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Background: Patients with nonischemic dilated cardiomyopathy (NIDCM) and malignant ventricular
arrhythmia (MVA) often have a poor prognosis and a high risk of sudden cardiac death. Although the
diagnosis of MVA is straightforward by electrocardiogram (ECG), the underlying abnormalities of
ventricular mechanics in these patients are unknown. This study aims to preliminarily explore the value of
cardiac magnetic resonance feature tracking (CMR-FT) for MVA in dilated cardiomyopathy.

Methods: In this retrospective study, patients with NIDCM who met inclusion criteria were divided into
an MVA group and a non-MVA group (included from January 2018 to September 2021). The interobserver
agreement of myocardial strain parameters, including global longitudinal strain (GLS), global circumferential
strain (GCS) and global radial strain (GRS), were tested. The GLS, GCS, GRS, left ventricular ejection
fraction (LVEF), T,.,- ., interval on ECG and brain natriuretic peptide (BNP) were compared between
groups. Single-factor and multifactor receiver operating characteristic (ROC) curve analyses were conducted
to calculate the area under the ROC curve (AUC), cut-off point, sensitivity, and specificity of these
parameters in predicting MVA in NIDCM.

Results: A total of 161 NIDCM patients were included (54 in the MVA group). GLS, GCS, and GRS had
good interobserver agreement (all intraclass correlation coefficients >0.80). The absolute GLS and GCS,
GRS and LVEF were lower in the MVA group than the non-MVA group (P<0.001), T,,.-T;,sand BNP were
higher (P<0.001). Single-factor ROC curve analysis showed that GLS, GCS and GRS had certain diagnostic
value for MVA (AUC =0.795, 0.802, and 0.754, respectively). Among them, GCS had higher sensitivity and
specificity (GCS 0.796/0.776, GLS 0.778/0.757, GRS 0.741/0.692). Multifactor ROC curve analysis showed
the combination of GLS and GCS (AUC =0.810), the combination of GCS and GRS (AUC =0.802), the
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combination of GLS and GRS (AUC =0.787), the combination of GLS, GCS, and GRS (AUC =0.810).
Conclusions: The three-dimensional myocardial strain parameters (especially GLS and GCS) measured

by CMR-FT had certain diagnostic value and could reflect the underlying abnormality of ventricular

mechanics of NIDCM with MVA.

Keywords: Dilated cardiomyopathy; malignant arrhythmia; ventricular strain; tracking

Submitted Nov 22, 2021. Accepted for publication Feb 22, 2022.

doi: 10.21037/atm-22-660

View this article at: https://dx.doi.org/10.21037/atm-22-660

Introduction

Nonischemic dilated cardiomyopathy (NIDCM) is a
myocardial disease characterized by systolic dysfunction
without abnormal load or significant coronary artery disease
but with left ventricular or biventricular dilatation. NIDCM
patients with malignant ventricular arrhythmia (MVA)
have a higher risk of sudden death (1). Therefore, accurate
prediction of MVA has clinical value. Brain natriuretic
peptide (BNP) is an independent predictor of rapid
ventricular arrhythmia (2), and the T .,-"I.,, interval (T'-
'T.) on the electrocardiogram (ECGQG) has high specificity and
sensitivity for predicting MVA (3). Although the diagnosis
of MVA is straightforward through ECG, the underlying
abnormalities of ventricular mechanics in these patients
are unknown. The final outcome of NIDCM with MVA is
heart failure, or even sudden death, so it is very important
to evaluate the heart function. However, past studies have
focused on ECG and biomarkers, while there are relatively
few relevant imaging studies.

NIDCM is characterized by myocardial fibrosis
and ventricular remodeling, which not only are an
important pathophysiological basis of arrhythmia but
also lead to abnormal myocardial systolic and diastolic
function. Myocardial fibrosis quantitatively assessed by
late gadolinium enhancement (LGE) and T1-mapping
is a powerful predictor of ventricular arrhythmia (4,5),
but there is relatively little research on myocardial strain
in this context. At present, cardiac magnetic resonance
tagging is considered the gold standard for myocardial
strain measurement (6), but it needs to prospectively obtain
marker images in the scan to be analyzed, so its temporal
resolution is limited. Recently, a new cardiac magnetic
resonance feature-tracking (CMR-FT) technique based
on conventional magnetic resonance cine sequences has
attracted the attention of scholars. CMR-FT not only has
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the advantages of simple operation, high image spatial
resolution, and no need to add special sequences, but it
can quickly postprocess the images to obtain the values
of myocardial strain parameters. It can also detect subtle
changes in cardiac function before ejection fraction changes
(7,8). In addition, compared with two-dimensional CMR-
FT, three-dimensional (3D) CMR-FT offers superior
repeatability and variability within and between observers
(9,10). The myocardial strain parameters measured by
3D CMR-FT are important for accurately evaluating
myocardial strain and can predict left ventricular reverse
remodeling in patients with severe NIDCM (11).
Therefore, this study aims to preliminarily explore the value
of cardiac magnetic resonance feature tracking (CMR-FT)
for MVA in dilated cardiomyopathy.

We present the following article in accordance with
the STARD reporting checklist (available at https://atm.
amegroups.com/article/view/10.21037/atm-22-660/rc).

Methods
Patient population

Patients with dilated cardiomyopathy hospitalized in
the Cardiology Department of the Sichuan Provincial
People’s Hospital from January 2018 to September 2021
were retrospectively included in the study according to the
diagnostic criteria (12) of the Classification and Definition
Criteria of Cardiomyopathy published by the American
Heart Association in 2006. All procedures performed in this
study involving human participants were in accordance with
the Declaration of Helsinki (as revised in 2013). The study
was approved by the Institutional Ethics Review Committee
of the Sichuan Provincial People’s Hospital (No. 538).
Individual consent for this retrospective analysis was waived.

Inclusion criteria: patients with MR image quality
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that met the diagnostic requirements; with a diagnosis of
dilated cardiomyopathy by clinical and imaging methods
and confirmed to have no obvious abnormality of the
coronary artery by coronary angiography or CT coronary
angiography; and a 24-hour dynamic ECG (Holter),
inpatient ECG, and BNP within 2 days before and after
cardiac magnetic resonance examination. Exclusion criteria
were: valvular heart diseases; electrolyte disturbance, left
ventricular hypertrophy, atrial fibrillation, bundle branch
block, pre-excitation syndrome, or a pacemaker; anti-
malignant arrhythmia treatment was performed during the
patient’s study period; incomplete clinical data. All patients
were divided into two groups according to the occurrence
of ventricular arrhythmia, namely, an MVA group (dilated
cardiomyopathy with MVA) and a non-MVA group (dilated
cardiomyopathy without MVA).

ECG and image analysis

MVA defined as Clinical presented as hemodynamic
disorders, ECG showed malignant premature ventricular
rhythm, paroxysmal ventricular tachycardia, persistent
ventricular tachycardia, torsive ventricular tachycardia,
ventricular flutter and ventricular fibrillation.

The ECG analyses were performed by two experienced
cardiologists who were fully blinded to the clinical outcomes
and CMR results. If there was discrepancy between the two
reviewers, a third senior reviewer was invited to make the
final judgment. ECG analyses combine 24-hour dynamic
ECG (Holter) with inpatient ECG.

For the measurement of the T -T interval, each ECG
was magnified 10 times to measure the T-T; interval from
the ECG database. T, refers to the highest peak of the T
wave. If the T-wave was bimodal, the higher peak was taken
as T,. T refers to the intersection of the descending branch
of the T wave and the baseline. If there was a U wave, the
notch between the T wave and the U wave was taken as T..
The T,-T. interval was measured by two experienced ECG
doctors. The precordial leads V2-V4 were selected as the
unified choice of T',-T; interval measurement in each case,
and the mean values of three heartbeat calculation data were
measured in each lead.

MRI technique and image analysis

All patients underwent MRI examination at 1.5 T (Magnetom
Aera, Siemens) with an six-channel coil. All cine images were
acquired with 20-25 phases per cardiac cycle. Cardiac short-
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axis and two-, three-, and four-chamber view cine images
were acquired using a standard breath-held steady-state free
precession cine sequence. Typical imaging parameters were as
follows: section thickness, 8 mm; gap, 2 mm; repetition time,
3.0-3.4 msec; echo time, 1.5-1.7 msec; matrix size, 192x224
to 224x256; field of view, 320x320 to 380x380 mm’; and
temporal resolution, 30-55 msec, depending on heart rate (13).

MRI analyses were performed by two experienced
radiologists who were fully blinded to the clinical outcomes
and ECG results. Strain analysis at cardiovascular MRI was
performed using the QStrain package (Medis Medical Imaging
Systems). In end-systole and end-diastole, the endocardial
and epicardial contours were automatically detected with
manual correction. Papillary muscles were excluded from
the endocardial contour (14). Then, three-directional 3D
myocardial strain parameters were derived: global radial
strain (GRS), global circumferential strain (GCS), and global
longitudinal strain (GLS). Radial and circumferential strain
parameters were derived from the short-axis stack, whereas
longitudinal strain parameters were derived from the two-,
three-, and four-chamber views (Figure I).

Statistical analysis

The normality test and homogeneity of variances test were
performed on the quantitative data. According to the test
results, the two-independent-samples-t-test or the Mann-
Whitney U test was run to compare a variable between
groups. All measured values are expressed as mean =
standard deviation or median (interquartile range). Single-
factor and multifactor receiver operating characteristic
(ROC) curve analyses were used to calculate the AUC, cut-
off point, sensitivity, and specificity of myocardial strain
parameters (GLS, GCS, and GRS), T -T; interval, and BNP
(AUC, specificity and sensitivity >0.50, good). The level of
agreement between reviewers was assessed using intraclass
correlation coefficients (ICCs), ICCs are reported with
95% their confidence intervals (CIs). P<0.05 was considered
statistically significant, P<0.05 was two-sided. SPSS 22.0
software was used for statistical analysis.

Results
Clinical characteristics

A total of 161 NIDCM patients were included in this study
(Figure 2), including 84 females and 77 males, with an
average age of 55 years. There were 54 patients in the MVA
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Figure 1 Feature-tracking analysis was performed on routine cardiac cine images (short-axis views and two-, three-, and four-chamber

views). In long-axis and short-axis views, the endocardial and epicardial contours were automatically detected with manual correction. The

deeper orange and blue indicate poor heart function. MRI, magnetic resonance imaging; Myo, myocardial.

group and 107 patients in the non-MVA group. There was
no significant difference in patient characteristics (age,
sex, weight, body mass index) between the two groups
(P>0.05), but the heart rate (beat/min) in the MVA group
was significantly faster (108=11 vs. 76x13, P<0.001) than
that in the non-MVA group. The baseline population

characteristics are listed in Table 1.
Study outcomes

Interobserver agreement
Two radiologists independently performed strain
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postprocessing, and the measured values were analyzed by
ICCs. The results showed that all the left ventricular global
3D strain parameters had ICC >0.80 (Table 2).

Ventricular mechanics

GLS, GCS, T,-T,, and BNP were significantly higher in
the MVA group than in the non-MVA group (P<0.001), and
the GRS and left ventricular ejection fraction (LVEF) were
significantly lower (P<0.001) (7able 3).

Prognostic performance
ROC curves of myocardial strain parameters (GLS, GCS,

Ann Transl Med 2022;10(4):215 | https://dx.doi.org/10.21037/atm-22-660
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Patients were suspected of dilated cardiomyopathy by the Cardiology
Department from January 2018 to September 2021 (n=236)

¢ Patients complicated with coronary heart disease (n=7)

¢ Patients complicated with hypertension (n=15)

e Patients complicated with valvular heart diseases (n=3)

® Patients with electrolyte disturbance, left ventricular hypertrophy, atrial

Excluded fibrillation, bundle branch block, pre-excitation syndrome, or a pacemaker (n=9)

> * The cardiac magnetic resonance examination was more than 2 days from the
24-hour dynamic ECG (Holter) or inpatient ECG and blood test (BNP), and
anti-malignant arrhythmia treatment was performed during the patient’s study
period (n=29)

* The quality of cardiac magnetic resonance images did not meet the diagnostic
requirements (n=12)

Y
Final inclusion of patients with non-ischemic dilated cardiomyopathy
(n=161)
With malignant ventricular Without malignant ventricular
arrhythmia (n=54) arrhythmia (n=107)

Figure 2 Patient flowchart. ECG, electrocardiogram; BNP, brain natriuretic peptide.

Table 1 Clinical characteristics of all patients

Variable All patients (n=161) MVA group (n=54) Non-MVA group (n=107) P value

Demographics

Sex 0.46
Female 84 [52] 34 [63] 50 [47]
Male 77 [48] 20 [37] 57 [53]
Age (y) 55+13 55+12 54+13 0.47
Heart rate (beata/min) 93+12 108+11 76+13 <0.001*
Weight (kg) 7111 73+10 72412 0.23
Body mass index (kg/m°) 27.2+4.1 27.4+4.3 27.1+£3.9 0.56

Comorbidities

Hypertension 161 [43] 54 [10] 107 [33] 0.68
Diabetes 161 [39] 54 [10] 107 [29] 0.16
CKD 161 [18] 54 [8] 107 [10] 0.22

Data are displayed as mean + standard deviation or frequency [%]. *, statistically significant difference. MVA, malignant ventricular
arrhythmia; CKD, chronic kidney disease.
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Table 2 Intraclass correlation coefficient of CMR-FT 3D strain
parameters in the NIDCM group

Variable ICC ICC 95% ClI
GLS 0.938 0.745-0.985
GCS 0.925 0.741-0.982
GRS 0.942 0.758-0.986

ICC, intraclass correlation coefficient; Cl, confidence interval;
GLS, global longitudinal strain; GCS, lobal circumferential
strain; GRS, global radial strain; NIDCM, nonischemic dilated
cardiomyopathy; CMR-FT, cardiac magnetic resonance feature
tracking.

Song et al. Diagnostic value of feature tracking for arrhythmias

and GRS), LVEF, T -T; interval, and BNP were drawn for
MVA (1iuble 4 and Figure 3A4).

In the multifactor ROC analysis, pairwise combinations of
the three myocardial strain parameters and the combination
of all three myocardial strain parameters were input as
independent variables (X), and the prediction probability P
based on each combination of factors was calculated by binary
logistic regression. The results showed that GLS + GCS +
GRS had AUC = 0.810, GLS + GCS had AUC =0.810, GCS
+ GRS had AUC =0.802, and GLS + GRS had AUC =0.787,
indicating that GRS had no significant predictive value here.

Table 3 Comparison of parameters between the MVA group and the non-MVA group

Variable MVA (n=54) Non-MVA (n=107) P value
Clinical parameters
BNP (pg/mL) 2,152.9 (1,843.8-2,568.0) 357.1 (148.3-667.6) <0.001*
T,-Te (Ms) 103.3 (96.7-119.2) 83.3 (70.0-90.0) <0.001*
CMR parameters
LVEF (%) 23.0 (20.0-26.0) 30.0 (26.0-34.0) <0.001*
GLS (%) -6.6 (-5.2 to -8.3) -10.2 (-8.5t0 -11.8) <0.001*
GCS (%) -6.7 (-5.2 to -8.3) -10.3(-8.5t0 -12.2) <0.001*
GRS (%) 6.8 (4.7-10.0) 12.3 (8.3-15.5) <0.001*

Data are displayed as medians, with interquartile ranges in parentheses. *, statistically significant difference. MVA, malignant ventricular
arrhythmia; BNP, brain natriuretic peptide; LVEF, left ventricular ejection fraction; T,-T,, Tyea-Tena interval; GLS, global longitudinal strain;

GCS, global circumferential strain; GRS, global radial strain.

Table 4 ROC analysis curve of BNP, LVEF, T,-T;, GLS, GCS, and GRS in the MVA group

Variable Cut-off AUC 95% ClI Sensitivity Specificity
Clinical parameters
BNP (pg/mL) 1,294 0.959 0.931-0.987 0.889 0.888
T,-Te (Ms) 96 0.859 0.797-0.921 0.804 0.791
CMR parameters
LVEF (%) 25.5 0.672 0.637-0.808 0.704 0.710
GLS (%) -8.375 0.795 0.725-0.866 0.778 0.757
GCS (%) -8.305 0.802 0.731-0.872 0.796 0.776
GRS (%) 9.105 0.754 0.676-0.832 0.741 0.692

ROC, receiver operating characteristic; MVA, malignant ventricular arrhythmia; BNP, brain natriuretic peptide; LVEF, left ventricular ejection
fraction; T,-T,, Tpeak-Tend interval; GLS, global longitudinal strain; GCS, global circumferential strain; GRS, global radial strain; AUC, area
under the receiver operating characteristic curve; Cl, confidence interval.

© Annals of Translational Medicine. All rights reserved.
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Figure 3 (A) ROC curves for predicting MVA in NIDCM patients: BNP: AUC =0.959; T,-T.: AUC =0.859; LVEF: AUC =0.672; GLS:
AUC =0.795; GCS: AUC =0.802; GRS: AUC =0.754. (B) ROC curves for predicting MVA in NIDCM patients: GLS + GCS + GRS: AUC
=0.810; GLS + GCS: AUC =0.810; GCS + GRS: AUC =0.802; GLS + GRS: AUC =0.787. The yellow line (GLS + GCS + GRS) coincides
with the green line (GLS + GCS). ROC, receiver operating characteristic; MVA, malignant ventricular arrhythmia; NIDCM, nonischemic

dilated cardiomyopathy; BNP, brain natriuretic peptide; T,-T,, T,..-T..q interval; LVEF, left ventricular ejection fraction; GLS, global

longitudinal strain; GCS, global circumferential strain; GRS, global radial strain.

Table 5 ROC analysis curve of CMR-FT characteristics of patients with MVA

Variable AUC 95% ClI Sensitivity Specificity
GLS 0.795 0.725-0.866 0.778 0.757
GCS 0.802 0.731-0.872 0.796 0.776
GRS 0.754 0.676-0.832 0.741 0.625
GLS+GCS+GRS 0.810 0.742-0.877 0.944 0.701
GLS+GCS 0.810 0.742-0.877 0.926 0.682
GCS+GRS 0.802 0.731-0.872 0.926 0.692
GLS+GRS 0.787 0.715-0.859 0.889 0.682

ROC, receiver operating characteristic; MVA, malignant ventricular arrhythmia; GLS, global longitudinal strain; GCS, global circumferential
strain; GRS, global radial strain; AUC, area under the receiver operating characteristic curve; CMR-FT, cardiac magnetic resonance feature

tracking; Cl, confidence interval.

When GCS and GLS were selected to jointly predict the
occurrence of MVA, the AUC and prediction probability P
were higher than those of predictions based on each single
indicator (1able 5, Figure 3B).

Discussion

The main findings of this study were that 3D myocardial
strain parameters (GLS, GCS, and GRS) measured by
CMR-FT had certain clinical value in reflecting the

© Annals of Translational Medicine. All rights reserved.

underlying abnormality of ventricular mechanics of
NIDCM with MVA. In particular, GCS and GLS had
higher diagnostic efficiency, sensitivity, and specificity
compared with other magnetic resonance parameters.
CMR-FT had good interobserver agreement and thus could
be used as an effective clinical evaluation method, which is
also consistent with other study results (15,16).

In nonischemic cardiomyopathy, myocardial fibrosis is
most likely to involve the left ventricular subintima or the
whole cardiomyocyte intercellular substance or perivascular

Ann Transl Med 2022;10(4):215 | https://dx.doi.org/10.21037/atm-22-660
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tissue (17), showing a diffuse distribution. Excessive
fibrosis plays an important role in ventricular structural
remodeling and electrical remodeling. The interlacing
of survival cardiomyocytes and collagen fibers promotes
the propagation and development of reentrant ventricular
tachycardia (18). The pathogenesis of sudden cardiac
death in NIDCM patients is mainly caused by persistent
ventricular tachycardia and fibrillation. The clinical
guidelines for the treatment and management of such
patients are mostly based on LVEF. One study has suggested
that LVEF is an important prognostic factor in NIDCM and
recommended an implantable cardioverter-defibrillator for
patients with heart failure whose LVEF is less than 35% (19).
In 2010, the American Heart Association (Expert Consensus
on Cardiovascular Magnetic Resonance) proposed that
cardiac magnetic resonance could be used as a gold standard
for assessing cardiac structure and function. Many authors
also believe that cardiac magnetic resonance is more
accurate and reliable than echocardiography in evaluating
cardiac function (20,21). However, in clinical practice,
sudden cardiac death can occur in patients with normal
or mildly decreased ejection fraction. Therefore, some
researchers believe that the diagnostic value of LVEF for
sudden cardiac death risk is relatively low (22,23), which is
also consistent with the findings of this study (LVEF, AUC
=0.672). It is believed that the subtle abnormal changes of
cardiac function can be found earlier by the myocardial
strain technique than by measuring LVEG (7,8). The
principle of the more frequently used ultrasonic speckle
tracking is similar to that of CMR-FT, but ultrasonic
speckle tracking is limited by a low spatial resolution of
ultrasonic imaging, poor sound window, and operator skills
and needs real-time processing. Therefore, the accuracy
and convenience of myocardial strain measurement still
need to be improved (24). The myocardial strain parameters
measured by CMR-FT have good consistency with
ultrasonic speckle tracking and magnetic resonance tagging.
CMR-FT is expected to become a new reliable technique
for measuring myocardial strain that may replace ultrasonic
speckle tracking and magnetic resonance tagging (25,26).
There are few studies on the performance of CMR-FT
in predicting ventricular arrhythmia in NIDCM. One study
has shown that left ventricular systolic circumferential strain
rate is an independent predictor of ventricular tachycardia
in patients with tetralogy of Fallot (27). GLS represents
the shortening of cardiac muscle fibers from the basal
segment to the apical segment in the long-axis direction,
which is expressed as a negative value; GCS represents the

© Annals of Translational Medicine. All rights reserved.
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change of cardiac muscle fiber shortening inwardly along
the circumferential direction in the short-axis direction,
which is expressed as a negative value; GRS represents the
deformation of cardiac muscle fibers toward the center of
the heart cavity, reflecting the change in thickness of cardiac
muscle fibers in the center of the heart cycle, which is
expressed as a positive value. Our results showed although
GLS (AUC =0.795), GCS (AUC =0.802), and GRS (AUC
=0.754) were not as effective as the conventionally used
BNP (AUC =0.959) and T -T, (AUC =0.859) in predicting
the occurrence of MVA in NIDCM, they were more
effective than LVEF (AUC =0.672), giving them certain
diagnostic value. Among them, the diagnostic efficiency
of GCS (AUC =0.802) was similar to that of T -T, (AUC
=0.859). GCS had high sensitivity and specificity (0.796 and
0.776, respectively), in line with previous findings that left
ventricular myocardial GCS was an independent predictor
of adverse events in NIDCM patients (28). Although the
diagnostic efficiency of GLS (AUC =0.795) was slightly
lower than that of GCS (AUC =0.802), GLS has been
associated with poor prognosis in NIDCM patients (29,30).
Single-factor ROC analysis showed that GCS and GLS had
high diagnostic efficiency in predicting the occurrence of
MVA in NIDCM. Multifactor ROC analysis showed that
the efficiency of diagnosis predicted from the combination
of GCS and GLS (AUC =0.810) was better than that
predicted from each single indicator. The diagnostic
efficiency of GRS was relatively limited, indicating that
myocardial fibrosis in patients with NIDCM and MVA in
this study might be mainly involved in the circumferential
and longitudinal directions, which was also basically
consistent with the enhanced mode of myocardial fibrosis
in NIDCM patients on LGE images in clinical practice.
This may further suggest that the occurrence of MVA may
be related to the diversity and complexity of the myocardial
fibrosis involved. Erley er al. have suggested that GCS is
more likely to reflect the presence of myocardial LGE than
GLS is (26). We found that the cut-off values of GCS and
GLS were -8.305% and -8.375%, respectively, indicating
that the overall myocardial strain of NIDCM patients
with MVA had basically the same impairment level in the
longitudinal and radial directions. However, accurate cut-off
values for them are still lacking and need to be confirmed
by larger, multicenter studies. GCS and GLS may be good
indicators for independently predicting the occurrence of
MVA in NIDCM patients in the future, but there is no
study on whether GCS and GLS can provide a reference
for clinical treatment with an implantable cardioverter-
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defibrillator. In addition, compared with LGE and T1
mapping, CMR-FT can evaluate ventricular arrhythmia
without any contrast agent, which is important for patients
with contrast agent contraindications.

In our study, each cardiac cine sequence consisted of 20—
25 frames of images per cardiac cycle. Cardiac cine images
with low temporal resolution can easily cause a loss of real
cardiac motion information. Past research has suggested
that the CMR-FT cardiac cine sequence composed of 20-30
frames of images per cardiac cycle underestimates the real
myocardial strain (31). Stll, previous studies that used cardiac
cine sequences composed of 20-30 frames of images per
cardiac cycle have shown that such cardiac cine sequences can
provide useful information for clinical practice (32-34).

This study has many shortcomings. First, it was a small
single-center study, so the results cannot be universally
generalized. Larger, prospective multicenter studies
are needed to confirm its results. Second, this was a
retrospective study, some patients could receive anti-
arrhythmia treatment during this period. Although data
collection and study methods were carefully selected, there
might be some errors in the results. For example, the cut-
off value of T -T, in this study was 96 ms. Tse et al. have
suggested that the cut-off value of T -T; should be 103.3 ms
in their meta-analysis (35). Third, some NIDCM patients
may have arrhythmia during CMR examination, and the
reliability of cardiac cine image remains to be further
studied. Fourth, preliminarily explore the value of cardiac
magnetic resonance feature tracking (CMR-FT) for MVA
in dilated cardiomyopathy. It did not follow up the NIDCM
patients, record the occurrence of adverse cardiovascular
events, or assess the relationship between left ventricular
strain and the long-term prognosis of NIDCM patients.

Conclusions

In general, the 3D myocardial strain parameters (GLS, GCS,
and GRS) measured by CMR-FT had certain diagnostic
value and could reflect the underlying abnormality of
ventricular mechanics of NIDCM with MVA. In particular,
GCS and GLS had higher diagnostic efficiency than LVEE,
which provides a new direction for the research in this field.
However, the prognostic value of myocardial strain for
NIDCM with MVA needs further follow-up studies.
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