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ability to stratify patients with increased risk of events, 
showing that, in the presence of greater extension of defect 
or ischemia, patients presented higher rates of hard events 
and late revascularization.
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Introduction

Over the past 30 years, successive technical innovations- 
including, but not limited to, SPECT acquisition, ECG 
gating, among others- have granted myocardial perfusion 
imaging the status of a reliable, widely applicable, and 
increasingly useful technique [1]. The excellent diagnos-
tic and prognostic values of myocardial perfusion SPECT 
(MPS) have led it to be extensively employed to evaluate 
patients with suspected or known coronary artery disease 
(CAD) [2].

Nonetheless, traditional MPS has two important limita-
tions: Prolonged image acquisition time, leading to long 
procedural times, and relatively large radiation doses. 
The available literature demonstrates the possibility of 
high-speed cameras to reduce acquisition times, improv-
ing patient’s tolerance to the test, and reducing radiation 
dose [3]. These new cameras rely on a pinhole collimation 
design and multiple cadmium zinc telluride (CZT) crystal 
arrays. Compared to the traditional SPECT camera, this 
type of collimation provides a three- to five-fold increase 
in photon sensitivity, thereby reducing imaging times sig-
nificantly, while providing a 1.7 to 2.5-fold increase in spa-
tial resolution. This makes shorter scans or lower doses (or 
even both) a reality, without the loss of image quality [3–5].

Abstract  To determine the prognostic value of a new, 
ultrafast, low dose myocardial perfusion SPECT (MPS) 
protocol in a cadmium-zinc telluride (CZT) camera. CZT 
cameras have introduced significant progress in MPS imag-
ing, offering high-quality images despite lower doses and 
scan time. Yet, it is unknown if, with such protocol changes, 
the prognostic value of MPS is preserved. Patients had a 
1-day 99  m-Tc-sestamibi protocol, starting with the rest 
(185–222 MBq) followed by stress (666–740 MBq). Acqui-
sition times were 6 and 3 min, respectively. MPS were clas-
sified as normal or abnormal perfusion scans and summed 
scores of stress, rest, and difference (SSS, SRS and SDS), 
calculated. Patients were followed with 6-month phone 
calls. Hard events were defined as death or nonfatal myo-
cardial infarction. Late revascularization was that occurring 
after 60 days of MPS. 2930 patients (age 64.0 ± 12.1 years, 
53.3% male) were followed for 30.7 ± 7.5  months. 
Mean dosimetry was 6  mSv and mean total study time, 
48 ± 13  min. The annual hard event and late revasculari-
zation rate were higher in patients with greater extension 
of defect and ischemia. SSS was higher in patients with 
hard events compared to those without events (2.6 ± 4.9 
vs. 5.0 ± 6.3, p < 0.001), as well as the SDS (0.7 ± 1.9 vs. 
1.7 ± 3.4, p < 0.00). The same was true for patients with or 
without late revascularization (SSS: 2.5 ± 4.7 vs. 6.6 ± 7.1; 
SDS: 0.6 ± 1.7 vs. 2.9 ± 3.8, p < 0.01). A new, faster, low-
radiation, MPS protocol in a CZT camera maintain the 
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However, the prognostic value of MPS imaging with this 
new protocol is still unknown. This study therefore sought 
to assess the prognostic value of a new faster, low-radia-
tion MPS protocol performed in a CZT gamma camera 
(CZT-GC).

Materials and methods

Consecutive patients who underwent CZT MPS for the 
assessment of suspected or known CAD at a single labora-
tory in Rio de Janeiro, Brazil, between November 2011 and 
December 2012 were prospectively enrolled and followed 
by 6-month phone calls.

Those who underwent myocardial revascularization 
(either by coronary angioplasty or coronary artery by pass 
grafting surgery) <60 days after MPS were later excluded.

Prior to scanning, patient´s medical history and physical 
examination data were collected by a team of experienced 
cardiologists.

All procedures performed were in accordance with the 
ethical standards of the institutional research committee 
and with the 1964 Declaration of Helsinki and its later 
amendments. Informed consent was obtained from all indi-
vidual participants included in the study.

Study protocol

The patients were instructed to abstain from any products 
containing caffeine for 24 h before the test. Beta-blockers, 
calcium-channel antagonists, and nitrates were terminated 
48 h before testing. A 1-day protocol was employed, with 
185–222  MBq of 99  m-Tc-sestamibi used for the resting 
phase and 666–740 MBq for stress. Initially, to determine 
the best duration for the acquisition of the MPS scan, 24 
patients (13 men) were selected for a pilot study in which 
scan acquisition was performed for 6 min in list mode. The 
scans were then processed using 1–6 min of the total scan 
time for reconstruction, and images were analyzed by two 
experienced readers unaware of the time range used for 
reconstruction, who had their readings evaluated for agree-
ment. The study protocol was then defined according to 
best combination of reading agreements for stress and rest 
MPS studies among time ranges.

All patients underwent a 1-day, gated, rest/stress 
99 m-Tc-sestamibi protocol. 10 min after tracer injection, 
image acquisition was performed in the supine position. 
The second phase was the stress study, in which either 
symptom-limited exercise treadmill test using the stand-
ard Bruce protocol with 13-lead electrocardiographic 
or pharmacologic stress were performed. Upon 5  min 
of stress phase completion, patients underwent image 

acquisition in the supine and prone positions [6, 7]. The 
CZT-GC (Discovery NM 530c, GE Healthcare, Haifa, 
Israel) was equipped with a multiple pinhole collima-
tor and 19 stationary cadmium-zinc-telluride detectors 
simultaneously imaging 19 cardiac views. Each detector 
contained 32 × 32 pixelated 5-mm thick (2.46 × 2.46 mm) 
elements. The system design enabled high-quality imag-
ing of a three-dimensional volume by all detectors (qual-
ity field-of-view), where the patient’s heart should be 
positioned. Once acquisition was initiated, no detector or 
collimator motion occurred.

Image analysis

All images were interpreted by a consensus of two expe-
rienced readers. Image processing was performed using 
Evolution for Cardiac® software. Images were recon-
structed without scatter or attenuation correction. Short-
axis, vertical and horizontal long-axis tomograms, as 
well as polar maps, were generated and analyzed. The 
image reconstruction method used allows extra-cardiac 
activity to be isolated more easily. Still, two readers ana-
lyzed the image before the patient was removed from 
the camera. The repetition rate of the images was less 
than 5%. A semi quantitative 17-segment visual inter-
pretation of the gated myocardial perfusion images was 
performed [8]. Each segment was scored by consensus 
of the two observers using a standard five-point scor-
ing system [9] (0 = normal, 1 = equivocal, 2 = moderate, 
3 = severe reduction of uptake, and 4 = absence of detect-
able tracer uptake). Summed stress scores (SSS) were 
obtained by adding the scores of the 17 segments of the 
stress images. Summed rest scores (SRS) were obtained 
by adding scores of the 17 segments of the rest images 
and a summed difference score (SDS) was calculated by 
segmental subtraction (SSS-SRS). For evaluating the SSS 
and the SDS as predictors of events, we performed sepa-
rate analyses with different cut points for each perfusion 
variable. We created four groups o SSS and SDS with the 
purpose of evaluating the prognostic value and the strati-
fication power of this new protocol on a CZT-GC based 
not only in positive or negative MPI results, but specially, 
based on the extension of defect and ischemia, which is 
widely stablished to be achieved by using this type of 
classification [10, 11]. A normal study was considered 
when SSS < 3 and SDS < 1.

Post-stress eight frames gated short-axis images were 
processed using quantitative gated SPECT software 
(Cedars-Sinai Medical Center, Los Angeles, California), 
and left ventricular ejection fraction (LVEF), end-systolic 
and end-diastolic volumes (ESV and EDV, respectively) 
were automatically calculated.
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Follow‑up

Follow-up was performed by telephone interview every 6 
months after MPI. All-cause death, nonfatal myocardial 
infarction, or late revascularization (>60  days after MPS) 
were registered. Evaluation of hospital records and/or 
review of civil registries confirmed these events. Nonfatal 
myocardial infarction was defined based on the criteria of 
typical chest pain, elevated cardiac enzyme levels and typi-
cal alterations of the electrocardiogram [12]. Death or non-
fatal myocardial infarction were classified as hard events. 
Late revascularization was studied separately.

Statistical analyses

Categorical variables are presented as frequencies and 
continuous variables as mean ± SD. The annual event rate 
was calculated as the % of events divided by person-years, 
and was compared among groups using the log-rank test. 
Kaplan–Meier curves were generated to visually assess 
survival in different groups. A Cox proportional hazards 
analysis was done to evaluate predictors of hard events and 
late revascularization, using variables with p value <0.05 
in univariable analysis or clinical relevance.

Analyses were performed with SPSS software, version 
17.0. A p value <0.05 was considered significant.

Results

Among 3265 patients, 235 were excluded due to early 
revascularization, and 100 were lost to follow-up, leaving 
2930 patients who were followed for 30.7 ± 7.5  months. 
Mean age was 64.0 ± 12.1  years and 53.5% were male. 
Among these patients, 2072 (70.7%) were asymptomatic. 
The most frequent indications in asymptomatic patients 
were a previous treadmill test with intermediate-high risk 
Duke score, pre-op risk stratification and a previous cal-
cium score >100. The most prevalent risk factor for CAD 
was hypertension (61.6%), followed by hypercholester-
olemia (52.2%), smoking (36.4%) and family history of 
CAD (31.2%). Diabetes was present in 22.7% and previous 
myocardial infarction in 12.5%. From the 2930 patients, 
501 (17.1%) had already been submitted to coronary angio-
plasty and 222 (7.6%) to coronary artery bypass grafting 
(CABG). About regularly medications, 37.9% was in use of 
ACE inhibitors, 28.6% was using beta-blocker and 10.9% 
Calcium receptor blockers. Mean perfusion scores were 
overall low and mean LVEF was normal with only 6% of 
patients with a LVEF <40%. These characteristics are sum-
marized in Table 1.

For the definition of optimal scan time, acquired scans 
were processed using 1, 2, 3, 4, 5 or 6  min of the total 

list-mode acquisition previously performed for the pilot 
study. Intra and inter-observer agreement rates of MPS 
readings among time ranges are shown in Table 2. Based 
on those, the best combination, which was chosen for the 
subsequent MPS studies, was 6 min for the rest acquisition, 
3  min for post-stress supine acquisition and 1.5  min for 
post-stress prone acquisition. Figure 1 shows an example of 
six post-stress images processed using a 6, 5, 4, 3, 2 and 
1 min acquisition with a progressive degradation of image 
quality as we reduced the acquisition time. Considering all 
MPS studies performed thereafter, mean radiation dose was 
6 mSv and mean scan time was 48 ± 13 min.

During follow-up, there were 61 deaths, 29 nonfatal 
infarctions (90 hard events), 148 coronary angioplasty pro-
cedures and 22 bypass surgeries (170 late revasculariza-
tion procedures). Table  3 shows the comparison between 
patients with or without hard events. The former were 
older, more frequently male, with prior myocardial infarc-
tion or prior CABG and less frequently able to perform 

Table 1   Baseline data

CABG coronary artery bypass grafting, MI myocardial infarction, 
MPS myocardial perfusion SPECT, PCI percutaneous coronary inter-
vention, SDS summed difference score, SRS summed rest score, SSS 
summed stress score

Variables All patients 
N (%) or 
mean ± SD

Age (years) 64.0 ± 12.1
Male gender 1568 (53.5%)
Chest pain 865 (29.5%)
Hypertension 1807 (61.6%)
Hypercholesterolemia 1530 (52.2%)
Diabetes mellitus 667 (22.7%)
Family history of coronary disease 915 (31.2%)
Smoking 1069 (36.4%)
Previous MI 367 (12.5%)
Previous CABG 222 (7.6%)
Previous PCI 501 (17.1%)
Exercise stress 1706 (58.2%)
Pharmacologic test 1224 (41.8%)
ACEi 1112 (37.9%)
Beta-blocker 839 (28.6%)
Calcium receptor blockers 320 (10.9%)
MPS
 SSS 1.7 ± 3.0 (0–26)
 SRS 1.1 ± 2.1 (0–23)
 SDS 0.6 ± 1.7 (0–18)
 LVEF (<40%) 176 (6.0%)
 LVEF (%) 62.4 ± 8.1
 EDV (ml) 68.0 ± 17.0
 ESV (ml) 26.4 ± 10.6
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exercise stress. Perfusion scores were higher, as well as 
left ventricular volumes, and LVEF was lower in patients 
with hard events. In Table 4, comparisons between patients 
with or without late revascularization are shown. Similarly 
to patients with hard events, those with late revasculariza-
tion were older, more frequently male, with cardiovascular 
risk factors, known coronary artery disease, and less fre-
quently able to perform exercise stress, with higher perfu-
sion scores, left ventricular volumes, and lower LVEF.

Based on the SSS, 4 patient groups were created: 
group 1 with SSS values from 0 to 2 [n = 2098 (71.6%)]; 
group 2, SSS values from 3 to 5 [n = 430 (14.6%)]; group 
3, SSS values from 6 to 11 [n = 220 (7.5%)] and group 
4, SSS ≥ 12 [n = 182 (6.2%)]. Kaplan–Meier survival 
curves (Fig. 2a, b) showed that the highest the SSS, the 
lowest the survival free of hard events (p < 0.001) or 
late revascularization (p < 0.001), respectively. Table  5 
shows the annualized hard events and late revasculari-
zation rates for individual groups of SSS, with highest 
rates in the group of highest SSS values. Four groups 
were also created according to SDS values: group 1 
with SDS = 0 [n = 2334 (79.6.0%)]; group 2, SDS values 
from 1 to 2 [n = 305 (10.4%)]; group 3, SDS from 3 to 5 
[n = 171 (5.8%)] and group 4, SDS ≥ 6 [n = 120 (4.0%)]. 
Kaplan–Meier survival curves also showed that, with 
increasing SDS, event-free survival was reduced, both for 
hard events (Fig. 3a) (p < 0.001) or late revascularization 
(Fig.  3b) (p < 0.001). Also, the annualized events rates, 

both for hard events or late revascularization, showed the 
same behavior presented on SSS groups for SDS groups, 
with higher rates in groups with higher values of SDS 
(Table  6). For all Kaplan Meier survival curves, p val-
ues were demonstrated in a pairwise comparison, below 
the graphs, to express the statistical differences in events 
rates between individual groups.

Finally, in the Cox analysis, male gender (hazard 
ratio = 2.26 [1.33–3.8], p = 0.03), age (hazard ratio = 1.03 
[1.01–1.06], p = 0.001), diabetes (hazard ratio = 1.69 
[1.09–2.62], p = 0.02), pharmacologic stress (hazard 
ratio = 2.91 [1.75–4.8], p < 0.001) and the SSS (hazard 
ratio = 1.36 [1.07–1.73], p = 0.01). were independently 
associated with hard events. SDS, when substituting SSS 
in the cox analysis, also showed to be an independent 
predictor of hard events (hazard ratio = 1.09 [1.02–1.17], 
p = 0.01) and maintained the results of the other vari-
ables. Table  3 shows all the variables used in the cox 
regression for hard events, with their respective hazard 
ratio and confidence interval.

For late revascularization, diabetes (hazard ratio = 1.94 
[1.41–2.66], p < 0.001), prior percutaneous coronary 
intervention (hazard ratio = 2.54 [1.76–3.68], p < 0.001), 
and the SSS (hazard ratio = 1.06 [1.04–1.08], p < 0.001) 
were the independent predictors. Again, SDS also 
showed to be an independent predictor of late revascular-
ization (hazard ratio = 1.22 [1.17–1.26], p < 0.001) when 
analyzed substituting the SSS with no modification in 

Table 2   Intra- and interobserver agreement rates of MPS readings using 1 to 6 min time frames

Duration 6 min 5 min 4 min 3 min 2 min 1 min

Agreement Inter (%) Intra (%) Inter (%) Intra (%) Inter (%) Intra (%) Inter (%) Intra (%) Inter (%) Intra (%) Inter (%) Intra (%)
Stress 100 100 100 100 100 100 100 100 100 96 96 92
Rest 100 100 100 100 100 96 100 92 92 92 92 88

Fig. 1   Example of six post-
stress short-axis, vertical long 
axis and longitudinal long axis 
images processed using a 6, 5, 
4, 3, 2 and 1 min acquisition, 
with a progressive reduction on 
image quality from 6 to 1 min
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the other variables. Table 4 shows the variables used for 
this cox regression, with their respective hazard ratio and 
confidence interval.

Discussion

Previous studies have shown that CZT cameras are able 
to perform ultrafast and low-dose MPS studies, with even 
higher sensitivity and image quality when compared to 
traditional cameras [13]. However, there is still incom-
plete evidence supporting the prognostic value of MPS 
performed in CZT cameras. This study shows, in a large 
patient population, that the prognostic value of a new MPS 
protocol in a high-speed CZT-GC could be comparable to 
what literature has shown about the prognostic value tra-
ditionally provided by conventional MPS [9]. Our group 
had already demonstrated the prognostic value of MPS 
with a new reconstruction algorithm [11] in traditional 
Anger cameras, which also allowed faster scans. However, 
with the advent of CZT technology, it became imperative 
to define if these new cameras would provide MPS studies 

with reliable prognostic value, which might be reliably 
used to manage patients with suspected or known CAD.

Dolan et al. demonstrated the prognostic value of MPS 
in a CZT camera, but as these authors recognized, they 
used the conventional dose of radiotracers [14]. The radia-
tion dose used in this study was considerably lower than 
standard dose used in traditional protocols, and we initially 
tested different acquisition times to obtain the best possi-
ble images with low radiation. Total procedure time was 
reduced to less than one hour, with imaging time of 6 min 
for rest and 3 min for stress phase.

After establishing these parameters, we then studied the 
prognostic value of this protocol. Male gender, increasing 
age, the use of pharmacologic stress were significant pre-
dictors of hard events, as previously described [15, 16]. 
Diabetes was independently associated both with hard 
events or late revascularization. Of note, LVEF was not 
associated with events, what might be explained by the 
overall normal left ventricular function of the study popu-
lation. Importantly, the extent and intensity of myocar-
dial ischemia, as expressed by the SDS, was significantly 

Table 3   Characteristics of 
patients with or without hard 
events

HE hard events, CABG coronary artery bypass grafting, MI myocardial infarction, MPS myocardial perfu-
sion SPECT, PCI percutaneous coronary intervention, SDS summed difference score, SRS summed rest 
score, SSS summed stress score
a SSS and SDS were analyzed separately in the cox regression, each one with all other selected variables

Variables Univariate analysis Cox regression

Patients without 
HE (n = 2844)

Patients with 
HE (n = 86)

p value HR [95% CI] p value

Age (years) 64.5 ± 11.7 70.7 ± 12.3 <0.001 1.03 [1.01–1.06] 0.001
Male gender 1515 (53.2%) 57 (66.3%) <0.01 2.26 [1.33–3.80] 0.030
Chest pain 844 (29.6%) 21 (24.4%) 0.338 1.30 [0.76–2.23] 0.336
Hypertension 1748 (61.4%) 59 (68.6%) 0.173 1.01 [0.61–1.66] 0.955
Hypercholesterolemia 1483 (52.1%) 47 (54.7%) 0.660 1.00 [0.63–1.57] 0.999
Diabetes mellitus 633 (22.2%) 34 (39.5%) <0.001 1.69 [1.09–2.62] 0.020
Family history of CAD 887 (31.1%) 28 (32.6%) 0.906
Smoking 1041 (36.6%) 28 (32.6%) 0.063 0.44 [0.23–1.08] 0.105
Previous MI 347 (12.2%) 20 (23.3%) <0.01 0.71 [0.42–1.23] 0.229
Previous CABG 208 (7.3%) 14 (16.3%) <0.01 0.67 [0.36–1.22] 0.196
Previous PCI 480 (16.8%) 21 (24.4%) 0.058 0.88 [0.53–1.45] 0.619
Exercise stress 1682 (59.1%) 24 (27.9%) <0.01
Pharmacologic test 1169 (41.1%) 62 (72.1%) <0.01 2.91 [1.75–4.80] 0.000
MPS
 SSSa 2.6 ± 4.9 5.0 ± 6.3 <0.001 1.36 [1.07–1.73] 0.01
 SRS 1.9 ± 4.2 3.2 ± 4.8 <0.001
 SDSa 0.7 ± 1.9 1.7 ± 3.4 <0.001 1.09 [1.02–1.17] 0.010
 LVEF (%) 59.4 ± 11.0 55.5 ± 12.7 <0.01 0.75 [0.39–1.44] 0.392
 EDV (ml) 81.4 ± 33.5 87.0 ± 34.6
 ESV (ml) 35.6 ± 25.5 42.0 ± 29.8
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Table 4   Characteristics of 
patients with or without late 
revascularization

CABG coronary artery bypass grafting, MI myocardial infarction, MPS myocardial perfusion SPECT, PCI 
percutaneous coronary intervention, SDS summed difference score, SRS summed rest score, SSS summed 
stress score
a SSS and SDS were analyzed separately in the cox regression, each one with all other selected variables

Variables Univariate analysis Cox regression

Patients w/o late revas-
cularization (n = 2763)

Patients w/late revas-
cularization (n = 167)

p value HR [95% CI] p value

Age (years) 63.9 ± 12.2 66.4 ± 10.3 <0.001 1.00 [0.99–1.02] 0.397
Male gender 1462 (52.8%) 110 (65.5%) <0.01 1.35 [0.97–1.88] 0.068
Chest pain 812 (29.3%) 53 (31.5%)
Hypertension 1690 (61.0%) 117 (69.6%) 0.044 1.07 [0.75–1.51] 0.689
Hypercholesterolemia 1425 (51.5%) 105 (62.5%) <0.01 1.47 [1.06–2.04] 0.020
Diabetes mellitus 598 (21.6%) 69 (41.1%) <0.001 1.94 [1.41–2.66] 0.000
Family history of CAD 861 (31.1%) 54 (32.1%)
Smoking 1001 (36.2%) 68 (40.5%) 0.77 [0.46–1.28] 0.314
Previous MI 317 (11.4%) 50 (29.8%) <0.001 2.01 [1.43–2.83] 0.000
Previous CABG 208 (7.5%) 14 (8.3%) 1.60 [0.92–2.79] 0.095
Previous PCI 429 (15.5%) 72 (42.9%) <0.001 2.54 [1.76–3.68] 0.000
Exercise stress 1624 (59.0%) 82 (48.8%) <0.01
Pharmacologic test 1955 (41.4%) 86 (51.2%) <0.01 1.20 [0.86–1.67] 0.264
MPS
 SSSa 2.5 ± 4.7 6.6 ± 7.1 <0.001 1.06 [1.04–1.08] 0.000
 SRS 1.9 ± 4.1 3.7 ± 5.6 <0.001
 SDSa 0.6 ± 1.7 2.9 ± 3.8 <0.001 1.22 [1.17–1.26] 0.000
 LVEF (%) 59.6 ± 10.9 54.8 ± 12.0 <0.01 1.00 [0.99–1.00] 0.887
 EDV (ml) 81.1 ± 33.3 88.5 ± 36.9 <0.01
 ESV (ml) 35.3 ± 25.3 43.0 ± 30.2 <0.01

Number 
at risk per 

group 

0 months  12 months 24 months 36 months  Log-Rank 

1         2098 2081 1693 514 1 vs 3 or 4 P < 0.001 
2         430 425 346 127 2 vs 1 P= 0.006 
3      220 219 177 58 2 vs 3 P= 0.048 
4      182 178 135 43 4 vs 3 P = 0.802 
     4 vs 2 P= 0.046 

Number 
at risk per 

group 

0 months  12 months 24 months 36 months  Log-Rank 

1         2098    2056 1665 499 1 vs 2,3 or 4 P< 0.001 
2         430 406 322 117 2 vs 3 P= 0.001 
3      220 199 148 52 3 vs 4 P< 0.001 
4      182 159 113 37 4 vs 2 P< 0.001 

a b

Fig. 2   Kaplan–Meier curves of hard events (a) or late revascularization (b) according to SSS categories. Blue line SSS 0–2; green line SSS 3–5; 
yellow line SSS 6–11; purple line SSS ≥ 12
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associated with outcomes, what supports the prognostic 
value of this new protocol.

It is worth noting the characteristics of the study popu-
lation, composed of outpatients, most asymptomatic (per-
forming MPS as part of a preoperative evaluation or gen-
eral screening due to cardiac risk factors) with normal left 
ventricular function. Nonetheless, the prevalence of diabe-
tes was >20%, and over 10% had a history of myocardial 
infarction, what increases overall risk and may improve 
the generalizability of these results. Therefore, we believe 
that CZT MPS may be reliably used to evaluate patients 
for CAD, with the advantages of reduced imaging time and 
lower radiation dose.

We recognize, as a limitation, that the best method to 
establish the prognostic value of this new protocol in a 
CZT-GC would be a comparison between new and tradi-
tional cameras, with each patient being studied in both 

cameras and being control for themselves. However, it 
assumes that the same protocol would be used for both 
cameras [14]. Since the new low radiation dose and acqui-
sition time protocol could not be used for traditional cam-
eras, the study would not verify the protocol that this study 
aim to establish.

Conclusion

A new, faster, low-radiation, MPS protocol in a CZT 
camera was able to maintain the ability of stratifying 
patients with increased risk of events, showing that, in 
the presence of greater extension of defect or ischemia, 
patients presented higher rates of hard events and late 
revascularization.

Table 5   Annualized hard events and late revascularization rates for 
individual SSS groups

SSS groups Annualized hard event 
rates

Annualized late 
revascularization 
rates

1 0.57 0.90
2 1.27 2.45
3 2.06 4.96
4 2.15 6.48

Number at 
risk per 
group 

   0 months    12 months 24 months   36 months  Log-Rank 

1 2334 2316 1867 603 1 vs 2,3 or 4 p≤ 0.001 

2 305 300 249 71 2 vs 3 P= 0.931 

3 171 168 139 38 3 vs 4 P= 0.957 

4 120 119  96 30 4 vs 2 P= 0.926 

Number at risk 
per group 

   0 months    12 months 24 months   36 months  Log-Rank 

1 2334 2283 1828 587 2,3 or 4 P< 0.001 

2 305 292  238 62 2 vs 3 P< 0.001 

3 171 147  118 31 3 vs 4 P= 0.018 

4 120 98   64 25 4 vs 2 P< 0.001 

a b

Fig. 3   Kaplan–Meier curves of hard events (a) or late revascularization (b) according to SDS categories. Blue line SDS 0; green line SDS 1–2; 
yellow line SDS 3–5; purple line SDS ≥ 6

Table 6   Annualized hard events and late revascularization rates for 
individual SDS groups

SDS groups Annualized hard event 
rates

Annualized late 
revascularization 
rates

1 0.60 0.96
2 1.87 2.57
3 1.93 6.03
4 2.03 9.84
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