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ABSTRACT

Hybrid imaging represents a combination of two different imaging techniques resulting in a sin-

gle image that contains all the information provided by the two investigations. Hybrid imaging 

tends to improve the accuracy of the diagnosis in many diseases. Coronary computed tomog-

raphy angiography (CCTA) has unquestionable abilities in highlighting coronary artery diseases 

(CAD). Cardiac magnetic resonance imaging (MRI) also has a powerful predictive role in assess-

ing the functionality of the myocardial tissue. The aim of the study is to develop new imaging 

markers for a complex evaluation of myocardial viability (MV) after an acute myocardial infarction 

(AMI), using hybrid technology. Material and methods: This study will enroll 100 patients at one 

month after an AMI. CCTA, MRI, 3D echocardiography, and blood tests will be performed in all 

patients. All the acquisitions will be processed using a supercomputer, and MV and other param-

eters will be assessed on hybrid images. A secondary objective will be to correlate the level of 

inflammatory markers with the outcome of patients, left ventricular function, ischemic time, and 

the rate of major adverse cardiovascular events.
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background

Despite the increasing knowledge on coronary artery diseases (CAD) and the 
high awareness regarding cardiovascular risk factors, myocardial infarction re-
mains the main cause of mortality worldwide.1

CAD causes a negative impact in the healthcare system but also at an individual 
level, leading to an important decrease in the quality of life, especially in relatively 
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young adults.2 Acute myocardial infarction (AMI) repre-
sents the sudden occlusion of one of the coronary arteries, 
usually produced by a thrombotic material that causes cessa-
tion of blood flow in the territory irrigated by the obstructed 
artery.3 Functionally, CAD triggers myocardial fibrosis and 
left ventricle dilatation with a contractile dysfunction that 
can finally result in heart failure, a disease with significantly 
worse prognosis that other non-ischemic cardiomyopa-
thies.4–7 The outcomes of patients with CAD after an acute 
coronary syndrome can be significantly improved by per-
forming immediate revascularization, which represents the 
gold standard therapy.8,9 Restoring the blood flow in the af-
fected territories by performing percutaneous angioplasty, 
coronary artery bypass grafting, or with medical therapy 
can prevent the irreversible death of cardiac myocytes. 

An exacerbated inflammatory status is considered a trig-
ger for the extension of myocardial injury.10 San et al. con-
cluded in their study that the elevated level of hs-CPR, an 
inflammatory marker, is related to the existence of a rup-
tured coronary plaque.11,12 In 1985, Kohchi et al. report-
ed that inflammation can be a trigger for acute coronary 
syndromes (ACS).13 An exacerbated inflammatory status 
should be considered an important parameter in the evalu-
ation of these patients; hence, serial determinations of in-
flammatory markers in patients with myocardial infarction 
became an important step in evaluation and predicting 
outcomes. Cardiac remodeling, which develops after an 
AMI, consists of dilation, hypertrophy, and formation of a 

collagen scar. It occurs in two phases: an early phase (<72 
h) and a late phase (>72 h), during which many histologi-
cal changes occur that lead to dilatation and impairment of 
the contractile function of the heart.14 

The importance of investigating myocardial viability 
(MV) came from its usefulness in determining the ben-
efits associated with the revascularization of coronary 
stenoses. At the same time, MV can represent a relevant 
marker for the evaluation of ventricular function following 
a myocardial infarction. The concept of MV and the need 
for its assessment in ischemic lesions has been previously 
described in 1970, when it was first mentioned that a viable 
myocardial tissue will recover its function after revascular-
ization.15 A viable myocardium is a dysfunctional tissue 
with contractile impairment, classified into hibernating or 
stunned myocardium. Both can partially or completely re-
cover their contractile function after restoration of blood 
flow, thus significantly improving patient outcomes.11

Magnetic resonance imaging (MRI) has been proved 
as a reliable method for quantification of the infarct size 
and its degree of transmurality. There are several imaging-
based methods for assessing MV, some being more acces-
sible than others, such as the widely spread dobutamine 
echocardiography and the less available nuclear tomogra-
phy. All of them are used to best identify the viable myo-
cardial tissue, but also have disadvantages regarding costs 
or side effects. The best imaging method to differentiate 
viable tissue from necrosis should be safe for the patient, 

�

FIGURE 1.  SI Analysis using Qmass software – infarct size tissue; percentage of myocar-

dial fibrosis for a patient with anterior myocardial infarction
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with limited side effects, easily reproducible, highly avail-
able, and with low costs.16 One imaging method used alone 
cannot offer the clinician a wide perspective over the func-
tionality of the myocardial tissue and the anatomy of the 
coronary arteries. Therefore, a combination of different 
imaging methods has been proposed, resulting in a single 
fused image that can offer specific information and pro-
vide a higher accuracy compared to isolated images. This 
combined technique can also be used for identifying the 
viable myocardium, the location of coronary obstructions, 
as well as for assessing the impairment of myocardial con-
tractile properties.17–21 The use of hybrid imaging has been 
proven by several studies as being able to increase diagnos-
tic specificity from 63% to 95% in detecting flow-limiting 
coronary stenoses in comparison with coronary computed 
tomography angiography (CCTA) alone.22 

The HYBRIDHEART study is a prospective observa-
tional study that aims to analyze imaging markers associat-
ed with MV, using hybrid imaging technologies, correlated 
with biochemical parameters associated with increased 
systemic inflammation, in patients suffering an acute myo-
cardial infarction. The HYBRIDHEART study will offer 
the clinician a different view on MV, providing complex 
spatial details on the evolution of left ventricular function 
after MI. At the same time, it aims to assess the correlation 
between the level of systemic inflammation and the out-
come of the patients following an AMI.

Objectives

The aim of the HYBRIDHEART study is to develop new 
imaging markers for a complex evaluation of myocardial 
viability, by superposing computed tomography angiogra-
phy (CTA) polar maps of the myocardium with MRI con-
tractile maps, in patients who suffered an AMI. The sec-
ondary objectives of the HYBRIDHEART study are: (1) 
to evaluate the association of MV with the level of inflam-
matory markers; (2) to correlate the imaging-derived pa-
rameters with the inflammatory status of the patients, left 
ventricular function, ischemic time, and the rate of major 
adverse cardiovascular events (MACE).

Study design

The HYBRIDHEART study is a prospective observation-
al study that will be conducted in the Laboratory of Ad-
vanced Research in Cardiac Multimodal Imaging of Cardio 
Med Medical Center Tîrgu Mureş, Romania. 

The follow-up of patients will be performed at 1, 3, and 
6 months after inclusion.

One hundred patients with documented myocardial 
infarction within 1 month who underwent successful per-
cutaneous revascularization will be included in the study. 
They will be investigated within 1 month after the coronary 
intervention, undergoing CTA, MRI, three-dimensional 
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FIGURE 2.  HIBRIDHEART clinical study design
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contrast-enhanced echocardiography, and speckle-track-
ing echocardiography. The level of inflammatory biomark-
ers will be expressed using hs-CPR levels at day 1 and day 
5 post myocardial infarction. 

The inclusion criteria are:

•	patients aged above 18 years;
•	patients with documented revascularized AMI in 

the last 30 days; 
•	patients who signed the written consent.

The exclusion criteria:

•	 subjects with renal impairment or contrast intole-
rance;

•	pregnant women;
•	patients known with malignancy in the last year;
•	non-compliant patients.

Study endpoints

The primary endpoint of the study is represented by the 
development of the new imaging markers for MV using hy-
brid CTA-MRI maps. 

The secondary endpoints include: the level of hs-CPR 
at 1, 3, 6 months in relation with MACE rate, time of isch-
emia, MV, the percent of myocardial fibrotic tissue, and 
left ventricular function.

STUDY PROCEDURES

The procedures that will be assessed in the study are as fol-
lows (Figure 2):

1.	Imaging procedures, including CCTA, MRI, 3D 
echocardiography, speckle-tracking echocardi-
ography, that will be performed during the first 
week after the inclusion period; 

2.	Laboratory assessment consisting in cardiovascu-
lar biomarkers: hs-CPR and myocardial necrosis 
biomarkers that will be determined at baseline and 
during follow-up;

3.	ECG, blood pressure recordings, telephone visits 
that will be performed at baseline and during the 
follow-up period. 

4.	A dedicated database will be created, including all 
the demographical data and information regarding 
the AMI, such as infarct location, time of ischemia, 
ECG changes, levels of the necrosis markers, hs-

CPR, MRI findings, CCTA findings, and speckle-
tracking parameters. 

Ethics approval

Approval for this study has been obtained from the Eth-
ics Committee of the Cardio Med Medical Center Tîrgu 
Mureș, Romania, and from the University of Medicine and 
Pharmacy of Tîrgu Mureș, Romania. All patients will sign 
an informed consent and will be exempt from costs. All 
study procedures are in line with the principles in the Dec-
laration of Helsinki. 

CONCLUSIONS

The HYBRIDHEART study will develop new imaging-
based biomarkers with the use of hybrid CCTA-MRI maps 
that will assess myocardial viability in patients suffering 
from an acute myocardial infarction within 1 month prior 
to the imaging evaluation. Also, MV will be correlated with 
the inflammation biomarkers in a dynamic profile. At the 
same time, the HYBRIDHEART study will assess the asso-
ciation between serum levels of hs-CPR and the percent of 
fibrotic myocardial tissue, MACE rate, ischemic time, and 
left ventricular function.
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