ECG-gated SPECT were
1) symptoms suggestive of CAD in 66% of patients
n � 108); (2) abnormal electrocardiogram, docu-
ented left ventricular dysfunction, or recent conges-

ive heart failure in 18% (n � 29); (3) preoperative
valuation for noncardiac surgery in 10% (n � 16);
nd (4) syncope or arrhythmia in 6% (n � 11). One
undred twenty-nine patients (79%) underwent a
-day rest or stress protocol, with ECG-gating per-

ormed during acquisition of the stress images. The

RTERY DISEASE/ECG-GATED SPECT IN CARDIOMYOPATHY 15
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emaining 35 patients (21%) were imaged according
o a 2-day rest and stress protocol, with ECG-gating
erformed at rest (n � 12) or after stress (n � 23).
orty-nine patients (30%) had left bundle branch
lock on the electrocardiogram at rest.

In the study group (164 patients), cardiac catheter-
zation was performed 12 � 16 days after the stress
est. Based on our definition of ischemic cardiomyop-
thy, 67 patients (41%) had ischemic cardiomyopathy
nd 97 (59%) had nonischemic cardiomyopathy. Among
hose with nonischemic cardiomyopathy, 28 patients
29%) had significant CAD (�50% diameter stenosis)
ithout fulfilling criteria for ischemic cardiomyopa-

hy. The demographic and clinical characteristics of
atients with ischemic or nonischemic cardiomyop-
thy are presented in Table 1. Findings from ECG-
ated SPECT in patients with ischemic or nonisch-
mic cardiomyopathy are presented in Table 2.

Electrocardiographic-gated SPECT for detection of
schemic cardiomyopathy: PERFUSION: A summed stress
core �8 alone identified 58 of 67 patients with isch-
mic cardiomyopathy (sensitivity 87%, 95% CI 78 to
5). This cutoff also identified 61 of 97 patients with
onischemic cardiomyopathy (specificity 63%, 95%
I 60 to 82). Thus, the overall accuracy of SPECT

yocardial perfusion imaging alone (summed stress C

6 THE AMERICAN JOURNAL OF CARDIOLOGY� VOL. 94 J
score �8) for detecting ischemic car-
diomyopathy was 73% (95% CI 66
to 79; Figure 1).

FUNCTION: A regional wall motion
variance �0.114 correctly identified
48 of 67 patients with ischemic car-
diomyopathy (sensitivity 72%, 95%
CI 61 to 82). Of 97 patients with
nonischemic cardiomyopathy, region
of wall motion correctly identified 50
patients (specificity 52%, 95% CI 42
to 61). Thus, the overall accuracy of
increased regional wall motion vari-
ance (�0.114) for detecting ischemic
cardiomyopathy was 60% (95% CI
52 to 67; Figure 1).

INTEGRATED PERFUSION AND FUNC-
TION: The integrated use of myocardial
perfusion data and region of wall mo-
tion (summed stress score �8 or re-
gional wall motion variance �0.114)
correctly identified 59 of 67 patients
with ischemic cardiomyopathy (sensi-
tivity 88%, 95% CI 80 to 96), with a
specificity of 45% (95% CI 35 to 55)
and overall accuracy of 63% (95% CI
55 to 70; Figure 1).

When any reversibility (summed
difference score �0) was used in ad-
dition to the previously mentioned in-
tegrated perfusion/function approach
(cut-off summed stress score �8, re-
gional wall motion variance �0.114,
or summed difference score �0), 63 of
67 patients with ischemic cardiomyop-

thy were correctly identified, corresponding to a sensi-
ivity of 94% (95% CI 88 to 100). The corresponding
pecificity was 32% (95% CI 23 to 41) and overall
ccuracy was 57% (95% CI 50 to 65; Figure 1).

Electrocardiographic-gated SPECT for detection of
ny CAD (>50% diameter stenosis): PERFUSION: Tech-
etium-99m SPECT myocardial perfusion imaging
summed stress score �8) had a sensitivity of 76%
95% CI 67 to 84), a specificity of 71% (95% CI 60 to
2), and an accuracy of 74% (95% CI 67 to 81) for
etection of any CAD (Figure 2).

FUNCTION: Increased regional wall motion variance
�0.114) on ECG-gated SPECT images had a sensitivity
f 70% (95% CI 61 to 79), a specificity of 60% (95% CI
8 to 72), and an overall accuracy of 66% (95% CI 59 to
3) for detection of any CAD (Figure 2).

INTEGRATED PERFUSION AND FUNCTION: ECG-gated
PECT with summed stress score �8 or regional wall
otion variance �0.114 had a sensitivity of 83%

95% CI 75 to 90), a specificity of 54% (95% CI 42 to
6), and an overall accuracy of 71% (95% CI 64 to 78)
or detection of any CAD (Figure 2).

When any reversibility (summed difference score
0) was combined with the integrated ECG-gated

PECT approach, there was a sensitivity of 94% (95%

rdiomyopathy

97) p Value

) NS
�0.001

) NS
) 0.080
) NS
) �0.05
) NS
) NS
) NS
) NS
) NS
) NS

NS
) NS
) NS
) NS

Global
rdiomyopathy

7) p Value

88) NS
NS

�0.01
8 NS

�0.001
�0.001
�0.001
TABLE 1 Demographic Characteristics of Patients With Ischemic Ca
(IC) and Nonischemic Cardiomyopathy (NIC)

Variable IC (n � 67) NIC (n �

Women 22 (33%) 37 (38%
Age (yrs) 66 � 12 59 � 10
Systemic hypertension 45 (67%) 61 (63%
Hypercholesterolemia 36 (54%) 38 (39%
Cigarette smoking 36 (54%) 49 (51%
Diabetes mellitus 34 (51%) 31 (32%
� Blockers 24 (38%) 35 (38%
Calcium antagonists 13 (20%) 11 (12%
Angiotensin-converting enzyme inhibitors 38 (59%) 53 (56%
Nitrates 5 (8%) 9 (10%
Aspirin 31 (48%) 34 (37%
Digoxin 7 (11%) 17 (18%
Amiodarone 0 (0%) 1 (1%)
Exercise 21 (31%) 29 (30%
Pharmacologic stress 38 (57%) 47 (48%
Pharmacologic stress plus exercise 8 (12%) 21 (22%
TABLE 2 Comparison of Perfusion and Left Ventricular Regional and
Functional Data in Patients With Ischemic (IC) and Nonischemic Ca
(NIC)

IC (n � 67) NIC (n � 9

Left ventricular ejection fraction (%) 30 � 11 (n � 50) 33 � 10 (n �
Left ventricular cavity size after

stress
1.2 � 0.9 1.4 � 1.0

Left ventricular cavity size at rest 0.9 � 0.9 1.4 � 1.0
Regional wall motion variance 0.35 � 0.33 0.38 � 0.6
Summed stress score 15.7 � 7.7 7.9 � 5.2
Summed rest score 10.1 � 6.8 6.1 � 5.0
Summed difference score 5.6 � 5.0 1.7 � 2.6
I 89 to 99), a specificity of 45% (95% CI 35 to 57),

ULY 1, 2004
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nd an overall accuracy of 74% (95% CI 68 to 81) for
he detection of any CAD (Figure 2).

Discriminants of ischemic versus nonischemic
ardiomyopathy: By logistic regression, a 2-factor
odel (2 clinical and 2 imaging) accounted for �77%

f all cases. A summed stress score �8 was the single
ost significant factor in the model (p �0.001), fol-

owed by age �70 years (p �0.005), reversible left
entricular cavity dilation (p �0.01), and smoking (p
0.05; Table 3). Age also played a significant role in

he model at cutoffs of �50 and �60 years, but at a
ower level of significance and with a lower overall

bility to predict the etiology of cardiomyopathy. r

CORONARY A
DISCUSSION
In a large cohort of 164 consecutive

patients, we demonstrated that stress
ECG-gated technetium-99m sestamibi
SPECT has clinical utility for assess-
ing patients with cardiomyopathy and
offers a high sensitivity for detecting
those with ischemic cardiomyopathy.
The stress perfusion defect score was
the most important variable to distin-
guish ischemic from nonischemic car-
diomyopathy and correctly identified
most of the patients (87%) with isch-
emic cardiomyopathy. The addition of
regional systolic dysfunction or pres-
ence of defect reversibility further en-
hanced sensitivity for detection of
ischemic cardiomyopathy (94%).

Studies of myocardial perfusion
using thallium-201,8,9,11,17–21 techne-
tium-99m,13 and fluoride-18 fluoro-
deoxyglucose positron emission to-
mography10,12,22 have shown that
patients with ischemic cardiomyopa-
thy have more severe perfusion de-
fects than do those with nonischemic
cardiomyopathy. Our findings are
consistent with these observations.
The stress perfusion defects in isch-
emic cardiomyopathy are due to pre-
vious infarctions, myocardial hiber-
nation in regions with decreased
blood flow of long duration, revers-
ible ischemia, or a combination of
mechanisms. Stress perfusion is
more sensitive for detection of isch-
emic cardiomyopathy and CAD than
is perfusion at rest, because the latter
does not take the ischemic burden
into account.

In nonischemic cardiomyopa-
thy, mild fixed defects are occa-
sionally encountered, typically in
the inferior wall, and are likely due
to attenuation associated with the
severely dilated left ventricular
cavity and supine imaging.10,13 The
presence of such mild defects may
account for some overlap between

schemic and nonischemic cardiomyopathy when
erfusion is used as the only criterion to differen-
iate between the 2 entities. In these patients and in
hose with “mixed” cardiomyopathy (primarily non-
schemic cardiomyopathy with co-existent CAD),
he addition of ECG-gated and reversibility data
ould likely confer the greatest benefit. In our

tudy, mixed cardiomyopathies accounted for ap-
roximately 15% of all cases, a number that was too
mall to provide a reliable subgroup analysis. Nev-
rtheless, the systolic function of these patients
ypically does not significantly improve with resto-

ic cardiomyopa-
nce (RWMV)

, or summed
IGURE 1. Sensitivity, specificity, and accuracy for detection of ischem
hy. (A) Summed stress score (SSS) >8. (B) Regional wall motion varia
0.114. (C) SSS >8 or RWMV >0.114. (D) SSS >8, RWMV >0.114
ifference score (SDS) >0.
ation of blood flow in the diseased arteries, and

RTERY DISEASE/ECG-GATED SPECT IN CARDIOMYOPATHY 17
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heir overall prognosis is very similar to those with
pure” nonischemic cardiomyopathy.16

IGURE 2. Sensitivity, specificity, and accuracy for detection of an
meter stenosis). (A) SSS >8. (B) RWMV >0.114. (C) SSS >8 or R
SS >8, RWMV >0.114, or SDS >0. Abbreviations as in Figure 1

TABLE 3 Logistic Regression Analysis for Distinction Between Isc
Nonischemic Cardiomyopathy

OR 95%

Imaging parameters
Summed stress score 11.8 4.9–28
Reversibility of left ventricular dilation 6.6 1.6–27

Clinical parameters
Age (�70 yrs) 3.9 1.6–9.
Smoker 2.2 1.0–5.

95% CI � 95% confidence interval; OR � odds ratio.
In our previous pilot study, which assessed the 6

8 THE AMERICAN JOURNAL OF CARDIOLOGY� VOL. 94 J
value of ECG-gated SPECT to dis-
tinguish ischemic from nonischemic
cardiomyopathy,13 ischemia (mea-
sured by the summed difference
score) of either type was not a signif-
icant discriminating factor, likely due
to a small sample size and preferential
selection of patients with stable isch-
emic cardiomyopathy and little, if any,
angina. However, intuitively, the pres-
ence of ischemia should be a good way
to identify patients with CAD (and
ischemic cardiomyopathy). In this
study, the presence of reversible de-
fects enhanced the sensitivity for de-
tection of CAD (from 76% to 94%)
and ischemic cardiomyopathy (from
87% to 94%) compared with the
summed stress score alone. Previous
studies have shown the potential value
of reversibility,8 whereas others have
not found it to be helpful.11 Therefore,
the value of defect reversibility to
identify CAD (and ischemic cardio-
myopathy) merits further investigation
in prospective studies.

We conclude that ECG-gated
technetium-99m sestamibi SPECT
stress myocardial perfusion imaging
is very sensitive for identification of
ischemic cardiomyopathy and CAD
among patients with moderate to se-
vere left ventricular dysfunction.
These findings support a clinical role
for noninvasive testing as an initial
evaluation for patients with cardio-
myopathy.
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