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ABSTRACT

Myocardial ischemia results from a reduction in blood flow as a consequence of a coronary 
stenosis, which produces ischemia in the myocardial territories irrigated by the stenotic artery. 
Myocardial viability is a concept that derived from several studies in which it was observed 
that, even if revascularization occurred, an irreversible left ventricular contractile dysfunction 
remained. The terms “stunned” and “hibernating” myocardium have been traditionally associ-
ated with the viable myocardium, and many controversies still exist on the most appropriate 
method to assess the presence and extent of viable myocardium. During the last decades, 
many efforts have been made to identify the best method to determine the viability of the 
myocardial tissue. Due to the fact that none of the stand-alone imaging methods provide suf-
ficient data about myocardial viability, new methods for the investigation of myocardial viability 
became necessary. Thus, the concept of hybrid imaging was developed, consisting in the 
association of different imaging techniques, finally resulting in a single image that offers all the 
details provided by the two isolated methods of diagnosis, therefore being more precise in 
regards to the identification of viable myocardium territory. This review aims to appraise the 
recent studies related to myocardial viability investigated with hybrid imaging. 
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INTRODUCTION

According to World Health Organization (WHO) statistics from 2016, cardiovas-
cular diseases are the principal cause of death worldwide.1 Recent research pub-
lished by Townsend et al. in 2014 highlighted that coronary heart disease (CHD) 
causes 1.8 million deaths in Europe.2 Having such a huge negative impact on the 
economy and social development, CHD should be diagnosed in early stages. Due 
to improvements of imagistic diagnostic tools, patients with myocardial ischemia 
started to have access to superior diagnostic techniques, resulting in a better ther-
apeutic approach. Nichols et al. showed in an epidemiological update regarding 
cardiovascular disease mortality, that there is a descending trend in mortality 
caused by CHD in almost all European countries.3
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Myocardial ischemia represents a condition that occurs 
when aerobic metabolism changes into an anaerobic one. 
This can represent the first sign before the occurence of an 
acute myocardial infarction. The underlying pathogenet-
ic mechanism involved in the progression of myocardial 
ischemia is the development of atherosclerosis, leading to 
coronary stenosis and a decreased blood supply in the af-
fected territories, which finally causes contractile impair-
ment. Myocardial ischemia can be diagnosed using several 
imaging methods, such as echocardiography with contrast 
enhancement or with dobutamine, conventional coronary 
angiography, computed tomography angiography, mag-
netic resonance imaging and nuclear imaging.

Myocardial viability is a term characterizing the myo-
cardial tissue, without scars or with limited ones, which 
suffered from severe ischemia that produced significant 
contractility impairment, but has the possibility to re-
cover its functional status after the blood flow is reestab-
lished.4 Several studies have investigated this concept, 
thus updating the approach of patients with myocardial 
infarction. In 2006, Tarakij et al., in a study on 765 patients 
with severe impairment of left ventricular (LV) function, 
showed that patients who underwent early revascular-
ization therapies (percutaneous coronary intervention 
– PCI or coronary artery bypass grafting – CABG) for ex-
tensive CAD, had significantly lower mortality rates dur-
ing the 3-year follow-up.5 

Moreover, clinicians should consider the assessment 
of myocardial viability for a better approach of CAD pa-
tients that can aid in the examination and establishing the 
indication of coronary revascularization. In the assessment 
of myocardial viability, positron emission tomography 
(PET) is considered the gold standard method for evaluat-
ing functional recovery after revascularization.6

Myocardial Stunning and Hibernation

The term “myocardial stunning” describes a viable myo-
cardial tissue with contractile dysfunction following a 
severe abrupt ischemic injury, which recovers its func-
tion spontaneously, without the need for coronary revas-
cularization.7 Myocardial stunning results after repeated 
episodes of reversible myocardial ischemia associated with 
angina pectoris with or without ECG changes, after which 
the myocardial tissue remains non-functional in terms of 
contractility, but with normal blood flow. 

Hibernating myocardium represents a different type of 
viable myocardium, which recovers its contractile func-
tion after a successful revascularization. In opposition with 
myocardial stunning, a hibernating myocardium requires 

an intervention to improve its function, either through 
pharmacological therapy or by coronary revasculariza-
tion. It is important to differentiate between a hibernating 
and an irreversible ischemic myocardium. The first one 
will recover after revascularization, and the patient with 
hibernating myocardium will benefit from the coronary 
intervention, which will lead to a significant improvement 
in left ventricular function.8

Computed Tomography Angiography 

in the assessment of myocardial 

viability and ischemia

Being more widely available and more often used due to 
lower costs, delayed contrast-enhancement multi-slice 
spiral computed tomography (MSCT) can assess myocar-
dial viability, providing information about the anatomy of 
the coronary vessels, together with details on their func-
tionality.9 

The main limitation of this technique comes from the 
radiation exposure that must be taken into consideration. 
One of the features that characterize an infarcted territo-
ry, as seen in cardiac MSCT, is low contrast enhancement 
after the arterial phase, which shows a deficient coronary 
perfusion. Yamauch et al. showed the benefits of using 
perfusion computed tomography angiography in the as-
sessment of the myocardial ischemia in stable patients. 
They performed a study on 2,878 symptomatic patients 
with suspected coronary artery disease and concluded 
that the patients who underwent perfusion computed to-
mography angiography had a better prognosis compared 
with those who underwent direct percutaneous coronary 
intervention.10

In an attempt to assess the accuracy of MSCT for the 
assessment of myocardial ischemia and viability, many 
studies found that MSCT has a sensitivity of 95–97% and a 
specificity of 93–98% in detecting the coronary artery ste-
nosis associated with myocardial ischemia. An important 
limitation of this noninvasive diagnostic procedure is that 
in case of lesions with a high degree of calcification, the 
stenosis can be overestimated.11–14

Albert et al. studied the accuracy of MSCT in detecting 
myocardial necrosis and viability after myocardial infarc-
tion in 10 dogs and 7 pigs. They produced a myocardial 
infarction by performing a balloon occlusion in one of the 
coronary arteries, which was followed by percutaneous 
revascularization. Their results showed that myocardial 
ischemia and the extension of the myocardial infarction 
can be accurately analyzed by MSCT, leading to a precise 
diagnosis.15
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By combining the images obtained via CT (that offer 
data on the anatomy of the coronary tree) with PET image 
acquisitions (that indicate the functionality of the myocar-
dial tissue), the resulted fusion images can improve the de-
cision-making process on the need for revascularization. 

Magnetic Resonance Imaging (MRI) 

distinguishes viable myocardium 

from infarcted myocardial tissue

MRI is a valuable diagnostic tool in the assessment of 
myocardial injuries. Being a noninvasive method without 
many limitations, it can differentiate the viable myocardi-
um from scar tissue. Therefore, it represents an important 
imaging technique that leads to an accurate diagnosis.16 
Furthermore, MRI can help in investigating the need of 
coronary revascularization in ischemic territories, and to 
predict whether the restoration of the blood flow will lead 
to functional recovery of the affected myocardial tissue. 
Currently, there are three techniques used for the assess-
ment of myocardial viability and ischemia based on mag-
netic resonance: resting MRI, dobutamine MRI and con-
trast-enhanced MRI. In a report, Schinkel et al. stated that 
a myocardium with a measured thickness of less than 6 mm 
indicates a scar tissue that will probably not recover after 
the restoration of blood supply in the afferent territory. 
That means that the myocardial wall thickness assessed by 
MRI can be a predictive factor for the outcome of patients 
following a myocardial infarction.6

Wellnhofer et al. conducted a prospective blind study on 
29 patients with coronary artery disease, in which they as-
sessed myocardial viability and the functional recovery af-
ter revascularization by performing dobutamine-MRI and 
contrast-enhanced MRI. They found that low-dose dobu-
tamine MRI has a better predictive capacity for myocardial 
recovery compared to contrast-enhanced MRI and is not 
dependent on the depth of the scar. Similar results were 
obtained by Motoyasu et al. in their research.17,18 Contrari-
wise, Van Hoe et al. did not find any advantages for stress 
MRI over contrast-enhanced MRI in the assessment of 
viable myocardium, and they stated that the dobutamine 
stress test associated with MRI should not be integrated in 
the protocol for the evaluation of myocardial viability, as it 
offers no additional information.19

Klein et al. compared contrast enhancement MRI with 
PET in 31 patients with known CAD and showed that MRI 
hyperenhancement can better assess the scar tissue in com-
parison with PET, which is considered the best method  
in evaluating myocardial viability and can be a good pre-
dictor for functional recovery.20

 Stress echocardiography used for 

evaluating the viable myocardium

Using echocardiography with the administration of do-
butamine, the contractile reserve of the myocardial tissue 
can be determined, thus enabling the evaluation of the 
functional recovery of the myocardium after revascular-
ization. Low-dose dobutamine infusion associated with 
ultrasound can identify the viable myocardium with con-
tractile dysfunction and can reveal myocardial ischemia by 
increasing the dose of dobutamine, leading to an increased 
need for oxygen.21

This method is limited due to the fact that it requires 
an experimented operator, thus being preferred to be used 
in association with other imaging techniques. Wang et 
al. combined in their myocardial viability study the low- 
dose dobutamine echocardiography with speckle-tracking 
echocardiography and with delayed enhancement MRI in 
35 patients who had previously suffered an acute myocar-
dial infarction. They observed that by using this associa-
tion, the sensitivity and specificity in detecting the viable 
myocardium was increased considerably, but due to the 
small size of the study sample, their results were not rep-
resentative.22

Nuclear imaging for myocardial 

ischemia and viability assessment

PET-FDG has an increased value in the evaluation of myo-
cardial viability,23 with a 92% sensitivity in evaluating myo-
cardial viability.6 Even if it has a high diagnostic value, it is 
not frequently used due to its increased costs and reduced 
availability. 

Hybrid imaging for the assessment 

of myocardial viability

Hybrid imaging represents the association of two different 
imaging technologies into a single examination, which is 
able to provide all the details that would be obtained sepa-
rately by each of the two techniques, in a single step. Ex-
amples of hybrid imagistic methods are: MRI/PET, PET/
CT, MR/SPECT, ultrasound/MR, or ultrasound/CT. The 
advantages of using such models are related to the high di-
agnostic accuracy and the reduced exposure to radiations. 
This new imaging technology represents an upgrade in the 
diagnostic precision of myocardial ischemia by providing 
more information in regards to the possibility of coronary 
revascularization and the functional recovery of the myo-
cardial tissue after restoring the blood flow. 
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Masuda et al. recently published a study on 12 patients, 
in which they assessed myocardial viability using a new 
technique consisting of the integration of two different im-
aging methods: cardiac MRI and PET. They found a posi-
tive correlation between cardiac wall thickness and fluoro-
deoxyglucose (FDG) uptake with the patients’ outcome.24

Hybrid imaging accomplished by the association of CT 
and MRI with PET can be used for the assessment of the 
extension of viable myocardium after acute coronary syn-
dromes. The result provided by this kind of hybrid imaging 
is a single scan and a single fusion image that allows the 
clinician to evaluate the morphology and functionality of 
the myocardial tissue, being a valuable predictor for func-
tional recovery after revascularization in patients with pre-
vious myocardial infarction. This hybrid method can also 
be used for the examination of patients with sarcoidosis, 
with reduced left ventricular ejection fraction or other car-
diomyopathies.25,26

Hybrid imaging tools may improve the outcome of coro-
nary patients by evaluating cardiovascular risks, and they 
can also decrease the costs of further investigations. The 
technique can be used for the identification of patients with 
viable myocardium, as established with the use of noninva-
sive imaging tools. This is particularly important because 
these patients will truly benefit from revascularization and 
should undergo percutaneous coronary intervention.27,28

Conclusions

Hybrid imaging represents the future of imaging methods 
in investigating myocardial ischemia and viability. Further 
research is required to illustrate the real advantages of 
these techniques in providing more complex information 
for the selection of patients who will truly benefit from re-
vascularization procedures. 
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