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Abstract

Objective: Dilated cardiomyopathy (DCM) can cause structural and functional changes in the left

ventricle (LV). In this study, we evaluated whether cardiac magnetic resonance tissue-tracking

(MR-TT) can be applied to the detection of LV abnormalities in patients with DCM.

Methods: We used MR-TT to analyze the global peak radial strain (GPRS), global peak

circumferential strain (GPCS), and global peak longitudinal strain (GPLS) in every segment of the LV

in 23 patients with DCM and 25 controls. The LVejection fraction was also measured as a function

indicator.

Results: Compared with the controls, the GPRS, GPCS, and GPLS were significantly reduced in

patients with DCM, indicating global LV function impairment in all directions. We also identified a

significant linear correlation between the GPRS, GPCS, and GPLS and the LV ejection fraction,

indicating that LV function relies on coordinated wall motion from all directions. Moreover, we found

that patients with DCM had a significantly reduced magnitude of the PRS, PCS, and PLS in most

segments at different levels, indicating impaired myocardial function in most LV regions.

Conclusions: Our results demonstrate that LV myocardial strain in patients with DCM can be

sensitively detected by MR-TT (not only the global LV function changes but also the segmental

strain), which can help to identify the injured segment at an early stage and guide clinical treatment.

Keywords

Dilated cardiomyopathy, tissue tracking, cardiac magnetic resonance imaging, myocardial strain

Date received: 15 December 2016; accepted: 3 May 2017

Introduction

Dilated cardiomyopathy (DCM) is the third
leading cause of heart failure. It accounts for
30% to 40% of cases of heart failure, with a
prevalence of 36 patients per 100,000 popu-
lation. Every year, 5 to 8 newDCM cases are
diagnosed per 100,000 persons, and 10,000
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patients lose their lives.1,2 DCM is charac-
terized by an enlarged and weakened left
ventricle (LV) in the absence of heavy
loading conditions (e.g., hypertension,
valve disease) or ischemic heart disease
sufficient to cause global systolic impair-
ment.2 Therefore, the use of sensitive tech-
niques to detect deregulated LV myocardial
function would be of immense value for
early diagnosis and assessment of the thera-
peutic effect in patients with DCM.

In the clinical setting, myocardial strain is
a sensitive measurement of the fiber length
change during ventricle contraction; it has
therefore been used to determine LV myo-
cardial mechanical function and deform-
ation in patients with DCM. In the past,
cardiac magnetic resonance (MR) tagging
was a reference standard technique for the
assessment of myocardial strain, including
harmonic phase analysis and spatial modu-
lation of magnetization.3 However, MR-
tagging requires a specific image acquisition
scheme and dedicated software as well as
tedious and time-consuming manual ana-
lysis, which preclude its routine clinical use.4

Speckle-tracking echocardiography technol-
ogy has also been recently used to analyze
the LV myocardial strain. However, the
reliability and accuracy of speckle-tracking
echocardiography largely depends on image
quality. Poor image usually results in drift or
incorrect calculation.5 In recent years, car-
diac MR imaging (CMR) has become a
reliable and accurate modality for quantifi-
cation of global LV function with high
spatial and temporal resolution.6 Cardiac
MR tissue-tracking (MR-TT) technology
makes use of tissue voxel motion tracking
on steady-state free precession images; there-
fore, it inherently has less variation in the
myocardial tissue signals when measuring
longitudinal, circumferential, and radial
LV strains.7 MR-TT is also rapid and
semiautomative, requiring no additional
scans or sequences, and has a shorter

post-processing time than traditional
MR-tagging.4 Moreover, MR-TT has
high spatial and temporal resolution, which
is more accurate than speckle-tracking
echocardiography.8

Therefore, in the current study, we
used MR-TT to measure LV global and
regional strain in patients with DCM and
studied the correlation between different
peak strains.

Patients and methods

Study population

All procedures in the present study were
performed with the approval of the institu-
tional review board and ethics committee of
the Second Affiliated Hospital of Nanchang
University and in accordance with the 1964
Helsinki declaration. Written informed con-
sent was obtained from all participating
individuals prior to the study. We prospect-
ively recruited 23 consecutive patients who
had been referred for CMR from 2012 to
2015 after a clinical diagnosis of DCM at the
Second Affiliated Hospital of Nanchang
University. The diagnosis of DCM was
based on the 1995 World Health
Organization/International Society and
Federation of Cardiology criteria.9 All
patients with DCM had impaired systolic
function (LV ejection fraction [LVEF] of
<50%). Patients with significant coronary
artery disease, valvular disease, hypertensive
heart disease, and congenital abnormalities
were excluded. All patients were examined
in a clinically stable condition (New York
Heart Association functional class of <III).
Twenty-five healthy volunteers were also
recruited based on the following criteria: (i)
no symptoms of cardiovascular dysfunction,
(ii) normal cardiac morphology and func-
tion as proven by CMR, and (iii) no history
of inflammatory disease including the
common cold virus in the most recent 2
weeks before examination.
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CMR acquisition

All CMR examinations were performed on
1.5T and 3.0T scanners (GE Signa Excite
HD Twinspeed), with a maximum gradient
strength of 33mT/m and a slew rate of
120mT/m/s. An 8-channel phased-array coil
was used for signal reception, and vector
electrocardiography was used for cardiac
gating. Electrocardiogram-gated steady-
state free precession cine sequences were
acquired during brief periods of breath-
holding in 12- to 13-s equidistant short-axis
planes (Axi) completely covering the LV. The
parameters of steady-state free precession
were as follows: 8-mm thickness, 1- to 2-
mm gap, 360� 320mm field of view, and
140� 140 matrix size. Long-axis images
(apical four-chamber [4-ch] and two-chamber
[2-ch]) were used for subsequent analysis.

Tissue-tracking imaging

CMR tissue-tracking (CMR-TT) post-pro-
cessing software (cvi42 & Tissue Tracking;
Circle Cardiovascular Imaging, Alberta,
Canada) was used to analyze the LV
strain, Axi view, and 4- and 2-ch views of
the ventricle, which were divided according
to the American Heart Association (AHA)
17-segment model. The apical cap (segment
17) was not considered for analysis. This
tool includes a software-based feature-track-
ing algorithm that has been previously
validated in experimental and clinical stu-
dies. These previous studies confirmed that
the software has good agreement and repro-
ducibility.7 We drew the endocardial and
epicardial borders from the short-axis, 4-ch,
and 2-ch views at end-diastole and end-
systole; the papillary muscles were excluded
from the endocardial contour. The longitu-
dinal, circumferential, and radial strain
values were obtained. The global graph
and bull’s eye diagram of AHA are shown
in Figure 1. The global and regional strain in
the LV were respectively analyzed; i.e., the

global peak radial strain (GPRS), global
peak circumferential strain (GPCS), global
peak longitudinal stain (GPLS), and peak
radial, circumferential, and longitudinal
strain in each segment (PRS, PCS, and
PLS, respectively). The LV ejection fraction
(LVEF), LV end-diastolic volume, and LV
end-systolic volume were quantified by
delineating the endocardial and epicardial
borders manually from the short axis.

Statistical analysis

Continuous variables are presented as
mean� standard deviation (SD).
Categorical variables are presented as fre-
quency and percentage. All data were con-
trolled for a normal distribution by the
Kolmogorov–Smirnov test and compared
using the unpaired Student’s t-test when
normally distributed. Nonparametric tests
were also applied for abnormally distributed
data (Mann–Whitney U test). The associ-
ation between the LVEF and LV strain
parameters was assessed using Pearson cor-
relation in all patients. Statistical analysis
was performed with SPSS 22.0 (SPSS,
Armonk, NY, USA). A P-value of <0.05
was regarded as statistically significant.

Results

Clinical characteristics

The clinical characteristics of the study
population are shown in Table 1. Of 23
patients, 12 were male (52.5%). The average
age was 50 years (range, 31–63 years). The
healthy volunteers included 17 males (68%)
with an average age of 27 years (range,
20–34 years). Compared with the control
subjects, the cardiac function parameters
(LVEF and stroke volume (SV)) were
significantly decreased in DCM patients,
while the LV end-diastolic volume and LV
end-systolic volume were dramatically
increased (P< 0.001).
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The changes in the LVEF, SV,
end-diastolic volume, and end-systolic
volume indicated that the LV of patients
with DCM was enlarged and that its con-
traction function was damaged, which is
consistent with the pathological characteris-
tics of DCM.10

Global strain analysis

As shown in Table 2, patients with DCM had
a much lower global strain magnitude than
control patients (P< 0.001). The GPRS was
8.60� 4.48 vs. 37.88� 7.50, the GPCS was
�4.33� 1.86 vs. �14.38� 1.88, and the
GPLS was�4.33� 1.76 vs.�11.85� 6.75.

Figure 1. Representative example of the derivation of strain using cvi42 software in a 57-year-old patient

with DCM. The result of LV tissue-tracking of cine steady-state free precession images in the axi, 2-ch, and 4-

ch view. Picture A1–3: Myocardial pseudo-color map shows the strain values in the Axi, 4-ch, and 2-ch view.

Picture B1–3: Strain of each segment on the bull’s eye diagram of AHA for the peak radial strain (%), peak

circumferential strain (%), and peak longitudinal strain (%), Picture C1–3: Global strain values. Red represents

positive values, while blue represents negative; deeper colors indicate higher values.
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We further studied the correlation between
the LVEF and each of the global strains. As
shown in Figure 2(a)–(c), a positive correl-
ation was found between the GPRS and the
LVEF (R¼ 0.923, P< 0.01), while the
GPCS and GPLS were negatively correlated
with the LVEF (GPCS: R¼�0.944,
P< 0.01; GPLS: R¼�0.895, P< 0.01).
Additionally, with pair-wise comparison,
we also identified a negative correlation
between the GPRS and GPCS as well as
between the GPRS and GPLS, while the
GPCS and GPLS were positively correlated
with each other (Figure 2(d)–(f) (GPRS
vs. GPCS: R¼�0.973, P< 0.01; GPRS vs.
GPLS, R¼�0.944, P< 0.01; GPCS vs.
GPLS, R¼ 0.967, P< 0.01).

Regional strain

The segmental values of the PRS, PCS, and
PLS in normal subjects and patients with

DCM are summarized in Table 3. We found
that patients with DCM had significantly
lower PRS, PCS, and PLS values at most
segments to different degrees (P< 0.05); the
only exception was the PCS at the apical
septal segment and PLS at the apical anter-
ior and inferior segments, where no signifi-
cant difference could be identified (P> 0.05).
Additionally, in all subjects, we found the
PRS was highest in every segment, while the
PLS was lowest.

Discussion

In this study, we used the latest technology
(MR-TT) to analyze LV myocardial strains
in patients with DCM, not only at a global
strain level, but also at a regional strain
level. Our results demonstrated that MR-TT
is a promising method with which to detect
early deregulated LV function in patients
with DCM and guide clinical treatment of
DCM.

We found that patients with DCM had a
significantly reduced GPRS, GPCS, and
GPLS, implying global LV impairment.
The LV comprises two types of muscle
bundles: longitudinal muscle bundles
(including endocardial and epicardial
fibers) and circumferential muscle bundles
located in the midwall of the LV. The
endocardial and epicardial fibers originate
from the basal region, loop around the apex,

Table 1. Baseline characteristics of patients with DCM and controls

Variable

DCM

n¼ 23

Controls

n¼ 25 P

Age (years) 50� 15 27� 6 <0.001

Sex (male) 12 (52.5%) 17 (68%) –

LVEF (%) 22.42� 11.14 69.25� 6.75 <0.001

EDV (mL) 298.40� 128.82 133.60� 12.62 <0.001

ESV (mL) 248.80� 119.40 41.12� 11.69 <0.001

SV (mL) 62.07� 25.08 92.51� 17.25 <0.001

LVEF: left ventricular ejection fraction, EDV: end-diastolic volume, ESV: end-systolic volume, SV:

stroke volume.

Table 2. Global strain of DCM and controls

Variable

DCM

n¼ 23

Controls

n¼ 25 P

GPRS 8.60� 4.48 37.88� 7.50 <0.001

GPCS � 4.33� 1.86 �14.38� 1.88 <0.001

GPLS �4.33� 1.76 � 11.85� 6.75 <0.001

GPRS: global peak radial strain, GPCS: global circumfer-

ential strain, GPLS: global peak longitudinal strain
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and then return to the basal region, forming
a helical structure.11 When the LV becomes
enlarged and spherical in patients with
DCM, the longitudinal myocardium
changes significantly; the longitudinal myo-
cardial angle decreases and the muscle bun-
dles change from longitudinal to horizontal.
All of these changes can lower the sub-
endocardial oxygen demand and increase
the subendocardial blood flow, finally
leading to reduced peak stains (GPRS,
GPCS, and GPLS) in patients with
DCM.12 Moreover, we also found that
the degree of damage was not same in
each direction. GPRS changed more than
GPCS and GPLS, indicating that patients
with DCM had more serious damage in
the radial direction of the LV.
Additionally, the LV myocardium becomes
thinner during the development of DCM,
and the degree of thinning may vary in
different places, further decreasing the

PRS. Moreover, LV congestion leads to
an increase in LV pressure, which induces
heart movement resistance in the radial
orientation and more obviously deceases
radial strain. Although the LV myocardial
movement was differentially reduced in
patients with DCM, LV spherical expan-
sion was obvious, which led to significant
reduction of cardiac systolic function.

The LVEF is regarded as an important
index with which to evaluate LV function. In
this study, we found that the LV myocardial
strains were significantly associated with the
LVEF, which is consistent with previous
reports.13 The LVEF reflects the fractional
change in the three-dimensional volume,
and the strain determines the fractional
change in the one-dimensional length from
end-diastole to end-systole14; thus, these two
measures are in parallel, which may lead to
the significant association between the myo-
cardial strain and the LVEF.

Figure 2. Relationship between the strain value and LVEF. (a–c) Association of LVEF and GPRS, GPCS, and

GPLS (R2
¼ 0.85, R2

¼ 0.89, and R2
¼ 0.80, respectively). (d–f) Linear correlations among GPRS, GPCS, and

GPLS (GPRS vs. GPCS, R2
¼ 0.947 P< 0.01; GPRS vs. GPLS, R2

¼ 0.891, P< 0.01; GPCS vs. GPLS, R2
¼ 0.936,

P< 0.01). GPRS: global peak radial strain, GPCS: global circumferential strain, GPLS: global peak longitudinal

strain.
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To the best of our knowledge, the present
study is the first to analyze the correlations
among the PRS, PCS, and PLS. A previous
study showed that the PCS had a linear
correlation with the PLS (R¼ 0.82,
P< 0.05) using three-dimensional speckle-
tracking echocardiography.15 In the present
study, we performed pair-wise comparison
among the PRS, PCS, and PLS, which
showed linear correlations among one
another (figure 2). The results indicated
that the generation of LV myocardial
strain was not isolated but integrated. In
other words, LV wall motion depends on
teamwork between the longitudinal and
circumferential muscle bundles from all
directions.

Additionally, with respect to the segmen-
tal myocardial strains, we found that the
PRS, PCS, and PLS were significantly
reduced in most LV myocardial segments,
but the magnitudes of different strains were
largely different from each other. This is
consistent with the fact that DCM is
characterized by diffuse progression
throughout the whole heart; however, the
degree of damage was heterogeneous.
Regardless, we did not identify an obvious
difference in the apical anterior and inferior
segments of PLS, which might have been
due the more complex and unstable move-
ment of the apex.16

A few limitations of this study should be
kept in mind. First, the large SD of the peak
strains, which in the normal population is
similar to that reported with other meth-
odologies,7 was also mentioned in the study
by Taylor et al.,17 who used CMR feature-
tracking. In the present study, the SD of the
peak strain in DCM was higher than that in
the normal population because the myocar-
dial motion was unstable, indicating LV
myocardial dysfunction in patients with
DCM. Second, the number of patients with
DCM was relatively small; consequently,
our results must be confirmed by a further
study involving a larger sample size. Third,

the patients with DCM and normal volun-
teers were not matched for age, which may
have affected the results of the study; previ-
ous studies have found that increased age
would cause the PCS to change. Finally,
MR-TT is an emerging technology, and it
remains to be validated in clinical studies.
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