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Aims To investigate the prognostic impact of left-ventricular (LV) cardiac magnetic resonance (CMR) deformation imaging
in patients with non-ischaemic dilated cardiomyopathy (DCM) compared with late-gadolinium enhancement (LGE)
quantification and LV ejection fraction (EF).

Methods
and results

Atotalof210subjectswithDCMwereexaminedprospectivelywithstandardCMRincludingmeasurementofLGE forquan-
tificationofmyocardial fibrosis and feature trackingstrain imaging forassessmentofLVdeformation.Thepredefinedprimary
endpoint, a combination of cardiac death, heart transplantation, and aborted sudden cardiac death, occurred in 26 subjects
during the median follow-up period of 5.3 years. LV radial, circumferential, and longitudinal strains were significantly asso-
ciated with outcome. Using separate multivariate analysis models, global longitudinal strain (average of peak negative strain
values) and mean longitudinal strain (negative peak of the mean curve of all segments) were independent prognostic para-
meters surpassing thevalue of global and meanLV radial and circumferential strain, aswell asNT-proBNP, EF, and LGE mass.
A global longitudinal strain greater than 212.5% predicted outcome even in patients with EF , 35% (P , 0.01) and in those
with presence of LGE (P , 0.001). Mean longitudinal strain was further investigated using a clinical model with predefined
cut-offs (EF , 35%, presence of LGE, NYHA class, mean longitudinal strain greater than 210%). Mean longitudinal strain
exhibited an independent prognostic value surpassing that provided by NYHA, EF, and LGE (HR ¼ 5.4, P , 0.01).

Conclusion LV longitudinal strain assessed with CMR is an independent predictor of survival in DCM and offers incremental infor-
mation for risk stratification beyond clinical parameters, biomarker, and standard CMR.
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Two-dimensional strain imaging

Introduction
Non-ischaemic dilated cardiomyopathy (DCM) is a heart muscle
disease which significantly contributes to cardiovascular morbid-
ity and mortality in developed countries with a reported 10-year
mortality of over 40%.1,2 Clinical courses vary and are often

strongly heterogeneous, ranging from asymptomatic patients
to those suffering from intractable heart failure or sudden
cardiac death due to arrhythmias. Classical risk factors associated
with an adverse outcome include age and male gender, NYHA
class, impaired left-ventricular ejection fraction (EF), and cardiac
biomarkers.2 – 4

* Corresponding author. Tel: +49 6221/56 8611; fax: +49 6221/56 5515, Email: gkorosoglou@hotmail.com

Published on behalf of the European Society of Cardiology. All rights reserved. & The Author 2014. For permissions please email: journals.permissions@oup.com.

European Heart Journal – Cardiovascular Imaging (2015) 16, 307–315
doi:10.1093/ehjci/jeu181

D
ow

nloaded from
 https://academ

ic.oup.com
/ehjcim

aging/article/16/3/307/2399809 by U
.S. D

epartm
ent of Justice user on 16 August 2022



Cardiac magnetic resonance imaging (CMR) has emerged as an
accurate method for the evaluation of left-ventricular (LV) function5

due to its excellent intrinsic blood-to-tissue contrast and high re-
producibility. Furthermore, assessment of late-gadolinium enhance-
ment (LGE) allows diagnostic classification, prediction of therapy
response, and risk stratification in patients with DCM.6 –10 Myocar-
dial deformation assessment was shown to provide additional in-
cremental prognostic value in heart failure patients.11– 13 In this
regard, feature tracking imaging (FTI) originally developed for the
detailed echocardiographic evaluation of myocardial deformation
has recently been proved as a reliable method for determining LV
strain with CMR.14,15 Hereby, FTI can be applied to standard CMR
cine sequences and therefore obviates the need for dedicated, tech-
nically complex pulse sequences and associated post-processing
software tools for the quantification of myocardial strain.15– 17 Fur-
thermore, FTI and can be applied to cine images from different
CMR vendors and field strengths.

The purpose of our study was to investigate whether LV deform-
ation imagingusingFTI canprovide incrementalprognostic information
to standard CMR parameters including LGE, serological biomarkers,
and clinical parameters in a large cohort of patients with stable DCM
over a long follow-up time period.

Methods

Study population
Our study population consisted of 210 consecutive patients with DCM
who were prospectively included in our study and myocardial deform-
ation was analysed retrospectively after referral to the ‘Cardiomyopathy
Center’ at the University Hospital Heidelberg between May 2005 and
November 2009. Some patients were part of a previous report.7 CMR
was performed as part of our standard institutional protocol for the
evaluation of cardiomyopathies, unless one of the following contraindica-
tions to CMR was present: cardiac pacemaker or implantable cardiover-
ter defibrillator (ICD), other not CMR compatible metallic implants,
severe claustrophobia, obesity preventing patient entrance into the
scanner bore, pregnancy, and lactation. Chronic renal failure with an
estimated GFR , 30 mL/min/1.73 m2 was added as an exclusion criter-
ion for administration of intravenous CMRcontrast agents after July 2007.

The diagnosis of DCM was based on the 1995 World Health Organiza-
tion/International Society and Federation of Cardiology criteria.18 Inclu-
sion criteriawere: patients with impairedsystolic function (LV-EF ≤ 50%)
on a non-CMR study, and absence of (i) significant coronary artery
disease (defined as ≥50% luminal stenosis) by coronary angiography,
previous coronary revascularization or myocardial infarction, (ii) valvular
disease, (iii) hypertensive heart disease, and (iv) congenital abnormalities.
All patients had congestive heart failure and were examined in a clinically
stable condition (NYHA functional class ≤ III). All patients gave their
informed consent and our study was approved by the institutional
Ethics Committee. NT-proBNP was analysed using a commercially avail-
able assay (ELECSYS, Roche Diagnostics, Mannheim, Germany) and log
transformed for statistical analysis (lnBNP), values from subjects with
GFR , 30 mL/min/1.73 m2 were excluded.

Follow-up data and definition of study
endpoints
Personnel unaware of the CMR results contacted each subject or an im-
mediate family member. Cardiacdeath, heart transplantation, and sudden
cardiac death aborted by appropriate ICD discharge due to ventricular

tachycardia or fibrillation were defined as hard cardiac events building
the primary endpoint of our study. Cardiacevents together with the occur-
rence of hospitalization due to congestive heart failurewere used as a sec-
ondary endpoint. In case of patients undergoing heart transplantation, the
follow-up data were censored at the time of transplantation. In case of
several simultaneous cardiac events per patient, the worst event was
selected (cardiacdeath . transplantation . abortedSCDdue toappro-
priate ICD shock . hospitalization due to heart failure). Otherwise, only
the first event for each patient was included in the analysis for composite
end-points.

CMR acquisition and analysis
Standard CMR was performed ona1.5Tclinical scanner (Achievaw, Philips
Healthcare, Best, The Netherlands) equipped with a cardiac phased array
receiver coil. For details see our Supplementary data online. Cine images
were obtained using a breath-hold segmented-k-space balanced fast-field
echo sequence (SSFP) employing retrospective ECG gating in long axis
planes (2, 4, and 3 chamber views) as well as in contiguous short axis
slices covering the whole ventricles from the annulus of the AV valves to
the apex, with 35 phases per cardiac cycle. All analyses were performed
on a commercially available workstation (Viewforumw, Philips Health-
care). Results for ventricular volumes, ejection fraction, and LV myocardial
mass were derived from short-axis slices. The presence and extent of late
enhancement were evaluated by two independent experienced observers
who were blinded to clinical data and outcome.

Feature-tracking imaging
For strain analysis, short- and long-axis viewsof the ventricleweredivided
according to the standard 17-segment model. The apical cap (segment
17) was not considered for analysis. Retrospective image analyses were
conducted employing the 2D CPA CMR Feature tracking software
(TomTec Imaging Systems, Munich, Germany). This tool comprises a
software-based feature-tracking algorithm, which has been validated pre-
viously in experimental and clinical studies.15,19,20 Feature tracking mea-
sures radial, circumferential, and longitudinal strain and strain rate as well
as myocardial velocities along a user-defined endocardial border
throughout the cardiac cycle on standard CMR SSFP sequences
(Figure 1). In our study, global strain values were measured by a blinded
observer and calculated according to the following approach: (i) on a
patient level, the peak segmental values of radial, circumferential, and lon-
gitudinal strain (red arrows in Figure 1) were measured three times and
then averaged for each strain direction, resulting in global radial, circum-
ferential, and longitudinal strain; (ii) in order to investigate a more prac-
tical and faster approach for clinical routine, we additionally measured
the average peak of the mean curve of all segments. This curve represents
the average of all segments over the whole cardiac cycle (black arrow in
Figure 1). This value was measured three times and then averaged for the
long- and short-axis views, resulting in mean radial, circumferential, and
longitudinal strain.

Statistical analysis
Continuous variables were expressed as mean+ standard deviation for
parametric or as median with interquartile range (IQR) for non-
parametric variables. For continuous variables, differences between
two groups were compared using Students’ t-test or Mann–Whitney
U test. Categorical variables were expressed as counts and percentages
and compared by x2 test or Fisher exact test, respectively. Survival
curves were estimated by the Kaplan–Meier method and compared by
log-rank tests. Receiver operating characteristics analysis was used in
order to define the optimal cut-off values. Univariate and multivariate
Coxproportional hazards regression analysiswasperformed to calculate
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hazard ratios (HR) and 95% confidence intervals (CI). In addition, inte-
grated discrimination improvement and net reclassification calculations
were performed. For all analyses, a P-value of ,0.05 was regarded stat-
istically significant. Inter- and intraobserver variabilities for mean strain
values were assessed by repeated analysis of 30 randomly selected
patients. Readings were separated by 8 weeks to minimize recall bias.
The SPSS 15.0 (SPSS, Chicago, IL, USA) and MedCalc 12.3 (MedCalc soft-
ware, Mariakerke, Belgium) computer programs were used throughout.
The authors had full access to the data and take responsibility for its integ-
rity. All authors have read and agreed to the manuscript as written.

Results

Clinical characteristics and outcomes
Data were prospectively collected in 210 patients during a median
follow-up of 5.3 years. During the follow-up period, 45 cardiac
events occurred in 39 patients. Cardiac death or heart transplantation
occurred in 10 and 5 patients, respectively, whereas 11 further patients
experienced an aborted sudden cardiac death (SCD) due to ap-
propriate ICD shock (n ¼ 26 patients with primary endpoint/hard
cardiac events). Thirteen additional patients experienced severe
heart failure symptoms requiring hospitalization, thus n ¼ 39 patients
who reached the composite secondary endpoint.

Baseline characteristics and haemodynamic data in patients with
(n ¼ 39) and without cardiac events (n ¼ 171) are illustrated in
Table 1. Patients with cardiac events were older and exhibited
more advanced heart failure symptoms. Significant differences
were observed for patients with cardiac events in terms of several
baseline CMR-parameters, cardiac medications, and laboratory
markers like NT-proBNP. Of all patients with LGE (n ¼ 79),
mid-wall patterns were observed in 28, patchy in 19, epicardial in
24, and diffuse in 8 patients. Regarding myocardial deformation
imaging all systolic strain parameters were significantly impaired in
subjects with cardiac endpoints (Table 2).

Survival analysis
For longitudinal, circumferential, and radial strain ROC optimized
cut-offs were selected for the survival analysis (see Supplementary

dataonline, Figure S1). Kaplan–Meiercurves for the primaryendpoint
event-free survival are demonstrated in (Figure 2 A–C ). Patients with
global longitudinal strain (.212.5%), global circumferential strain
(.213.1%), and global radial strain (≤15.7%) experienced a sig-
nificantly higher rate of hard cardiac events. Comparable results
were obtained for the prediction of the secondary endpoint (see
Supplementary data online, Figure S2).

A reduced global longitudinal strain (≥212.5%) was even predictive
forworseoutcomes irrespectiveof thepresenceorabsenceof severely
reduced LV ejection fraction and the presence late-gadolinium
enhancement, as shown in Figure 3.

Uni- and multivariate analysis
Several clinical parameters including age and NYHA class, CMR
parameters like LV ejection fraction, normalized LV end-diastolic
volumes, LV mass and LGE, longitudinal, circumferential, and
radial systolic strain parameters were univariate predictors of
the primary and the secondary endpoint (Table 3). At first, we
tested in multivariate Cox regression models the predictive
value of the different strains in separate models for the global
and mean strains. In these two models, global longitudinal
strain (HR 1.26, P , 0.01) and mean longitudinal strain (HR
1.24, P , 0.05) remained as independent predictors for cardiac
outcomes.

Subsequently, a multivariate Cox regression model was built
including log transformed NT-proBNP (lnBNP), ejection fraction,
quantitative LGE mass, and global longitudinal strain. Hereby, global
longitudinal strain still exhibited independent prognostic value for
the assessment of the primary and secondary endpoint surpassing
that provided by LV ejection fraction and lnBNP (Table 4).

In addition, the mean longitudinal strain was tested in a model
including a priori defined, clinically established predictor variables
(NYHA class, EF , 35%, presence of LGE and mean longitudinal
strain .210%). Here again an LV mean longitudinal strain .210%
remained as an independent predictor for the primary and secondary
endpoint (Table 4).

Figure 1 Feature-tracking imaging. A four chamber view of a patient with reduced longitudinal strain but ejection fraction .35% is shown. The
black arrow indicates the negative peak of the mean strain curve representing mean longitudinal strain. The red arrows indicate the segmental peak
negative strain.
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Table 1 Demographic data of patients with and without cardiac events

Parameters All patients (n 5 210) Patients without endpoint
(n 5 171)

Patientswithendpoint (n 5 39) P-value

Clinical data

Age 52+15 50+15 58+14 ,0.01

Male gender, n (%) 159 (76) 128 (75) 31 (79) NS

Arterial hypertension, n (%) 81 (39) 62 (36) 19 (49) NS

Hyperlipidaemia, n (%) 43 (20) 35 (20) 8 (21) NS

Smoking, n (%) 85 (40) 73 (43) 12 (31) NS

Diabetes mellitus, n (%) 22 (10) 17 (10) 5 (13) NS

Familiar cardiomyopathy, n (%) 27 (13) 25 (15) 2 (5) NS

Body mass index (kg/m2) 25.6+3.9 25.6+4.0 25.8+3.8 NS

NYHA class 2.1+0.7 2.0+0.7 2.3+0.7 0.02

Laboratory data

Serum creatinine (mg/dL) 1.05+0.85 1.05+0.93 1.04+0.34 NS

ln NT proBNP (pg/mL) 6.3+1.9 5.9+1.8 7.6+1.4 ,0.001

Cardiac medications

b-blockers, n (%) 184 (88) 146 (85) 38 (97) 0.04

ACE-inhibitors/AT II blockers, n (%) 196 (93) 157 (92) 39 (100) 0.07

Spironolactone, n (%) 84 (40) 64 (37) 20 (51) NS

Diuretics, n (%) 104 (50) 76 (44) 28 (72) ,0.01

Digoxin, n (%) 39 (19) 22 (13) 17 (44) ,0.001

Coumadin, n (%) 72 (34) 50 (29) 22 (56) ,0.01

Data are presented as mean+ SD or as proportions. NS, not significant.
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Table 2 Baseline standard CMR-data and myocardial deformation parameters of patients with and without cardiac
events

Parameters All Patients (n 5 210) Patients without
endpoint (n 5 171)

Patients with
endpoint (n 5 39)

P-value

Baseline CMR-data

LV ejection fraction (%) 36.1+13.8 38.4+12.7 25.8+14.2 ,0.001

LVEDV (mL) 261+99 248+85 320+131 ,0.001

LVEDV/BSA (mL/m2) 132+48 125+39 164+69 ,0.001

LVESV (mL) 176+107 159+86 253+138 ,0.001

LVESV/BSA (mL/m2) 89+52 81+42 130+73 ,0.001

Cardiac output (L/min) 5.8+1.7 6.0+1.7 5.2+1.7 ,0.01

Cardiac index (L/min*m2) 3.0+0.8 3.0+0.8 2.6+0.8 ,0.01

LV mass (g) 156+116 142+46 212+238 ,0.001

LV mass/BSA (g/m2) 78+52 72+21 105+107 ,0.001

LGE present, n (%) 79 (38) 59 (34) 20 (51) 0.07

Quantitative LGE mass (g) 1.6+3.3 1.4+3.0 2.4+4.0 0.1

CMR myocardial deformation

Global longitudinal strain (%) 215.2+4.7 216.2+4.3 211.1+3.7 ,0.001

Global circumferential strain (%) 214.0+6.5 216.5+5.6 211.4+5.1 ,0.001

Global radial strain (%) 20.7+7.7 21.7+7.5 16.3+6.3 ,0.001

Mean longitudinal strain (%) 213.1+5.1 214.1+4.8 28.8+4.3 ,0.001

Mean circumferential strain (%) 215.6+5.8 215.1+6.1 29.3+5.9 ,0.001

Mean radial strain (%) 17.8+7.0 18.9+6.8 12.9+5.5 ,0.001
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Series of Cox proportional-hazards
models and integrated discrimination
improvement
In the first series of sequential cox regression models an incremental
benefit for the prediction of outcome could be observed regarding
the different strain directions (Figure 4 A). Next quantitative CMR
parameters were analysed. Relative end-diastolic volume (LVEDV/
BSA), LV ejection fraction, and LGE mass exhibited incremental
value for the prediction of the primary endpoint (Figure 4 B). Further-
more, global longitudinal strain significantly increased the power of
the model, surpassing that of standard CMR parameters (Figure 4 B).
These results were verified by an increase in integrated discrimin-
ation improvement analysis. LV global longitudinal strain yielded
higher integrateddiscrimination improvement (IDI) values compared
with clinical variables, serological biomarkers, and CMR parameters
(Supplementary data online, Table S1).

Observer variability
Intra- and interobserver variability was 6.6 and 7.5%, respectively, for
mean radial, 3.1 and 3.5%, respectively, for mean circumferential, and
2.9 and 3.5%, respectively, for mean longitudinal strain. Interobserver
variability was 8.5% for LGE quantification.

Discussion
We report on the so far largest group of patients with DCM, system-
atic assessment of LV deformation, and its association with clinical
outcome. The main findings of our study encompass the incremental
value of longitudinal, radial, and circumferential strain for the predic-
tionof cardiacevents, independentof clinical and laboratorymarkers,
LV ejection fraction, and LGE. Particularly, longitudinal strain proved
to be the most robust predictor of outcome and provided improved
risk stratificationeven in subgroupsof patientswith≥35or ,35% LV
ejection fraction and in patients with and without LGE.

Previous studies for non-invasive risk
stratification in DCM
An early diagnosis and accurate risk stratification in patients with sus-
pected heart failure and the reliable detectionof the remodelling pro-
cesses is crucial for timely therapeutic intervention and reduction of
mortality.21 Non-invasive cardiovascular imaging methods, such as
CMR, may be well suited for the precise and cost-effective diagnostic
classification of patients with heart failure symptoms.5,22,23 Ventricu-
lar function as assessed by ejection fraction (EF) measurements
determines prognosis of patients with DCM and serves as an indica-
tor for the need of defibrillator implantation, resynchronization
therapy and treatment of congestive heart failure. However, due to
the intricate myocardial architecture, global left-ventricular function
is determined not only by radial, but also by longitudinal, circumfer-
ential, and torsional components,24 which are not detected by mere
EF assessment. In particular, the quantification of longitudinal func-
tion may be a better measure of contractile myocardial function
than the geometric change of the entire left ventricle.11,25 In addition,
we and others previously demonstrated the incremental value of
longitudinal and circumferential compared with radial strain for the
detection of ischaemic myocardium and for the risk stratification of
patients with ischaemic heart disease and cardiomyopathies.11,12,26

Longitudinal strain for the estimation
of outcomes and technical aspects
In our study, we demonstrated that longitudinal strain assessed with
FTI seems to be the most robust predictor of cardiac outcome in
patients with DCM, surpassing the value of clinical and laboratory
markers as well as LGE and EF. In this regard, the prognostic signifi-
cance of a reduced strain is not completely dependent on the
degree of the underlying radial left-ventricular dysfunction, as
mainly reflected by the EF. Thus, subgroup analysis revealed that lon-
gitudinal strain provided further risk stratification even in DCM
patients with LV ejection fraction ,35% and in those with LGE.
Patients with preserved longitudinal strain exhibited excellent long-
term outcome despite the presence of severely impaired LV function

Figure 2 Kaplan–Meier estimates of the time to events by myocardial deformation. Patients with global longitudinal strain (.212.5%), global
circumferential strain (.213.1%), and global radial strain (,15.7%) experienced a significantly higher rate of cardiac events compared with
those with lower global longitudinal, circumferential, and radial strains.
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or LGE. This is in line with earlier observations, in which longitudinal
strain was the most robust strain parameter for the risk stratification
of patients with non-ischaemic heart failure.11

Feature-tracking imaging was originally designed for echocar-
diographic imageanalysis andprovides two-dimensional deformation
information about the myocardium. It has previously been validated
and recently been applied to SSFP sequences, with good correla-
tion in comparison to CMR tagging for circumferential but not
longitudinal strain despite high observer variabilites on segmental
level.14,15,17,19 Tag fading, which results in low SNR during the
cardiac diastole with tagging sequences, can be circumvented with
FTI. Of note, FTI myocardial deformation can be assessed with
CMR images, without the need for dedicated pulse sequences and
may be performed independent of CMR vendors and field strength.16

Apart from the excellent morphological image quality of CMR, FTI

offers the opportunity to perform all measurements using a single
imaging modality and to receive multi-dimensional information
about the LV contraction pattern. For clinical routine, fast and repro-
ducible approaches are required. Therefore, we investigated the role
of the mean strain curves for the prediction of outcome (Table 4;
Supplementarydata online Table S1 and Figure S4). With this sim-
plified analysis and predefined cut-offs, we still found that the mean
longitudinal strain served as an independent predictor of survival.
In concordance, just recently an EACVI-industry initiative for the
standardized assessment of myocardial deformation was formed.27

Assessment of fibrosis by LGE
and mapping techniques
Cardiac remodelling also propagates to myocardial fibrosis, and
significant fibrosis can be detected in at least one-third of patients

Figure 3 Kaplan–Meier estimates of subgroups with or without severely impaired ejection fraction and LGE. A global longitudinal strain
.212.5% was predictive for the primary endpoint irrespective of the presence or absence of a severely reduced LV ejection fraction
(EF,35%) or late gadolinium enhancement.
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ofpatientswithDCM.28 Distinctpatternsof fibrosis areobservedand
all are more or less associated with a poor prognosis.29 Especially, the
presence of mid-wall enhancement has recently been shown to
predict sudden cardiac death in DCM.6,9,30 In our study, LGE was
an independent predictor for both hard cardiac events and of the
composite endpoint by multivariate analysis and added incremental
value to LV-EF and clinical as well as laboratory parameters for
the estimation of outcomes. Nowadays, with the development of
T1-mapping techniques, diffuse myocardial fibrosis can be quantified
by measuring the extracellular volume fraction. This significantly
expands the abilityof CMR for tissue characterization and for the rec-
ognition of diffuse fibrosis, which may be an early marker of early or
even subclinical DCM. Unfortunately, however, such techniques
currently lack standardization and comparability with other sites, as
suggested by the recently published standardized post-processing
report.31 Furthermore, both T1-mapping techniques and LGE require

the administration of gadolinium-based contrast agents, which is
not recommended in patients with severe renal failure, due to the
risk of nephrogenic systemic fibrosis. In such patients, strain imaging
may become an important cornerstone for the quantification of LV
function and for risk assessment.

Limitations
As the study started already in 2005 and plasma NT-proBNP is
affected by renal function, only 93% of NT-proBNP values were avail-
able in our patients. Similarly, methods for quantification of diffuse fi-
brosis with T1 mapping were not available at this time point, so that
extracellular volume couldnot beanalysed. Echocardiography is con-
sidered as the recommended technique for the assessment of LV
strain, but a ‘universal’ reference standard technique is currently
not available for human studies. Finally, we observed an overall low
cardiac event rate during the follow-up period, which is a limitation.
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Table 3 Univariate analysis

Variable Primary endpoint Secondary endpoint

HR 95% CI P-value (unadjusted) HR 95% CI P-value (unadjusted)

Age (years) 1.03 1.00–1.06 ,0.05 1.04 1.01–1.06 ,0.01

NYHA class 1.84 1.04–3.25 ,0.05 1.85 1.16–2.94 ,0.01

b-blocker usage 4.70 0.64–34.1 NS 7.3 1.00–51.3 0.05

EF (%) 0.91 0.88–0.94 ,0.0001 0.93 0.91–0.96 ,0.0001

LVEDV/BSA (mL/m2) 1.02 1.01–1.03 ,0.0001 1.01 1.00–1.02 ,0.0001

lnBNP (pg/mL) 1.75 1.41–2.20 ,0.0001 1.66 1.40–1.97 ,0.0001

LGE present 3.36 1.50–7.50 ,0.01 1.87 0.99–3.47 0.05

LGE mass (g) 1.11 1.04–1.18 ,0.01 1.07 0.99–1.14 0.06

Global longitudinal strain (%) 1.33 1.21–1.47 ,0.0001 1.26 1.15–1.33 ,0.0001

Global circumferential strain (%) 1.23 1.13–1.34 ,0.0001 1.16 1.09–1.24 ,0.0001

Global radial strain (%) 0.89 0.84–0.95 ,0.0001 0.92 0.87–0.96 ,0.001

Mean longitudinal strain (%) 1.35 1.2–1.49 ,0.0001 1.23 1.15–1.32 ,0.0001

Mean circumferential strain (%) 1.26 1.15–1.37 ,0.0001 1.17 1.1–1.24 ,0.0001

Mean radial strain (%) 0.85 0.80–0.91 ,0.0001 0.88 0.84–0.93 ,0.0001

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Table 4 Multivariate proportional-hazard models with global and mean longitudinal strains (n 5 210)

Primary endpoint Secondary endpoint

HR 95% CI P-value HR 95% CI P-value

Global longitudinal strain

lnBNP (pg/mL) 1.21 0.86–1.68 NS 1.31 1.02–1.69 ,0.05

EF (%) 0.99 0.93–1.06 NS 1.01 0.96–1.06 NS

LGE mass (g) 1.20 1.08–1.33 ,0.001 1.12 1.02–1.23 ,0.05

Global longitudinal strain (%) 1.27 1.06–1.52 ,0.02 1.20 1.05–1.38 ,0.01

Mean longitudinal strain

NYHA 0.93 0.51–1.66 NS 1.16 0.71–1.89 NS

EF (,35%) 2.41 0.65–8.84 NS 1.92 0.77–4.84 NS

LGE present 2.54 1.13–5.7 ,0.05 1.44 0.77–2.72 NS

Mean longitudinal strain (.210%) 5.44 1.64–18.1 ,0.01 2.78 1.17–6.61 ,0.05

Missing values: 14 NT-proBNP values.
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Conclusions
Pathological myocardial deformation as represented by a reduction
of LV longitudinal strain identified patients with DCM at high risk
for future cardiac events, surpassing the prognostic value of standard
CMR imaging techniques, such as EF and LGE and that of established
cardiac serological biomarkers. Therefore, the thorough evaluation
of LV contraction with two-dimensional deformation imaging might
become an additional diagnostic method to detect functional impair-
ment and may serve as a novel CMR imaging biomarker in patients
with DCM and cardiomyopathies in the future. Larger, multi-centre
trials using a standardized global longitudinal strain approach are
now warranted to confirm our findings and to determine whether
the assessment of myocardial strain may aid structured patient
treatment.

Supplementary data
Supplementary data are available at European Journal of Echocardiog-
raphy online.
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