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INTRODUCTION

Many cardiac diseases do not affect the heart
globally in an early stage.1 Normal global mea-
sures such as ejection fraction can therefore be
insensitive to these early regional dysfunctions.2

Thus, the assessment of the regional myocardium
function with magnetic resonance imaging (MRI)
poses as a novel potentially important tool for early
identification of cardiac pathology.

Regional function of the myocardium can be
quantified using myocardial strain analysis.
Myocardial strain is defined as the relative length-
ening of the tissue, thus: a normalized measure of
deformation.3,4 Cardiac MRI (cMRI) is considered
the reference standard for measurement of
myocardial strain. Some of the cardiac MRI tech-
niques used for measuring regional myocardial
functions are myocardial steady-state free preces-
sion (SSFP) cine, tagging, displacement encoding
with stimulated echoes (DENSE),1 strain encoding
imaging (SENC), and feature tracking techniques.2

From a biomechanical point of view, it would be
preferable to present the strain given the fiber
structure of the heart; however, the complex ge-
ometry of the heart makes this challenging. There-
fore, the main parameters used to quantify strain
on MRI are circumferential, longitudinal, and radial
strain (Fig. 1). Another measure used to describe
deformation is strain rate, which describes the
rate at which the strain is changing over time.5

Finally, it is possible to quantify diastolic function
based on myocardial strain. The main parameter
used for quantification of diastolic function is the
strain relaxation index (SRI), which is calculated
based on the relationship of the circumferential
strain with strain rate curves.6

TECHNIQUES
Steady-State Free Precession Cine

SSFP has been used routinely in clinical practice
for quantification of regional myocardial function.
Qualitatively, this technique allows for visual

The authors have nothing to disclose.
Department of Radiology and Biomedical Imaging, University of California San Francisco, 505 Parnassus
Avenue, Box 0628, San Francisco, CA 94143, USA
* Corresponding author.
E-mail address: Karen.ordovas@ucsf.edu

KEYWORDS

� Strain � Magnetic resonance � Cardiac � Imaging � Ventricular mechanics

KEY POINTS

� Regional function of the myocardium can be quantified using myocardial strain analysis.

� Myocardial strain is defined as the relative lengthening of the tissue, thus: a normalized measure of
deformation.

� The main parameters used to quantify strain on magnetic resonance imaging are circumferential,
longitudinal, and radial strain.

� Many cardiac magnetic resonance techniques have been developed for detection and quantifica-
tion of regional strain abnormalities including steady-state free-precession cine, tagging, and
displacement encoding with stimulated echoes.

� Recent clinical studies have shown potential use of these techniques for risk stratification and treat-
ment guidance in patients with congenital and acquired heart diseases.
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inspection of myocardial thickening during the car-
diac cycle in all cardiac regions. Common cardiac
planes, named short axis, horizontal long axis, and
vertical long axis, provide comprehensive assess-
ment of myocardial contractility in the anterior,
lateral, inferior, and septal regions, including the
apex, midventricular level, and base of the heart.

In addition to visual assessment of cardiac
contractility, postprocessing tools allow for quan-
tification of myocardial thickening during the car-
diac cycle, which consists of the increase in
myocardial wall thickness from end-diastole to
end-systole, and is expressed in millimeters. Mea-
surement of wall thickening in the short-axis plane

Fig. 1. Parameters for cardiac strain
quantification. Diagrams illustrate
measurements as changes in distance
between 2 points aligned to the
transmural myocardial axis for radial
strain (A), aligned to the circumfer-
ence of the heart for circumferential
strain (B), and aligned to the long
axis of the heart for longitudinal
strain (C).
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