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The prognostic value of myocardial perfusion imaging (MPI) with the
cadmium-zinc-telluride (CZT) SPECT camera is not well established.
Therefore, the aim of the current study was to evaluate the
prognostic value of MPI performed with a CZT SPECT camera in
a large cohort of patients suspected of having coronary artery
disease. Methods: Consecutive symptomatic stable patients (n 5
4,057) without a history of coronary artery disease underwent CZT
SPECT MPI. During a median follow-up of 2.4 y (25th–75th percentile, 1.7–3.4), patients were monitored for primary (nonfatal myocardial infarction and cardiac mortality) and secondary outcomes (late
revascularization [.90 d after scanning] and primary outcome).
Results: Patients with normal perfusion demonstrated low annual
event rates (primary outcome, 0.2%; secondary outcome, 0.6%).
Annual event rates increased with the extent of abnormality of myocardial perfusion. In patients with small ischemic perfusion defects,
annual event rates were 0.7% and 2.8% for the primary and secondary outcome, respectively. In patients with moderate or large
ischemic perfusion defects, these event rates were 1.2% and 4.3%,
respectively. After multivariate analysis, the risk for events was significantly associated with the extent of ischemia (hazard ratio for small
ischemic defects: 2.2, 95% confidence interval [CI], 0.9–5.9 and 4.6,
95% CI, 2.8–7.6, for primary and secondary outcomes, respectively;
hazard ratio for moderate or large ischemic defects: 4.0, 95% CI,
1.5–10.5 and 12.1, 95% CI, 7.2–20.2, for primary and secondary
outcomes, respectively). Conclusion: Our findings show that MPI
acquired with a CZT SPECT camera provides excellent prognostic
information, with low event rates in patients with normal myocardial
perfusion. In patients with abnormal SPECT MPI, the extent of abnormality is independently associated with an increased risk of events.
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S

PECT myocardial perfusion imaging (MPI) is an established
and widely available technique for the diagnostic and prognostic
evaluation of patients suspected of having coronary artery disease
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(CAD) (1). Guidelines for appropriate use criteria recommend
SPECT MPI in patients with an intermediate pretest likelihood of
CAD (2–4). Normal SPECT MPI is associated with an excellent
prognosis, with annual cardiac event rates of less than 1% (5,6). In
recent years, concerns about radiation exposure and time efficacy
have led to the development of a new generation of g-camera systems based on a novel detector technology using semiconductor
detectors of cadmium-zinc-telluride (CZT). This new technology,
with solid-state CZT detectors and multipinhole collimators focused
on the heart, allows reduced radiation exposure and acquisition time
without loss of image quality (7,8). Although research about the
diagnostic accuracy of these dedicated CZT SPECT cameras has
been performed (9,10), data on the prognostic value of SPECT
imaging acquired using CZT detectors are scarce (11,12). Therefore,
the aim of the current study was to evaluate the prognostic value of
MPI performed with a CZT SPECT camera in a large cohort of
patients suspected of having CAD.
MATERIALS AND METHODS
Study Population

Patients referred for clinically indicated SPECT MPI in our hospital
were prospectively enrolled in our registry. The study was approved
by our local Medical Ethics committee and included a waiver of
consent. For the current analysis, consecutive patients referred
between May 2010 until June 2013 were included. Patients with a
known history of CAD were excluded; no other exclusion criteria
were applied. Information regarding the presence of risk factors was
prospectively collected by written questionnaires. These data were
verified and complemented with demographic and clinical information
collected from medical records. All patients underwent initial lowdose 99mTc-tetrofosmin stress-first SPECT imaging. In the case of an
abnormal stress perfusion, additional rest SPECT was performed. The
pretest likelihood of CAD was assigned according to the criteria of
Diamond and Forrester (13), with a risk threshold of less than 13.4%
for low risk, between 13.4% and 87.2% for intermediate risk, and
greater than 87.2% for high risk. The presence of left bundle branch
block (LBBB) was assessed on an electrocardiogram obtained in the
nuclear medicine department before stress testing. LBBB was defined
as a QRS duration 0.12 s or more, with a broad-notched or slurred R
wave in leads I, aVL, V5, and V6; absent Q waves in leads I, V5, and
V6; and a R peak time more than 60 ms in leads V5 and V6 but
normal in leads V1–V3 (14).
Stress Procedures and Tracer Injection

Stress testing was routinely performed with pharmacologic stress
using adenosine (140 mg/min/kg for 6 min), unless there was a contraindication for pharmacologic stress. Because of logistical reasons,
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pharmacologic stress testing with adenosine is common practice in our
high-volume center. Patients were instructed to refrain from caffeinecontaining beverages for at least 24 h before the test. In the case of a
contraindication for adenosine, patients underwent dobutamine (starting dose of 10 mg/kg per min, increased at 3-min intervals to a maximum of 50 mg/kg per min), regadenoson (fixed-dose of 400 mg bolus
injection over 15 s), or bicycle testing. A weight-adjusted dose of
99mTc-tetrofosmin (standard, 370 MBq; 500 MBq for patients .
100 kg) was administered after 3 min (adenosine), after 35 s (regadenoson), or when the target heart rate of greater than 85% of predicted
maximal was reached (dobutamine, bicycle test). Patients scheduled
for rest imaging received a dose of 99mTc-tetrofosmin (standard, 740
MBq, but 1,000 MBq for patients . 100 kg).
Myocardial Perfusion Image Acquisition

Both stress and rest SPECT images were acquired 45–60 min after
tracer injection. Time delay between the stress and rest studies was
more than 3 h (15). All patients were imaged supine, with arms
placed above the head. All patients were scanned with a CZT-based
SPECT/CT camera (Discovery NM/CT 570c; GE Healthcare) with
19 stationary CZT detectors simultaneously imaging 19 cardiac
views. Each detector comprised 32 · 32 pixelated (2.46 · 2.46 mm)
CZT elements. Acquisition time was 5 min for the stress images and
4 min for the rest images. This acquisition time was derived from the
recommendations of the manufacturer, published experience, and
our own qualitative assessment in heart phantom studies and our
initial experience in patients (16). All SPECT studies were followed
by an unenhanced low-dose CT scan during a breath-hold to provide the attenuation map for attenuation correction as previously
described (17).
Myocardial Perfusion Image Interpretation

SPECT MPI was performed in an unmasked manner and semiquantitatively interpreted using a 17-segment model (18). Segments
were scored by consensus of 2 experienced nuclear cardiology observers using a 5-point scoring system (0, normal; 1, equivocal; 2,
moderate; 3, severe reduction of radioisotope uptake; 4, absence
of detectable tracer uptake) (19). The combination of attenuationcorrected and non–attenuation-corrected images was reviewed. A
stress study was interpreted as normal if the summed stress scores
were 3 or less (19). Additional rest SPECT was acquired if the stress
images did not fulfill this criterion. The perfusion images were
reviewed again after both stress and rest SPECT. An ischemic defect
was defined as a summed difference score of 2 or greater (19). Reversible defects not fulfilling this criterion were assessed as equivocal
for ischemia. Perfusion defects that demonstrated no reversibility were
defined as fixed defects. SPECT was considered normal in the absence
of reversible or fixed defects. Reversible perfusion defects constituting
less than 10% of the myocardium were defined as small ischemic
perfusion defects. Moderate/large ischemic perfusion defects were
defined as reversible perfusion defects constituting greater than 10%
of the myocardium. Fixed or reversible perfusion defects constituting
less than 10% of the myocardium were defined as small total perfusion
defects. Moderate/large total perfusion defects were defined as fixed or
reversible perfusion defects constituting greater than 10% of the myocardium. Summed stress (total perfusion defect), summed rest, and
difference scores (ischemic perfusion defect) were converted to percentage total myocardium (% myocardium: summed scores/68 [maximum potential score 5 4 · 17] · 100).

Follow-up

Follow-up data were based on clinical visits or standardized
telephone interviews. Patients were monitored for primary (nonfatal
myocardial infarction [MI] and cardiac mortality) and secondary
outcomes (late revascularization [.90 d after scanning] and primary
outcome). Early elective revascularizations within 90 d after imaging
were excluded from the survival analysis to eliminate events driven by
imaging findings. Patients undergoing early revascularization were
censored. Cardiac death was defined as death due to MI, significant
cardiac arrhythmia, refractory heart failure, or cardiogenic shock.
Sudden death occurring without another explanation was included
as cardiac death. For the analysis of death from cardiac causes, we
regarded death from other or unknown causes as censored observations. Nonfatal MI was defined using the criteria of typical chest pain,
elevated cardiac enzyme levels, and typical changes on the electrocardiogram as defined by Thygesen et al. (21).
Statistical Analysis

Continuous variables are expressed as mean 6 SD or median
(25th–75th percentile), and categoric variables are expressed as frequency (percentage). Differences between groups were assessed by
the unpaired Student t test, Mann–Whitney U test, and x2 test, where
appropriate. The patient’s pretest likelihood for CAD was determined with the standard Diamond criteria, with the assumption that
chest pain was atypical (13). We calculated annualized event rates
on the basis of events per patients-year and compared differences in
annualized events between patients with different SPECT outcomes
by Poisson regression for rate data. We used Cox proportional hazards regression to analyze the association between imaging result,
patient characteristics, and clinical outcomes. Continuous predictors
with a linear relationship were included in the model as a continuous
variable, otherwise they were included as a dichotomous variable
(. upper quartile). A P value of less than 0.05 in univariate analysis
was required for entry into the multivariate analysis. The proportional hazard assumption was evaluated graphically using log–log
plots. Variables that did not demonstrate an effect on the outcome
measure were not included in the Cox model. The multivariate
analysis for the primary outcome included age, LBBB, body mass
index (BMI), diabetes mellitus, and SPECT results. For the secondary outcome, age, sex, LBBB, diabetes mellitus, and SPECT results
were included. Two-sided P values of less than 0.05 were considered statistically significant in all tests. All statistical analysis was
performed with a commercially available software package (SPSS,
version 20.0 for Windows; SPSS); the Poisson regression for rate
data was performed with Medcalc (version 16.2 for Windows;
Medcalc).
RESULTS
Study Population

During a period of 3 y and 1 mo, a total of 4,057 patients were
included. The main indications for referral were atypical chest pain
and dyspnea. Pretest likelihood was low in 9% of the patients and
intermediate in 91% of the patients. The baseline characteristics are
shown in Table 1. The mean age of patients was 61 6 11 y, 42%
were men, and 13% were diabetic. Stress testing was performed
with adenosine in 3,864 (95%), with dobutamine in 103 (3%), with
regadenoson in 37 (1%), and with exercise testing in 53 (1%) of the
patients.

Effective Radiation Dose

SPECT Results

The radiation dose for SPECT was calculated by multiplying the
dose of 99mTc-tetrofosmin by 7.9 mSv/GBq as suggested by the International Commission on Radiological Protection (20).

Of the total patient population, 3,137 (77%) demonstrated
normal SPECT MPI findings. Differences in baseline characteristics of patients with normal and abnormal SPECT MPI are
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TABLE 1
Baseline Characteristics of Total Patient Population

Characteristic

Normal
Abnormal
All patients
SPECT
SPECT
(n 5 4,057) (n 5 3,137) (n 5 920)

,0.001

Moderate/
large
ischemic
defect
(n 5 222)

61 ± 11

60 ± 11

63 ± 10

64 ± 10

Male sex

1,717 (42)

1,193 (38)

524 (57)

,0.001 188 (53.3)

122 (55.0)

BMI

27.6 ± 4.8

27.3 ± 4.6

28.7 ± 5.4 ,0.001 29.5 ± 5.3

29.1 ± 5.3

543 (13)

362 (12)

,0.001

50 (22.5)

Age (y)

Diabetes
Hypertension

64 ± 11

P

Small
ischemic
defect
(n 5 353)

181 (20)

83 (23.5)

P

Small total
defect
(n 5 558)

0.48

63 ± 11

Moderate/
large
total defect
(n 5 362)
64 ± 11

P
0.14

0.69 306 (55)

218 (60)

0.39 28.9 ± 5.3

28.3 ± 5.5

0.11

73 (20)

0.76

0.78 108 (19)

0.11

2,444 (60)

1,861 (60)

583 (63)

0.03

247 (70.0)

140 (63.1)

0.09 366 (66)

217 (60)

0.08

Hypercholesterolemia 1,706 (42)

1,299 (41)

407 (44)

0.13

167 (47.3)

118 (53.2)

0.17 240 (43)

167 (46)

0.35

Current smoking

644 (16)

484 (15)

160 (17)

0.16

70 (19.8)

33 (14.9)

Family history of CAD 2,249 (56)

1,752 (56)

497 (54)

0.33

194 (55.0)

115 (51.8)

25 (7.1)

6 (2.7)

LBBB

189 (4.7)

75 (2.4)

114 (12.4) ,0.001

96 (17)

64 (18)

0.86

0.43 318 (57)

0.13

179 (50)

0.02

0.03

77 (13.8)

37 (10.2)

0.11

Values are shown as number, with percentages in parentheses, or mean ± SD. Data are a comparison between patients with normal
and abnormal SPECT MPI and a comparison between patients with small and moderate/large perfusion defects.

shown in Table 1. Patients with abnormal SPECT MPI were older,
more often were men and diabetic, had higher BMI, and more
often had hypertension and an LBBB. Of the 920 patients with
abnormal perfusion results, 558 (61%) had small total perfusion
defects and 362 (39%) had moderate/large total perfusion defects.
Of the 575 patients with ischemic defects, 353 (61%) had small
and 222 (39%) had moderate/large ischemic perfusion defects.
The baseline characteristics in patients with small and moderate/
large ischemic and total perfusion defects were similar, with the
exception of a lower frequency in family history of CAD in patients with a moderate/large total perfusion defect and a higher
frequency of LBBB in patients with a small ischemic defect (Table
1). The mean radiation dose was 6.5 6 3.5 mSv, and the mean
administered dose of 99mTc-tetrofosmin was 736 6 410 MBq for
the entire cohort.

DISCUSSION

Our study demonstrated that MPI acquired with the CZT SPECT
camera has excellent prognostic value in patients suspected of
having CAD. A normal MPI is associated with low event rates, and
in abnormal MPI the extent of abnormality is associated with an
increased risk of events.
SPECT MPI is well established for the diagnostic and prognostic evaluation of patients with suspected CAD. Novel cardiac
g-cameras using multipinhole collimation and solid-state detectors
offer several advantages compared with the conventional SPECT
cameras. Imaging time and radiation dose can be reduced, whereas
diagnostic accuracy appears to be unchanged (9,10,22). However,
large clinical studies evaluating the prognostic value of SPECT
imaging with CZT are scarce (11,12).

Follow-up

A total of 8 patients were lost to follow-up; the remainder of
4,049 patients (99.8%) was included for the follow-up analysis.
During a median follow-up of 2.4 y (25th–75th percentile, 1.7–
3.4), a total of 37 primary events (14 cardiac deaths and 23 nonfatal MIs) and 116 secondary events (79 late revascularizations
plus primary events) occurred. Unadjusted annual event rates for
both outcome measures stratified by SPECT MPI findings are
demonstrated in Figure 1. After multivariate analysis, LBBB, diabetes mellitus, and SPECT findings were significant independent
predictors for cardiac death/MI (Fig. 2). Significant independent
predictors for late revascularization/cardiac death/MI were age,
male sex, diabetes mellitus, and SPECT MPI (Fig. 3). Adjusted
survival curves based on ischemic and total perfusion defect for
the primary and secondary outcomes are demonstrated in Figure 4.
The risk of cardiac death/MI showed a significantly higher risk for
both ischemic and total moderate/large perfusion defects. With
respect to late revascularization/cardiac death/MI, a significant
stepwise increase was present for patients with small ischemic
or total perfusion defects and moderate/large ischemic or total
perfusion defects.

FIGURE 1.
findings.

Unadjusted annual event rates stratified by SPECT MPI
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FIGURE 2. Multivariate cox survival analysis for cardiac death/MI.
Variables sex, hypercholesterolemia, family history of CAD, current
smoking, and hypertension were not included in multivariate analysis
because these did not affect outcome measure or a P value . 0.05 in
univariate analysis. * 5 reference category, normal SPECT; CI 5 confidence interval; upper quartile, 30.

The present study, in the largest cohort of patients to date,
shows a low event rate of both cardiac death/MI and late
revascularization/cardiac death/MI in patients with normal myocardial perfusion (0.21% and 0.62% annual risk, respectively).
Patients with abnormal SPECT MPI findings had a significantly
higher risk of events during follow-up, and with the extent of
abnormality this risk increased. These findings demonstrate that
MPI obtained with CZT SPECT is appropriate for the prognostic
evaluation of patients suspected of having CAD. In a previous
study performed in 1,613 patients on a CZT camera, annual event
rates for all-cause death were 1.3% for normal SPECT and 5.6%
for moderate/severely abnormal SPECT (12). Another study performed on a CZT camera in 1,109 patients described event rates
for cardiac death/MI of 0.4% for patients with no significant perfusion abnormalities and 6.8% for patients with abnormal perfusion during a median follow-up of 1.7 y (11). In both studies, a
perfusion defect of greater than 10% of the myocardium was
shown to be an independent predictor of hard events (11,12,23).
These results are similar to our findings, although lower annual
event rates in our study were demonstrated in patients with abnormal SPECT. This annual event rate could be explained by the
relatively low-risk population included in our study, because patients with a history of CAD were excluded. However, also in this
low-risk population SPECT findings were independently associated with events. These findings are comparable with conventional
SPECT cameras (23). More recently, Oldan et al. compared the

FIGURE 3. Multivariate cox survival analysis for late revascularization/
cardiac death/MI. Variables BMI, hypercholesterolemia, family history
of CAD, current smoking, and hypertension were not included in multivariate analysis because these did not affect outcome measure or a
P value . 0.05 in univariate analysis. * 5 reference category, normal
SPECT; CI 5 confidence interval.
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FIGURE 4. Adjusted survival curves of primary and secondary outcome measure for ischemic and total perfusion defects Cardiac
death/MI curves adjusted for age, BMI, LBBB, and diabetes mellitus.
Late revascularization/cardiac death/MI curves adjusted for age,
sex, LBBB, and diabetes mellitus. * 5 reference category, normal
SPECT.

prognostic value of conventional and CZT camera in 2,088 patients and found that the extent of ischemia was associated with
death and MI, without difference between camera type (24). It was
also demonstrated that the prognostic value of normal SPECT
imaging acquired with a CZT camera is excellent in obese patients
(25).
With the excellent prognostic value of the CZT camera as
demonstrated by our results and the previously described findings,
future perspectives lie in lowering radiation dose and imaging
time. These can be achieved by implementing a stress-first
imaging protocol, in which rest imaging is omitted when the
stress images are normal. These stress-only protocols are recommended for appropriately selected patients to lower radiation dose
and imaging time (26). With CZT cameras, these stress-first imaging protocols could be more effectively implemented, because
imaging results of the CZT camera are more often interpreted as
normal (22). The prognostic value of the CZT camera has also
been studied in stress-first imaging protocols. Einstein et al. studied 100 patients undergoing a low-dose CZT scan in the emergency department and demonstrated that the prognosis with a
normal MPI was excellent. Yokota et al. demonstrated that the
prognostic value of normal stress-only SPECT imaging was excellent in patients with CZT and conventional camera (cardiac
events, 1.5%/y and 2%/y, respectively; P 5 0.08) (27). In addition,
the injected radiation dose could be lowered in patients undergoing CZT SPECT, because the heart-centric method of collimation
of the CZT camera enhances count sensitivity (28). The effective
radiation dose could be less than 1 mSv, without significant sacrifice of accuracy (29,30).
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Although our study represents true daily practice and included
consecutive patients, we acknowledge several limitations. The
observational design remains a major limitation, because endpoints were not prespecified. Also, this is a single-center study in
patients with suspected CAD and a low to intermediate pretest
likelihood undergoing mainly pharmacologic stress. Therefore,
results cannot be generalized to patient populations with different
pretest likelihood or patients undergoing traditional exercise
testing. Although we corrected for well-known factors that could
induce nonischemic SPECT defects (obesity, LBBB), it cannot be
excluded that other variables could cause nonischemic defects.
Also, we did not perform follow-up for procedures that are
generally not the result of MPI, such as non-bypass grafting
cardiac surgery or implantable cardioverter defibrillator implantation. Moreover, we did not include the gated left ventricular
function in the survival analysis. No comparison with conventional SPECT MPI was performed. Furthermore, CZT cameras
differ significantly in design, and it cannot be excluded that
different CZT cameras have different prognostic ability. Recent
studies show that lowering the dose is feasible without negative
impact on image quality (29,30). However, this lower dose was not
yet implemented in this study period.
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CONCLUSION

Our findings show that MPI acquired with a CZT SPECT
camera provides excellent prognostic information, with low event
rates in patients with normal myocardial perfusion. In patients
with abnormal SPECT MPI, the extent of abnormality is independently associated with an increased risk of events.
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