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Combination of myocardial perfusion imaging, left 

ventricle function parameters and coronary artery calcium 

score in risk evaluation in patients with diabetes mellitus

Abstract
Objective: Myocardial perfusion imaging (MPI) can be challenging in some cases of multi vessel involve-
ment. Our aim was to examine speci�c group of patients with diabetes mellitus (DM), who did not have 
signi�cant reversible ischaemia diagnosed on perfusion study itself, and asses additional value of functi-
onal parameters obtained from gated acquisition and added information from coronary artery calcium 
score (CACS). Subjects and Methods: One hundred and seventy eight patients with a history of DM, with 
summed di�erence score (SDS)≤1, were included in the study. All patients underwent gated acquisition 
with recording of functional parameters and CACS evaluation. During the follow�up, cardiac events (CE) 
were recorded. Results: During the median follow-up of 20.3 months there were 23 CE encountered. Opti-
mal cut-o� value for CACS to predict CE was found at 1427, higher values were signi�cantly related to CE 
(P<0.001). Low stress left ventricular ejection fraction (LVEF) <45% and induced stress LVEF drop for ≥5% 
were also more frequent in CE group (P=0.001, P=0.008). Multivariable Cox analysis revealed low stress LVEF 
(P=0.001, HR=4.48, 95%CI 1.79-11.22), stress induced LVEF drop (P=0.017, HR 3.13, 95%CI 1.22-8.01) and 
high CACS (P<0.001, HR 10.52, 95%CI 4.32-25.63) as signi�cant predictors of CE. Conclusion: Low stress 
LVEF under 45%, post-stress LVEF drop for more than 5% and CACS more than or equal to 1427 are signi-
�cant predictors of CE in patients with DM, who did not have reversible ischemia detected on MPI single 
photon emission computed tomography (SPECT). 
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Introduction

Myocardial perfusion imaging (MPI) with single photon emission computed to-
mography (SPECT) is a well-established non-invasive diagnostic tool for the 
assessment of ischemia as well as prognosis. Conventional nuclear medicine 

procedure is based on the evaluation of regional inhomogeneities in perfusion distri-
bution with added information from gated study regarding functional parameters of 
the left ventricle. In patients with multi vessel involvement, based on the principle of 
imaging with conventional method, the diagnosed extent of the ischaemia can be un-
derestimated [1-3]. 

Coronary artery calcium deposits are morphological substrate of atherosclerosis, thus 
coronary artery calcium evaluation, as can be done with coronary artery calcium score 
(CACS) assessment, can reveal information about the epicardial vessel involvement [4, 
5]. In our previous studies we found CACS to be a valuable adjunct to MPI SPECT in ad-
verse outcome prediction [6, 7]. 

Diabetes mellitus (DM) is a metabolic disease with increased incidence [8]. Patients 
with DM are in the elevated risk of development of coronary artery disease (CAD). The 
primary cause of death in this patient's group is CAD and heart failure [9, 10]. Previous 
studies presented DM as an equivalent of coronary artery disease (CAD), however some 
recent investigations depict variability in this group and place an accent on the deeper 
risk strati�cation in this cohort [5, 11].

Our aim is to investigate group of patients with DM referred for MPI SPECT, without 
signi�cant ischaemia diagnosed on perfusion study itself and asses additional value of 
functional parameters obtained from gated acquisition and added information from 
CACS.

Subjects and Methods
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Study population 
The study group consisted of 178 patients with a history of 
DM, referred for cardiac gated-SPECT imaging and without 
signi�cant ischaemia diagnosed on MPI SPECT (i.e. without 
signi�cant reversible defect detected, SDS 1).

The whole study group underwent MPI SPECT procedure 
with electrocardiographic (ECG) gating (gated-MPI SPECT) 
and CACS measurement. Informed consent was obtained 
from all individual participants included in the study.

Stress and rest testing
Patients were examined according to a one-day stress-rest 
protocol, or a two-day rest-stress protocol, the selection de-
pended on the distance of the patient's residence from the 
laboratory. The stress test was done on a bicycle ergometer. 
Exercise was conducted until reaching 85% of the age-pre-
dicted maximal heart rate or the onset of angina pectoris, 
dyspnoea, fatigue, dizziness, frequent (>10 per minute) mul-
tifocal or paired ventricular extrasystoles, ST segment dep-
ression (>0.2mV), or when blood pressure decreased 10 Torr 
below the previous stage value.

If the subjects did not ful�l the criteria for adequate exer-
cise stressing, or were unable to exercise at all, they received 
a 4-minutes dipyridamole infusion at a standard dose of 
0.56mg per kg of body weight or 0.4mg of regadenoson in-
jection combined with a low level of exercise. Patients with 
the left bundle branch block were stressed by dipyridamole 
alone to avoid tachycardia and reduce the possibility of sep-
tal artefacts [12]. Pharmacological stress was conducted in 
53 (29.8%) cases. The radiopharmaceuticals used were tech-

99mnetium-99m ( Tc) labelled sestamibi or tetrofosmin. The 
administered activity of the radiotracer for the reference pa-
tient (adult, 70kg) was 300MBq for the stress study. The dose 
for the rest study was 750MBq for the one-day protocol or 
300MBq for two-day protocol. Administered activities of the 
radiopharmaceuticals were adjusted according to body we-
ight.

Gated-SPECT acquisition and processing
Single photon emission computed tomography was acqu-
ired using a GE Discovery NM 630 or NM/CT 670 tomogra-
phic camera, equipped with low-energy high-resolution 
collimators in an L-mode (90°) con�guration. Images were 
gated at eight frames per cardiac cycle. Acquired studies 
were processed and automatically evaluated using a 4-DM 
software application (INVIA, Ann Arbor, Michigan, USA) to 
calculate summed di�erence score (SDS), left ventricular 
(LV) ejection fraction (LVEF) in stress and rest. 

Cut-o� value from the gated study parameters was de�-
ned as a stress LVEF <45% and worsening of the LVEF after 
stress by more than 5% [13]. 

Coronary artery calcium scoring
Positron emission tomography/computed tomography 
(PET/CT) scanner Biograph mCT 40 (Siemens Healthineers, 
Erlangen, Germany) or hybrid tomographic camera GE Dis-
covery NM/CT 670 (GE Healthcare, Chicago, Illinois, United 
States) were used with the standard vendor's software ba-
sed on the Agatston method (cut-o�: >130 Houns�eld units), 
to record and evaluate CACS values. 

Follow-up
During the follow-up, the CE were recorded. The CE inclu-
ded those with angina pectoris requiring hospitalisation 
and coronary revascularization, a non-fatal myocardial infar-
ction (MI), or cardiac death. Patients were categorized into 
two groups: having a CE (CE+) and not having a CE (CE-).

Statistical analysis
Continuous variables are expressed as the mean±standard 
deviation or median with interquartile range (IQR), and ca-
tegorical variables are summarized by the count and per-
centages. Categorical variables were compared using Fis-
her-exact test, continuous variables were compared using 
the t-test or non-parametric tests (Mann-Whitney U test, 
median test), where appropriate. Receiver operating cha-
racteristic (ROC) analysis was performed to select the opti-
mal CACS cut-o� value to identify patients with a higher risk 
of CE. The optimal cut-o� was determined by the value with 
the summed highest sensitivity and speci�city. Odds ratios 
(OR) were calculated with 95% con�dence intervals (95% 
CI).

Kaplan-Meier analysis with a Log-Rank test was used to 
describe the e�ect of the parameters on the survival time to 
CE. 

Univariable and multivariable Cox proportional hazards 
models were used to determine whether evaluated vari-
ables predicted CE and to calculate an unadjusted and ad-
justed hazard ratios (HR) and 95% CI for selected predictors. 
The level of signi�cance was set for all tests at P<0.05 (two-
tailed). Statistical analysis was done using the jamovi pro-
ject software package (Version 1.6, MAC OS).

Results

The mean age of the subjects included in the study was 
65.3±10.2 years (range 36-100 years), 112 (62.9 %) were ma-
le. The median follow-up was 20.3 (IQR 11.2) months. During 
this period, there were 23 (12.9 %) patients with recorded 
CEs (7 cardiac deaths, 16 non-fatal MI or revascularizations).

In the CE+ group, there was signi�cantly higher propor-
tion of subjects with measured lower stress EF (<45%) and 
induced decrease of LV EF in stress (5%)-(P=0.001, P=0.008). 
The median CACS was higher in CE+ group compared to CE- 
group, the proportions were di�erent (CACS 1864, IQR 2719 
vs. CACS 192, IQR 627, P<0.001). The male sex was signi�-
cantly more frequent in CE+ group (82.6% vs. 60.0%, P= 
0.039). The groups did not di�er in age signi�cantly (64.7± 
9.6 vs. 65.4±10.3, P=0.773).

The optimal cut-o� value for CACS to predict CE resulted 
from ROC analysis was at score of 1427, with sensitivity of 
60.9%, speci�city 90.3%, area under the curve (AUC) 77,5% 
(Figure 1 ). When analysing CACS as a dichotomous value, 
count of patients with CACS ≥1427 was signi�cantly higher 
in CE+ patients (60.9% vs. 9.7%, P<0.001). Descriptive sta-
tistics are summarised in  (Table 1).

Kaplan-Meier analysis showed a signi�cant association 
between the lower LV EF, stress induced LV EF decrease, 
higher CACS and the occurrence of CEs during follow-up
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(P<0.001, P=0.012, P<0.001). The survival curves are expres-
sed in Figure 2, Figure 3 and Figure 4 . There were 32 patients 
with zero CACS, only one of them encountered CE (3.1%). 
However, in this solitary case there was stress induced 
decrease of LVEF.

Univariable Cox hazards models revealed low stress EF  
(P<0.001, HR 5.57, 95% CI 2.27-13.66), induced decrease of 
LVEF in  stress  (P=0.016, HR 3.00, 95% CI 1.23-7.31)  and 
CACS ≥1427 (P<0.001, HR 8.80, 95% CI 3.78-20.50) as 
parameters signi�cantly associated with CE, whereas age 
and sex were not signi�cant (P=0.977, P=0.059, Table 2). 

Low stress LVEF, stress induced LVEF drop and dicho-

tomous CACS variable were considered in multivariable Cox 
regression model. All these parameters were independent 
predictors of CE, stress LVEF <45% with a HR of 4.48 (95% CI 
1.79-11.22, P=0.001) induced decrease of LVEF in stress with 
a HR of 3.13 (95% CI 1.22-8.01, P=0.017) and CACS ≥1427 
with a HR of 10.52 (95% CI 4.32-25.63, P<0.001). The results 
of the analyses are summarised in Table 2 and Table 3. 

Sensitivities, speci�cities, positive and negative predic-
tive values for identi�cation of CE were calculated for obser-
ved parameters. Relatively the highest sensitivity from ob-
served values has CACS ≥1427 (60.9%). All the parameters 
showed speci�city in range of 91.0%-94.2% (Table 4 ). 
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Figure 1. ROC curve of the CACS for the prediction of CE, AUC=0.775.

Table 1. Summary characteristics of patients with and without cardiac events.

Global
n=178

Cardiac events
n=23

No cardiac event
n=155

P value OR OR 95% CI

Age 65.3±10.2 64.7 ±9.6 65.4±10.3 0.773

Male sex 112 (62.9%) 19 (82.6%) 93 (60.0%) 0.039* 3.17 1.03-9.75

Stress LVEF <45% 16 (9.0%) 7 (30.4%) 9 (5.8%) 0.001* 7.10 2.33-21.6

Decrease in stress 

LVEF ≥5%

21 (11.8%) 7 (30.4%) 14 (9.0%) 0.008* 4.41 1.55-12.50

CACS 225 (IQR 986) 1864 (IQR 2719) 192 (IQR 627) <0.001*

CACS ≥1427 29 (16.3%) 14 (60.9%) 15 (9.7%) <0.001* 14.50 5.38-39.20

Values given are the mean ± SD, median and IQR, or counts and percentage. * - signi�cant P value.
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Figure 2. Kaplan-Meier survival curves: blue line-patients with stress LV EF ≥45%; red dotted line-patients with LVEF <45%. Patients with LVEF <45 had signi�cantly 
poorer outcomes (P<0.001).

Figure 3. Kaplan-Meier survival curves: blue line - patients without stress induced LV EF drop for ≥5%; red dotted line-patients with stress induced LV EF drop for ≥5%. 
Patients with stress induced LV EF drop for ≥5% had signi�cantly poorer outcomes (P=0.012).



Figure 4. Kaplan-Meier sur vival curves: blue line-patients with CACS <1427, red dotted line patients with CACS �1427. Patients with CACS ≥1427 had signi�cantly 
poorer outcomes (P<0.001).
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Table  2. Univariable hazard ratios (HR) with 95% CI in observed parameters.

P value HR HR 95% CI

Age 0.977 1.00 0.96-1.04

Male sex 0.059 2.82 0.96-8.30

Stress LVEF <45% <0.001* 5.57 2.27-13.66

Decrease in stress LVEF �5% 0.016* 3.00 1.23-7.31

CACS �1427 <0.001* 8.80 3.78-20.50

* - signi�cant P value.

Table 3. Adjusted multivariable hazard ratios (HR) with 95% CI for low stress LVEF, 
induced stress LVEF drop and CACS �1427.

P value HR HR 95% CI

Stress LVEF <45% 0.001* 4.48 1.79-11.22

Decrease in stress LVEF �5% 0.017* 3.13 1.22-8.01

CACS �1427 <0.001* 10.52 4.32-25.63

* - signi�cant P value



Discussion

Diabetes mellitus is strong and independent risk factor of 
CAD [14]. Previous studies supported performing risk asses-
sment of such patients with MPI SPECT [11, 15]. Patients 
with DM have often silent coronary artery disease and such 
asymptomatic course can lead to advanced stages when 
detected [16]. Autopsy and angiography reveal higher inci-
dence of left main coronary artery lesion, multivessel dise-
ase and di�use CAD in patients with DM [17].

At least one una�ected coronary artery is needed for ac-
curate interpretation of perfusion data processed on con-
ventional MPI SPECT, due to its principle based on the asses-
sment of relative radiopharmaceutical distribution [1, 3]. 
Myocardial perfusion imaging can by false-negative due to 
left main or three-vessel disease causing �balanced ische-
mia� [18]. This can be the case in the examined study group 
as well. 

Diabetes mellitus cause the development of related cardi-
omyopathy, which leads to heart failure. This means that the 
heart involvement in DM is not caused only through athero-
sclerosis and hypertension [9, 19].

Functional parameters obtained from gated-MPI SPECT 
study can bring additional diagnostic and prognostic value 
to perfusion study itself. Combined assessment of left ven-
tricular function with perfusion enhances the sensitivity for 
detection of high-risk variables such as defects in multiple 
vascular territories [2]. Coronary artery calcium deposits 
re�ect morphoanatomical changes in atherosclerosis. Coro-
nary artery calci�cation is a�ected by age, gender, and race, 
and represents prognostic factor [20, 21]. The CACS adds 
value to the Framingham risk score and to other methods, 
the CACS is also an independent predictor of the risk of 
major cardiovascular events [22]. 

In our speci�c study population of patients with DM, who 
have not reversible perfusion de�cit indicating for ischemia, 
the incidence of CE during the follow-up was not negligible 
(12.9%). This emphasises the role of additional techniques 
to identify such cases. Functional parameters are thought as 
a manifestation of induced ischaemic stunning of the myo-
cardium, which can lead to decrease of LVEF, and possibly 
dilatation of LV. Post-stress LVEF <45% and ESV >70mL have 
generally incremental prognostic values and provide risk 
strati�cation [23]. Absolute low Stress LVEF as well as in-
duced decrease of stress LVEF by more than 5% was more 

frequent in CE patients in our study, too. Stress induced 
LVEF drop associated with increased risk of CE in patients 
with DM was observed in study of Ferro et al. (2013), their 
�ndings suggested that such functional changes of the left 
ventricle can be associated with a speci�c diabetic cardio-
myopathy, even in the absence of perfusion abnormalities 
[24]. Such results are thought to be relative to post stress 
myocardial stunning, but some authors discuss other pos-
sibilities for such stress induced changes on gated-MPI 
SPECT. Emmett et al. (2012) reported interesting observa-
tion, when comparing results from gated-MPI SPECT and 
echocardiographic measurements of LV. In patients with a 
signi�cant decrease of post-stress LVEF and increase of vo-
lumes on gated-MPI SPECT they did not �nd concordant re-
sults on echocardiography. This suggests that such changes 
on gated-MPI SPECT are not related to true myocardial 
stunning, but they re�ect the subendocardial hypoper-
fusion and is more likely the re�ection of the severity of co-
ronary �ow reserve impairment [25]. 

Observed parameters in our study showed relatively hig-
her negative predictive values, resulted from the low preva-
lence. However, the speci�cities 90% and more can have po-
tential to rule-in the subjects with potential CE. Considering 
all the parameters combined, at least one of them was po-
sitive in 18/23 (78.2 %) CE.

Surprisingly, there were signi�cantly more males with CE, 
but in the univariable regression model the male sex was 
not signi�cant predictor for CE in this group. Becker et al. 
(2003) found di�erent risk of CE associated with type 2 DM 
between the sexes, it was considerably higher in women 
than in men [26].

The European guidelines on cardiovascular disease pre-
vention in clinical practice note that a higher cardiovascular 
risk is associated with a CACS over 300 [27]. The median 
CACS in our CE+ group was 1724, with a quite wide range 
from 0 to 5095, the observed cut-o� value for CE+ predic-
tion was higher, too. Generally, our higher value may be due 
to the study population with possible higher atheroscle-
rosis burden and related calcium deposits. 

Adjusted hazard for CACS �1427 was 10.52 times higher 
than for patients with lower values. Additional prognostic 
value of CACS to MPI SPECT was also found in our previous 
studies, in patients in end-stage renal disease and in pati-
ents who are in higher risk of multi vessel coronary disease 
[6, 7].  

There was only single case of CE in the cohort of patients 
with CACS=0. Valenti et al. (2016) in the study evaluated 9715
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Table 4. Sensitivities, speci�cities, positive predictive values (PPV), negative predictive values (NPV) of observed 
parameters.

Sensitivity Specificity PPV NPV

Stress LVEF <45% 30.4% 94.2% 43.8% 90.1%

Decrease in stress LVEF �5% 30.4% 91.0% 33.3% 89.8%

CACS  �1427 60.9% 90.3% 48.3% 94.0%



subjects during long term follow-up (median 14.7 years), 
they con�rmed that zero CACS is associated with reduced 
risk of death, but for diabetic patients with a CACS=0, there 
is only a temporal relationship, with increased risk of morta-
lity after 5 years [28]. However, our study can't support these 
results because of the shorter follow-up period. Contrary, 
some authors suggest, that higher CACS can lead to plaque 
stabilisation, with a lower risk compared to plaques without 
calci�cations [29].

Methods evaluating myocardial blood �ow (MBF) or coro-
nary �ow reserve (CFR) present additional diagnostic and 
prognostic information compared to conventional SPECT 
based on relative perfusion distribution [30-32]. The semi-
conductor SPECT cameras based on cadmium-zinc-tellu-
ride detectors (CZT) technology and dedicated geometry of 
the gantry optimised for myocardial imaging are available, 
the studies obtained by such systems can be utilised for 
such purposes. Bailly at al (2021). showed a signi�cant corre-
lation of CFR with SCORE-estimated risk and also with pre-
diction of lesions diagnosed during angiography, they sug-
gest that MFR evaluation should be added to SPECT in high- 
and very-high-risk patients [33]. Considering the CACS eva-
luation, most of dedicated CZT SPECT cameras are not equ-
ipped with CT scanner [34]. Thus, obtaining CACS on such 
imaging system should not be as e�ective as it can be pos-
sible on hybrid camera during single examination. 

The limitation of the study is the possible in�uence of the 
prognosis during the follow-up by the therapeutic appro-
ach that was indicated according to the results of previous 
diagnostic tests. Another limitation can be the possible he-
terogeneity of study from the meaning of type of DM, we 
did not speci�cally discriminate subjects with type 1 and 2 
DM. 

In conclusion, low stress LVEF under 45%, post-stress LVEF 
drop by more than 5% and CACS more than or equal to 1427 
are signi�cant predictors of CE in patients with DM, who do 
not have signi�cant reversible ischemia detected on MPI 
SPECT. These parameters should be considered in risk strati-
�cation of patients with a history of DM, who underwent 
gated-MPI SPECT study. 
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