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Stress myocardial perfusion imaging is a useful method for
evaluation of coronary artery disease (CAD) in patients with
diabetes mellitus. However, its role in predicting all-cause mor-
tality is not well defined. The aim of this study was to determine
whether myocardial ischemia on stress myocardial perfusion
imaging can predict all causes of death in patients with diabetes
mellitus. Methods: We studied 297 patients with diabetes mel-
litus and known or suspected CAD by exercise or dobutamine
stress 99mTc-tetrofosmin myocardial perfusion tomographic im-
aging. Ischemia was defined as reversible perfusion abnormal-
ities. The endpoints were death from any cause and hard car-
diac events (cardiac death and nonfatal myocardial infarction).
Results: An abnormal scan was detected in 179 (60%) patients.
Myocardial perfusion abnormalities were fixed in 76 (26%) pa-
tients and were reversible in 103 (35%) patients. During a mean
follow-up of 6 � 2.1 y, 80 (27%) patients died. Nonfatal myo-
cardial infarction occurred in 14 (5%) patients. The annual mor-
tality rate was 2.5% in patients with normal perfusion, 4.5% in
patients with fixed defects, and 6% in patients with ischemia.
The annual cardiac death rate was 4.2% in patients with ische-
mia and 2.6% in patients with fixed defects. In patients with
normal perfusion, the annual cardiac death rate was 0.9% dur-
ing the 5 y after the stress test. In a Cox multivariate analysis
model, predictors of death were age, history of heart failure,
peripheral vascular disease, and reversible perfusion defects.
Conclusion: Myocardial ischemia on stress 99mTc-tetrofosmin
myocardial perfusion imaging is associated with an increased
risk of all-cause mortality during long-term follow-up among
patients with diabetes mellitus. Patients with normal perfusion
have a lower mortality rate and may require less frequent fol-
low-up stress perfusion imaging.

Key Words: diabetes mellitus; coronary artery disease; risk
stratification

J Nucl Med 2005; 46:1589–1595

Various studies have demonstrated the association of
diabetes mellitus with increased risk of overall and cardiac
mortality (1–11). The reported annual mortality rate in
epidemiologic studies ranged between 4.8% and 9% in
diabetic patients who were 44–75 y old (5–7). Coronary
artery disease (CAD) is a leading cause of morbidity and
mortality in diabetic patients (9–11). Identification of high-
risk patients is important for planning the proper manage-
ment strategy.

Recent studies have demonstrated the value of noninva-
sive imaging modalities such as stress echocardiography
(12–14) and myocardial perfusion scintigraphy (15–22) in
the prediction of cardiac death and composite cardiac end-
points in diabetic patients. In recent years, there has been an
increasing interest in studying all causes of mortality as a
single endpoint, against which the value of diagnostic and
therapeutic interventions in CAD is assessed. The use of all
causes of mortality as an endpoint has the advantage of
avoiding inaccuracies and bias related to determination of
cause of death (23). Additionally, the finding of an associ-
ation of the results of stress imaging with all causes of
mortality would suggest that interventions based on these
results may improve survival in the studied population.

To our knowledge, there are currently no data that sug-
gest a role of myocardial ischemia on stress myocardial
perfusion imaging in the prediction of all causes of mortal-
ity in diabetic patients. Additionally, the prognostic utility
of stress imaging techniques in diabetic patients was studied
during short-term and intermediate-term follow-up, with no
available information with regard to long-term follow-up.
The aim of this study was to determine whether ischemia on
stress 99mTc-tetrofosmin myocardial perfusion imaging pro-
vides independent information for prediction of all causes of
mortality during long-term follow-up in diabetic patients
with known or suspected CAD.
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MATERIALS AND METHODS

Patients
The initial study population consisted of 299 consecutive pa-

tients with diabetes mellitus who were referred, between Novem-
ber 1995 and December 2002, for exercise or dobutamine stress
99mTc-tetrofosmin SPECT for evaluation of suspected or known
CAD at the Thoraxcenter (Rotterdam, The Netherlands). The
choice of stress test was based on the ability to exercise. Follow-up
was successful in 297 (99%) patients and the data of these patients
are reported. All patients gave informed consent before the test.
The Ethics Committee of University Hospital Dijkzigt (Rotterdam,
The Netherlands) approved the protocol. A structured interview
and clinical history were acquired and cardiac risk factors were
assessed before nuclear testing.

Diabetes mellitus was defined as a fasting glucose level of
�140 mg/dL or the need for insulin or oral hypoglycemic agents.
Hypercholesterolemia was defined as a total cholesterol of �200
mg/dL or treatment with lipid-lowering medications. Overt ne-
phropathy was defined as an albumin excretion rate of �200
�g/min on at least 2 of 3 timed urine samples or, in the absence of
urine, a serum creatinine level of �2 mg/dL, renal failure, or renal
transplant. Peripheral neuropathy was considered to be present if
there was decreased or absent deep tendon reflexes or signs of
sensory loss. Peripheral vascular disease was defined by a history
of amputation or claudication or an ankle brachial index of �0.9
at rest. Hypertension was defined as blood pressure of �140/90
mm Hg or use of antihypertensive medication (24).

Stress Test Protocols
Patients were instructed to discontinue �-blockers at least 24 h

before the stress test, whenever applicable. Other medications
were not routinely discontinued. An exercise stress test was per-
formed on 68 patients using a symptom-limited upright bicycle
ergometry test with stepwise increment of 20 W/min. Dobutamine-
atropine stress testing was performed on 229 patients. Dobutamine
was infused intravenously, starting at a dose of 10 �g/kg/min for
3 min, increasing by 10 �g/kg/min every 3 min up to a maximum
dose of 40 �g/kg/min (21,22). If the test endpoint was not reached
at a dobutamine dose of 40 �g/kg/min, atropine (up to 1 mg) was
given intravenously. Blood pressure, heart rate, and electrocardi-
ography were continuously monitored. Test endpoints were
achievement of target heart rate (85% of maximum age-predicted
heart rate), horizontal or downsloping ST-segment depression of
�2 mm at an interval of 80 ms after the J point compared with
baseline, severe angina, systolic blood pressure fall of �40 mm
Hg, blood pressure of �240/120 mm Hg, and significant cardiac
arrhythmia. Metoprolol was available to reverse the side effects of
dobutamine or atropine if these did not revert spontaneously.

Cuff blood pressure measurements and 12-lead electrocardiog-
raphy were recorded at rest and every minute during stress and
recovery. Significant ST-segment depression was defined as
�1-mm horizontal or downsloping ST-segment depression occur-
ring at 80 ms after the J point.

99mTc-Tetrofosmin SPECT
An intravenous dose of 370 MBq of 99mTc-tetrofosmin (Myo-

view; Amersham) was administered approximately 1 min before
termination of the dobutamine or exercise test (25,26). For resting
studies, 370 MBq of 99mTc-tetrofosmin were injected at least 24 h
after the exercise study. Image acquisition was performed with a
triple-head �-camera system (Prism 3000 XP; Picker Interna-

tional). For each study, 6 oblique (short axis) slices from the apex
to the base and 3 sagittal (vertical long axis) slices were defined.
Each of the 6 short-axis slices was divided into 8 equal segments.
The septal part of the 2 basal slices was excluded from analysis
because this region corresponds to the fibrous portion of the
interventricular septum and normally exhibits reduced uptake.
Consequently, a total of 47 segments was identified (3 long axis
and 44 short axis). The interpretation of the scan was semiquan-
titatively performed by visual analysis. Stress and rest tomographic
views were reviewed side by side by an experienced observer who
was unaware of each patient’s clinical data. A reversible perfusion
defect was defined as a perfusion defect on stress images that
partially or completely resolved at rest in �2 contiguous segments
or slices in the 47-segment model. This was considered diagnostic
of myocardial ischemia. A fixed perfusion defect was defined as a
perfusion defect on stress images in 2 or more contiguous seg-
ments or slices, which persists on rest images in the 47-segment
model. An abnormal study was considered in the presence of a
fixed or reversible perfusion defect. In our laboratory, the interob-
server agreement on the interpretation of stress tetrofosmin images
is 93%. The intraobserver agreement is 95%.

The impact of the extent of perfusion abnormalities on the
outcome was evaluated by estimation of the number of coronary
arterial territories with perfusion abnormalities on the stress im-
ages (26). Myocardial segments were assigned to corresponding
coronary arteries as follows: the anterior wall and anterior septum
to the left anterior descending coronary artery, the posterolateral
wall to the left circumflex artery, and the basal posterior septum
and the inferior wall to the right coronary artery. The apex was
assigned to arterial distribution with concomitant abnormalities.
Isolated apical abnormalities were considered indicative of single-
vessel CAD. To obtain a semiquantitative assessment of the se-
verity of perfusion abnormalities, the left ventricular myocardium
was divided into 6 major segments: anterior, inferior, septal ante-
rior, septal posterior, posterolateral, and apical. Each of the 6
major left ventricular segments was scored using a 4-point scoring
system, and a summed stress score was obtained by adding the
scores of the 6 myocardial segments at stress (25).

Follow-Up
Follow-up data collection was performed by contacting the

patient’s general practitioner and by review of hospital records. In
addition, vital status was verified through the civil data registry.
The outcome endpoint was death from any cause. Other events
noted during follow-up were myocardial revascularization and
nonfatal myocardial infarction, defined by cardiac enzyme levels
and electrocardiographic changes. Cardiac death was considered to
be caused by acute myocardial infarction, significant arrhythmias,
or refractory heart failure. Sudden unexpected death occurring
without another explanation was included as cardiac death. Hard
cardiac events were defined as cardiac death or nonfatal myocar-
dial infarction.

Statistical Analysis
Continuous data were expressed as mean value � SD. The

Student t test was used to analyze continuous data. Differences
between proportions were compared using the �2 test. Univariate
and multivariate Cox proportional hazard regression models
(BMDP Statistical Software Inc.) were used to identify predictors
of events. Parameters considered for multivariate analysis were
those with P � 0.05 in the univariate analysis. Variables were
selected in a stepwise forward selection manner with entry and
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retention set at a significance level of 0.05. The probability of
survival was calculated using the Kaplan–Meier method. Survival
curves were compared using the log-rank test.

RESULTS

Clinical Data
There were 190 (64%) men with a mean age of 60 � 9 y.

Seventy-four (25%) patients had type I diabetes mellitus.
Additional risk factors for CAD were hypertension in 182
(61%) patients, hypercholesterolemia in 140 (47%) patients,
and smoking in 57 (19%) patients. Eighty-eight (30%) pa-
tients had a history of previous myocardial infarction and 61
(21%) patients underwent previous myocardial revascular-
ization procedures. Medications included �-blockers in 113
(38%), angiotensin-converting-enzyme inhibitors in 126
(42%), diuretics in 94 (32%), and calcium channel blockers
in 179 (60%) patients.

Stress Test Data
There was a significant increase of heart rate (80 � 17 vs.

133 � 18 beats/min) and systolic blood pressure (146 � 23
vs. 169 � 34 mm Hg) from rest to peak stress, respectively.
ST-segment depression occurred in 59 (20%) patients and
angina occurred in 66 (22%) patients with stress. The mean
achieved workload with exercise was 121 � 40 W. The
mean maximal dobutamine dose was 33 � 10 �g/kg/min.
Atropine was administered in 95 patients. The target heart
rate was achieved in 266 (89%) patients.

SPECT and Follow-Up Results
A normal scan was detected in 118 (40%) patients. An

abnormal scan was detected in 179 (60%) patients. Myo-
cardial perfusion abnormalities were fixed in 76 (26%)
patients and were reversible in 103 (35%) patients. Among
patients with reversible defects, 32 had completely revers-
ible defects and 71 had resting perfusion defects as well.
Perfusion abnormalities were observed in a single-vessel
distribution in 92 patients and in a multivessel distribution
in 87 patients. During a mean follow-up of 6 � 2.1 y, 80

(27%) patients died. Death was considered to be cardiac in
49 (16%) patients. Nonfatal myocardial infarction occurred
in 14 (5%) patients, and 53 (18%) patients underwent cor-
onary revascularization. The annual mortality rate was 2.5%
in patients with normal perfusion, 4.5% in patients with
fixed defects, and 6% in patients with ischemia. The group
of patients with both reversible and fixed defects had the
worst outcome, with an annual death rate of 7.2%. The
annual death rate was 6.5% in patients with multivessel
distribution of perfusion abnormalities and 4.3% in patients
with a single-vessel distribution (P � 0.05). Survival curves
are presented in Figure 1. The annual cardiac death rate was
4.2% in patients with ischemia and 2.6% in patients with
fixed defects. In patients with normal perfusion, the annual
cardiac death rate was 0.9% during the 5 y after the stress
and 1.6% in the sixth to eighth year.

Predictors of Mortality and Cardiac Events
Clinical, stress test, and scintigraphic data of patients who

survived versus patients who died are presented in Table 1.
Multivariate predictors of mortality are presented in Table
2. Reversible perfusion defects were independently predic-
tive of death. Multivariate predictors of cardiac death and
hard cardiac events are presented in Table 2. Both reversible
and fixed defects were independently predictive of cardiac
events.

DISCUSSION

In this study, we assessed the independent prognostic
value of stress 99mTc-tetrofosmin SPECT for the prediction
of all-cause mortality in 297 diabetic patients with known or
suspected CAD. Ischemia (reversible perfusion abnormali-
ties) was detected in 35% of patients. During a mean fol-
low-up of 6 y, 80 (28%) patients died. Among the clinical
parameters, advanced age, a history of heart failure, periph-
eral vascular disease, and a lower stress systolic blood
pressure were independent predictors of death. Myocardial
ischemia was independently associated with an increased

FIGURE 1. Kaplan–Meier survival curves
(total mortality) in diabetic patients with
normal perfusion, reversible defects, and
fixed defects.
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risk of total and cardiac death after controlling for clinical
data. The annual mortality rate was 2.5% in patients with
normal perfusion, 4.5% in patients with fixed defects, and
6% in patients with ischemia. Patients with both reversible
and fixed defects had the worst outcome, with an annual
death rate of 7.2%. Patients with perfusion abnormalities in
multivessel distribution had a higher mortality rate than
patients with abnormalities in a single-vessel distribution.

The reported annual mortality rate in epidemiologic stud-
ies ranged between 4.8% and 9% in diabetic patients who
were 44–75 y old (5–7). Therefore, an annual mortality rate
of 2.5% in patients with normal perfusion imaging in our
study may represent a significantly lower risk of death than
what is expected in the general diabetic population. How-
ever, differences in population characteristics are potential
confounders for such comparison.

A lower peak systolic blood pressure was associated with
an increased risk of death in our study. Some previous
studies have shown an association of impairment of systolic
blood pressure response to exercise (27) and dobutamine
(28) with an adverse outcome. This has been explained by
a lower cardiac reserve in patients with impaired systolic

blood pressure response. The associated risk of mortality
related to ischemia was independent of symptoms and clin-
ical risk factors. The association of combined fixed and
reversible perfusion abnormalities with the worst outcome
can be explained by the possibility that ischemia superim-
posed on necrotic myocardium may contribute to myocar-
dial remodeling, with progressive worsening of left ventric-
ular function, and may trigger fatal arrhythmic events on a
substrate of myocardial fibrosis, as opposed to ischemia that
occurs in a myocardium with no structural abnormalities
(29–31). A history of heart failure was an important clinical
predictor of both total mortality and hard cardiac events,
consistent with previous studies in general populations as
well as diabetic populations (32,33). Peripheral vascular
disease was associated with an increased risk of death
consistent with previous studies (34).

Some studies have shown a good outcome of diabetic
patients with a normal stress myocardial perfusion during
short-term follow-up. We demonstrated in this study that
the relatively low-risk warrantee (as compared with mortal-
ity in the general diabetic population) was maintained up to
5 y of follow-up, which suggests that patients with a normal

TABLE 1
Clinical, Stress Test, and Scintigraphic Data of Patients Who Survived and Patients Who Died During Follow-Up

Parameter
Patients who died

(n � 80)
Patients who survived

(n � 217) P

Age (y) 64 � 8 59 � 9 0.001
Men 57 (71) 133 (61) 0.1
Previous myocardial infarction 31 (39) 57 (27) 0.01
Hypertension 46 (58) 128 (59) NS
Smoking 18 (23) 39 (13) 0.09
Hypercholesterolemia 35 (44) 105 (48) NS
Symptom

None 30 (38) 71 (33) NS
Heart failure 28 (35) 42 (19) 0.01
Atypical chest pain 26 (33) 70 (32) NS
Angina 18 (23) 65 (30) NS

Peripheral vascular disease 16 (20) 26 (12) 0.03
Peripheral neuropathy 12 (15) 22 (10) 0.08
Overt nephropathy 22 (28) 43 (20) 0.04
Previous stroke 4 (5) 7 (3) NS
Resting heart rate (beats/min) 81 � 18 80 � 16 NS
Dobutamine stress test 69 (86) 160 (74) 0.02
Stress heart rate (beats/min) 130 � 15 134 � 17 0.08
Resting systolic blood pressure (mm Hg) 146 � 28 145 � 23 0.7
Stress systolic blood pressure (mm Hg) 155 � 33 174 � 34 0.001
Stress rate . pressure product 18,549 � 4,800 22,420 � 6,084 0.001
ST-segment depression 18 (23) 41 (19) 0.1
Angina during stress 12 (15) 54 (25) 0.02
Scan result 0.001

Normal 20 (25) 98 (45)
Completely reversible defects 10 (13) 22 (10)
Fixed and reversible defects 28 (35) 43 (20)
Fixed defect 22 (28) 54 (25)
Summed stress score 5.2 � 3 2.8 � 2.3

NS � not significant.
Values in parentheses are percentages.
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stress tetrofosmin study may require stress testing less fre-
quently during the 5 y after the stress test.

Total Mortality as an Endpoint
The use of “cardiac death” instead of all-cause death as

an endpoint in clinical investigations may be limited by
inaccuracies or bias of data obtained from death certificates
or from medical records and the inherent difficulties in
determining cause of death owing to the presence of con-
current comorbid illnesses (23). CAD may, in fact, be
present and significant at the time of death and, yet, not be
the primary reason a patient may die. This should be con-
sidered especially in diabetic patients because other causes
of mortality in these patients, such as renal failure and
peripheral vascular disease, are strongly associated with the
incidence of CAD. Therefore, recently there has been a
growing interest in the use of all causes of death as an
endpoint against which therapeutic and diagnostic interven-
tions are weighted.

In our study, the annual total death rate was 2.5% in
patients with normal perfusion and 6% in patients with
ischemia. These data suggest that interventions based on the
results of myocardial perfusion scintigraphy in diabetic
patients may improve overall survival, which is the ultimate
target of therapeutic interventions in patients with known or
suspected CAD. It should be emphasized that the results of
this study apply to diabetic patients with known or sus-
pected CAD who have either symptoms or additional risk

factors; therefore, the results cannot be generalized to a
lower risk population. Previous studies have shown that
myocardial ischemia is not uncommon in asymptomatic
diabetic patients (35,36). In our study, heart failure, but not
angina, was predictive of events.

Comparison with Previous Studies
To our knowledge, there are no available data to suggest

a role of myocardial ischemia on stress myocardial perfu-
sion imaging in predicting all-cause mortality in diabetic
patients. Additionally, the prognostic utility of stress imag-
ing techniques has been demonstrated during short-term and
intermediate-term follow-up, whereas long-term follow-up
data are missing.

Felsher et al. (17) demonstrated that exercise planar thal-
lium imaging was useful for the risk stratification of 123
diabetic patients. Four cardiac deaths and 8 nonfatal infarc-
tions occurred during the follow-up period of 1.8 � 0.9 y.
Vanzetto et al. (22) evaluated the prognostic value of exer-
cise thallium imaging in 158 diabetic patients. During a
mean follow-up of 1.9 y, cardiac death occurred in 8 pa-
tients and nonfatal infarction occurred in 14 patients. The
authors concluded that the inability to exercise was associ-
ated with a high risk of events and suggested that, for the
assessment of prognosis in these patients, pharmacologic
stress myocardial perfusion imaging be performed. Cohen
et al. (21) demonstrated that abnormal dipyridamole stress
thallium images were important adverse indictors of prog-
nosis in 101 diabetic patients undergoing peripheral vascu-
lar surgery.

Kang et al. (16) evaluated the prognostic value of rest
201Tl/stress 99mTc-sestamibi myocardial perfusion imaging
in 1,080 patients with diabetes. During the follow-up period
of 2 � 0.6 y, 50 cardiac deaths and 42 nonfatal infarctions
occurred. An abnormal scan provided incremental prognos-
tic information over clinical data. Giri et al. (18) studied 929
diabetic patients after exercise or vasodilator stress myocar-
dial perfusion imaging. During a follow-up period of 2.5 �
1.5 y, 39 deaths and 41 nonfatal infarctions occurred. The
presence and the extent of abnormal stress myocardial per-
fusion imaging independently predicted subsequent cardiac
events. Schinkel et al. (19) demonstrated that dobutamine
stress myocardial perfusion imaging provided incremental
information for predicting cardiac death and nonfatal myo-
cardial infarction in 207 diabetic patients who were fol-
lowed for 4.1 y. Rajagopalan et al. (37) studied 1,427
asymptomatic diabetic patients without known CAD during
exercise or pharmacologic stress. The study used 99mTc-
sestamibi or 201Tl. An abnormal stress SPECT scan was
present in 826 (58%) patients and a high-risk scan was
present in 261 (18%) patients. Annual mortality rates for
patient subsets categorized by SPECT scans were high risk,
5.9%; intermediate risk, 5.0%; and low risk, 3.6%. Indepen-
dent predictors of mortality were not evaluated in their
study.

TABLE 2
Independent Predictors of Mortality and Cardiac Events

in Multivariate Analysis Models

Parameter
Hazard

ratio
Confidence

interval

All-cause mortality
Age* 1.04 1.02–1.07
Male sex 1.9 1.2–3.0
Heart failure 1.6 1.1–2.5
Peripheral vascular disease 1.5 1.2–2.9
Stress systolic blood pressure 0.92 0.88–0.96
Reversible perfusion defects 1.9 1.2–2.6
Summed stress score* 1.3 1.1–2.1

Hard cardiac events
Age* 1.05 1.01–1.08
Male sex 1.8 1.1–3.1
Heart failure 2.6 1.5–4.3
Peripheral vascular disease 1.6 1.1–3.2
Reversible perfusion defects 2.3 1.4–3.9
Summed stress score* 1.2 1.1–1.3

Cardiac death
Age 1.04 1.01–1.08
Heart failure 2.3 1.2–4.2
Reversible perfusion defects 2.4 1.3–4.3
Summed stress score 1.2 1.1–1.3

*Per 1-unit increment.
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Limitations
The sample size was relatively small and included a

heterogeneous population. Further studies are required to
determine whether these results are applicable for patients
with known CAD versus those with suspected CAD and for
older patients. Gated SPECT data were not available in all
patients; therefore, the prognostic information obtained
from left ventricular function and transient left ventricular
dilation could not be assessed. The diagnosis of myocardial
infarction during follow-up was based on clinical data. It
cannot be excluded that some patients may have sustained a
silent myocardial infarction, because no follow-up imaging
study was implemented to assess wall motion. Patients with
limited exercise capacity received dobutamine rather than
the vasodilator stress test. Earlier studies have shown that
the grade of hyperemia induced by dobutamine is less than
that induced by vasodilators such as dipyridamole and aden-
osine (38). However, recent studies have shown that with
standard high-dose dobutamine–atropine stress testing, the
extent of hyperemia is not less than that observed with
dipyridamole (39,40). Although mortality was higher
among patients who underwent dobutamine stress compared
with patients who underwent exercise stress, the type of
stress test was not independently predictive of mortality
after adjustment for clinical and perfusion data.

CONCLUSION

Myocardial ischemia on stress 99mTc-tetrofosmin myocar-
dial perfusion imaging is associated with an increased risk
of all causes of mortality during long-term follow-up among
diabetic patients, after adjustment for clinical data. Patients
with a normal perfusion study had a lower death rate during
the 5 y after stress testing as compared with the reported
death rate in the general diabetic population in epidemio-
logic studies. Therefore, these patients may require less
frequent testing during that period, unless there was a
change in the clinical condition.
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