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ABSTRACT

Background: Gated single-photon emission computed tomography (gated-SPECT) myocardial perfusion imaging is a suitable tech-
nique for measuring the infarct scar size and defining its territory.  Analyzing patients with small and medium myocardial infarc-
tions that develop reduced left ventricular ejection fraction (LVEF) could provide additional information of the factors that contrib-
ute to adverse remodeling and its outcome. 
Objectives: a) To evaluate the prevalence of reduced LVEF and associated factors in a population of patients referred for gated-
SPECT imaging, and b) to define the prevalence of adverse remodeling and associated factors in the subgroup of patients with 
intermediate to low necrotic burden.
Methods: We conducted a retrospective analysis of consecutive patients undergoing gated-SPECT imaging during 2017.  Patients 
with significant valvular heart disease or arrhythmias that could difficult adequate ECG gating were excluded from the study. Ad-
verse remodeling was considered as the combination of reduced LVEF (LVEF < 50%) with percent myocardium scar < 20%.  
Results: A total of 1902 patients were included. The prevalence of reduced LVEF was 8% (n = 148). On multivariate analysis, the 
variables with independent association with ventricular dysfunction were male sex (OR 2.50; 95% CI 1.30-4.90, p = 0.005), diabetes 
(OR 1.83; 95% CI 1.12-3, p = 0.01), and percent myocardium scar > 6.6 % (OR 39; 95% CI 25-61.28, p = 0.00001). In the subgroup 
of patients with scar burden < 20 % (n = 197), the prevalence of adverse remodeling was 25 % (n = 50). On multivariate analysis, 
diabetes (OR 2.83; 95% CI 1.31 - 6.1 p = 0.007) and male sex (OR 5; 95% CI 1.1 – 22.9, p = 0.007) showed an independent association 
with adverse remodeling.  
Conclusions: Gated-SPECT could be used to assess adverse remodeling and its associated factors. This assessment is the result of 
combining variables used in daily practice which do not require any additional software. 
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RESUMEN

Introducción: El estudio gatillado de perfusión miocárdica con tomografía computarizada por emisión de fotón único, o gated-SPECT 
(por su denominación en inglés) es un método apropiado para cuantificar la magnitud de la escara necrótica y establecer su territo-
rio.  El análisis de pacientes con infartos de pequeña y mediana extensión que evolucionan con deterioro de la fracción de eyección 
ventricular izquierda (FEVI), podría arrojar luz acerca de los factores que influyen en la presencia de remodelado adverso y la con-
siguiente evolución a disfunción ventricular. 
Objetivos: a) evaluar la prevalencia de FEVI disminuida y factores asociados en una población de pacientes derivados para estu-
dios de gated-SPECT, y b) definir la prevalencia de remodelado adverso y factores asociados en el subgrupo de pacientes con carga 
necrótica intermedia a baja.
Material y métodos: Realizamos un análisis retrospectivo de pacientes consecutivos que se realizaron gated-SPECT durante el año 
2017.  Se excluyeron los pacientes con enfermedad valvular significativa o arritmias que produjeran alteración del gatillado. Se con-
sideró remodelado adverso a la conjunción de FEVI disminuida (FEVI < 50%) y porcentaje de miocardio necrótico menor que 20 %.  
Resultados: Se incluyeron 1902 pacientes. La prevalencia de FEVI disminuida fue del 8 % (n =148). En el análisis multivariado, las 
variables independientes asociadas a disfunción ventricular fueron el género masculino (OR 2,50; IC 95% 1,30-4,90, p = 0,005), la 
diabetes (OR 1,83; IC 95% 1,12-3, p = 0,01), y compromiso necrótico mayor que 6,6 % (OR 39 IC 95% 25-61,28, p = 0,00001). En el 
subgrupo de pacientes con carga necrótica menor que 20% (n =197), la prevalencia de remodelado adverso fue del 25% (n =50). El 
análisis multivariado arrojó que la diabetes (OR 2,83; IC 95% 1,31 - 6,10 p = 0,007) y el género masculino (OR 5; IC 95% 1,10 – 22,9 
p = 0,007) presentaron asociación independiente con el remodelado adverso.  
Conclusiones: La gated-SPECT podría utilizarse en la valoración del remodelado adverso y factores asociados.  Dicha valoración 
surge de la combinación de variables que no requieren un software adicional y se usan en la práctica diaria. 
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INTRODUCTION
Adverse ventricular remodeling is a crucial factor in 
the development of heart failure after an acute coro-
nary event. It is a process that involves changes in 
left ventricular (LV) geometry, volume, and function, 
and is a determining factor of cardiovascular morbid-
ity and mortality. (1) 

 Adverse LV remodeling is a maladaptive pro-
cess of the heart to mechanical and neurohormonal 
changes in the regulation of ventricular size, shape, 
and function. Cardiomyocyte growth due to increased 
blood flow, such as during pregnancy, development, 
or exercise training, is considered physiological and 
reversible. On the contrary, adverse ventricular re-
modeling after an acute myocardial infarction (AMI) 
is associated with a high risk of heart failure and re-
duced survival. (2,3) 

The goal of drug treatment is to improve the 
mechanics of contraction, for example by reducing 
the afterload with vasodilators, and to adjust the 
molecular mechanisms of remodeling. (4) Identify-
ing predictors of remodeling in clinical, biochemical, 
and imaging data could reveal new targets for treat-
ment. In this sense, understanding the variables that 
increase the risk of remodeling in patients with MI 
could represent an opportunity to adjust treatment 
and improve follow-up.

The infarct size has been described as a predic-
tor of adverse remodeling in animal models. Gated-
SPECT myocardial perfusion imaging is an appropri-
ate method for measuring the infarct scar size and 
defining its territory . (5,6) Analyzing patients with 
small and medium MIs that develop LV dysfunction 
could provide additional information about the out-
come of adverse remodeling.

The aims of our study were: a) to evaluate the 
prevalence of reduced left ventricular ejection frac-
tion (LVEF) and associated factors in a population of 
patients referred for gated-SPECT imaging, and b) 
to define the prevalence of adverse remodeling and 
associated factors in the subgroup of patients with 
intermediate to low necrotic burden.

METHODS
Experimental model
Study population
We conducted a retrospective analysis of consecutive pa-
tients undergoing gated-SPECT imaging during 2017.  

The imaging test was indicated by the treating physi-
cian due to one of the following reasons in patients with 
and without known coronary artery disease: 1) symptoms of 
angina or suspected coronary artery disease, 2) electrocar-
diogram (ECG) abnormalities suggestive of coronary artery 
disease, 3) abnormal exercise stress test, 4) intraventricu-
lar conduction disorders that required pharmacological 
stress test, 5) new onset symptoms with known coronary 
artery disease or recent myocardial infarction, 6) abnormal 
ventricular wall motion demonstrated by another imaging 
test. Patients > 18 years were included in the study. 

Those patients with significant valvular heart disease 
or significant arrhythmias that could difficult adequate 

ECG gating were excluded from the study.  The presence 
of coronary risk factors and clinical status were recorded.

Gated- SPECT protocol for image acquisition 
A detailed medical record was obtained before the stress 
test. The Bruce protocol limited by symptoms was used 
in patients who underwent an exercise stress test. Heart 
rate and blood pressure were measured, and a 12-lead ECG 
was recorded at baseline, the beginning of each stage and 
during recovery. In patients undergoing pharmacological 
stress, dipyridamole was administered at 0.56 mg/kg intra-
venously over a 4-minute period and the radiotracer was 
injected 3 minutes after the completion of dipyridamole in-
fusion, according to the recommendations of the American 
Society of Nuclear Cardiology (ASNC). (7) 

We performed a one-day protocol with injection of tech-
netium-99m methoxy isobutyl isonitrile (Tc-99m MIBI) 
at stress and rest using a dedicated gamma camera with 
dual-detectors and a 90° angle (Ventri camera system, GE 
Medical Systems, Milwaukee, Wisconsin, USA). Rest im-
ages were acquired 30 to 45 minutes after venous injection 
at rest, and stress images 15 to 20 minutes after peak ex-
ercise. The radiotracer dose used was 8-12 mCi in the first 
injection (rest or stress imaging) and 24-36 mCi in the sec-
ond injection (stress or rest imaging) following the recom-
mendations of the ASNC guidelines. 

Image analysis and quantification
Data were acquired in a 128 × 128 matrix for 32 projections 
in a step and shoot format. SPECT analysis was performed  
according to the left ventricular 17-segment model of the 
American Heart Association. (8) For that purpose, recon-
struction into long and short axis projections perpendicular 
to the heart axis was initially performed, followed by an 
automated quantitative analysis of the perfusion images 
using polar map format (normalized to 100%). Automat-
ed quantitative analysis was used as complementary data 
to semi-quantitative visual interpretation. The segments 
were scored on a scale of 0 to 4 through visual analysis of 
radiotracer uptake in each segment. The total sum of the 
scores in the stress and rest images provided the summed 
stress score (SSS) and the summed rest score (SRS), respec-
tively. The summed difference score (SDS) was calculated 
as the difference between the SSS and SRS. A SRS greater 
than or equal to 2 was considered necrosis. The percent 
myocardium scar was calculated as SRS x 100/68 according 
to a previous publication. (9) End-diastolic volume (EDV), 
end-systolic volume (ESV) and LVEF were determined us-
ing QGS 2015.2 software program. Gated images were used 
to assess regional wall motion to discriminate between per-
fusion defects and attenuation artifacts. If soft tissue at-
tenuation was suspected during the initial supine position 
acquisition, additional images were acquired in the prone 
position.

Definition of adverse remodeling 
Reduced LVEF was considered as < 50% in rest images.  

Adverse remodeling was considered as the combination 
of decreased LVEF with percent myocardium scar < 20%.  

Statistical analysis
Multivariate logistic regression was used to find associa-
tions. The dependent variables were reduced LVEF in the 
first analysis and adverse remodeling in the second. The 
following variables were considered in the search for an as-
sociation: age, male sex, hypertension, dyslipidemia, cur-
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volume and LVEF with little or no impairment. DM 
was found to be independently associated with this 
phenomenon (Figure 2).     

Our results are consistent with those reported 
by other publications. In patients with DM, the in-
cidence of heart failure after a MI is 60-70% higher 
than in non-diabetics. (10) 

In the 1980s, Jaffe et al. reported a higher inci-
dence of congestive heart failure in diabetic patients, 
despite smaller infarct size. (11) Two decades later, 
Aguilar et al. described that patients with DM had a 
higher rate of cardiovascular events, including heart 
failure, than those without DM, despite having simi-
lar baseline characteristics such as infarct size and 
systolic function. (12) Prasad et al. reported that 
patients with diabetes were more likely to have ab-
normal myocardial perfusion than non-diabetics, de-
spite similar TIMI 3 flow rates after primary percu-
taneous coronary intervention for an acute coronary 
syndrome. (13) Finally, in 2020, Van der Bijl et al. 
described a higher prevalence of diabetes in patients 
with adverse remodeling and an independent associ-
ation between DM and heart failure hospitalizations 
in patients with acute coronary syndrome. (14) 

This suggests that there are other factors that 
contribute to myocardial dysfunction, which could 
explain the higher frequency of remodeling in this 
population. These factors include the activation of 
the inflammatory cascade, oxidative stress, micro-
vascular obstruction, and diastolic dysfunction. (15) 

Cardiac magnetic resonance (CMR) imaging is 
currently the most commonly used non-invasive di-
agnostic modality for detecting remodeling, assess-
ing its severity, and identifying associated factors. 
Compared with echocardiography, CMR presents bet-
ter contrast resolution, higher reproducibility, and 
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rent or former smoking, diabetes mellitus (DM), and per-
cent myocardium scar. A cut-off point for myocardium scar 
significantly associated with ventricular dysfunction was 
established by a ROC curve and included in the model as a 
dichotomous variable.  Continuous variables with normal 
distribution were expressed as mean standard deviation 
(SD) and were compared using the Student's t test, while 
those with non-gaussian distribution were expressed as me-
dian and interquartile range (IQR) and compared using the 
Mann-Whitney test. Categorical variables were expressed 
as proportions and were compared using the Fisher's exact 
test. A p value < 0.05 was considered statistically signifi-
cant. All calculations were performed using Epi-Info 7.2.2.2 
software package.

Ethical considerations 
As this was an observational study, we only performed the 
tests requested by the treating physicians and analyzed 
the data obtained without any additional intervention. At 
our institution, patients sign an informed consent form in 
which they accept that data linked to their test results may 
be used anonymously for scientific purposes. The patients' 
identities were blinded during data analysis and prepara-
tion of the article.

RESULTS
A total of 1902 patients were included. Mean age was 
63 ± 11 years; 12% of the patients had a history of 
AMI and 29% of myocardial revascularization (Ta-
ble 1). The prevalence of reduced LVEF was 8% (n = 
148). The ROC curve determined that a cut-off value 
of 6.6% of necrotic myocardium had the best accu-
racy to diagnose reduced LVEF, with an area under 
the curve (AUC) of 0.872, 95% CI 0.832-0.912 (Fig-
ure 1).  On multivariate analysis, the variables with 
independent association with ventricular dysfunc-
tion were male sex (OR 2.50, 95%; CI 1.30-4.90, p = 
0.005), DM (OR 1.83; 95% CI 1.12-3, p = 0.01), and 
percent myocardium scar > 6.6 % (OR 39; 95% CI 
25-61.28, p = 0.00001) (Table 2).  

In the subgroup of patients with necrotic burden 
< 20 % (n = 197), the prevalence of adverse remod-
eling was 25 % (n = 50). On multivariate analysis, 
DM (OR 2.83; 95% CI 1.31 - 6.1 p = 0.007) and male 
sex (OR 5; 95% CI 1.1 – 22.9, p = 0.007) showed an 
independent association with adverse remodeling 
(Table 3). 

DISCUSSION
The most significant findings of our study were that 
DM and male sex were independently associated 
with decreased LVEF. This association was also veri-
fied in the subgroup of patients with low scar bur-
den. Patients with extensive myocardial necrosis are 
expected to have ventricular dysfunction. Therefore, 
we tried to elucidate any factors leading to ventricu-
lar dysfunction in patients with non-extensive ne-
crosis (< 20%). The prevalence of this phenomenon, 
which we defined as adverse remodeling, was 25% 
(n = 50) in this group. In our cohort, some patients 
with infarctions of similar size developed adverse 
remodeling, while others maintained preserved LV 

Table 1. Baseline characteristics of the population.

Age, years, mean ± SD

Male sex, % (n) 

HTN, n (%) 

DLP, n (%) 

DM, % (n) 

Smoking habits, % (n) 

MI, % (n) 

Myocardial revascularization, % (n) 

LVEF (%), mean ± SD

Reduced LVEF, % (n)

Necrosis on SPECT, % (n)

Low necrotic burden, % (n) 

63 ± 11 

66 (1263) 

57 (1082) 

49 (933) 

18 (350) 

9 (167) 

12 (235) 

29 (544) 

65 ± 14

8 (148) 

16 (285)

10 (197) 

n = 1902Variable

DLP: dyslipidemia; DM: diabetes mellitus; HTN: hypertension; LVEF: left 
ventricular ejection fraction; MI: myocardial infarction; OR: odds ratio; 
PCI: percutaneous coronary intervention; SD: standard deviation; SPECT: 
single-photon emission computed tomography.
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Fig. 1. ROC curve for esti-
mating the  myocardial scar 
percent threshold to induce 
ventricular dysfunction. The 
6.6% cut-off point obtained 
the highest accuracy for LVEF 
reduction (sensitivity: 78%, 
specificity: 93%, AUC 0.872, 
95% CI 0.832-0.912). 

independence from acoustic windows, and may also 
provide valuable information regarding the presence 
and extent of myocardial fibrosis in the form of late 
gadolinium enhancement (LGE). The extent of LGE 
is directly related to reverse remodeling. (16) In this 
context, Monmeneu et al. reported that a lower prev-
alence of diabetes was related to a higher percentage 
of salvaged myocardium in patients with ST-segment 
elevation MI revascularized by angioplasty. (17) In a 

review that included 10 randomized studies, Stone 
et al. observed a strong graded relationship between 
infarct size, considered as every 5% increase, and 
mortality and heart failure hospitalization. In this 
study, the infarct size was measured by gated-SPECT 
in less than 30% of patients, while CMR was the most 
commonly used method to measure the necrotic bur-
den. (18) While gated-SPECT is not commonly used 
in routine practice to assess remodeling, our study 
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Table 2. Factors associated 
with reduced left ventricular 
ejection fraction.

Table 3. Factors associated 
with adverse remodeling

Age 

Male sex 

HTN 

DLP  

DM 

Smoking habits 

Myocardial scar percent > 6.6%

Age 

Male sex 

HTN

DLP  

DM 

Smoking habits 

0.97 – 1.01

1.30 – 4.90

0.50 – 1.30 

0.84 – 20.00 

1.12 – 3 

0.22 – 1.26

25-61.28

0.98 – 1.05

1.10 – 22.90

0.33 – 1.47 

0.75-3.44 

1.31 – 6.10 

0.25 – 2.74

0.99 

2.50 

0.87 

1.30 

1.83 

0.53

39

1.01 

5.00

0.70

1.60 

2.83 

0.84

95% CI 

95% CI 

OR

OR

0.501

0.005 

0.501 

0.204

0.010 

0.204

<0.001

0.202

0.007 

0.501

0.199 

0.007

0.199

p

p

CI: confidence interval; DLP: dyslipidemia; DM: diabetes mellitus; HTN: hypertension; OR: odds ratio

CI: confidence interval; DLP: dyslipidemia; DM: diabetes mellitus; HTN: hypertension; OR: odds ratio
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68 years, DM, HTN , former smoker. Inferior wall 
myocardial infarction (PCI to RCA) 

Myocardial scar percent: 13 % 

LVEF: 49 % 

EDV (ml): 145 

ESV (ml): 74 

EDV/body surface area: 70.39

LVEF: 58 % 

EDV (ml): 77 

ESV (ml): 33

EDV/body surface area: 42.78

60 years, DLP , former smoker. Anterior wall myocardial 
infarction (PCI to LAD) 

Myocardial scar percent : 13 % 

supports the hypothesis that it can be used for this 
purpose. There is limited literature analyzing ven-
tricular remodeling after myocardial infarction using 
this imaging modality. Our group recently published 
that gated-SPECT could be used to noninvasively as-
sess the main determinants of stroke volume, sup-
porting the possibility of expanding the usefulness of 
this practice in evaluating patients with ventricular 
dysfunction. (19)  

Gated-SPECT is the most commonly used non-
invasive test to rule out ischemia and evaluate risk 
in patients with a history of coronary artery disease. 
Strengthening its use in evaluating patients with 
ventricular dysfunction could simplify the assess-
ment of individuals with ischemic cardiomyopathy. 
Additionally, the semi-quantitative visual score al-
lows for easy quantification of necrosis without the 
need for additional software. This method is routine-
ly used in clinical practice and has shown prognostic 
value. (20)  

Study limitations 
The limitations of this study include its retrospec-
tive, single-center based and observational design, 
and the potential influence of unmeasured factors 
on ventricular remodeling. As we did not evaluate a 
gold standard for determining adverse remodeling, 
we cannot determine the accuracy of SPECT for as-
sessing remodeling with our design. Additionally, we 
did not perform clinical follow-up to determine its 
impact on prognosis.

CONCLUSIONS
Gated-SPECT, the most commonly used noninva-

sive stress test for evaluating ischemic heart disease, 
could also be used to assess adverse remodeling and 
its associated factors.  This assessment is the result 
of combining variables used in daily practice which 
do not require any additional software.   This offers a 
window of opportunity to identify patients who may 
benefit from treatments currently recommended for 
more advanced stages. These hypotheses should be 
confirmed by future prospective studies with a larger 
number of patients and in randomized studies evalu-
ating relevant clinical outcomes.
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Fig. 2. a) Patient with diabe-
tes and inferior wall myocar-
dial infarction (myocardial 
scar percent: 13%), increased 
LV dimensions and ventricu-
lar dysfunction). b) Patient 
without diabetes and anteri-
or wall myocardial infarction 
of similar size (myocardial 
scar percent : 13%), with nor-
mal LV dimensions and LVEF. 
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