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To evaluate the prognostic value of normal dobutam- 
ine-atropine technetium-99m sestamibi single-photon 
emission computed tomography (SPECT) perfusion im- 
aging in women with chest pain and inability to 
perform an adequate exercise test, 80 women with a 
normal scintigram were followed up for 23 5 13 
months. Mean age of the patients was 61 2 12 years. 
Nine patients ( 11%) had a low probability (< 10%) of 
coronary artery disease, 43 (54%) had an intermedi- 
ate probability (10% to 80%) of disease, and 28 (35%) 
had a high probability (>80%) of disease (including 
19 patients with known coronary artery disease). 
During follow-up, no major cardiac events (cardiac 

death or nonfatal myocardial infarction) occurred. 
One patient with known coronary disease underwent 
coronary bypass surgery after 3 months, and 1 pa- 
tient with a 91% pretest likelihood of coronary disease 
underwent coronary angioplasty after 7 months. Thus, 
the overall incidence of (soft) cardiac events during 
the follow-up period was 2 of 80 patients, or 1.3%/ 
year. It is concluded that normal dobutamine-atropine 
technetium-99m sestamibi SPECT perfusion imaging in 
women with chest pain implies an excellent prognosis, 
even in women with high pretest likelihood of coro- 
nary disease. 

(Am J Cardiol 1996;77:1057-1061) 

M yocardial perfusion imaging is known to im- 
prove the diagnostic accuracy of exercise elec- 

trocardiography for the detection of significant cor- 
onary artery disease, especially in patients with 
inadequate heart rate response’ or abnormal resting 
ST-T segments,2’3 and in women.4-6 In women un- 
able to perform an adequate exercise test, dobutam- 
ine-atropine stress technetium-99m sestamibi single- 
photon emission computed tomography (SPECT) 
perfusion imaging is a relatively new exercise-sim- 
ulating stress modality. The accuracy of this tech- 
nique for the detection of coronary artery disease has 
been examined previously7-‘2 and the results of 
these studies show that this test is useful for the as- 
sessment of the functional significance of coronary 
disease. Another potential use of this test, on which 
less information is available, is in risk stratification. 
Normal dobutamine stress scintigrams may identify 
a group of women at low risk for future cardiac 
events. Therefore, the purpose of the present study 
was to evaluate the prognostic significance of normal 
dobutamine stress sestamibi scintigrams in women 
with chest pain, in particular in relation to the pretest 
likelihood of coronary disease. 

METHODS 
Patients: We reviewed the results of all women 

with inability to perform an adequate exercise test, 
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who underwent dobutamine-atropine stress sesta- 
mibi SPECT imaging for the evaluation of chest pain 
between November 1990 and January 1995 at our 
institution. After exclusion of patients with clinically 
significant valvular heart disease, congenital heart 
disease, previous heart transplantation, primary 
myocardial disease, and recent (<3 months) angio- 
plasty, 82 patients were identified with normal scin- 
tigraphic images. Two patients with normal scinti- 
grams, referred for the functional evaluation of 
known coronary artery disease before elective revas- 
cularization were also excluded. In these patients re- 
vascularization took place within 2 weeks of stress 
testing. The remaining 80 women constituted the fi- 
nal study group. Twenty-five patients had submaxi- 
mal normal exercise (perfusion) studies in the past, 
the other 55 patients were considered to be unable 
to perform an adequate exercise test, mainly because 
of obstructive airway disease, claudication, cerebro- 
vascular accident, or arthrosis. 

Dobutamine stress test: After routine preparation, a 
resting electrocardiogram was recorded, intravenous 
access was secured, and dobutamine was adminis- 
trated intravenously by an infusion pump. The in- 
fusion rate was 10 pg/kg/min for 3 minutes, increas- 
ing by 10 pg/kg/min every 3 minutes, up to a 
maximum of 40 yglkglmin. In patients not achiev- 
ing 85% of their maximal heart rate and without 
symptoms or signs of myocardial ischemia, atropine 
was administered on top of the maximal dose of do- 
butamine, starting with 0.25 mg intravenously, and 
repeated up to a maximum of 1.0 mg within 4 
minutes with continuation of dobutamine infusion. 
Throughout dobutamine infusion, the electrocardio- 
gram (3 leads) was continuously monitored and re- 
corded ( 12 leads) at l-minute intervals. The level of 
ST-segment shift was calculated, after signal aver- 
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aging, by a computer-assisted system (Cardiovit 
CSG/ 12; Schiller, Baar, Switzerland). Blood 
pressure was measured and recorded by sphygmo- 
manometry every 3 minutes. Reasons for interrup- 
tion of the test were: horizontal or downsloping ST- 
segment depression >0.2 mV 80 ms after the J point 
compared with baseline; ST-segment elevation >O. 1 
mV in patients without previous myocardial infarc- 
tion; severe angina; a symptomatic reduction in sys- 
tolic blood pressure >40 mm Hg from baseline; hy- 
pertension (blood pressure >240/ 120 mm Hg); 
significant cardiac tachyarrhythmias; and any serious 
adverse effect regarded as being due to dobutamine. 
Metoprolol was available and used to reverse the ef- 
fects of dobutamine if they did not revert spontane- 
ously and quickly. 

Perfusion imaging: At peak stress, 370 MBq of 
technetium-99m sestamibi was injected intrave- 
nously, whereas dobutamine infusion was continued 
for at least 1 minute. Stress scintigraphic images 
were acquired, on average, 1 hour after the termi- 
nation of the dobutamine infusion. For resting stud- 
ies, patients were reinjected with 370 MBq of tech- 
netium-99m sestamibi 224 hours after the stress 
study. Image acquisition was done with a Siemens 
Gammasonics single-head Roter camera (Orbiter, 
Siemens Corp, Iselin, New Jersey). For each study, 
6 oblique (short-axis) slices were defined from the 
apex to the base, and 3 sagittal (vertical long-axis) 
slices from the septum to the lateral wall. To com- 
pare the stress and rest studies, each of the 6 short- 
axis slices was divided into 8 equal segments. The 
septal part of the 2 basal slices (4 segments) was not 
evaluated, because this region corresponds to the fi- 
brous portion of the interventricular septum and nor- 
mally exhibits reduced uptake. The apical region was 
assessed from the 3 central sagittal cross sections. A 
total of 47 segments per patient were analyzed. All 
patients had a normal scan, judged from the combi- 
nation of visual assessment and circumferential pro- 
file analysis. 

Pretest likelihood of coronary artery disease: The 
pretest likelihood of coronary artery disease was cal- 
culated on the basis of age, sex, and chest pain char- 
acteristics using tables published by Diamond and 
Forrester.13 Patients were considered to have typical 
angina if they complained of substernal discomfort 
that was precipitated by physical exertion and re- 
lieved with rest or nitroglycerin within 10 minutes. 
They were considered to have atypical angina if their 
discomfort was either not substemal, not precipitated 
by exertion, or not relieved by rest or nitroglycerin. 
If 22 of these characteristics were absent, patients 
were considered to have nonanginal chest pain. Sub- 
sequently, patients were divided into those with low 
pretest (<lo%), intermediate pretest (10% to 
80% ) , and high pretest ( > 80% ) probabilities of dis- 
ease. Patients with known coronary artery disease 
(by myocardial infarction or coronary angiography ) , 
and thus a pretest probability of lOO%, were included 
in the latter probability group. 

Follow-up: Follow-up data were obtained by out- 
patient clinic assessment or contacting the patient, 
general practitioner, and other hospitals when nec- 
essary. Outcome events were cardiac death, nonfatal 
myocardial infarction, coronary artery bypass sur- 
gery (CABG) and percutaneous transluminal coro- 
nary angioplasty (PTCA) . 

Statistical analysis: Values were expressed as mean 
+- SD, unless specified. Comparison of variables was 
performed with the Student’s t test for continuous 
variables and chi-square test for discrete variables. 
Differences at p <0.05 were considered significant. 

RESULTS 
Patient characteristics: The historical and clinical 

data in the study patients are listed in Table I. The 
mean age of the 80 women was 6 1 + 12 years (range 
39 to Sl), 10 (13%) had a history of myocardial 
infarction, and 12 ( 15%) had a history of revascu- 
larization. At the time of stress testing, 22 patients 
(28%) were being treated with p blockers, 24 (30%) 
with nitrates, and 30 (38%) with calcium antago- 
nists. Fifteen patients (19%) had typical angina, 35 
(44%) had atypical angina, and 30 (38%) had non- 
angina1 chest pain. 

Dobutamine-atropine stress results: Atropine was 
added to dobutamine in 21 patients (26%). Heart 
rate increased from 73 + 13 to 133 5 14 beats/min 
at peak stress, systolic blood pressure from 151 2 
23 to 158 + 33 mm Hg, and the double (rate-systolic 
blood pressure) product from 11,015 2 2,834 to 
21,036 ? 4,780 beats . mm Hg/min. Target heart 
rate (85% of maximal) was not reached in 6 tests 
(8%) because of interruption caused by angina in 2, 
hypertension in 1, symptomatic hypotension in 2, 
and nausea in 1 patient. Typical angina was induced 
in 14 patients ( 18%) and ischemic ST-segment 
changes were present in 8 patients ( 10% ) . Except 
for the patient with severe nausea, adverse effects 
were unusual and minor. 

Clinical outcome: The mean follow-up period was 
23 ? 13 months (range 6 to 56, with 64 patients still 
at risk at 1 year, 28 at 2 years, and 17 at 3 years). 

TABLE I Historical and Clinical Data of the 80 Study Patients 

1 i H stormal and Clinical Characteristics Patients (%) 

Age [mean % SD) 

Risk factors 

Diabetes 

Hypercholesterolemia 

Hypertension 

Smoking 

History 

Myocardial infarction 

Revascularization 

Chest pain type 

Typical 

Atypical 

Nonanginal 

Medication used 

Beta blocker 

Nitrates 

Calcium antagonists 

61 % 12 

10 (13) 

17 (21) 

42 (53) 

11 (14) 

10 (13) 

12 (15) 

15 (19) 

35 (44) 

30 (38) 

22 (28) 

24 (30) 

30 (38) 
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FIGURE 1. Histogram showing the distribution of events according to the pretest 
likelihood of coronary artery disease (CAD) in 80 study patients with chest pain 
and normal dobutamine-atropine sestamibi scintigram. CABG = coronary oriety 
bypass graft; PTCA = percutaneous transluminal coronary angioplasty. 

No patient was lost to follow-up. Follow-up was 
‘ ‘incomplete’ ’ in 5 patients because of noncardiac 
death after 4 (pneumonia), 8 (cancer), 18 (pneu- 
monia) , 22 (myelodysplasia) , and 49 (complicated 
hip fracture) months of follow-up. These patients 
had, respectively, a lOO%, 18%, 91%, 100% and 
25% pretest likelihood of coronary artery disease. 
During the follow-up period, no patient suffered car- 
diac death or nonfatal myocardial infarction. One pa- 
tient underwent CABG and another PTCA. There- 
fore, the annual event rate for all cardiac events was 
1.3%. Four additional patients with suspected coro- 
nary artery disease underwent coronary angiog- 
raphy. Two of these patients had normal coronary 
arteries, 1 had l-vessel disease, and 1 patient had a 
bridging left anterior descending artery without fixed 
stenoses. 

Cardiac events and pretest.likelihood of coronary ar- 
tery disease: As seen in Figure 1, nine patients ( 11% ) 
had a low probability, 43 (54%) had an intermediate 
probability, and 28 (35%) had a high probability of 
disease (including 19 patients with known coronary 
artery disease) (Figure 1) . Both cardiac events oc- 
curred in patients with a high pretest likelihood of 
coronary disease. One 72-year-old woman with prior 
CABG (and consequently having a pretest probabil- 
ity of coronary disease of 100%) presenting with 

typical angina underwent repeat 
CABG after 3 months because of pro- 
gressive angina. In this patient, the do- 
butamine study was interrupted at the 
20 pg/kg/min stage because of hyper- 
tension (280/ 120 mm Hg) . Heart rate 
at this stage was equivalent to 70% of 
the maximal heart rate. The second pa- 
tient was a 65year-old woman with 
suspected coronary artery disease, pe- 
ripheral vascular disease and multiple 
risk factors for coronary disease (dia- 
betes, hypertension, smoking) present- 
ing with typical effort angina (pretest 
probability of disease ~90%). During 
dobutamine stress, 89% of the maxi- 
mal heart rate was reached and the 
electrocardiogram showed minor ST 
elevation in the inferior leads without 
clinical symptoms of ischemia. The 

scintigram was difficult to interpret because of su- 
perimposed abdominal visceral tracer activity on the 
inferior wall of the left ventricle, potentially respon- 
sible for a false-negative study. Subsequent coronary 
angiography after 7 months revealed a >70% di- 
ameter stenoses of the midright coronary artery, 
which occluded acutely during the procedure. PTCA 
was performed in the same session. 

DISCUSSION 
Dobutamine is an (Y , , PI, and p2 receptor agonist 

and creates, in the presence of significant coronary 
stenoses, blood flow heterogeneity in a way analo- 
gous to exercise stress.‘4.‘5 Used in conjunction with 
sestamibi SPECT imaging, it is a relatively new 
stress modality, which seems to gain increasing in- 
terest over the last years. The diagnostic usefulness 
of the test has been documented by other investiga- 
tors ‘-I* (Table II). These data show that the test is 
accurate, with a sensitivity of 84% (95% confidence 
interval 80 to 88)-79% for l-vessel disease and 
88% for multivessel disease-and a specificity of 
7 1% (95% confidence interval 67 to 76). However, 
data in these studies are mainly based on males (75% 
of the patients) and, to our knowledge, there are no 
data available about the clinical significance of nor- 

TABLE II Diagnostic Accuracy of Dobutamine Sestamibi SPECT Perfusion Scintigraphy 

No. of Women Dobutamine 
Authors Patients (%I (Ctg/kg/minl 

Forste? 21 29 AO* 
Gtinolp’ 27 15 30 
Marwick’ 217 28 40 
Herman” 20 10 30 
Senior” 61 28 40 
Voth’> 34 18 20 
Tota 1 380 25 

l Atropine. 
SPECT = single-photon emission computed tomography 

Sensitivity 

P1 

lo/12 (83) 
17/18 (94) 

108/l A2 (76) 
19/19 (100) 

42/AA (95) 
30/34 (88) 

226/269 (84) 

Specificity 

F-1 

8/9 (89) 
8/9 (89) 

50/75 (67) 
l/l (100) 

12/17(71) 

79/111 (71) 

Sensitivity of Sensitivity of 
1 -Vessel Disease Multivessel Disease 

Pi (%I 

3/A (75) 7/8 (88) 
8/9 (89) 9/9 (100) 

50/68 (74) 58/74 (78) 
1 l/l 1 (100) 8/8 (100) 

12/14(86) 30/30 (100) 
1 l/14(79) 19/20 (95) 

95/l 20 (79) 131/149 (88) 
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ma1 dobutamine sestamibi studies in women, with a 
stable chest pain syndrome. 

Factors decreasing the sensitivity (and probably 
negative predictive prognostic value) of perfusion 
imaging in women include overestimation of breast 
attenuation artifacts,5,16 (misclassification of a per- 
fusion defect as a breast attenuation artifact) and, 
compared with men when matched for age, lower 
exercise tolerance (and achieved heart rate) and in- 
creased prevalence of milder coronary disease.17 
Studies on the diagnostic accuracy of exercise thal- 
lium-201 in women reported fairly low overall sen- 
sitivity of 71% to 79%,4-6 with particularly disap- 
pointing results in detecting l-vessel disease 
(sensitivity 52% to 57%) .4-6 Potential strengths of 
dobutamine sestamibi imaging include the exercise 
independency of the test and the less frequent and 
less severe breast attenuation artifacts compared with 
thallium-201 imaging.18 

Our results indicate that the prognosis of women 
with chest pain and normal dobutamine-atropine ses- 
tamibi SPECT imaging is excellent. Cardiac events 
were rare, and major cardiac events, such as cardiac 
death and nonfatal myocardial infarction, were ab- 
sent. Revascularization procedures were performed 
in only 2 patients, resulting in an overall annual car- 
diac event rate of 1.3%. In 1 of these patients, the 
test was nondiagnostic, since only 70% of the max- 
imal heart rate was reached. The other study repre- 
sents a false-negative study in case of l-vessel dis- 
ease, a situation in which perfusion imaging has been 
found to be least sensitive.” Abdominal visceral 
tracer uptake was probably responsible for the nor- 
mal inferior wall imaging. With the knowledge of 
the history of this patient and the electrocardio- 
graphic changes during dobutamine stress, it seems 
unlikely that this stenosis was not functionally sig- 
nificant at the time of the stress test. 

Importantly, all cardiac events occured in patients 
with a high pretest likelihood of coronary artery dis- 
ease. The 52 patients (65%) with low and interme- 
diate pretest likelihoods of coronary disease 
(<80%) were free of events. This is in agreement 
with Bayes’ theorem, that the clinical relevance of a 
negative test is related to the prevalence of disease 
in the patients studied. However, even in the subset 
of the 28 patients (35%) with a high pretest proba- 
bility of disease ( >80%), the overall annual event 
rate was still low (4% ) , and none of these patients 
had a major cardiac event. These observations agree 
well with exercise thallium-20 1 reports 20-26 in which 
(in mainly male populations) overall yearly major 
cardiac event rates of < 1% were reported. This low, 
hard cardiac event rate is comparable to that reported 
for patients with chest pain and angiographic normal 
coronary arteries.27,2x 

Study limitations: Two patients underwent dobu- 
tamine stress imaging after diagnostic catheterization 
for the evaluation of functional significance of the 
stenoses and underwent revascularization shortly af- 
ter the stress test. Since it was already decided that 
they should undergo this repeated procedure, they 

were excluded from the follow-up study. Obviously, 
the main limitations of this study are the few patients 
(n = SO) and the relatively short follow-up (mean 
23 months). Future studies are needed in larger co- 
horts of women with extended follow-up to confirm 
our results and to clearify the long-term prognosis. 

Clinical implications: Many of the women with 
chest pain studied by dobutamine-atropine stress 
technetium-99m SPECT perfusion imaging may 
have a normal stress scintigram. This can be puz- 
zling, particularly in women with typical angina and/ 
or a high pretest likelihood of coronary artery dis- 
ease. However, this study shows that both patients 
with low or intermediate probability and those with 
a high probability of disease have an excellent car- 
diac prognosis. 
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