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Abstract

Aims The aim of this study was to evaluate the prognostic value of feature tracking (FT) derived cardiac magnetic resonance
(CMR) strain parameters of the left ventricle (LV)/right ventricle (RV) in ischaemic cardiomyopathy (ICM) patients treated with
an implantable cardioverter-defibrillator (ICD). Current guidelines suggest a LV-ejection fraction ≤35% as major criterion for
ICD implantation in ICM, but this is a poor predictor for arrhythmic events. Supplementary parameters are missing.
Methods and results Ischaemic cardiomyopathy patients (n = 242), who underwent CMR imaging prior to primary and
secondary implantation of ICD, were classified depending on EF ≤ 35% (n = 188) or >35% (n = 54). FT parameters were derived
from steady-state free precession cine views using dedicated software. The primary endpoint was a composite of cardiovas-
cular mortality (CVM) and/or appropriate ICD therapy. There were no significant differences in FT-function or LV-/RV-
function parameters in patients with an EF ≤ 35% correlating to the primary endpoint. In patients with EF > 35%, standard
CMR functional parameters, such as LV-EF, did not reveal significant differences. However, significant differences in most FT
parameters correlating to the primary endpoint were observed in this subgroup. LV-GLS (left ventricular-global longitudinal
strain) and RV-GRS (right ventricular-global radial strain) revealed the best diagnostic performance in ROC curve analysis.
The combination of LV-GLS and RV-GRS showed a sensitivity of 85% and a specificity of 76% for the prediction of future
events.
Conclusions The impact of FT derived measurements in the risk stratification of patients with ICM depends on LV function.
The combination of LV-GLS/RV-GRS seems to be a predictor of cardiovascular mortality and/or appropriate ICD therapy in pa-
tients with EF > 35%.
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Introduction

Life-threatening ventricular arrhythmias (VA) are a common
risk in heart failure patients with a reduced left ventricular
ejection fraction (LVEF) as a result of ischaemic cardiomyop-
athy (ICM). Current guidelines for the prevention of sudden

cardiac death (SCD) recommend the implantable cardioverter
defibrillator (ICD) therapy based on EF as primary preventive
measure in patients with an LVEF ≤35%, and as secondary
prevention (SP) in patients after an aborted SCD or unstable
sustained VT, irrespective of LVEF>35%.1 However, it is
apparent that appropriate therapy is delivered in only a
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minority of patients with EF ≤ 35%. Additionally, specific
patients with mild or moderate reduction of EF (>35%),
who would also benefit from ICD implantation, cannot be
properly identified as the current guidelines are not exhaus-
tive enough to define this subgroup.1

In this context, the analysis of myocardial strain could
potentially contribute to bridge this gap.2

Feature tracking (FT) is a novel cardiovascular magnetic
resonance (CMR) postprocessing tool, which uses optical
flow algorithms to follow myocardial image characteristics
(‘features’) on cine SSFP sequences throughout the phases
of the cardiac cycle in order to acquire strain parameters. This
yields the potential of a contrast agent independent analysis
of 3D cardiac mechanics, thereby demonstrating its potential
in risk stratification for dilated cardiomyopathy (DCM) and
ICM patients.3–6

Most of the above-mentioned studies investigated the
impact of strain measurements in mixed populations includ-
ing patients with various cardiomyopathies and a broad
spectrum of LV dysfunction. However, we hypothesize that
the impact of strain analysis in the risk stratification is depen-
dent on the functional impairment and underlying aetiology.
Thus, our study aims to evaluate the prognostic value of
CMR-FT-derived parameters classified according to the EF in
a population consisting solely of patients with ICM and an
implanted ICD.

Methods

Study protocol

A total of 251 consecutive patients from a single centre, who
underwent CMR imaging prior to ICD implantation between
2005 and 2016, were included in this retrospective study
and their data analysed.

Nine patients had to be excluded due to insufficient imag-
ing quality or missing CMR sequences resulting in a total of
242 (96%) patients for final analysis.

The indication for ICD implantation was according to the
current ESC guidelines for prevention of SCD.1 Fifteen
patients of our population received an upgrade to a cardiac
resynchronization therapy defibrillator device during follow-
up due to an indication for cardiac resynchronization therapy.
In these patients the follow-up ended at the date of the
upgrade. No further inclusive or exclusion criteria were
defined.

The choice and implantation of the ICD device was
performed by two physicians in standard technique and the
programming of the ICD was in consensus with existing cur-
rent recommendations. The follow-up of patients took place
1 month after ICD implantation and subsequently after every
4–6 months in regular intervals. The ICD was regularly moni-

tored for cardiac events. Medical records were documented
in our Hospital Information System and additional data was
acquired by telephone interview with the patients’ general
practitioner or cardiologist.

The follow-up took place for an average of 1342 days
(interquartile range 475–2064) and all patients were
recruited in a single, tertiary teaching hospital in Germany
(University Medical Center, Mannheim).

The primary endpoint was defined as a composite of car-
diovascular mortality, defined as SCD, heart failure, myocar-
dial infarction with attributed death and/or appropriate ICD
therapy, defined as antitachycardia pacing and/or shock.

This study was approved by the local ethics committee
(Medical Faculty Mannheim) and was performed according
to standards of the Health Insurance Portability and Account-
ability Act (HIPAA) and the Declaration of Helsinki.

Data acquisition

The CMR was performed on 1.5 Tesla MR scanners
(MAGNETOM Avanto and Sonata, Siemens Healthineers,
Erlangen, Germany).

Patients underwent a standard retrospective
ECG-triggered CMR protocol including multiple short axis
steady-state free precession steady-state free precision
(SSFP) and three long axis SSFP sequences (2-/3-/4-chamber
view) for functional assessment. All sequences were per-
formed in the end-expiratory breath hold state with coverage
of the heart from base to apex. The sequences were defined
by following parameters: slice thickness 8 mm; interslice gap
2 mm; temporal resolution 35 ms; time to echo (TE) 1.6 ms;
time of repetition (TR) 3.2 ms.

Body weight adapted late gadolinium enhancement (LGE)
images of the standard axis were performed 10–15 min after
intravenous injection of 0.2 mmol kg�1 Gadoteric acid
(Dotarem, Guerbet, Roissy CdG Cedex, France, Germany).
Standard short and long axis views were obtained in
end-diastole with segmented inversion recovery gradient
echo pulse sequences.

The myocardial signal was ‘nulled’ by adjusting inversion
recovery time individually for every patient, typically
resulting in an inversion recovery time between 240 and
300 ms.

Image analysis

Dedicated software (CVi42, Circle Cardiovascular Imaging
Inc., Calgary, Canada) was used for all CMR analysis. As
previously described, SSFP short-axis views were used to
obtain left ventricular mass and volumes7 as well as right
ventricular8 volumes. Mitral (MAPSE) and tricuspid (TAPSE)
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annular plane systolic excursion were assessed on four-
chamber view cine images.

3D-LV-FT parameters [LV global radial strain (LV-GRS), LV
global circumferential strain (LV-GCS), LV global longitudinal
strain (LV-GLS)] and 2D-RV-FT parameters [RV global radial
strain (RV-GRS), RV global circumferential strain (RV-GCS),
and RV global longitudinal strain (RV-GLS)] were generated
with manual endocardial and epicardial contour tracing in
end-diastole for short axis views from base to apex and two
long axis views (2-/4-chamber) (Figure 1). RV upper and lower
connection point for each end-diastolic SA view were
selected. Additional manually tracing of mitral-plane was nec-
essary for every short-axis plane. Papillary muscles were
excluded. RV-strain analysis was performed with 2D-FT
values. Although 3D-FT algorithms for the right ventricle are
available, it is unclear if these represent data and analyses,
which are robust enough for use in a clinical setting.

Late gadolinium enhancement was determined and quan-
titatively analysed with manual endocardial and epicardial
contour tracing with the same dedicated software. A thresh-
old of ≥3SD in comparison with mean nulled myocardial
signal in contrast enhanced segmented inversion recovery
gradient echo pulse sequences to define the core of myocar-
dial infarction was defined.9,10 Nulled myocardial signal was
defined by manual tracing of the largest continuous region
of nulled myocardium.

All the analyses were performed in consensus by a cardiol-
ogist with more than 15 years of experience and a cardiovas-
cular radiologist with more than 10 years of experience in
CMR.

Reproducibility

To determine the inter-observer variability of the different
strain parameters, 20 patients were reanalysed by an experi-
enced cardiologist and the intraclass correlation coefficient
was determined.

Statistical analysis

Statistical analysis was performed using Statistical Package
for the Social Sciences (IBM SPSS Statistics, version 25; SPSS,
Inc., Chicago, IL, USA).

Normal distribution was assumed due to central limit the-
orem. All continuous data are expressed as mean ± SD.
Student’s t test for independent samples was performed to
analyse the means of two groups for continuous data. χ2 test
was used for comparison of ordinal data.

To predict an optimal cut-off value for the composite of
CVM and/or appropriate therapy, receiver operating charac-
teristic (ROC) curves were generated for LV-GRS, LV-GLS,
LV-GCS and RV-GRS and RV-GCS and Area under the curves

(AUC) were calculated. Youden index was performed for the
optimization of FT cut-off values.

Binary logistic regression was performed to create a model
for the combination of FT parameters. ROC curve analysis and
the AUC were performed for each model. ROC curves were
compared with log-rank test. The level of significance was
set to <0.05.

Kaplan–Meier curves were acquired for the combination of
FT parameters.

Results

Study population

Fifty-four patients with EF > 35% and 188 patients with
EF ≤ 35% were included into the study. Their baseline clinical
characteristics and CMR parameters are summarized in
Tables 1 and 2.

Intraclass correlation coefficient showed a good to very
good inter-observer reproducibility for all FT parameters.
Our analysis showed a good to very good agreement for all
strain parameters (LV-GLS: 0.768; LV-GRS: 0.853; LV-GCS:
0.868; RV-GLS: 0.922; RV-GRS: 0.852; RV-GCS:0.900).

Primary vs. secondary prevention

Although most studies showed that patients who had an ICD
as a secondary prevention had more frequent appropriate
therapies, patients in our study who had an ICD implantation
as a secondary prevention showed only a trend towards
higher rates of appropriate therapy compared to the patients
who had an ICD implantation as a primary prevention (23.6%
vs. 20.5%; P = 0.6, respectively) (Table 3).

Patients with ejection fraction ≤35% (n = 188)
The all-cause mortality was 16% (30 patients) during follow-
up. CVM occurred in 20 of 188 (11%) patients. 38 (20%) pa-
tients were treated with ATP or shock. There was no differ-
ence regarding appropriate therapy, when we compare the
patients according to indication for an ICD implantation. 36
(20.5%) of 176 patients from primary prevention group and
2 (16.7%) of 12 patients from secondary prevention group
had appropriate therapy (P = 0.75) (Table 3).

The primary endpoint was noted in 53 patients (28%) with
a median follow-up of 1286 days (interquartile range
387–1880 days).

For this subgroup as shown in Tables 2 and 4 neither stan-
dard CMR LV or RV function parameters, nor LV-FT or RV-FT
parameters or LGE revealed significant differences between
event and no-event group. Mean LVEF was 24 ± 3%.
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Figure 1 Illustration of the colour coded strain for the left (A) and right (B) ventricle of a Patient with severe reduced EF (≤35) and reduced strain
parameters. ED, end-diastolic; ES, end-systolic; GCS, global circumferential strain; GLS, global longitudinal strain; GRS, global radial strain; LV, left ven-
tricle; RV, right ventricle.
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Patients with ejection fraction >35% (n = 54)
All-cause mortality was 9% (5 patients) during follow-up.
CVM occurred in 2 of 54 (4%) patients. 13 (24%) patients
were treated with ATP or shock. When we compare the
patients according to indication for an ICD implantation there
was a trend towards higher rates of appropriate therapy in
secondary prevention patients but without reaching a
significant level. 6 (21.4%) of 28 patients from primary
prevention group and 7 (26.9%) of 26 patients from second-
ary prevention group had appropriate therapy (P = 0.63)
(Table 3).

The primary endpoint was noted in 13 patients (24%)
with a median follow-up of 1534 days (interquartile range
549–2277 days). Mean LV-EF was 43 ± 7%.

Extent of LGE showed no significant differences (Table 2).

Feature tracking and survival analysis for patients
with ejection fraction >35%

Standard LV and RV CMR parameters did not show any signif-
icant differences between event and non-event group. RV-EF
(58.4 ± 9.5% vs. 52.4 ± 9.2% P = 0.052) did show a trend to-
wards lower values (within the normal range) in patients with
events.

Feature tracking parameters are summarized in Table 4.
While comparing patients with and without events, we en-

countered significant differences in means of LV-GRS
(24.0 ± 8.1% vs.18.5 ± 5.8% P = 0.028), LV-GLS (�8.9 ± 2.5%
vs. �6.2 ± 3.5% P = 0.004), LV-GCS (�11.7 ± 2.9% vs.
�9.9 ± 1.5% P = 0.034), RV-GRS (16.1 ± 5.0% vs.
12.4 ± 5.0% P = 0.025) and RV-GCS (�10.4 ± 2.9% vs.
�8.10 ± 4.5% P = 0.036). RV-GLS did not differ significantly
between patients with and without events.

For FT parameters with a significant difference between
the event and non-event group in the t-test, a ROC-analysis
was performed and optimal cut-off values were estimated
by Youden index (Figure 2).

Linear binary regression models were created for different
combinations of LV and RV FT parameters according to
above-calculated cut-off values. ROC curves were generated
for the different models and the AUC was calculated. The
model with combination of LV-GLS and RV-GRS showed an
AUC value (0.833) with the least amount of FT parameters
(Figure 2).

Kaplan–Meier survival analysis demonstrated a significant
higher event free survival for patients with the combination
of LV-GLS ≤ �8.2% and RV-GRS ≥ 12.0% (Figure 3).

Discussion

The present study provides evidence that the use of FT anal-
ysis could serve as a predictor for severe arrhythmic events

Table 1 Baseline characteristics of patients according to the presence of composite endpoint of cardiovascular mortality and appropriate
ICD therapy

Variables

Patients with EF > 35% Patients with EF > 35%

P
value

Patients with EF ≤ 35% Patients with EF ≤ 35%

P
value

Total
n = 54

No event
n = 41

Event
n = 13

Total
n = 188

No event
n = 135

Event
n = 53

Sex (male/female) 44 (82%)/
10 (18%)

32 (78%)/
9 (22%)

12 (92%)/
1 (8%)

0.249 154 (82%)/
34 (18%)

111 (82%)/
24 (18%)

43 (81%)/
10 (29%)

0.861

Age (years) 60 ± 15 61 ± 15 59 ± 14 0.543 63 ± 15 64 ± 14 62 ± 15 0.470
Hypertension 46 (85%) 35 (76%) 11 (24%) 0.947 170 (90%) 120 (71%) 50 (29%) 0.253
Hyperlipidaemia 41 (76%) 31 (76%) 10 (24%) 0.923 150 (80%) 112 (75%) 38 (25%) 0.084
Family history
CAD (%)

14 (26%) 13 (93%) 1 (7%) 0.085 37 (20%) 25 (68%) 12 (22%) 0.538

DM 20 (37%) 12 (60%) 8 (40%) 0.036 77 (41%) 52 (67%) 25 (33%) 0.278
current smoker 13 (24%) 8 (62%) 5 (38%) 0.164 44 (23%) 36 (82%) 8 (18%) 0.092
Medication

ACE inhibitor/AT1
antagonist

51 (94%) 39 (76%) 12 (24%) 0.700 171 (91%) 120 (70%) 51 (30%) 0.141

ASA 40 (74%) 31 (78%) 9 (22%) 0.647 128 (68%) 93 (73%) 35 (27%) 0.706
β–blocker (%) 41 (98%) 12 (77%) 61 (23%) 0.073 184 (98%) 133 (72%) 51 (28%) 0.327

NYHA
NYHA I 12 (22%) 9 (75%) 3 (25%) 0.923 7 (4%) 6 (86%) 1 (14%) 0.405
NYHA II 27 (50%) 19 (70%) 8 (30%) 0.340 55 (29%) 45 (82%) 10 (18%) 0.050
NYHA III 13 (24%) 11 (85%) 2 (15%) 0.400 107 (57%) 72 (67%) 35 (33%) 0.113
NYHA IV 2 (4%) 2 (100%) 0 (0%) 0.417 19 (10%) 12 (63%) 7 (36%) 0.377

CAD
1-Vessel-Disease 17 (31%) 11 (65%) 6 (35%) 0.090 30 (16%) 22 (73%) 8 (30%) 0.840
2-Vessel-Disease 14 (26%) 11 (76%) 3 (24%) 0.788 50 (27%) 39 (78%) 11 (22%) 0.256
3-Vessel-Disease 23 (43%) 19 (83%) 4 (17%) 0.322 108 (57%) 74 (69%) 34 (31%) 0.244

Values are mean ± SD, n (%), The P values in bold indicate the significance of differences, significance level P < 0.05.
ASA, acetylsalicyclid acid; AT1, angiotensin 1; CAD, coronary artery disease; NYHA, New York Heart Association.
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and cardiovascular mortality in patients with ICM and
EF > 35%. Patients with EF > 35% and a combination of
LV-GLS ≤ �8.2% and RV-GRS ≥ 12.0% seem to have a
significant lower risk of CVM and severe arrhythmic
events. Additionally, FT seems to have no added value in
risk stratification in patients with EF ≤ 35%, possibly due
to the highly impaired myocardial function. To our knowl-
edge, this is the first study focusing on FT-based risk strat-
ification in ICM patients3–5,11,12 dependent of their LV
dysfunction.

According to the current guidelines LVEF is recom-
mended to discriminate whether to implant an ICD in pa-
tients with ICM as primary or secondary prevention of
SCD.1 Interestingly, in the big MADIT-II cohort, 65% of
patients, who received an ICD after myocardial infarction
due to primary prevention, did not receive any appropri-
ate ICD therapy.13 Especially for patients with mild or
moderate impaired EF (>35%) clinical data or supple-
ment factors are missing. It should be noted that in clin-
ical routine as well as in the mentioned MADIT-II study,
EF is determined by echocardiography and not by CMR,
which is used in our study setting.

In our study, the extent of LGE did not reach significance
which is in line with the results of Romano et al.5 who
could show that LGE presence or extent are not predictors
of all cause death in multivariate analysis. Tulumen et al.
and a recent meta-analysis could show that especially
the extent of the periinfarct zone is a predictor for risk
stratification of appropriate ICD therapy.14,15

In this context, cardiac deformation parameters derived
by FT are coming ever more in focus.4,5 The key advan-
tages of FT parameters are that they can be derived from
contrast-free standard cine-SSFP sequences with dedi-
cated software, which makes it appealing to patient
groups with potential repetitive intravenous contrast use
over time or impaired renal function.

Several studies investigated the relationship between
FT parameters and different cardiovascular diseases and
could show significant correlation to different clinical end-
points, for example, MACE and cardiac death.3,4,16–22 The
primary endpoint of our study was a composite of CVM
and/or appropriate ICD therapy.

Recent studies showed an association between LV and
RV dysfunction, and furthermore, an increased risk in
1 year mortality in myocardial infarction patients with re-
duced RV-EF in combination with reduced LV-EF compared
with patients with an exclusively decreased LV-EF.23,24

Thus, we decided to include the RV strain parameters in
the analysis.

It should be noted that although FT parameters have
good reproducibility for global values, they have a reduced
reproducibility for segmental strain analyses.25,26 There-
fore, we focused on global strain values. For segmental
strain analysis, for example, the strain-encoded magnetic Ta
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Figure 2 Receiver operating characteristic (ROC) curves with optimized cut-off values for left and right-ventricular strain and related sensitivity and
specificity. LV-GCS, left ventricular-global circumferential strain; LV-GLS, left ventricular-global longitudinal strain; LV-GRS, left ventricular-global radial
strain; RV-GCS, right ventricular-global circumferential strain; RV-GLS, right ventricular-global longitudinal strain; RV-GRS, right ventricular-global radial
strain.

Table 3 Distribution of patients according to indication for an ICD implantation as well as LVEF

ICD as a primary prevention ICD as a secondary prevention

LVEF ≤ 35%
(n = 176)

LVEF > 35%
(n = 28)a

Total group
(n = 204)

LVEF ≤ 35%
(n = 12)

LVEF > 35%
(n = 26)

Total group
(n = 38)

Appropriate
therapy

36 (20.4%) 6 (21.4%) 42 (20.5%) 2 (16.7%) 7 (26.9%) 9 (23.6%)

No therapy 140 (79.6%) 22 (78.6%) 162 (79.5%) 10 (84%) 19 (73.1%) 29 (26.4%)
aAll patients who had an ICD as a primary prevention and >35% in CMR had LVEF≤35% in echocardiography. The indication for an ICD
implantation as a primary prevention was based on echocardiographic LVEF measurement in those patients.

Table 4 CMR feature tracking parameters of left (3D) and right (2D) ventricle of patients according to the presence of composite
endpoint of cardiovascular mortality and appropriate ICD therapy

Variables

Patients with EF > 35% Patients with EF > 35%

P value

Patients with
EF ≤ 35% Patients with EF ≤ 35%

P value
Total
n = 54

No event
n = 41

Event
n = 13

Total
n = 188

No event
n = 135

Event
n = 53

LV-GLS (%) �8.3 ± 3.0 �8.9 ± 2.5 �6.2 ± 3.5 0.004 �5.8 ± 1.8 �5.9 ± 1.9 �5.7 ± 1.6 0.628
LV-GRS (%) 22.7 ± 7.9 24.0 ± 8.1 18.5 ± 5.8 0.028 13.0 ± 5.5 13.1 ± 5.8 12.5 ± 4.6 0.525
LV-GCS (%) �11.3 ± 2.7 �11.7 ± 2.9 �9.9 ± 1.5 0.034 �7.1 ± 2.1 �7.1 ± 2.1 �7.0 ± 2.1 0.846
RV-GLS (%) �21.4 ± 4.7 �22.0 ± 4.7 �19.5 ± 4.7 0.089 �16.6 ± 6.2 �16.6 ± 5.8 �16.4 ± 7.0 0.821
RV-GRS (%) 15.2 ± 5.2 16.1 ± 5.0 12.4 ± 5.0 0.025 11.8 ± 5.5 11.8 ± 5.9 11.9 ± 4.5 0.866
RV-GCS (%) �9.8 ± 3.4 �10.4 ± 2.8 �8.1 ± 4.5 0.036 �8.1 ± 3.4 �8.1 ± 3.6 �8.2 ± 2.8 0.737

Values are mean ± SD, The P values in bold indicate the significance of differences, significance level P < 0.05.
LV-GCS, left ventricular-global circumferential strain; LV-GLS, left ventricular-global longitudinal strain; LV-GRS, left ventricular-global ra-
dial strain; RV-GCS, right ventricular-global circumferential strain; RV-GLS, right ventricular-global longitudinal strain; RV-GRS, right
ventricular-global radial strain.
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resonance method seems to be superior to the FT
method.27,28

Patients with ejection fraction ≤35%
Our study cohort shows no significant differences in LV, RV,
or FT CMR parameters between the event and non-event
group. Results of a large multicentre study by Romano
et al. found LV-GLS as an independent predictor of all-cause
mortality in ICM and non-ischaemic DCM.5 Romano et al.
noted a lower all-cause mortality over 5 years in patients with
LV-GLS < -13% and EF ≤ 35% in comparison to patients with
LV-GLS > -8.7% and EF ≤ 35% in a mixed cardiomyopathy
(DCM/ICM) population. There are, however, two significant
differences when we compare this to our results. First, our
study comprised solely of an ICM population. Second,
Romano et al. chose all-cause mortality as a primary
endpoint, while we focused on cardiovascular mortality and
severe arrhythmic events.

Patients with ejection fraction >35%
In our study, all three LV-FT parameters individually showed a
significant difference between the event and non-event
group of patients with especially high significance for LV-
GLS (P = 0.004). The correlation between LV-GLS and LV-EF
is well known.29,30 Nevertheless, neither LV-EF nor other LV
and RV CMR parameters showed a significant difference be-
tween event and non-event group, which underlines the
need for more sophisticated discrimination of parameters in
ICD implantation decision making.

The earlier referred study of Romano et al. could show a
significant difference in all-cause mortality between highest

and lowest LV-GLS tertial for EF> 35%.5 This finding is consis-
tent with our results acknowledging the differences in the
study design. Romano et al. observed a mixed ICM/DCM pop-
ulation without comparison of a solely ICM population when
separated by EF ≤ 35% /EF > 35%. The results of our study
with a cut-off value of ≥ �8.2% for LV-GLS and EF > 35%
are in the range of the lowest tertial of Romano et al.
(GLS > �8.7%).

The results of Eitel et al. also highlighted the influence of
reduced LV-GLS while considering MACE (defined as
all-cause mortality, reinfarction, new congestive heart failure
within 1 year after infarction) in ICM.4 They could emphasize
that the EF > 35% subgroup showed significant differences in
MACE rate with a LV-GLS threshold of �16.4%. Contrary to
our study, Eitel et al. investigated FT parameters in the acute
phase of the myocardial infarction. In our study the assess-
ment of FT parameters was mainly obtained in the chronic
phase of myocardial infarction. This could serve as an
explanation for the difference in cut-off values of LV-GLS in
comparison to our study.

Guerra et al. demonstrated that reduced LV-GLS derived
by echocardiography is associated with an increased risk for
appropriate ICD therapy.6 This concurs with our results.
Considering that Guerra et al. examined a mixed population
with different cardiomyopathies and did not differentiate
patient groups with different levels of EF impairment, we hy-
pothesize that for patients with an EF ≤ 35% the underlying
structural damage and the resulting impairment in cardiac
strain is too pronounced to sufficiently add any value in risk
stratification.

Left ventricular-global circumferential strain also showed
significant differences between event and non-event group.
Previous studies have shown that GCS has its strength in
assessing reduction of regional LV function and transmurality
of myocardial infarction.31–33 Plausible reasons for the lower
statistical significance in comparison to LV-GLS could be, that
a reduction in GCS is due to subepicardial myocardial dys-
function and the fact that the impairment of this location cor-
relates with the transmurality of myocardial infarction.34

Patients with mild or moderate reduction of LV-EF (>35%)
have smaller infarcted area (Table 2); thus; LV-GCS has to
have a lower impairment than LV-GLS. Nucifora et al. could
show that LV-GCS can predict poorer long term prognosis in
a group of novel ST-elevation myocardial Infarction patients,
which is not surprising considering that a greater reduction
in LV-GCS value indicates more severe transmural myocardial
damage.35

Global radial strain implicates fibres from endocardium to
epicardium. Thus, LV-GRS is not limited by fibre localization
when compared with LV-GCS. On the other hand, GRS shows
a lower reproducibility than other FT parameters in 2D
measurements36; a downside which could be reduced with
3D FT-CMR.37 3D FT-CMR of the LV offers superior reproduc-
ibility compared with 2D FT-CMR with excellent

Figure 3 Kaplan–Meier estimates for event free survival for Model LV-
GLS/RV-GRS and EF > 35%. EF, ejection fraction; LV-GLS, left
ventricular-global longitudinal strain; RV-GRS, right ventricular-global ra-
dial strain.
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intra-observer and inter-observer variability and lower nor-
mal values.37

Right ventricle strain

Right ventricular-global radial strain individually was associ-
ated with the most significant differences between the event
and non-event group of patients only to be followed by
RV-GCS.

Right ventricular-global longitudinal strain showed no sig-
nificant difference between event and non-event patients
as well as RV-EF. This concurs with previous echocardio-
graphic speckle tracking studies, which could demonstrate
that RV-EF and RV-GLS share a close relationship.38

As seen in Figure 2 LV-GLS and RV-GRS demonstrated the
highest AUC values in ROC curves with 0.76 and 0.72. The
optimized cut-off values for each FT parameter are presented
in Figure 2. LV-GLS has a sensitivity of 85% and a specificity of
66% at a cut-off value of ≥ �8.2% whereas RV-GRS has a sen-
sitivity of 62% and a specificity of 85% at a cut-off value of
≤12.0%. The combination of both FT parameters shows an
AUC for ROC curve of 0.83, with a sensitivity of 85% and a
specificity of 76%. This elucidates the potential for more pre-
cise clinical decision making and takes into consideration the
function of both, LV and RV, for risk stratification.39,40 This is
also supported by the Kaplan–Meier estimates for survival as
shown in the Figure 3.

When LV-GLS and LV-GRS are combined with the defined
cut-off values, there is a significant difference in event free
survival (P = 0.007).

Study limitations

Our study yields limitations. The study was performed in a
single-centre setting and the population with EF > 35% is
rather small. Six strain parameters were considered in
combination. This may overestimate the predictability of
the examined parameters.

Additionally, all patients were treated with an ICD. This
enabled the good verifiability of arrhythmic events but could
possibly have led to a selection bias. Further studies
especially for patients with EF > 35% are needed to verify
our findings.

Training has an impact on intra-observer and
inter-observer reproducibility in FT parameters.41 Thus, we
used only experienced observers with high level of training
in deriving FT parameters. This should be taken into consider-
ation when transcribing the results of this study in clinical
practice.

Conclusions

The impact of FT derived measurements in the risk stratifica-
tion of patients with ICM seems to be LV-function depen-
dent. CMR-FT could serve as a surrogate marker in clinical
decision making of ICD implantation in ICM patients with
mild or moderate reduced LVEF>35%. The combination of
LV-GLS (≥ �8.2%) and RV-GRS (≤12.0%) shows a high predic-
tive value for the composite of CVM and appropriate ICD
therapy with a sensitivity of 85% and a specificity of 76%
for patients with EF > 35%.

For patients with severe impaired EF < 35%, FT showed no
further value in risk stratification when describing CVM and
ICD appropriate therapy.
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