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Abstract
Purpose To assess the diagnostic performance of a novel
ultrafast cardiac gamma camera with cadmium-zinc-
telluride (CZT) solid-state semiconductor detectors for
nuclear myocardial perfusion imaging (MPI).
Methods The study group comprised 75 consecutive
patients (55 men, BMI range 19–45 kg/m2) who underwent
a 1-day 99mTc-tetrofosmin adenosine-stress/rest imaging
protocol. Scanning was performed first on a conventional
dual-detector SPECT gamma camera (Ventri, GE Health-
care) with a 15-min acquisition time each for stress and
rest. All scans were immediately repeated on an ultrafast
CZT camera (Discovery 530 NMc, GE Healthcare) with a
3-min scan time for stress and a 2-min scan time for rest.
Clinical agreement (normal, ischaemia, scar) between CZT
and SPECT was assessed for each patient and for each
coronary territory using SPECT MPI as the reference
standard. Segmental myocardial tracer uptake values
(percent of maximum) using a 20-segment model and left
ventricular ejection fraction (EF) values obtained using
CZT were compared with those obtained using convention-

al SPECT by intraclass correlation and by calculating
Bland-Altman limits of agreement.
Results There was excellent clinical agreement between
CZT and conventional SPECT on a per-patient basis
(96.0%) and on a per-vessel territory basis (96.4%) as
shown by a highly significant correlation between segmen-
tal tracer uptake values (r=0.901, p<0.001). Similarly, EF
values for both scanners were highly correlated (r=0.976,
p<0.001) with narrow Bland-Altman limits of agreement
(−5.5–10.6%).
Conclusion The novel CZT camera allows a more than
fivefold reduction in scan time and provides clinical
information equivalent to conventional standard SPECT
MPI.
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Introduction

Myocardial perfusion imaging (MPI) with single photon
emission CT (SPECT) is the most widely used nuclear
cardiac imaging technique for the noninvasive assessment
of cardiac disease including prognosis and choice of the
most appropriate treatment strategies for patients with
known or suspected ischaemic coronary artery disease
(CAD) [1]. Nevertheless, several drawbacks such as, for
example, time-consuming acquisition prone to motion
artefacts, cumbersome MPI protocols, and radiation expo-
sure still affect SPECT MPI. Despite numerous refinements
regarding iterative reconstruction algorithms [2], early-
imaging protocols [3], and tracer developments [4],
fundamental advances in the hardware equipment utilized
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have lagged behind. This is particularly evident when
compared to the impressive advances in the field of
multislice CT coronary angiography [5, 6]. It is in this
setting that the latest generation of gamma cameras [7] with
a novel semiconductor cadmium-zinc-telluride (CZT) de-
tector technology instead of the conventional sodium iodide
crystals is perceived as the anticipated technical milestone
in nuclear cardiac MPI. In fact, preliminary results indicate
that incorporation of CZT detectors into cardiac gamma
cameras allows a more than fivefold shortening of scan
time [8] enabled by the increased system sensitivity due to
the use of semiconductors and the stationary detector array.
The latter is made possible by the miniaturized CZT
detectors and a multipinhole design that allow a serial
alignment of the detectors around the patient, thus covering
the entire heart at all times. This renders camera rotation
around the patient unnecessary.

However, no data are available on the clinical and
diagnostic performance of rapid scanning with such a
device. Therefore, the aim of the present study was to
assess the agreement between MPI obtained using ultrafast
scanning with a novel CZT camera and MPI acquired on a
conventional SPECT camera with standard scan duration.

Subjects and methods

Study protocol

The study group comprised 75 consecutive patients
referred to SPECT MPI for evaluation of CAD who
underwent MPI on a conventional standard dual-detector
SPECT camera (Ventri, GE Healthcare) and immediately
thereafter on a novel ultrafast CZT camera (Discovery NM
530c, GE Healthcare). All patients underwent a 1-day
99mTc-tetrofosmin adenosine-stress/rest imaging protocol in
accordance with the guidelines of the European Association
of Nuclear Medicine [9]. Pharmacological stress was
induced by adenosine (continuous infusion at 140 μg/kg
per minute) or dobutamine (incrementally infused, starting
at 5 μg/kg per minute and increasing at 1-min intervals to a
maximum of 60 μg/kg per minute until 85% of the age-
predicted heart rate had been reached). 99mTc-tetrofosmin
was injected after 3 min of induced stress. The injection
was followed by a waiting time of 90 min before image
acquisition using the SPECT camera, which was immedi-
ately followed by acquisition using the CZT camera. Rest
MPI was then performed with the identical acquisition
protocol after injection of a three times higher dose of
99mTc-tetrofosmin.

The study protocol was approved by the local ethics
committee and written informed consent was obtained from
every patient.

Image acquisition

With the SPECT camera scans were acquired using a low-
energy, high-resolution collimator, a 20% symmetrical
window at 140 keV, a 64×64 matrix, and an elliptical orbit
with step-and-shoot acquisition at 3° intervals over a 180°
arc (45° anterior oblique to 45° left posterior oblique) with
30 steps (60 views). Electrocardiogram-gated scans were
acquired using 16 bins. Scan time was set to 25 s per frame
for stress and rest, resulting in a total scan time (including
inter-step rotation time) of 14 min 52 s according to the
guidelines.

With the CZT camera scans were acquired using a multi-
pinhole collimator (effective diameter aperture of 5.1 mm)
and 19 stationary detectors simultaneously imaging 19
views of the heart. Each detector contained 32×32 pixelated
(2.46×2.46 mm) CZT elements. The system design allowed
acquisition without detector or collimator motion. A 10%
symmetrical energy window at 140 keV was used. Scans
with the CZT camera were acquired over 3 min for stress
and 2 min for rest, which has recently been identified as the
optimized protocol for obtaining adequate image quality
with the shortest scan time [8]. The system design with
CZT detectors aligned around the patient, covering the
entire heart, allowed acquisition of all cardiac views
simultaneously and therefore avoided the need for detector
rotation, as opposed to the SPECT acquisition.

MPI reconstruction

Conventional SPECT images were reconstructed on a
dedicated workstation using a standard iterative recon-
struction algorithm with ordered subset expectation max-
imization (OSEM). CZT images were reconstructed on the
same workstation using a new dedicated iterative algo-
rithm with maximum likelihood expectation maximization
(MLEM). The software package Myovation for Alcyone
(GE Healthcare) was used for analysis and a Butterworth
postfilter was applied to the reconstructed slices. All
images were reconstructed in the standard axes (short axis,
vertical long axis, horizontal long axis) and polar maps of
the left ventricle were created.

Quantitative analysis

Quantitative analysis was performed on MPI polar maps
using a 20-segment model for the left ventricle [10]. Uptake
was normalized to 100% peak activity and relative
myocardial uptake (percent of maximum myocardial up-
take) was assessed for each segment from the SPECT and
CZT data. Automated analysis on gated SPECT was
performed to determine the left ventricular ejection fraction
(EF).
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Visual analysis

Each single scan from both conventional SPECT and CZT
was analysed by two experienced nuclear cardiologists in a
randomized and mixed sequence with regard to patients and
scans (i.e. stress and rest scans from one patient were not
analysed consecutively) and blinded for any information as
to patient identification, stress or rest scan, or the camera
utilized. The presence or absence of perfusion defects was
evaluated on a per-patient basis as well as on a per-vessel
territory basis (i.e. left anterior descending artery, segments
1, 2, 7, 8, 13, 14, 15, 19 and 20; circumflex artery,
segments 5, 6, 11, 12, 17 and 18; right coronary artery,
segments 3, 4, 9, 10 and 16). Image quality was assessed
subjectively on a four-point scale (1 poor, 2 fair, 3 good, 4
excellent). Differences between the readers were resolved
by consensus.

Statistical analysis

Quantitative variables are expressed as means±SD and
categorical variables as percentages or means. The concor-
dance between percent tracer uptake and EF from SPECT
and CZT images was evaluated using intraclass correlation
analysis. In addition, Bland-Altman limits of agreement
were calculated. Clinical interobserver agreement was
assessed by kappa statistics. A two-tailed probability value
of 0.05 or less was considered significant and 95%
confidence intervals are presented. SPSS 15.0 (SPSS,
Chicago, IL) was used for statistical testing.

Results

All 75 patients successfully underwent MPI with both
cameras. The patient characteristics are given in Table 1.
Patients were referred to SPECT MPI for the following
reasons: suspected CAD (n=36, 48%), follow-up of a
known CAD (n=29, 39%), preoperative risk assessment
before major noncardiac surgery (n=10, 13%). In 70
patients (93%) pharmacological stress was induced with
adenosine and in 5 patients (7%) with dobutamine. For
stress and rest the mean doses of 99mTc-tetrofosmin
administered were 337±29 MBq (range 303–455 MBq)
and 948±79 MBq (range 894–1275 MBq), respectively.

Quantitative analysis

The intraclass correlation coefficient for percent segmental
tracer uptake was 0.901 (CI 0.893–0.907; p<0.001) and
Bland-Altman limits of agreement were −16.3–15.4%. The
quantitative comparison of the EF resulted in an intraclass
correlation coefficient of 0.976 (CI 0.936–0.989; p<0.001)

with Bland-Altman limits of agreement of −5.6–10.6%
(Fig. 1).

Visual analysis

For the conventional SPECT scans, image quality was good
in 12 patients (16%) and excellent in 63 patients (84%),
compared to good image quality in 11 (15%) and excellent
quality in 64 (85%) for the CZT scans. The interobserver
agreement regarding clinical findings was excellent (kappa
0.926).

SPECT MPI revealed myocardial scar tissue in 48
patients (64%) and ischaemia in 3 patients (4%). Compa-
rably, CZT revealed scar tissue in 45 patients (60%) and

Table 1 Patient baseline characteristics (n=75)

Characteristic Value

Male, n (%) 55 (74)

Age (years)

Mean±SD 65±10

Range 43–87

BMI (kg/m2)

Mean±SD 27±4

Range 19–45

Cardiovascular risk factors, n (%)

Obesity (BMI >30 kg/m2) 17 (23)

Smoking 17 (23)

Diabetes mellitus 13 (17)

Hypertension 49 (65)

Dyslipidaemia 40 (53)

Positive family history 14 (19)

Clinical symptoms, n (%)

Typical angina pectoris 13 (17)

Atypical chest pain 28 (37)

Dyspnoea 8 (11)

No cardiac symptoms 26 (35)

Clinical findings, n (%)

Abnormal resting ECG 7 (9)

Abnormal exercise ECG 10 (13)

Abnormal echocardiography 1 (1)

Previous cardiac events, n (%)

Myocardial infarction 20 (27)

Invasive coronary angiography 27 (36)

Percutaneous coronary intervention 20 (27)

Coronary artery bypass grafting 10 (13)

Current cardiac medication, n (%)

Aspirin 32 (43)

Beta-blocker 30 (40)

ACE/angiotensin II inhibitor 29 (39)

Statin 31 (41)
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ischaemia in 3 patients (4%), yielding an agreement of
96.0% between the CZT camera and SPECT MPI
(Table 2).

Of the 225 analysed coronary territories, 69 (31%) revealed
a perfusion defect in both the conventional SPECT scans and
the CZTscans. The CZTcamera reached an overall agreement
of 96.4% per vessel territory. The results for each vessel
territory (left anterior descending, left circumflex, and right
coronary arteries) are illustrated in Fig. 2.

Discussion

The present study is the first to clinically validate MPI on a
novel ultrafast camera with static CZT semiconductor
detector technology against MPI obtained on a clinically
established standard SPECT gamma camera using a widely

used routine protocol. The CZT camera allowed rapid
scanning (2 and 3 min compared to standard 15 min), with
an image quality at least as good as scanning on a standard
SPECT camera (Fig. 3). Furthermore, and even more
importantly, our data showed an excellent diagnostic
performance with the rapid scanning compared to conven-
tional SPECT. This substantial reduction in scan time not
only offers greater patient comfort which may translate into
reduced probability of motion artefacts, but also potentially
allows an increase in patient throughput and therefore
improved scanner efficiency. Alternatively, the higher
sensitivity of the ultrafast camera system may allow a
reduction in tracer activity and, instead of scan duration,
consequently, a decrease in effective radiation dose.

Interestingly, the excellent comparability of the CZT and
SPECT results also held true for functional data such as EF,
although gated acquisition is associated with a further

Fig. 1 Linear regression analysis (left) and Bland-Altman plot (right) comparing left ventricular EF from CZT and that from conventional SPECT
MPI. Bland-Altman limits of agreement were −5.6–10.6%

Table 2 Diagnostic performance of CZT compared to conventional SPECT

n True
positive

False
positive

True
negative

False
negative

Sensitivity
(%)

Specificity
(%)

Positive
predictive
value (%)

Negative
predictive
value (%)

Accuracy
(%)

Per patient 75 48 0 24 3 94 100 89 100 96

Per territory

All vessels 225 65 4 152 4 94 97 97 94 96

Left anterior
descending artery

75 12 2 58 3 80 97 95 86 93

Left circumflex artery 75 7 1 66 1 88 99 99 88 97

Right coronary artery 75 46 1 28 0 100 97 100 98 99
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decrease in count statistics and increased noise. In nuclear
imaging the trade-off between image acquisition time and
noise levels has determined the standard protocols and scan
time. Recently, new iterative reconstruction algorithms
incorporating noise regularization and resolution recovery
that allow shorter acquisition times have been reported [11,
12]. In the present study, such algorithms were implemented
for reconstruction of images acquired on the CZT camera.

The CZT detectors directly convert radiation into
electrical signals [13], yielding an improved energy
discrimination and spatial resolution (radial resolution
4.3 mm). The miniaturization of the semiconductors has
enabled a more compact detector design, facilitating the
engineering of a circular and therefore stationary detector

array which simultaneously acquires all views necessary for
tomographic reconstruction, avoiding the time-consuming
rotation around the patient. The integration of these develop-
ments into a clinical device allows substantial shortening of
scan duration from 15 min to 2–3 min [8]. Our results
establish the clinical validity of rapid scanning on a novel
system, which incorporates all the mentioned develop-
ments, including latest semiconductor detectors, novel
design geometry, and innovative reconstruction algorithms.

A limitation of the present study could be that we did not
use coronary angiography as the standard of reference.
However, we felt that perfusion from CZT would be most
appropriately compared to a standard for perfusion. By
contrast, coronary angiography is a flawed gold standard for
myocardial perfusion, as the pathophysiological relevance of
a lesion may depend on many factors that cannot be assessed
from anatomy alone. In addition, we did not use any
correction for tissue attenuation although we included
patients representing a broad range of BMI. However, the
impact of attenuation correction on image quality and
agreement of MPI with CZT was beyond the scope of this
study. Furthermore, improvements in software components
may have contributed, at least in part, to the increased CZT
system sensitivity. However, although some of these
components may have the potential to improve conventional
SPECT performance, their implementation would require
extensive scanner-specific validation of each component

Fig. 2 Agreement between CZT and conventional SPECT MPI in
revealing perfusion defects (LAD left anterior descending artery, LCX
left circumflex artery, RCA right coronary artery)

Fig. 3 MPI in a 78-year old man with a history of anteroapical
myocardial infarction reveals a large anteroapical fixed defect
indicating a scar without ischaemia. The images show a clear clinical

agreement between conventional SPECT (with 15-min acquisition
times) and CZT scans (with 3- and 2-min acquisition times)
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[11, 12]. As we intended to validate a new system against
the established standard, we adhered to the standard of
reference according to the EANM procedural guidelines [9]
using a conventional SPECT camera with standard scan
durations and established reconstruction algorithms.

Conclusion

Our results demonstrate that the novel ultrafast MPI camera
using CZT semiconductor detector technology provides an
excellent clinical agreement compared to a conventional
SPECT camera with significantly reduced scan times.
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