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ABBREVATIONS AND ACRONYMS 
 

BMI: Body Mass Index 

CABG: Coronary Artery Bypass Graft surgery 

CAD: Coronary Artery Disease 

CZT: Cadmium Zinc Telluride 

ECG: Electrocardiogram 

EST: Exercise Stress Testing 

ESV: End Systolic Volume 

FFR: Fractional Flow Reserve 

HS-DI: High-Speed Dual Isotope 

LV: Left Ventricle 

LVEF: Left Ventricular Ejection Fraction 

MI: Myocardial Infarction 

MPI: Myocardial Perfusion Imaging 

OMT: Optimal Medical Therapy 

PCI: Percutaneous Coronary Intervention 

SPECT: Single-Photon Emission Computed Tomography 

SDS: Summed Difference Score 

SRS: Summed rest score 

SSS: Summed Stress Score 
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ABSTRACT 
 

Prognostic value of myocardial perfusion SPECT without significant perfusion defect using a dual isotope 

protocol and a novel CZT camera:  

Substudy of the PROgnosis of Myocardial HETErogeneity (PROMHETE) study 

 

Background: In last years, innovation leads to development of Cadmium Zinc Telluride (CZT) cameras for 

myocardial perfusion imaging (MPI) which bring better comfort, reduce imaging time and radiation exposure to 

patients while improve diagnosis performances. Major studies with CZT camera used a single isotope protocol 

to evaluate the prognostic value and though dual isotope protocol stress Thallium-201 / rest Technetium-99m-

sestamibi (DI-HS-MPI)  feasibility and efficiency were proved for diagnosis, DI-HS-MPI prognosis value is few 

known.   

 Methods: The study included 1070 consecutive patients with normal rest LVEF (>45%) and normal MPI (SSS< 4) 

on DI-HS-MPI following a symptom-limited treadmill test or a pharmacological stress testing. The primary 

endpoint was the occurrence of a hard-cardiac event (cardiac deaths, nonfatal myocardial infarctions or 

unexpected coronary revascularizations).   

Results: 562 (56%) patients were males; the mean age was 64 years old (yo). One hundred ninety-nine (20%) 

had a previous history of personal coronary artery disease (CAD), 319 (32%) were smoking, 467 (47%) had a 

high blood cholesterol level, 615 (61%) high blood pressure, 433 (43%) were diabetic. In most of the cases, DI-

HS-MPI was performed for research of a silent ischemia (593, 59%). The majority of the patient (591, 59%) had 

a pharmacologic stress test. The mean rest LVEF was 63 ± 8%, 785 (78%) had a SSS at 0 or 1 and 218 (22%) had 

a SSS at 2 or 3. 55 hard cardiac events occurred (22 cardiovascular deaths, 13 nonfatal myocardial infarctions 

and 20 unexpected coronary revascularizations) on a mean follow up of 3.04 years. The hard-cardiac event rate 

was 1.80 % per year. Statistically significant differences with the free events group and events group were 

observed: patients with cardiac events were older (p < 0.001), had more history of personal CAD (p = 0.01), 

more hypercholesterolemia (p = 0.04) and their SSS were more often at 2-3 (p = 0.01). In multivariable analysis, 

age (HR 1.07 [1.04 ; 1.10]p< 0.001), previous CAD (1.92 [1.07 ; 3.42]P = 0.027) and SSS at 2-3 (1.84 [1.05 ; 3.23] 

p = 0.031) were predictor of cardiac events. 

 

Conclusions: DI-HS-MPI provided prognostic information comparable to single-isotope protocols on CZT 

camera. However, for patients within normal MPI (SSS <4), DI-HS-MPI was able to identify subgroups with 

subnormal MPI, who presented a poorer prognosis.  

 

Key words: myocardial perfusion scintigraphy ● dual isotope protocol ● cadmium-zinc-telluride ● prognosis ● 

microcirculation ● coronary artery disease  
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INTRODUCTION 
 

Newest European guidelines for management of patient with acute obstructive coronary artery disease have 

recently been released (1) but management still remain the same for suspected stable coronary artery diseases 

(2). When diagnosis is confirmed, risk factors ought to be controlled and optimal medical therapy (OMT) should 

be initiated. Subsequently, the risk of cardiac event is assessed to guide the patient’s therapy management. 

Risk stratification uses clinical parameters, echocardiographic data, sometimes-angiographic data, and 

generally a noninvasive stress testing. The aim is to discriminate patients who are at high risk and may benefit 

from an aggressive therapy (e.g. coronary revascularization), from patients at low risk who may be managed 

best conservatively (in the absence of severe symptoms under OMT).  

Myocardial perfusion imaging (MPI) helps answering the question of diagnosis, risk assessment and therapeutic 

management. Indeed, it provides accurate diagnostic information, but there is also extensive evidence 

supporting its prognostic value (3). More than 30 years of research have demonstrated the incremental 

prognostic value of MPI data over clinical characteristics, cardiac risk factors, and stress test data for the 

prediction of hard cardiac events. The perfusion data was the first modality to be studied, initially in planar 

imaging with the first major study in 1983 (4), then with Single-Photon Emission Computed Tomography 

(SPECT) around 1993 . The use of Tc-99m labeled tracers and the replacement of planar imaging with SPECT 

allowed gating of images. Measurement of Left Ventricle (LV) volumes, Left Ventricular Ejection Fraction (LVEF), 

and assessment of regional wall motion provided additional prognostic information to perfusion variables (5). 

In particular, the low risk associated with a normal MPI is well established. If ischemia is non-significant (SSS< 

4), the risk of cardiac death is less than 1% a year (6,7).  

In the past decade, the development of semiconductor cameras using Cadmium-Zinc Telluride (CZT) detectors 

allowed significant improvements in the field of MPI. These new cameras, compared to the traditional Anger 

cameras, have shown an increased count sensitivity, allowing reduction of acquisition time and injected activity 

(3,8). Image quality and energy resolution are markedly higher on CZT camera (8,9). Their diagnostic 

performances have been evaluated in comparison with coronary angiography (10,11) and Fractional Flow 

Reserve (FFR) (12) for the perfusion data, and with MRI for the function of the left ventricle (13). In a meta-

analysis (14), the conclusion made is that several analyses have demonstrated that CZT cameras can provide a 
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reliable non-invasive evaluation of myocardial perfusion, LV volumes and LVEF in CAD patients. But to date, 

studies have evaluated the prognostic value of MPI on a novel CZT camera (15,16) but no one  evaluated the 

prognostic with a dual-isotope stress thallium-201/rest technetium-99m protocol associated with the CZT 

camera, however its utilization is safe and provide better exams (17). Indeed using a dual isotope protocol is 

possible with the new accuracy provided by CZT camera: by reducing the time of the examination (18), the 

utilization of thallium is safer. it is also one of the best isotope for stress MPI as it was proved in a recent study 

published by Chikamori et al. (19), with a sensitivity at 88% to detect LAD stenosis versus 66% for Technetium. 

The objective of this study is to evaluate the prognostic value of myocardial perfusion imaging on a CZT camera 

with a high-speed dual isotope protocol, when the ischemia is non- significant (SSS< 4), in patients with a 

normal rest LVEF (> 45%) measured by MPI. 

 

METHODS 

Study population 

Between May 2011 and September 2012, 2052 patients underwent MPI using the new CZT camera (GE 

Discovery NM 530c). Of this initial population, 1212 had a normal DI-HS-MPI or displayed a non-significant 

perfusion defect (<10% of the LV myocardium or SSS < 4). 109 patients who underwent a single isotope 

protocol or refused to participate, 67 with incomplete data and 33 with rest LVEF < 45% were excluded. The 

population was constituted of the remaining 1003 patients with normal or low risk myocardial SPECT (Figure 1). 

Written informed consent was obtained from all patients for use of their clinical and imaging data for research 

purposes as approved by the Institutional Review Board. The ClinicalTrials.gov identifier for this study was 

NCT02576704. 

Stress protocol 
 
For exercise testing, patients were asked to discontinue their beta-blocker treatment for 48 hours before the 

examination. The symptom-limited exercise stress testing was performed on a bicycle ergometer according to a 

Bruce protocol. The test was prematurely stopped if any of the following occurred: hypotension, angina, 

ventricular arrhythmia, ST-segment elevation, ST-segment depression of > 3mm, excessive fatigue or dyspnea, 

severe hypertension. For patients who could not achieve a significant increase in cardiac frequency, a perfusion 

of dipyridamole was used while low charge exercise was performed. Patients unable to exercise underwent 
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pharmacologic stress, consisting of the administration of 0.56mg/kg of body weight of dipyridamole over 4 

minutes. Dipyridamole was antagonized by a systematic injection of aminophylline, 4 minutes after Thallium 

injection. If a contraindication to dipyridamole was present, the pharmacologic stress consisted in the 

perfusion of an increasing dose of Dobutamine (5µg/kg/min to 40µg/kg/min), completed with injection of 

0.5mg of atropine if needed, to achieve 85% of the theoretical maximal cardiac frequency. For all stress 

modalities, a 12-lead electrocardiogram and blood pressure was monitored during the stress and until 6 

minutes after its termination.  

Myocardial perfusion imaging protocol 

 
All patients underwent a 1-day dual isotope ultrafast protocol, illustrated by Figure 2. At peak exercise stress, 

or 4 minutes after the end of the injection of dipyridamole, Thallium-201 was administered intravenously. The 

injected activity was adjusted to the body weight of the patient (74MBq for a weight under 80kg, 92MBq for 

weight between 80 and 100kg, 111 MBq for weight over 100kg). Five to ten minutes after injection, a 5 minutes 

supine acquisition was performed, followed (if possible) by a 5 minutes prone acquisition. After stress 

acquisitions, Technetium-99m-sestamibi was injected at rest, and the activity was adjusted as follows: 300MBq 

for weight under 80kg, 370MBq for weight between 80 and 100kg, 450 MBq for weight over 100kg. 2 minutes 

after the injection of technetium a 5-minutes rest acquisition was made in supine position (17). 

Camera 

The solid-state semiconductor CZT gamma camera system (Discovery NM 530c, GE Healthcare Ltd, figure 3) 

used in this study was composed of a multiple pinhole collimator and 19 stationary detectors, imaging 

simultaneously 19 views of the heart without motion of the camera. Each detector contained 32x32 pixelated 

(2.46 x 2.46mm) CZT elements. SPECT images were reconstructed in short axis, horizontal long axis, and vertical 

long axis views. Electrocardiogram gating was performed at stress and rest to obtain left ventricular volumes.  

Image analysis 

This study only includes patients with normal scans or non-significant perfusion defects (SSS < 4) and a rest 

LVEF more than 45 %, as interpreted by the nuclear physician at the time of the examination. For the purpose 

of the study, images were scored by an independent observer, blinded to clinical information using a 17-

segments model with a five-point scoring for each segment (0= normal, 1=equivocal, 2=moderate, 3=severe 
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reduction of radioisotope uptake, and 4= absence of detectable tracer uptake in a segment). Summed stress 

scores (SSS) and summed rest scores (SRS) were obtained by adding the scores of the 17 segments of the 

respective images (See in Figure 4 and Figure 5, examples of SSS = 0 and SSS = 3). Gated SPECT images allowed 

measuring left ventricular ejection fraction, end systolic LV volume and end diastolic LV volume by an 

independent observer, blinded to clinical information. 

Follow up data 

The primary endpoint of this study was the occurrence of a hard-cardiac event (cardiovascular deaths or 

nonfatal myocardial infarctions or unexpected coronary revascularizations). Patients were asked to complete a 

questionnaire about events that could have occurred after the MPI (myocardial infarction, revascularization, 

angina, and stroke), which was sent out by mail. If the patients did not return the questionnaire, the same data 

were collected by telephone interview of the patient himself. For the patients who could not be reached by 

phone, the general practitioner or cardiologist was asked about the patient’s vital status and the occurrence 

cardiovascular events. If it wasn’t conclusive, it was the internal database of Grenoble Hospital that was asked. 

Cause of death (and especially its cardiovascular origin) was assessed by 2 physicians’ review of the patient’s 

hospital record or by asking the patient’s general practitioner. Cardiovascular death was defined as lethal 

arrhythmia, fatal MI, fatal heart failure, or sudden death.  

Statistical Analysis 

Statistical analyses were performed using SPSS software (version 21, SPSS Corp, Somers, NY). Continuous 

variables were expressed as mean ± one standard deviation (SD) and categorical variables were expressed as 

counts and percentages. Baseline characteristics of patients according to CV risk level were compared using a 

Chi2 or an unpaired t-test. Survival of patients with SSS equal of 2 or 3 and without (SSS= 0 or 1) according to 

the hard-cardiac event (cardiovascular deaths, non-fatal MI or unexpected coronary revascularizations) was 

evaluated using the Kaplan-Meier method and compared among groups using log-rank test. The index date was 

the date of the nuclear stress test. Annual event rates were calculated by dividing the event rates at the end of 

follow-up by the mean duration of follow-up. All clinical parameters were proposed for inclusion in a univariate 

Cox proportional hazard model and all significant (p < 0.05) univariate correlates of survival were entered into 

forward stepwise multivariate Cox model. All tests were 2-sided and a p value < 0.05 was considered 

statistically significant 
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RESULTS 
 

Patient characteristics 

Of the 1003 patients, the average age was 64 ± 11 years old; 562 were males (56%). 43% had diabetes, 32% 

were smoking, 61% high blood pressure, 47% high cholesterol rate and 13% an history of CAD in their family. 20 

% had a previous CAD.  Clinically, 5% of the patients presented a typical chest pain, 35% an atypical chest pain 

and 59% were referred for research of silent ischemia without presenting any symptom. 398 patients (40%) 

underwent exercise stress and 591 (59%) had pharmacological stress. Dipyridamole was used in the largest part 

(525).  The mean pretest probability of having a stable coronary artery disease, evaluated as recommended in 

latest European recommendations (2), was 39 ± 18 %.   

Table 1 compares the baseline characteristics of the patients with or without events. Patients with events were 

significantly older, with a higher prevalence of high blood cholesterol and had a previous history of CAD. Their 

pretest score were higher (47 ± 17), and they were more likely to undergo a pharmacological stress testing than 

an exercise test.  For whom who realized a stress test, it was considered as negative in 77% in the group of 

patients without event and was inconclusive in 17%. Concerning SPECT data, patients with or without events 

presented no differences regarding their stress or rest LVEF and their rest end-systolic volume (ESV). Patient 

with events were most likely in the group with a SSS at 2 or 3.   

 

Outcome events 

 
Event rates were evaluated after a mean follow up of 1109 ± 280 days (3,04 years), and the follow up was 

completed in > 99% of the cases (2 patients lost to follow up).  There were 74 non-cardiac deaths: 30 were 

related to complications or end-stage evolution of cancer, 11 were caused by sepsis and 7 were a consequence 

of end-stage liver insufficiency. There were 5 deaths related to severe chronic respiratory disease, and 3 to 

end-stage renal disease. Other causes of death were neurologic, trauma, gastrointestinal bleeding, diabetic 

ketoacidosis, hypoxic cardiac arrest on choking, suicide, and complication of brain surgery.  During follow up, 

55 hard events occurred, including 22 cardiovascular deaths, 13 nonfatal myocardial infarctions and 20 

unexpected coronary revascularizations. The annualized rate of cardiac event (cardiovascular death or nonfatal 

myocardial infarction or unexpected coronary revascularization) was 1.80% per year.  It was analyzed for 

different subgroups of patients (Figure 6). In the subgroup of patients undergoing exercise stress testing, the 
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annualized event rate was 0.83% per year while it was 2.50% per year in patients undergoing a pharmacologic 

test. In the subgroup with high blood pressure it was 2.14% per year, with previous CAD it was 2.98 % per year.  

For patient with SSS at 2 or 3, hard event rate was 2.87% per year whereas 1.51% per year for SSS at 0 or 1. 

Whom who present an atypical chest pain, it was 0.92% versus 2.28% for the rest of the patient. Univariate 

predictors of cardiac events included age, previous CAD, SSS between 2 and 3, pharmacologic stress testing and 

high blood cholesterol. Multivariate Cox analysis identified age, SSS between 2 or 3 and previous CAD as 

independent predictors of hard event while atypical chest pain as indication of the exam was protector (Table 

2).   

Kaplan-Meier statistics were used to show the cumulative survival curves (Figure 7). Event-free survival was 

significantly decreased in patients with a SSS at 2 or 3 (log-rank p = 0.01). 

 

DISCUSSION 

 
In this study, 1003 patients with a rest LVEF > 45% were followed after they underwent a HS-DI MPI considered 

as normal (SSS< 4) on a CZT camera to determine the prognostic value of this test. Over our mean 3.04 years of 

follow up, the annualized rate of hard-cardiac events (CV death or nonfatal MI or unexpected coronary 

revascularization) was 1.80% per year. Age, previous CAD and SSS at 2 or 3 predicted a worst prognosis.  

In a study published in September 2015 Yokota et al. (16) found, in a pool of 1288 patients with suspected CAD, 

rest LVEF > 50%, a low to intermediate pretest likelihood for CAD and a normal SPECT (SSS<4) on a CZT camera 

with a single isotope protocol, an event rate at 1.5 % per year for a composite endpoint including all-cause 

mortality, non-fatal myocardial infarction and unexpected coronary revascularization. In a recent study 

published in September 2017, Engbers el al. (20) found, with a single isotope protocol, an event rate of 2.75% 

per year for non-fatal myocardial infarctions, cardiac deaths and unexpected coronary revascularizations in a 

population including 3137 patients with MPI on a CZT showing a small ischemic defects (define as fixed or 

reversible perfusion defects constituting less than 10% of the myocardium). Our hard-cardiac event (CV deaths 

or nonfatal MI or unexpected coronary revascularizations) rate per year is comparable to Yokota et al. one but 

is less than it is for Engbers et al. Maybe it can be explained by the fact that their population performed mostly 

pharmacologic stress testing (99% versus 59% in our cohort) for MPI.  
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Indeed, in our study, we found the same data than others about the stress protocol: being able to realize an 

exercise stress test instead of a pharmacologic stress test was protector with a hard-cardiac event (CV deaths 

or nonfatal MI or unexpected coronary revascularizations) rate at 0.83 % per year versus 2.5% per year 

respectively. Moreover, if we take a look only to cardiac deaths or non-fatal MI, event rate decrease at 0.16% 

per year if patients realized an exercise stress test versus 1.32 % per year if they had a pharmacologic stress 

test. It can easily be explained by the fact that patients undergoing a pharmacologic test are weaker but it may 

not be the only cause. In a meta-analysis of 14918 patients, Navare et al. (21) observed that the annualized 

event rate for cardiac death and MI was 1.78% per year for patients with a normal MPI after a pharmacological 

stress. It has been attributed to the comorbidities and older age of the patients. But Rozanski et al. (22) sought 

later to examine if it was possible that pharmacologic stress could be limited in its ability to identify patients at 

low risk. This study included 6065 patients with a normal MPI after both exercise or adenosine infusion. The 

adenosine patients were older, fewer male, had greater BMI, a greater mean pretest likelihood of CAD and had 

more chest pain symptoms. During a 2.6-years follow up, the annualized hard cardiac event rate was higher in 

adenosine compared to exercising patients (1.2% vs. 0.2%). Propensity analysis was used to match exercise and 

adenosine patients to make them comparable, but the annualized hard cardiac event rate remained higher in 

the adenosine cohort (1.1% vs. 0.2%). All cause deaths were also higher in the adenosine group, during a longer 

follow up (10 years). The event rate for patients with an exercise duration <3 minutes was the same as for 

patients undergoing a pharmacological test. The explanation for this phenomenon is unclear. It is doubtful that 

adenosine would diminish SPECT capacity for detection of ischemia, as many studies showed that its sensitivity 

and specificity was comparable to exercise SPECT. It is possible that the characteristics of patients undergoing 

pharmacological stress (frailty, poor exercise conditioning, musculoskeletal disorders), are shared by the 

patients who exercised for less than 3 minutes and have an influence on mortality. However, the persistence of 

a worse prognosis for the adenosine group after comparison of propensity matched cohorts and the exclusion 

of severe comorbid patients should make the clinician more cautious when making decisions about a patient 

after pharmacologic stress MPI even if it is normal.  

Finally, if we only look at our cardiac death event rates only, it is at 0.72 % per year, far less than the 1%, as it 

was with Anger camera in a historical study (7).  

In 2012, Nakazato et al. (15) showed in a 1766 patients cohort that the event rates per year increased in 

proportion to stress MPI abnormalities on a CZT camera, as well with a single or a dual isotope protocol with 
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Thallium at stress . In July 2017, Lima et al (23) also found the same results in 2930 patients with a composite 

hard event defined as deaths or non-fatal infarctions with a low dose simple isotope protocol in a CZT MPI. 

Engbers et al. (20) also found the same tendency in their results. Our study is the first, which shows different 

prognosis depending to proportion to stress MPI abnormalities in context of MPI defined as normal. The 

patients with a SSS at 2 or 3 have a hard-cardiac events (cardiovascular deaths or nonfatal myocardial 

infarctions or unexpected coronary revascularizations) rate higher than whom with a SSS at 0 or 1 (2.87 % per 

years versus 1.51 % per years respectively). These results can be explained by the use of newest CZT camera. 

Indeed, with the increase of sensibility and spatial resolution allowed by CZT detectors (14) the accuracy of MPI 

is now higher. Furthermore, the accuracy of Thallium increases the precision of stress MPI. Indeed it is the best 

radiotracer for stress SPECT (24). Finally, these factors may explain why we are able discriminate with more 

accuracy patients with an intermediate SSS or minor perfusion defects when we use thallium for stress MPI in 

CZT camera.  

With all of these data and beside the fact that we don’t compare our results on an Anger camera cohort as it 

has been done in other studies like Oldan et al. (25), it seems legitimate, in front of these results, to conclude 

that MPI on a CZT camera, with a dual isotope protocol, also provide excellent prognostic. 

 

Study Limitations  

Patients included in this study were referred to a single center, thus limiting the extrapolation of our findings. 

The limited number of events in this population, identified as low-risk by the perfusion imaging, reduces the 

statistical power of the study. It bears a risk of overfitting in multivariable models. The use of cardiovascular 

mortality is sometimes criticized, because determining cause of death can be difficult and lead to bias, unlike 

the use of all-cause death which is judged to be a true hard endpoint (26). However, we chose to consider 

cardiovascular death because in our low to intermediate-risk subset of patients, most deaths were expected to 

be non-cardiac. Indeed, during the follow up we could notice that most deaths were caused by cancer, end-

stage renal or liver disease. Besides, as a single center cohort, most patients had a hospital record and the vast 

majority of deaths occurred in the hospital (the same observation applied to nonfatal myocardial infarctions). 

This enabled the investigators could accurately classify the events.  

We chose not to exclude patients with a previous history of CAD because this prognosis corresponds to a large 

activity of our unit.  
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The recently developed CZT-technology provides the possibility to use a dual isotope protocol with acceptable 

ionizing radiation. Indeed, in a population with a mean age of 65± 12 years old, the effective dose was 12 mSv 

for our study protocol with the main radiation dose coming from thallium-201. In comparison, the effective 

dose was 11.9 mSv for the Berman study protocol (27). These effective doses are consistent with the average 

dose found in nuclear cardiology departments in North America, where SPECT is widely used for the diagnosis 

of CAD (28). The possibility to use a lower dose of thallium without impairing the timeliness and quality of the 

images should therefore be evaluated. In this setting, and considering the superior kinetics of thallium-201 over 

99mTc-labelled tracers, one might also emphasize that achieving the lowest injected dose represents a goal that 

should be pursued while keeping in mind both the controversial aspect of the linear, no threshold hypothesis 

and the patient’s interest with regards to diagnostic accuracy (29). 

 

Perspective  

 

These primary results are interesting, because simple SSS visual analysis was able to identify subgroups with 

subnormal MPI, which presented bad prognosis. PROMHETE study evaluates the prognostic value of new 

texture analysis of images, which might provide insights into CMVD. Our team developed software allowing the 

calculation of an index of heterogeneity (Myocardial Perfusion Entropy), using data from routinely performed 

SPECT imaging. Completely automated analysis and quantification of MPE might be a novel, accessible way to 

better risk-stratify patients without perfusion abnormalities. 

 

CONCLUSION 

 

DI-HS-MPI provided prognostic information comparable to single-isotope protocols on CZT camera. But for 

patients with normal MPI (SSS <4), DI-HS-MPI was able to identify subgroups with subnormal MPI, which 

presented poorer prognosis.  
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 APPENDIX 
 

Tables  
Table 1. Baseline characteristics of patients with and without hard cardiac events (cardiovascular deaths, non-
fatal myocardial infarctions or unexpected coronary revascularizations). 

Variable                                                                                   Total 

                                                                                                              n = 1003 

No event (6) 

n = 948 

Event 

n = 55 

p value 

Sex, male 562 (56%) 532 (56%) 30 (54%) 0.8 

Age, years 64 ± 11 63 ± 11 73 ± 10 <0.001 

BMI, kg/m² 27.7 ± 12.2 27 ± 12 26 ± 4 0.5 

Medical history     

Coronary artery disease 199 (20%) 181 (19%) 18 (32%) 0.01 

Previous MI  97 (10%) 89 (9%) 8 (14%) 0.2 

Previous CABG 31 (3%) 30 (3%) 1 (2%) 0.5 

Previous PCI   147 (15%) 135 (14%) 12 (22%) 0.1 

Stroke 36 (4%) 34 (4%) 2 (4%) 0.9 

Cardiovascular risk factors      

Smoking 319 (32%) 303 (32%) 16 (29%) 0.6 

Hypercholesterolemia 467 (47%) 431 (45%) 36 (65%) 0.04 

Hypertension 615 (61%) 575 (60%) 40 (72%) 0.07 

Family history of CAD 129 (13%) 124 (13%) 5 (9%) 0.3 

Diabetes mellitus 433 (43%) 407 (43%) 26 (47%) 0.5 

Indication for SPECT     

Typical chest pain 54 (5%) 48 (5%) 6 (11%) 0.06 

Atypical chest pain 356 (35%)  346 (36%) 10 (18%) 0.006 

Research for silent ischemia 593 (59%) 554 (58%) 39 (70%) 0.06 

Pretest likelihood 39 ± 18 38 ±18  47±17 <0.001 

Type of stress     

EST 398 (40%)  388 (41%) 10 (18%) <0.001 

Dipyridamole 525 (52%) 484 (51%) 41 (75%) 0.003 

Dobutamine  66 (7%) 62 (6%) 4 (7%) 0.9 

EST clinical data  n = 209 n = 3  

Maximum heart rate, bpm 120 ± 31 121 ± 31 99 ± 30 <0.001 

Maximum SBP, mmHg 158 ± 35 159 ± 34 142 ± 36 0.03 

SPECT data     

Rest LVEF, % 63 ± 8 61 ± 7 61 ± 7 0.9 

Stress LVEF, % 61 ± 7.3 63 ± 8 63 ± 6 0.8 

Summed Stress Score 0.7 ± 0.9 0.7 ± 0.9 1 ± 1.1 0.01 

Summed Rest Score 

 

SSS 0-1 /2-3 

0.23 ± 0.6 

 

785(78%)/218(22%)            

0.2 ± 0.5 

 

749(79%)/199(21%) 

0.2 ± 0.7 

 

36(65%)/19(34%) 

0.5 

 

0.01 

 

 

  

BMI, Body Mass Index; MI, Myocardial Infarction; CABG, Coronary Artery bypass graft surgery; PCI, Percutaneous Coronary Intervention; CAD, 

Coronary Artery Disease; SPECT, Single Photon Emission Computed Tomography; EST, Exercise stress testing; SBP, Systolic Blood Pressure; 

LVEF, Left Ventricular Ejection Fraction; ESV, End-Systolic Volume.    
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Table 2. Uni- and Multivariate Cox Analysis Predictors of cardiac events (cardiovascular deaths, non-fatal 
myocardial infarctions or unexpected coronary revascularizations). 

 Univariate Analysis Multivariate Analysis 

 

 

Parameters 

HR 

 [95% CI] 

P value HR 

 [95% CI] 

P value 

Sex male  / Female 1.04 [0.61 ; 1.77] 0.88   

Age  1.07 [1.05 ; 1.10] <0.0001 1.07 [1.04 ; 1.10] < 0.0001 

BMI 0.96 [0.90 ; 1.02] 0.24   

Hypercholesterolemia 2.12 [1.21 ; 3.70] 0.008 1.75 [0.99 ; 3.08] 0.053 

Hypertension 1.72 [0.95 ; 3.12] 0.07   

Family history of CAD 0.65 [0.26 ; 1.63] 0.36   

Diabetes mellitus 1.12 [0.66 ; 1.91] 0.6   

Smoking  0.89 [0.49 ; 1.59] 0.69   

Previous CAD 2.07 [1.18 ; 3.64]  0.01 1.92 [1.07 ; 3.42] 0.027 

Stroke 1.04 [0.25 ; 4.27] 0.95   

Typical chest pain 2.12 [0.90 ; 4.95] 0.08   

Atypical chest pain 0.39 [0.19 ; 0.78] 0.008 0.38 [0.19 ; 0.77]  0.007 

Silent ischemia 1.72 [0.96 ; 3.08]  0.06   

Stress effort / Pharmacologic effort 0.33 [0.17 ; 0.66] 0.02 1.64 [0.79 ; 3.38] 0.18 

Rest LVEF   1.00 [0.97 ; 1.04] 0.7   

Stress LVEF 0.99 [0.96 ; 1.03] 0.91   

SSS 0-1/2-3 1.92 [1.10 ; 3.35] 0.002 1.84 [1.05 ; 3.23]  0.031 

 

     

CI, confidence interval; HR, hazard ratio; other abbreviations as in Table 1.  
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Figures 

 

 

Figure 1. Flow Chart 
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Figure 2. Study imaging protocol with time to acquisition, time to rest injection and duration of 

acquisition. 
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Figure 3. Camera Discovery NM530c (GE Healthcare, Haïfa, Israël)(30) 
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Figure 4. Example of SPECT MPI with SSS = 0 (A) and normal gated SPECT parameters (B)

 
B 
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Figure 5. Example of SPECT MPI with SSS = 3 (A) and normal gated SPECT parameters (B) 
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Figure 6. Hard event rates (cardiovascular deaths, nonfatal myocardial infarctions or unexpected coronary 

revascularizations; % per year) for patients with or without dyslipidemia, atypical chest pain, previous CAD, SSS 

[2-3] and if they pass a pharmacologic or exercise stress test for the stress MPI 
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Figure 7.  Cumulative event free survival according to the result of the MPI: SSS 0-1 or SSS 2-3 
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Introduction : Le développement des caméras au Cadmium Zinc Telluride (CZT-SPECT) pour l’imagerie 

myocardique de perfusion (MPI) a permis de diminuer l’irradiation et ainsi de développer l’utilisation de 

protocole double isotope Thallium 201 à l’effort / Technetium 99m Sestamibi au repos (DI-HS-MPI).  Ainsi en 

utilisant le meilleur traceur SPECT au stress cumulé aux performances de la CZT-SPECT, il est licite de vérifier la 

valeur pronostique d’une CZT-SPECT normale avec Summed Stress Score (SSS) <4.    

Matériel et méthode : Cette étude a inclus de façon prospective, au Centre Hospitalier Universitaire de 

Grenoble, entre mai 2011 et septembre 2012, des patients présentant une fraction d’éjection ventriculaire 

gauche (FEVG) de repos normale (>45%) mesurée en scintigraphie et une recherche d’ischémie par DI-HS-MPI 

avec SSS<4. Le critère de jugement principal était composite incluant la survenue d’un décès de cause 

cardiovasculaire, d’un infarctus du myocarde non fatal et d’une revascularisation coronarienne non 

programmée. 

Résultats : 1003 patients ont été suivis pendant 3.04 ans, 562 (56%) étaient des hommes, l’âge moyen était de 

64 ans, 199 (20%) avaient un antécédent personnel de maladie coronarienne, 319 (32%) étaient fumeurs, 467 

(47%) dyslipidémiques, 615 (61%) hypertendus et 433 (43%) diabétiques. Dans la majorité des cas, l’examen 

était réalisé à la recherche d’une ischémie silencieuse (593 ; 59%). La probabilité moyenne pré test de maladie 

coronarienne, estimée selon les recommandations européennes de 2013 sur les maladies coronariennes 

stables, était de 39 ± 18%. La plupart des patients (591 ; 59%) avaient réalisé un test d’effort pharmacologique 

pour l’acquisition des images de stress. La FEVG moyenne de repos était à 63 ± 8%, 785 (78%) avait un SSS à 0 

ou 1 ; 212(22%) un SSS à 2 ou 3. 55 événements du critère de jugement principal se sont produits (22 décès 

d’origine cardiovasculaire, 13 infarctus non fatal et 20 revascularisations coronariennes non programmées). Le 

groupe avec événements présentait de façon statistiquement significative un âge plus élevé (73 ± 10 ans ; p < 

0.001), plus d’antécédents personnels de maladie coronarienne (p = 0.01), était majoritairement 

dyslipidémiques (p = 0.04) et le SSS était plus souvent à 2 ou 3 (p=0.01). En analyse multivariée, l’âge (HR 1.08 

[1.05; 1.11], p< 0.001), un antécédent personnel de maladie coronarienne (HR 2.05 [1.16 -3.61], P = 0.01) ou le 

SSS à 2 ou 3 (HR 1.88 [1.07; 3.28], p = 0.027) était prédicteur de survenue d’évènements du critère de jugement 

principal. 
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Conclusion : L’utilisation du DI-HS-MPI cumulant l’avantage des priorités physiques du thallium au stress pour 

la recherche d’ischémie et les performances de la CZT-SPECT permet de discriminer une population à risque 

malgré une scintigraphie dite normale selon les critères habituels.   

Mots clés : scintigraphie cardiaque ● double isotope ● Cadmium zinc Telluride ● pronostique ● 

microcirculation 




