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myocardial strain was named the "Best Poster Award Winner at ACC 13". In this report, Dr. Kishi discusses cardiac 
diseases, lifestyle diseases, and new methods for evaluating myocardial function.

Introduction

MRI is an advanced diagnostic imaging modality  
which allows detailed biological information to be 
obtained without exposure to ionizing radiation.  
However, in the field of cardiac imaging, the clinical 
usefulness of MRI is limited by a number of technical 
challenges related to artifacts arising from cardiac  
motion or other factors such as respiratory motion or 
blood flow. Echocardiography and cardiac SPECT have 
played a central role in the evaluation of cardiac function, 
and many technical improvements have been made in 
these imaging modalities, resulting in the accumulation 
of a large amount of clinical evidence. However, 
echocardiography suffers from restricted imaging  
planes due to interference from bone or lung tissue, 
and cardiac SPECT has a number of disadvantages such 
as radiation exposure and low spatial resolution. There 
are many challenges that remain to be overcome in the 
clinical evaluation of cardiac function and morphology.

In recent years, there have been many technical 
advances in MRI which have led to greater diagnostic 
accuracy in the field of cardiac imaging. A wide range 
of information for evaluating heart disease can now be 
obtained using cardiac MRI (CMR), which is useful for 
assessing both cardiac function and cardiac  
morphology. It is now possible to detect the presence  
of intracardiac thrombus or cardiac tumors using cine  

MRI, to evaluate inflammation and edema using  
T2-weighted images, to measure myocardial blood flow 
using perfusion MRI, to identify areas of infarction or 
fibrosis using late-enhancement imaging, and to examine 
the coronary arteries using coronary MRA. In particular, 
cine MRI allows high-contrast images to be acquired  
in any desired imaging planes without interference from 
bone or lung tissue. Its high reproducibility ensures precise 
evaluation, and cine MRI is therefore considered to be  
the most accurate method for assessing cardiac function.

Cardiac function analysis

The left ventricular ejection fraction (LVEF) is one of 
the most important indices in cardiac function analysis. 
LVEF is defined as the percentage of the blood in the 
left ventricle that is ejected during cardiac contraction. 
This index is conceptually very easy to understand and 
has therefore been used to evaluate cardiac function in 
many studies. However, the ejection fraction (EF) is only 
one of many indices for assessing cardiac function, and 
a variety of other parameters must also be taken into 
consideration. In addition to EF, the end-diastolic volume 
(EDV), end-systolic volume (ESV), stroke volume (SV), and 
cardiac output (CO) are also important parameters in 
cardiac function analysis.1 Because the heart operates as  
a pump, it is common to focus on cardiac contraction 
when evaluating cardiac function, but it has been 
reported that cardiac contraction is found to be within 

* MESA: Multi-Ethnic Study of Atherosclerosis



2

acceptable limits in approximately 40% to 60% of 
patients who go on to develop heart failure, and the 
importance of evaluating cardiac expansion is 
therefore now widely recognized (Figure 1).2

Myocardial strain analysis, which is more useful than 
LVEF for detecting subtle changes in cardiac function 
caused by pathological processes, has recently been 
developed, mainly as a diagnostic technique in 
echocardiography.3 CMR, on the other hand, requires 
the use of special scanning methods such as tagging to 
perform such analysis. Its use has therefore been limited 
to clinical research, and it has not yet gained widespread 
acceptance in actual clinical practice. However, using 
Vitrea (Canon Medical Systems Corporation, Otawara, 
Japan), it is now a simple matter to perform myocardial 
strain analysis with CMR, making it possible to perform 
such studies in routine clinical practice.

Myocardial strain analysis

It is known that the left ventricular myocardium is 
mainly composed of three layers of spirally arranged 
myocardial fi bers. These layers are referred to as the 
endocardial layer, the intermediate layer, and the 
epicardial layer. Most of the fi bers in each layer are 
oriented as follows: in the endocardial layer, the fi bers 
are oriented in the vertical direction (at an angle of 
approximately 80° relative to the fi bers in the 
intermediate layer); in the intermediate layer, the fi bers 
are oriented in the circumferential direction; and in the 
epicardial layer, the fi bers are oriented in an oblique 
direction (at an angle of approximately -60° relative to 
the fi bers in the intermediate layer) (Figure 2).4 This 
three-layered structure allows the myocardium to 
contract, twist, and expand in various directions, 
resulting in effi  cient cardiac function. Myocardial strain 
is an index that is calculated as the ratio of the distances 
between two points during expansion and contraction 

(strain(%)=(Lt - L0)/L0 × 100). In other words, it is a 
measure of the deformation resulting from expansion 
and contraction of the myocardium in each direction. 
The strain values in the longitudinal, circumferential, and 
radial directions are usually calculated as indices for the 
evaluation of myocardial fi ber function (Figure 3).3

In echocardiography and other diagnostic imaging 
methods, deterioration in left ventricular function is 
mainly observed as changes in myocardial motion in 
the radial direction. This is because it is diffi  cult to 
visually evaluate myocardial motion in the longitudinal 
and circumferential directions. However, it is now 
understood that myocardial strain analysis should be 
performed in each direction to obtain accurate cardiac 
evaluation results. In myocardial ischemia, for example, 
the endocardial layer of the myocardium is usually 
aff ected fi rst, and this pathological process would 
therefore be expected to manifest itself initially as 
changes in longitudinal stain. It has also been reported 
that a reduction in longitudinal stain is observed during 
early diastole in areas supplied by coronary arteries 
with severe stenosis of 70% or more. Other studies have 
shown that myocardial strain is a more accurate index 
than LVEF for assessing the prognosis of patients with 
heart failure. The clinical importance of myocardial 
strain is now widely recognized.5

Myocardial strain analysis in CMR is usually performed 
using the tagging method, in which each region of the 
myocardium is tagged for analysis. Other methods such 
as strain encoding (SENC) and displacement encoding 
with stimulated echoes (DENSE) have also been 
developed, and improved imaging techniques based on 
these methods have been introduced. Although these 
methods have been available for some time, they 
involve complicated scan procedures and intensive data 
analysis, which have limited the clinical application of 
myocardial strain analysis using CMR.
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The Vitrea Wall Motion Tracking (WMT) software, in 
which strain analysis can be performed using cine MRI 
images acquired by conventional scanning, has now  
been developed (Figure 4). This method permits 
myocardial strain analysis to be performed more easily 
and more accurately, without the need to employ  
special scanning techniques.

Evaluation of left ventricular function

Although the contractile function of the left ventricle 
can be roughly evaluated by visual assessment, 
quantitative evaluation is required in order to obtain 
objective and reproducible analysis data. Quantitative 

evaluation methods based on geometric models, such  
as those employed in cardiac SPECT, M-mode 
echocardiography, and left ventricular contrast imaging, 
were the first to be developed. However, these methods 
suffer from the serious disadvantage that accuracy is 
reduced when the geometric model does not match the  
shape of the patient's left ventricular cavity or the  
patient's myocardial structure (e.g., in patients with 
organic heart diseases such as old myocardial infarction). 
Thanks to the development of improved imaging 
techniques in each diagnostic modality such as 3D 
echocardiography, cardiac CT, and CMR (the topic of the 
present report), more accurate volume evaluation based 
on the Simpson method has become possible. Among 
these modalities, CMR is superior to echocardiography 
because it allows any desired scan planes to be visualized 
with high reproducibility irrespective of the patient's 
body habitus or cardiac morphology. In addition, CMR is 
superior to CT because its high temporal resolution  
makes it possible to evaluate cardiac function more 
accurately. CMR is therefore the diagnostic imaging 
modality of choice for cardiac function analysis due to its 
superior accuracy and reproducibility.

Segmental strain analysis was performed using LGE 
and the tagging method in a patient who had suffered  
a myocardial infarction. The strain values were seen to  
be reduced in the areas indentified as LGE+.6  CINE  
images of the same patient were then analyzed using  
the Vitrea WMT software. The strain curve obtained  
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using the WMT software was smoother than that 
obtained using the tagging method, and the strain 
values showed good agreement (Figure 5).6

As discussed above, myocardial strain is considered 
to be a more useful index than EF for assessing the 
prognosis of patients with heart failure. By the end of  
the first decade of the 2000s, studies on the usefulness  
of 2D strain echocardiography for evaluating heart  
failure began to appear in the literature. In all of these 
studies, the finding of a deterioration in strain was 
determined to be a useful independent index for 
assessing the patient's prognosis with regard to  
cardiac events, including heart failure, as compared to 
LVEF, which was previously considered the gold  
standard. Similar studies on CMR were included in the 
MESA trial, a large cohort study conducted in the  
United States. The results obtained in this study also 
showed that a reduction in LVEF is a statistically  
significant risk factor for heart failure based on  
univariate analysis. Based on multivariate analysis, a 
reduction in strain observed using CMR was found to  
be more useful than LVEF as an independent  
prognostic index (Figure 6).5 It has also been reported  
in studies employing echocardiography that patients  
with a blood pressure above the optimal range for a 
period of 25 years (Figure 7),7 patients with a long  
history of diabetes,8 and patients without diabetes but  
with high insulin resistance tend to develop heart  
failure due to an increase in afterload.8,9 In these  
studies, although LVEF was maintained, deterioration  
in strain values was observed.

Why is strain a more useful index than LVEF for 
detecting deterioration in cardiac function? There is one  
useful reference in the literature. The relationships 
between LVEF, circumferential strain, and cardiac torsion 
were evaluated using CMR with the tagging method. 

The results showed that when circumferential strain 
reflecting myocardial fiber function is reduced, there is  
a compensatory increase in cardiac torsion, and LVEF is  
maintained as a result (Figure 8).10  However, when an area  
of myocardial dysfunction expands due to myocardial 
infarction or other pathology, decompensation may occur,  
leading to a reduction in LVEF. This suggests that 
measurement of LVEF may only be able to detect the  
final stage of deterioration in myocardial fiber function.

Evaluation of left atrial function

In the field of cardiovascular imaging, there have 
recently been a large number of reports concerning 
the usefulness of strain analysis for evaluating left atrial 
function and right ventricular function in addition to  
left ventricular function. The MESA trial includes a 
comparison of left atrial function between patients  
with heart failure and patients without heart failure as 
assessed using the Vitrea WMT software. The measured 
indices of left atrial function are shown in  
Figure 9. It has been reported that a reduction in global 
peak longitudinal atrial strain may be an independent 
contributory factor for heart failure, in addition to an 

Figure 7

Figure 8

0.3

0.2

0.1

0

-0.1

-0.2

40 50 60 70 80

Age, years

St
an

d
ar

d
iz

ed
 v

al
u

es

Torsion

SV

CS

LVEF



6

increase in left atrial volume, which was identified as a 
contributory factor in previous studies.11

How is left atrial function related to heart failure?  
One report has described a possible  
pathophysiological mechanism. The relationship  
between the degree of left ventricular fibrosis and left 
atrial function, including left atrial strain, was  
investigated using T1 mapping / LGE.12  This report 
concluded that the Vitrea WMT software is useful for 
analyzing left atrial function and for visualizing  
anatomical structures, and a clear relationship was 
observed between the progression of left ventricular 
fibrosis and the deterioration of left atrial function.

Left atrial strain analysis is also useful in patients with 
arrhythmias such as atrial fibrillation. Inoue et al.  
described the relationship between cerebral infarction 

and left atrial function as assessed by strain analysis  
using CMR/WMT (Vitrea) in patients with atrial  
fibrillation.13  One of the most important findings of their  
study is that an increase in left atrial volume and a 
reduction in left atrial strain are associated with a higher 
risk of cerebral infarction, in addition to the  
CHA2DS2-VASc score, which has been widely employed 
to assess the risk of cerebral infarction in routine clinical 
practice.

A number of studies on right ventricular analysis are 
also currently ongoing. Various indices of right  
ventricular function, such as RVEF, RVEDV, RVESV, RVSV,  
and RVM, which are difficult to evaluate using 
echocardiography due to the structural characteristics  
of the right ventricle, can be accurately determined  
using CMR.

Figure 9
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Conclusion

	• Measurement of left ventricular volume parameters 
such as EF, EDV, ESV, SV, CO, and CI as well as  
evaluation of contractile function are possible in 
analysis using cine MRI.

	• Noninvasive myocardial strain analysis using CMR  
provides higher spatial resolution than 
echocardiography and is a useful clinical modality for 
evaluating cardiac function in patients with ischemia  
or phase mismatch.

	• Myocardial strain analysis using conventional tagging 
CMR is useful for the quantitative assessment of  
cardiac function. However, the time required for 
analysis is quite long due to the complicated scan 
procedures and intensive data analysis in this  
method.

	• Myocardial strain analysis using cine MRI can be 
performed easily and has the advantages of higher 
temporal resolution and higher spatial resolution  
than conventional methods.

	• The use of CMR in routine clinical practice makes it 
possible to evaluate cardiac dysfunction as well as to 
examine the coronary arteries.

	• Various indices of right ventricular function, such as 
RVEF, RVEDV, RVESV, RVSV, and RVM, which are  
difficult to evaluate using echocardiography due to  
the structural characteristics of the right ventricle,  
can be accurately determined using CMR.

	• In both volume evaluation and hemodynamic 
evaluation, CMR provides superior analysis results in 
terms of spatial resolution, accuracy, and  
reproducibility as compared to echocardiography, 
cardiac SPECT, and cardiac CT. Another advantage of 
CMR is that it does not involve exposure to ionizing 
radiation. At the present time, CMR is considered to be 
the modality of choice for cardiac function analysis.

	• Many technological advances are being made in CMR  
for myocardial strain analysis. It is expected that clinical  
evidence will rapidly accumulate and that CMR will gain 
widespread acceptance in routine clinical practice.
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