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ABSTRACT

One of the most significant causes of heart failure is coronary heart disease and subsequent 
left ventricular dysfunction. The prognosis and perioperative mortality are influenced by left 
ventricular function, which is also an important predictor marker following revascularization.
The evaluation of myocardial perfusion is of utmost importance in patients who present sever-
al symptoms before choosing cardiac catheterization as treatment. The evaluation of myocar-
dial perfusion and myocardial viability leads to superior diagnostic and treatment algorithms, 
thus resulting in an important improvement in the outcomes of patients with coronary artery 
disease. Color Doppler myocardial imaging, single-photon emission computed tomography 
(SPECT), contrast perfusion echocardiography, positron emission computed tomography (PET) 
and magnetic resonance imaging (MRI) are currently used methods for assessing myocardial 
perfusion. This review aims to summarize the benefits and disadvantages of each of these 
techniques. 
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BACKGROUND

One of the most significant causes of heart failure is determined by the conse-
quence of coronary heart disease — left ventricular dysfunction.1 The progno-
sis and perioperative mortality of this disease are influenced by left ventricular 
function, an important indicator for the appropriateness of revascularization 
therapies. 

The relevance of left ventricular function was also analyzed in the CASS regis-
try, which included 20,088 patients with previous coronary bypass graft surgery. 
Their results showed that the 4-year survival rates were significantly lower for 
patients with an impaired function of the left ventricle, regardless of the number 
of vessels affected by coronary atherosclerosis.2

Ischemic cardiomyopathy can lead to transient, reversible systolic dysfunction, 
or in severe cases to irreversible loss of function of the left ventricle.3 According 
to the degree of ischemia, myocardial viability is classified into myocardial necro-
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sis, myocardial stunning and myocardial hibernation. The 
stunned myocardium can recover within 2 weeks in the ab-
sence of ischemia; however, if the ischemic trigger persists, 
the stunned myocardium becomes hibernating, requiring 
revascularization for its functional recovery.4 It is difficult 
to differentiate between these stages of ischemia, but in 
the last 30 years there have been important developments 
in the imaging methods used for the evaluation of myocar-
dium function, viability and perfusion.

A reduced myocardial perfusion represents a precocious 
change in the ischemic cascade.5 The evaluation of myocar-
dial perfusion is essential in patients who present several 
ischemic symptoms before choosing cardiac catheterization 
as a treatment option. The assessment of myocardial perfu-
sion and the evaluation of myocardium viability, with the 
aim of achieving superior diagnostic and therapeutic algo-
rithms, can lead to important improvements of outcomes.6

There are several methods of assessing myocardial vi-
ability in clinical practice today. Echocardiography is a 
noninvasive imaging technique, widely available at a low 
cost, that can quantify myocardial contractility and assess 
coronary perfusion in the ischemic territories. With stress 
echocardiography, we can create a transient condition of 
reversible myocardial ischemia. Stress can be achieved by 
physical exercise or medication.7,8 Color Doppler myocar-
dial imaging, single-photon emission computed tomogra-
phy (SPECT), contrast perfusion echocardiography, posi-
tron emission computed tomography (PET) and magnetic 
resonance imaging (MRI) are various methods of assess-
ing myocardial perfusion.9 Each of these techniques has its 
benefits and disadvantages, which are summarized in this 
manuscript.

Functional status of the myocardium 

in coronary heart disease (CHD)

The term “viable myocardium” describes a dysfunctional 
myocardium that is able to retrieve its normal function.10 
Retrospective studies have described the importance of vi-
ability tests, which are included in the process of noninva-
sive examinations in symptomatic patients, and which have 
significantly improved in-hospital and 1-year outcomes.11 
The more viable myocardium is present, the better the re-
gain of left ventricular function after revascularization.12

The term “hibernating myocardium” suggests a tran-
sient condition of the viable myocardium, a contractile 
dysfunction that disappears after revascularization.10 The 
hibernating myocardium should be differentiated from the 
stunned myocardium and from transient left ventricular 
(LV) dysfunction occurring due to stress-induced isch-

emia. Although stunned myocardium can recover its func-
tion spontaneously, in the case of hibernating myocardium 
this is only possible after revascularization.13

“Stunned myocardium” refers to a short-term condition 
demonstrated in the laboratory, when the total occlusion 
of a coronary artery that lasts 5 to 15 minutes (a time that 
is not associated with cell death) causes a fault in the re-
gional kinetics of the LV that persists for hours or days after 
reperfusion.14 In patients with CAD, repeated episodes of 
transient ischemia may lead to cumulative stunning, which 
could be the cause of chronic post-ischemic LV dysfunc-
tion. Chronic left ventricular dysfunction is one of the con-
sequences of multiple transient ischemic episodes.15

Echocardiography for the assessment 

of myocardial perfusion

Stress echocardiography

Dobutamine stress echocardiography (DSE) is usually 
performed to assess the contractility of the myocardium. 
Myocardial infarction, particularly transmural infarction 
induces regional wall akinesia. If the infarction is recent, 
and there still is viable myocardium, stress echocardiog-
raphy can identify if the loss of contractility in different 
myocardium segments is reversible. Small doses of dobu-
tamine (5 μg/kg/min) usually lead to temporary regain 
of contractility; however, dobutamine can also trigger a 
deterioration of myocardial function if higher doses are 
administered. This so-called “biphasic response” is a sig-
nificant predictor for regaining myocardial cell function-
ality after coronary revascularization.16,17 Stress echocar-
diography is a widely-used method with a high sensitivity 
and specificity.18

Myocardial contrast echocardiography

The gas-filled microbubbles used in this imaging tech-
nique as contrast agents are smaller than red blood cells 
(<7 µm), and they remain blocked in the intravascular 
space.19 The newest method for the assessment of perfu-
sion is using ultrasound energy that destroys the micro-
bubbles, after achieving a steady-state concentration of the 
contrast agent in the bloodstream.20,21 The lack of contrast 
enhancement suggests the absence of viable myocardium, 
the presence of myocardial cell necrosis and an impaired 
microcirculation.22

This technique has been used to reveal the segment of 
myocardium function during coronary artery occlusion 
and to evaluate tissue reperfusion after revascularization.
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Speckle tracking with adenosine is another method of 
evaluating myocardial perfusion. When a coronary stress 
is present, the viable myocardium segments increase the 
speed of longitudinal contractions, but the non-viable seg-
ments remain unchanged. Ran et al. showed in a study that 
adenosine stress test has a sensitivity of 83.9% and a speci-
ficity of 81.4% for identifying viable myocardium.23

Color Doppler myocardial imaging is a new technique, 
which is used to assess myocardial wall motion. This new 
imaging modality may improve the ultrasound evaluation 
of myocardial ischaemia.24

The benefits of imaging techniques based on echocar-
diography are represented by their low cost, wide avail-
ability of equipment and the avoidance of ionizing radia-
tion.

PET and SPECT — gold standard 

methods for the evaluation 

of myocardial perfusion

PET

Positron emission tomography (PET) has been consid-
ered the gold standard of myocardial perfusion imaging. 
Its strength was established by the incorporation of radio-
nuclides into biochemical molecules, and as a quantita-
tive method, it is used to evaluate myocardial perfusion, 
contractile function, glucose uptake etc.25 Various studies 
have described the high specificity and sensibility of this 
method in the diagnosis of cardiovascular disease.

There are several tracers used for myocardial perfusion, 
such as ammonia, rubidium (Rb-82), or fluorodeoxyglu-
cose (FDG). The insulin resistance of some patients with 
heart failure may lead to errors in myocardial glucose up-
take.26 Segments with irreversible ischemia are represented 
by regions with low FDG uptake and reduced myocardial 
blood flow. Viable myocardium cells present an increased 
glucose uptake.27 The myocardial uptake of ammonia also 
illustrates myocardial viability and perfusion.28

The stunned region of the myocardium normally up-
takes both FDG and ammonia, the hibernating myocardi-
um has a decreased uptake of ammonia but normal or am-
plified uptake of FDG, and the infarcted area has decreased 
uptake capacity for both tracers.29

The main benefits of PET over SPECT are improved 
spatial resolution, attenuation correction as an inher-
ent component of the technology, and the tracers used 
in PET for absolute quantification of perfusion are more 
easily applied in dynamic scanning. PET is a method with 
high diagnostic accuracy and specificity for detecting an-

giographically significant coronary artery stenoses.30 The 
most important limitation of PET is the high cost.

PET-CT

This new hybrid imaging method has been developed to 
simultaneously assess significant myocardium changes 
caused by ischemia, as well as the coronary anatomy. This 
may significantly improve the diagnosis and management 
algorithms of subjects with CAD, first of all by saving time. 
This imaging technique does not have clarified limitations 
yet.31

SPECT

Single-photon emission computed tomography (SPECT) 
uses gamma rays, and it evaluates myocardial perfusion 
and viability, being widely available. It can be applied both 
at rest and during stress conditions induced by exercises 
or pharmacologic agents, for the assessment of inducible 
ischemia due to coronary stenosis. SPECT images show 
the uptake and distribution of the tracer in the functional 
myocardial tissue, and also the relative blood flow to sev-
eral segments of the myocardium.32 The potassium analog 
thallium-201 (Tl-201) was the first tracer used to identify 
myocardial viability, and myocardial uptake depends of 
the regional flow.33 SPECT has multiple disadvantages, 
including poor spatial resolution, limited detection of 
subendocardial perfusion defects and limited detection 
of significant left main stenosis or multi-vessel disease.34 
Technetium-99m labeled tracers have more advantages, 
such as fast elimination from the organism or low radiation 
exposure to the patient.35

MRI Determination of 

myocardial viability

Cardiac MRI (CMR) is a noninvasive technique, consid-
ered the new gold standard imaging procedure for the 
analysis of myocardial perfusion. CMR can evaluate myo-
cardial perfusion at rest and in stress conditions, and it has 
a high sensitivity in diagnosing myocardial ischemia caused 
by acute coronary disease. Recent studies show the ability 
of CMR to detect microvascular obstruction, which ap-
parently leads to significant cardiovascular complications 
if the interventional treatment is not timely performed.36 
The technique is performed using chelated-gadolinium 
contrast, and it is able to provide information about myo-
cardial perfusion, left ventricular ejection fraction, wall ki-
netics, and the extent of fibrosis.37
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A meta-analysis by Nandalur et al. showed that CMR 
holds a high sensitivity and specificity in diagnosing ath-
erosclerotic coronary artery disorders.38

Different studies have proved the importance of de-
tecting microvascular obstruction with this noninvasive 
imaging method; therefore, the assessment of myocardial 
perfusion in resting conditions has an increased prognostic 
value in the period following an acute myocardial infarc-
tion. Significant improvements of technological innova-
tion in CMR may occur in the future.39

Conclusions

The assessment of myocardial perfusion for establishing a 
diagnosis of myocardial ischemia is a significant step in the 
management of symptomatic patients with coronary artery 
disease before revascularization therapies. Echocardio-
graphic modalities, nuclear medicine imaging techniques 
and cardiovascular magnetic resonance are methods that 
can evaluate myocardial perfusion. All these methods hold 
several advantages and disadvantages, but are widely used 
to improve the management and outcomes of patients fol-
lowing myocardial revascularization therapies. Further 
developments are required to improve the diagnostic and 
prognostic utility of imaging evaluation of myocardial per-
fusion, in order to achieve a targeted personalized therapy 
in patients with a high cardiovascular risk.
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