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We read with great interest the study by Chen et al. (1). 
Recent developments in tissue tracking cardiac magnetic 
resonance (CMR) have enabled the quantitative assessment 
of myocardial strain based on three parameters: global 
radial strain (GRS), global circumferential strain (GCS), 
and global longitudinal strain (GLS). In addition, strain 
rate imaging can assess myocardial deformation during the 
cardiac cycle, including GRS, GCS, and GLS rates. Chen 
et al. demonstrated that the GCS rate was an independent 
predictor of the primary endpoint (1). Reportedly, CMR-
derived strain parameters are associated with outcomes 
in hypertrophic cardiomyopathy (HCM) patients. 
However, different results were observed in these studies. 
Therefore, we performed a meta-analysis to evaluate the 
significant differences in CMR strain parameters between 
HCM patients with and without adverse events. We also 
investigated the hazard ratio (HR) of CMR-derived strain 
parameters reported in previous studies. HR is the ratio 
of the chance of an event occurring in patients with HCM 
with impaired strain and the chance of an event occurring 
in patients with HCM with preserved strain.

On May 5th, 2022, a literature search was performed using 
PubMed, Web of Science, the Cochrane library, and Embase 
using the search terms: (Hypertrophic cardiomyopathy 
OR HCM OR hypertrophic obstructive cardiomyopathy), 
(Feature tracking strain OR tissue tracking), (magnetic 
resonance imaging OR CMR OR MRI), and (Prognosis 

OR prognostic value OR hazard ratio). We selected 
eight eligible reports (1-8) based on the inclusion criteria 
summarized in the Table 1, including 880 patients with 
HCM. These reports were published between 2019 and 
2022. Three reports were from China (1,4,6), two from 
Italy (5,8), and one each from Portugal (2), Hungary (3),  
and Spain (7). Seven studies compared the CMR-derived 
strain values between HCM patients with and without 
events (1-7). Five studies reported the HR of CMR-
derived strains for predicting events (1,3,4,7,8). A random-
model meta-analysis was performed using RevMan 5.41 
(Cochrane Collaboration, London, UK). Median LVEF was 
63.7%, median LV wall thickness was 19.1 mm, and median 
LVEDVI was 73.6 mL/m2. Figure 1 demonstrates the 
results of the pooled meta-analysis. Significant differences 
were found in GRS [mean difference (MD) =−6.93, 95% 
CI: −10.37 to −3.50, P<0.001, I2=62%, P for heterogeneity 
=0.01] and GCS (MD =3.15, 95% CI: 1.27 to 5.03, 
P=0.001, I2=80%, P for heterogeneity <0.001). However, 
the GLS was similar between the two groups (MD =1.43, 
95% CI: −0.58 to 3.43, P=0.16, I2=89%, P for heterogeneity 
<0.001). There was a significant difference in the diastolic 
GRS rate (MD =0.29, 95% CI: 0.13 to 0.44, P<0.001, 
I2=0%, P for heterogeneity =0.40) and diastolic GLS rate 
(MD =−0.11, 95% CI: −0.20 to −0.02, P=0.01, I2=27%, 
P for heterogeneity =0.25). However, the diastolic GCS 
score did not significantly differ between the two groups 
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(MD =−0.15, 95% CI: −0.36 to 0.07, P=0.17, I2=90%, P 
for heterogeneity <0.001). The hazard ratios of the CMR-
derived strain parameters differed substantially in each study 
(Table 1). Four studies found a significant prognostic value 
of the diastolic GLS rate (4), GLS (8) and GCS rate (1),  
and diastolic GRS rate (7), but one study showed no 
association between strain parameters and adverse events (3).

The prognostic value of CMR-derived strain/strain-rate 
imaging in patients with HCM continues to be debated. 
Our meta-analysis showed a significant difference in the 
GRS, GCS, diastolic GRS rate, and diastolic GLS rate 
between HCM patients with and without events. Consistent 
with the current study by Chen et al. (1), we found that 
GCS scores were significantly impaired in HCM patients 
with events. Furthermore, although the difference was not 

statistically significant, the GLS and diastolic GCS scores 
tended to be impaired in HCM patients with events. These 
results indicate the potential utility of CMR-derived strain/
strain-rate imaging for accurate risk stratification of patients 
with HCM. Among the five papers evaluating predictive 
value using the Cox hazard model (1,3,4,7,8), four studies 
concluded that risk stratification using CMR-derived strain 
parameters is feasible (1,4,7,8). Another critical point is the 
cut-off value of the myocardial strain. Among the papers 
reviewed in this study, only three provided cut-off values. 
Martínez-Vives et al. (7) reported that GRS detects high-risk 
HCM with a sensitivity of 85.7%, specificity of 56.1%, and 
AUC of 0.752 with a cut-off value of 27%. Chen et al. (1)  
reported that GCS has a sensitivity of 75.0%, specificity of 
89.6%, an AUC of 0.87 with a cut-off value of −12.90%, 

Table 1 Hazard ratio of CMR-derived feature tracking strain parameters for predicting adverse events in patients with hypertrophic 
cardiomyopathy

Study
Number of 
HCM patients

Inclusion criteria Definition of adverse events Results

Dohy 2021 187 Unequivocal diagnosis of HCM and 
lack of confounding comorbidities

All-cause mortality, heart 
transplantation, malignant 
ventricular arrhythmias, 
appropriate ICD therapy

Strain parameters (GRS, GCS, GLS) 
were not a significant predictor of 
adverse events in the multivariable 
analysis

Li 2021 98 Diagnosis of HCM was defined as LV 
wall thickness ≥15 mm (or ≥13 mm 
with a family history of HCM) in the 
absence of other cardiac or systemic 
diseases responsible for similar 
myocardial hypertrophy

All-cause mortality, HF-related 
mortality

Longitudinal peak diastolic strain 
rate was the most robust predictive 
marker for adverse events (HR 2.65; 
95% CI, 2.21–11.44; P<0.05)

Negri 2021 130 The diagnosis of HCM was 
established in all patients according 
to the international guidelines

SCD, aborted SCD defined 
as resuscitated cardiac arrest 
due to ventricular fibrillation 
or hemodynamically unstable 
ventricular tachycardia, 
hospitalization due to HF

GLS was an independent predictor 
of outcome events in both the model 
including 2D strain (HR 1.12; 95% 
CI: 1.03–1.23, P=0.01) and the model 
including 3D strain (HR 1.14; 95% CI: 
1.01–1.30, P=0.04)

Chen 2022 104 The diagnostic criteria followed the 
2011 American Heart Association 
and 2014 European Society of 
Cardiology guidelines

All-cause mortality, implantable 
cardioverter-defibrillator 
discharge due to ventricular 
fibrillation or tachycardia

GCS was an independent predictor 
for the primary endpoint (HR 1.58; 
95% CI: 1.02–2.44, P=0.039)

Martínez-
Vives 2022

136 The diagnosis of HCM was 
established as an otherwise 
unexplained wall thickness of 
≥15 mm in 1 or more left ventricle 
segments (or ≥13 mm in first degree 
relatives of patients with HCM)

All-cause death, heart failure 
hospital admission

GRS systolic strain rate <1.4/s and 
GRS diastolic strain rate value ≥1.38/s  
were independent predictors of 
clinical events (adjusted HR 6.57; 95% 
CI: 2.01–21.49, P=0.002; adjusted HR 
5.96; 95% CI: 1.79–19.89, P=0.004, 
respectively)

CMR, cardiac magnetic resonance imaging; HCM, hypertrophic cardiomyopathy; ICD, implantable cardioverter defibrillator; GRS, global radial 
strain; GCS, global circumferential strain; GLS, global longitudinal strain; LV, left ventricle; HF, heart failure; HR, hazard ratio; SCD, sudden cardiac 
death.
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and the GLS with a sensitivity of 78.6%, specificity of 
94.4%, and AUC 0.92 with a cut-off value of −6.4%. Pu  
et al. (6) presented a cut-off value of −14.3% for GCS with 
an AUC of 0.79. The clinical utility of the CMR-derived 
strain parameter for risk stratification in patients with 
HCM must be established in future studies. In the clinical 
setting, myocardial strain and deformation are mainly 
analyzed using echocardiography (9). CMR has advantages 
over echocardiography, including a more objective and 
reproducible assessment of cardiac function and strain. 
To date, evidence of CMR-derived strain is insufficient 
compared to echocardiographic strain. Notably, CMR strain 
values vary from vendor to vendor and should be considered 
during clinical use. The accuracy of MRI strain continues 
to be debated, partly because of its lower temporal 
resolution (20–30 frames/sec) than echocardiography 
(50–70 frames/sec). Therefore, accuracy of the strain might 
be low, especially during strain rate evaluation. However, 
MRI clearly delineates the endocardial and epicardial 
planes for strain evaluation. Therefore, more studies are 

necessary to validate the clinical value of CMR-derived 
strains in patients with HCM. Finally, the disadvantages of 
CMR strain should be acknowledged. The CMR strain is 
inadequate for routine clinical application, and there are still 
problems that need to be resolved. For example, CMR is a 
time-consuming test and not all hospitals can perform it. 
In addition, the time required for cine CMR is longer than 
that for echocardiography, and the throughput of the test 
is not good, so advances in high-speed imaging technology 
are desirable. In addition, the temporal resolution of cine 
MRI is low and may be inaccurate, especially with respect 
to diastolic strain. Due to these and many other problems, 
echo is still the method of choice for strain evaluation in 
clinical practice rather than CMR.
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Figure 1 Comparison of CMR-derived strain and strain rate parameters between HCM patients with and without events. Forest plot of 
CMR-derived strain (A-C) and diastolic strain rate parameters (D-F). CMR, cardiac magnetic resonance imaging; HCM, hypertrophic 
cardiomyopathy.
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