Open access Heart failure and cardiomyopathies

openheart

» Additional supplemental

material is published online only.

To view, please visit the journal
online (http://dx.doi.org/10.
1136/0penhrt-2022-002013).

To cite: Chevalier C, Kremer K,
Cavus E, et al. CMR feature
tracking in patients with dilated
cardiomyopathy: patterns of
myocardial strain and focal
fibrosis. Open Heart
2022;9:002013. doi:10.1136/
openhrt-2022-002013

Received 7 March 2022
Accepted 12 September 2022

| '.) Check for updates

© Author(s) (or their
employer(s)) 2022. Re-use
permitted under CC BY-NC. No
commercial re-use. See rights
and permissions. Published
by BMJ.

For numbered affiliations see
end of article.

Correspondence to
Dr Céleste Chevalier; c.
chevalier@uke.de

CMR feature tracking in patients with
dilated cardiomyopathy: patterns of
myocardial strain and focal fibrosis

Céleste Chevalier
Charlotte Jahnke,! Gerhard Schén

,! Katja Kremer,? Ersin Cavus,' Jan Schneider,’
4 UIf K Radunski,® Enver Tahir,®

Gerhard Adam,® Gunnar Lund,® Paulus Kirchhof,"? Stefan Blankenberg, '

Kai Muellerleile’®

ABSTRACT

Background There is a paucity of data on cardiovascular
magnetic resonance feature tracking (CMR-FT) in
patients with dilated cardiomyopathy (DCM). We aimed

at describing global and segmental myocardial strain
patterns and a potential association with the presence of
focal myocardial scarring in DCM patients by CMR-FT.
Methods Thirty-nine patients with DCM and reduced left
ventricular (LV) ejection fraction (mean 21+8%) underwent
CMR including standard cine steady-state free precession
(SSFP) sequences and late gadolinium enhancement (LGE).
We measured global LV longitudinal as well as global and
segmental circumferential and radial strain. The presence
of focal myocardial fibrosis was assessed on LGE images.
Results Nineteen patients had focal myocardial fibrosis
on LGE images with the highest prevalence in the basal
septal segments Il and lll, which were affected in 12
(63%) and 13 (68%) patients. Furthermore, there was

a significantly lower average short-axis LV radial strain
(LV,,,-RS) in these segments (4.89 (~1.55 to 11.34)

%) compared with the average of the other myocardial
segments (21.20 (17.36 to 25.05)%; p<0.001) after
adjusting for LGE and left-bundle branch block (LBBB).

In general, LV segments with LGE had lower model-
based mean LV, -RS values (17.65 (10.37 to 24.93) %)
compared with those without LGE (19.40 (15.43 to 23.37)
%), but this effect was not significant after adjusting for
the presence of LBBB (p=0.630).

Conclusion Our findings revealed a coincidence of
impaired radial strain and focal myocardial fibrosis in

the basal septal LV myocardial segments of patients with
DCM. Regardless of this pattern, we did not find a general,
significant effect of myocardial fibrosis on strain in our
cohort. Future studies are required to assess the potential
prognostic implications of myocardial strain patterns

in addition to the assessment of myocardial fibrosis in
patients with DCM.

INTRODUCTION

Dilated cardiomyopathy (DCM) is a common
cause of heart failure.” Patients show
diverse aectiologies and symptoms,” * but
are overall affected by substantial morbidity
and mortality.® In the diagnostic process,

WHAT IS ALREADY KNOWN ON THIS TOPIC

= There is a need for a more detailed characterisa-
tion of patients with dilated cardiomyopathy (DCM)
beyond traditional measurements of left ventricu-
lar ejection fraction (LVEF). Strain imaging by car-
diovascular magnetic resonance feature tracking
(CMR-FT) is an emerging method for an advanced
assessment of myocardial function. However, there
is currently a paucity of data on strain patterns and
potential associations with myocardial fibrosis in
DCM patients. Therefore, we performed CMR-FT
and myocardial fibrosis imaging by CMR in a pro-
spectively recruited cohort of DCM patients with
severely reduced LVEF.

WHAT THIS STUDY ADDS

= We observed a pattern with significantly lower
radial strain values in the basal septal segments
compared with the other myocardial segments
in our cohort of DCM patients. These basal septal
segments also had the highest presence of focal
myocardial fibrosis. However, our analyses did not
show a significant effect of the presence of focal
myocardial fibrosis on radial strain after adjusting
for left-bundle branch block.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Our findings represent a first step towards a better
understanding of the interactions between function-
al strain characteristics and focal myocardial fibro-
sis in DCM. Our findings encourage future studies to
assess the potential incremental prognostic impli-
cations of myocardial strain patterns in comparison

to traditional cardiac imaging.

cardiovascular MRI (CMR) can be particu-
larly useful as it accurately analyses cardiac
anatomy and function, and differentiates
underlying pathologies, for example, by iden-
tifying myocardial scarring by late gadolinium
enhancement (LGE) and/or Tl mapping
CMR.”® In addition to conventional imaging,
CMR strain imaging is an emerging method
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in the assessment of myocardial function in patients with
DCM beyond traditional volumetric left ventricular ejec-
tion fraction (LVEF) calculation.” Recent studies reported
impaired global left ventricular (LV) strain in DCM,"? but
also a potential association of strain-derived parameters
with cardiac outcome.® '’ A particularly feasible method
of strain imaging is CMR feature tracking (CMR-FT).
This method uses standard cine CMR images and does
not require the acquisition of additional sequences.” !
Yet, the literature on the topic of CMR-FT in DCM is still
scarce. Therefore, this study aimed at assessing global
and segmental myocardial strain patterns via CMR-FT
and potential associations with myocardial scarring/
fibrosis in DCM patients.

METHODS

Study population

This prospective study included 39 patients with DCM
who underwent CMR between January 2017 and February
2019. DCM was defined by the presence of LV dilatation
and a reduced LVEF<40 % in the absence of significant
coronary artery disease or evidence for acute myocardial
inflammation as recommended.” '* Exclusion criteria
included renal insufficiency with a glomerular filtration
rate (eGFR)<30mL/min/1.73 m? and general contrain-
dications to CMR. Laboratory analysis included cardiac
biomarker N-terminal prohormone of the brain natriu-
retic peptide (NT-proBNP) + 14 days before/after CMR.
All patients received a standard transthoracic echocardi-
ography+14 days before/after CMR.

Cardiovascular MRI protocol

Twenty-eight patients were scanned on a 1.5-T scanner
(Achieva, Philips Medical Systems, Best, The Nether-
lands) and 11 patients were scanned on a 3.0-T scanner
(Ingenia, Philips Medical Systems, Best, The Nether-
lands). The CMRimaging protocolincluded cine imaging,
native T1 mapping and LGE imaging. Cine images were
acquired in long-axis (four-chamber, two-chamber and
three-chamber view) and a short-axis stack covering the
LV with standard retrospectively gated steady-state free
precession (SSFP) sequences. Typical imaging param-
eter were as follows: 1.5 T: voxel size 1.36><l.36><6mm3,
echo time=1.57 ms, time to repetition=3.14 ms, flip
angle=60°, parallel acquisition technique=SENSE; 3.0 T:
voxel size 1.36x1.36x6 mm?’, echo time=1.39 ms, time to
repetition=2.79 ms, flip angle=45°, parallel acquisition
technique=SENSE. A typical temporal resolution was 26
ms. LGE images were acquired using a standard phase-
sensitive inversion recovery (PSIR) sequence at least 10
min after bolus injection of 0.2mmol/kg contrast agent
(gadoterate meglumine (Dotarem, Guerbet, Sulzbach,
Germany) in a stack of short-axis slices and in three long-
axis orientations corresponding to the views used for Cine
imaging. Typical imaging parameters were as follows:
1.5 T: voxel size 1.22x1.22x8mm®, echo time=2.40 ms,
time to repetition=4.98 ms, flip angle=15°; 3.0 T: voxel

size 0.99x0.99x8 mmg, echo time=3.00 ms, time to repe-
tition=6.07 ms, flip angle=25°. Native T1 mapping was
performed using a 5s(3s)3s modified look-locker inver-
sion recovery (MOLLI) sequence on three short-axes
slices (apical, mid-ventricular and basal).

CMR analysis

Two trained, blinded observers independently analysed
the CMR data. Commercially available postprocessing soft-
ware (Medis Suite MR, QMass, Medis Medical Imaging,
Leiden, The Netherlands) was used to assess volumes and
function of all cardiac chambers. LV and right ventricular
(RV) volumes as well as LVEF and LV mass were evaluated
from short-axis cine images. Left atrial (LA) and right
atrial (RA) volumes were quantified using the biplane
area-length method as recommended.® CMR parameters
were indexed to the calculated body surface area. Values
were interpreted in comparison to recently published
reference values."” Native myocardial T1 values were
obtained in a septal region of interest as recommended.”
The presence of LGE was assessed qualitatively and quan-
titatively by using the commercially available and estab-
lished software cvi42 (Circle Cardiovascular Imaging,
Calgary, Alberta, Canada) and by applying the SD-based
method (3-SD) as recommended.'* LGE was assigned to
myocardial segments according to the American Heart
Association (AHA) segment model.'?

CMR-FT analysis was performed using the QStrain
application of Medis Suite MR (Medis Suite MR, QStrain,
Medis Medical Imaging, Leiden, The Netherlands) as
previously described.'® The endocardial and epicar-
dial contours were manually drawn in QMass and then
copied to QStrain to ensure most accurate tracing points.
Trabeculae and papillary muscles were excluded from
myocardial mass. In line with current recommenda-
tions' ' global LV strain was assessed from endocardial
and epicardial contours as global longitudinal strain
(GLS) in long-axis cine images and as global radial strain
(GRS) and global circumferential strain (GCS) in short-
axis cine images. Segmental LV strain analysis included
the evaluation of segmental circumferential and radial
strain from short-axis cine images. We divided the LV
myocardium into 16 segments for each patient according
to the AHA segment model.'” Negative values for longitu-
dinal strain represent longitudinal shortening from base
to apex while negative values for circumferential strain
represent shortening along the circular outline in short
axis. Positive values for radial strain stand for LV wall
contraction.'” LA/RA maximum was set at LV end-systole
and LA/RA minimum was defined at LV end diastole.

Statistical analysis

Statistical analyses were performed using SPSS Statistics
(V.25.0, Statistical Package for the Social Sciences, Interna-
tional Business Machines, Inc., Armonk, New York, USA)
and RV.4.2.0" including R-package ImerTest V.3.1.3'’ and
R-package effects V.4.2.2.*" Histograms were evaluated for
deviations of the normality assumption. Accordingly, data
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Table 1 Clinical characteristics Table 2 CMR characteristics

Clinical parameters (unit) MeanxSD/number (percentage) General CMR Mean+SD/number
Age (vears) 59415 parameters (unit) (percentage)

Sex (male) 31 (79.5%) LVEF (%) 218 (n missing=1)

Heart rate (beats/min) 80+12 (n missing=4)

NYHA Class (10.3%) (n missing=4)
[ 3 (7.7%)
Il 12 (30.8%)
[ 16 (41.0%)
IV 4 (10.3%)
Atrial fibrillation
Yes 10 (25.6%)
No 29 (74.4%)
Intraventricular block
Yes 9 (23.1%)
No 33 (76.9%)
LBBB 4 (10.3%)
Endomyocardial biopsy 10 (25.6%)

NT-proBNP (pg/mL) 4853+4990 (n missing=3)
GFR (mL/min) 78+22 (n missing=6)

QRS duration (ms) 111+23 (n missing=1)
LVEF by echocardiography (%) 24+8

TAPSE (mm) 1845

Values for continuous data are given as mean and SD. Values
for categorical data are given as counts and percentage of total
column number.

GFR, glomerular filtration rate; LBBB, left bundle branch block;
LVEF, left ventricular ejection fraction; NT-proBNP, N-terminal
prohormone of the brain natriuretic peptide; NYHA, New York
Heart Association; TAPSE, Tricuspid Annular Plane Systolic
Excursion.

for continuous variables are presented as mean and SD
or median and IQR (QI and Q3). Categorical variables
are presented as numbers and percentage. Interobserver
and intraobserver reproducibility was assessed using
Bland-Altman analysis.”' Analyses/ comparisons of strain
values between groups of patients were made using linear
regression analysis. Analyses/comparisons of strain values
between myocardial segments were made by applying
random intercept models. All models were adjusted for
the presence of left bundle branch block (LBBB). Spear-
man’s correlation coefficient (r, rho) was used to assess
correlations between global strain values and native T1.
Statistical significance was defined as p<0.05.

RESULTS

Clinical and general CMR characteristics of DCM patients
Detailed clinical characteristics of the study population
are provided in table 1 and detailed CMR characteristics
are listed in table 2. Analysis of LV function and volumes
was not possible in one patient due to inadequate quality

LVEDVi (mL/m?)
LVESVi (mL/m?)

LV Mass Index (g/m?
RVEF (%)

163.31+£33.61 (n missing=1)
129.69+35.26 (n missing=1)
53.70+13.43 (n missing=1)
44+15.78 (n missing=1)

RVEDVi (mL/m?) 55.79+24.38
RVESVi (mL/m?) 33.20+19.33
LAVi (mL/m?) 59.82+24.74 (n missing=3)
RAVi (mL/m?) 40.84+20.90
LGE
Yes 19 (48.7%)
No 16 (41.0%)
na 4 (10.3%)
LGE mass (g) 6.76 (+ 6.18)
LGE mass (%) 7.83 (+ 6.54)
T1 native midventricular (ms)
1.5T (n=28) 108855 (n missing=1)
3T (n=11) 1213+134
T1 native basal (ms)
1.5T (n=28) 1101+38 (n missing=1)
3T (n=11) 1265+127
Strain parameters Mean=SD
Strain parameters global (%)
LV,,-GLS -8.20+3.12
LV,,-GCS —6.62+3.03
LV,,-GRS 25.44+14.60

Values for continuous data are given as mean and SD. Values

for categorical data are given as counts and percentage of total
column number.

GCS, global circumferential strain; GLS, global longitudinal strain;
GRS, global radial strain; LAVi, left atrial volume index; LGE, late
gadolinium enhancement; LVEDVi, left ventricular end-diastolic
volume index; LVEF, left ventricular ejection fraction; LVESVi, left
ventricular end-systolic volume index; RAVi, right atrial volume
index; RVEDVi, right ventricular end-diastolic volume index; RVEF,
right ventricular ejection fraction; RVESVi, right ventricular end-
systolic volume index.

of short-axis cine images. Nineteen (49%) patients had
focal myocardial LGE.

Interobserver and intraobserver agreement of strain
measurements

Mean interobserver differences (+ SD) for global
parameters were 0.09+1.82 for LV , -GLS, -0.73+2.14
for LV, -GCS and -2.30+21.01 for LV, -GRS, respec-
tively. For segmental strain parameters, mean interob-
server differences (+ SD) were —0.21+9.03 for CS and
-0.32+39.99 for RS. Mean intraobserver differences

(+ SD) were —0.201.31 for LV, -GLS, ~0.43+1.49 for
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AHA Segment Model Segmental Circumferential Strain (%)

Figure 1

Late gadolinium enhancement (LGE) distribution
and segmental strain values. LGE distribution and segmental

LV,,,~GCS and LV, ,-GRS in dilated cardiomyopathy (DCM)
patients in a bulls-eye plot according to the American Heart
Association (AHA) segment model.'® LGE frequency per
segment is given as % of all LGE positive cases. Segmental
strain values are provided as mean values.

LV,,,-GCS and 0.69+11.26 for LV, -GRS, respectively.
For segmental RS and CS, mean intraobserver differences
(£ SD) were —0.39+4.56 for CS and 2.93+26.04 for RS.

Global myocardial strain

Mean LV, -GLS was -8.20+3.12 %, mean LV, -GCS was
-6.62+3.03%and mean LV, -GRS was 25.44+14.60%
(table 2). There was no significant correlation of native
myocardial T1 values in the basal septal myocardium
at 1.5 T or 3 T with global strain parameters (1.5 T:
LV, -GLS r=0.23, p=0.243; LV, -GCS r=0.07, p=0.739;
or LV, -GRS r=-0.17, p=0.415; 3 T: LV, ,-GLS r=-0.56,
p=0.090; LV, -GCS r=-0.07, p=0.865; or LV, .-GRS
r=0.17, p=0.668). Native mid-ventricular myocardial T1
values at 1.5 T did not show a significant correlation with
LV, ,-GLS or LV, -GCS but correlated significantly with
LV,,-GRS (r=-0.42, p=0.035).

Regional distribution of LV strain

Figure 1 demonstrates the regional distribution of
LV, RS and LV, -CS. Impairment of LV, -RS was
pronounced in the basal septal segments II and III
(figure 1, online supplemental table 1), whereas the
adjacent mid-ventricular septal segments, basal ante-
rior and inferior as well as basal lateral segments had

preserved mean LV, -RS values (figure 1). According to
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Figure 2 Mean model-based LV,,,-RS value of the average
of the basal septal segments Il and Ill and the average of
the other myocardial segments. Group differences were
calculated by applying a random intercept model. Mean
LV, RS value segments lI+lI: 4.89 (-1.55 to 11.34) %,
mean LV, -RS value segments I+IV — XVI: 21.20 (17.36 to
25.05) %, p<0.001.

the applied model, there was a significantly lower mean
LV, -RS value of the average of the basal septal segments
IT and III (4.89 (-1.55 to 11.34) %) compared with the
average of the other myocardial segments (21.20 (17.36
to 25.05) %; p<0.001) (figure 2) after adjusting for focal
myocardial fibrosis and left-bundle branch block (LBBB).
Mean model-based LV, -CS values were overall higher in
the lateral myocardial segments. The highest values were
found in the basal lateral segments V (-10.83 (-13.87,
-7.34) %) and VI (-12.76 (-16.37, -8.92) %) (figure 1,
online supplemental table 1).

Focal myocardial fibrosis

General and global LV characteristics

Four patients had to be excluded from this analysis due
to missing or inadequate quality of LGE images. Nine-
teen of the remaining 35 patients had focal myocardial
fibrosis on LGE images. Focal myocardial fibrosis was
most frequently located in the basal septal segments II
(n=12, 63%) and III (n=13, 68%) (figure 1). Mean LGE
extent of LGE-positive patients was 6.76 (+ 6.18) g or 7.83
(+ 6.54) % of total myocardial mass. The predominant
pattern were ‘mid-wall’ linear scarring (n=7, 36%) and
focal scarring at RV insertion points (n=6, 32%). There
were no significant differences in any demographic and
general CMR-derived parameters between patients with
and without focal myocardial scar (table 3). According
to the applied model adjusted for LBBB, the presence
of any LGE did not have a significant effect on global
strain values (LV , -GLS: p=0.625; LV, -GCS: p=0.802;
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Table 3 Clinical, general CMR and global strain parameters of DCM patients with (+) and without (-) LGE

LGE + (n=19) LGE - (n=16) P value
Clinical parameters (unit) Mean=SD/number (percentage) Mean+SD/number (percentage)
Age at MRI (years) 52+17 49+12 0.52?
Sex (male) 15 (78.9%) 13 (81.3%) 1.00'
Heart rate (beats/min) 77+14 (n missing=2) 849 (n missing=2) 0.13?
NYHA Class 0.16'
0 3(15.8%) 1 (6.3%)
| 1(5.3%) 2 (12.5%)
Il 2(10.5%) 7 (43.8%)
1l 10 (52.6%) 5(31.3%)
v 3(15.8%) 1 (6.3%)
Atrial fibrillation 1.00'
Yes 4(21.1%) 4 (25.0%)
No 15 (78.9%) 12 (75.0%)
Intraventricular block 0.56'
Yes 5 (26.3%) 3(18.8%)
No 14 (73.7%) 13 (81.2%)
NT-proBNP (pg/mL) 6142+6139 (n missing=2) 3524+3328 0.14?
GFR (mL/min) 8019 (n missing=2) 86+18 (n missing=4) 0.35°
QRS duration (ms) 110+23 (n missing=1) 113+25 0.72?
EF echocardiography (%) 22+8 25+8 0.38?
TAPSE (mm) 17+6 (n missing=2) 18+4 (n missing=1) 0.79?
General CMR parameters (unit) Mean+SD Mean+SD
LVEF (%) 218 (n missing=1) 22+8 0.992
LVEDVi (mL/m2) 165.74+38.62 (n missing=1) 162.68+28.03 0.80
LVESVi (mL/mz) 131.88+41.96 (n missing=1) 128.14+28.12 0.77°
LV Mass Index (g/m?) 54.11+16.67 (n missing=1) 54.51+10.34 0.94°
RVEF (%) 4316 (n missing=1) 46.13£17.18 0.64
RVEDVi (mL/mZ) 56.10+23.52 54.54+24.18 0.85
RVESVi (mL/m?) 33.12+18.01 32.24+20.72 0.90
LAVi (mL/m?) 63.76+18.96 (n missing=2) 55.91+26.31 (n missing=1) 0.34?
RAVi (mL/m?) 41.35+20.17 40.44222.50 0.90°
T1 native (ms) midventricular
1.5T (n=26) n=16 n=10 0.87°
108666 1090+36
3T (n=8) n=3 n=5 0.08%
1335+20 1154+143
T1 native (ms) basal
1.5T (n=26) n=16 n=10 0.65
1098+43 1105+31
3T (n=8) n=3 n=5 0.08%
1368+32 1211+153
Strain parameters global (%) Mean+SD Mean+SD
LV,,-GLS -8.55+3.48 ~7.89+2.78 0.55°
LV,,,-GCS —6.84+3.21 (n missing=1) —6.48+3.15 (n missing=1) 0.75
LV,,,-GRS 27.62+13.64 (n missing=1) 25.32+15.54) (n missing=1) 0.65°

Values for continuous data are given as mean and SD. Values for categorical data are given as counts and percentage of total column number. Group differences
were calculated with: 'Fisher’s exact test for categorical data or. t-test for independent samples for continuous data. Statistically significant results: t, p < 0.1; *,
p <0.05; ** p, <0.01; ™ p, < 0.001. Note: four patients had to be excluded from analysis due to missing (n = 3) or inadequate quality of PSIR sequences (n = 1).
CMR, cardiovascular MRI; GCS, global circumferential strain; GFR, glomerular filtration rate; GLS, global longitudinal strain; GRS, global radial strain; LGE, late
gadolinium enhancement; LV, left ventricular; NT-proBNP, N-terminal prohormone of the brain natriuretic peptide; PSIR, phase-sensitive inversion recovery.

Chevalier C, et al. Open Heart 2022;9:€002013. doi:10.1136/openhrt-2022-002013 5



Open Heart 8

40 | |

g

[\
S
|
I

10 -

LV_SAX_RS_Se

-10 | |
no LGE LGE

Figure 3 Mean model-based segmental LV,,,-RS values
of myocardial segments with and without late gadolinium
enhancement (LGE). Group differences were calculated

by applying a random intercept model. Mean LV, ,-RS in
myocardial segments with LGE: 17.65 (10.37 to 24.93) %,
mean LV, -RS in myocardial segments without LGE: (19.40
(15.43 to 23.37) %), p=0.630.

LV, -GRS p=0.722). There was also no significant effect
of mid-wall linear LGE on global strain values compared
with non-mid-wall LGE (LV, , -GLS: p=0.603; LV, -GCS:
p=0.826; LV, .-GRS p=0.744) or to no LGE (LV ,,-GLS:
p=0.868; LV, -GCS: p=0.510; LV, -GRS p=0.801). There
was a mean basal myocardial T1 at 1.5 T of 1101+38 ms
and mean myocardial T1 at 3 T of 1265+127 ms. Mean
mid-ventricular myocardial T1 was 1088+55 ms at 1.5 T

and 1213+134 ms at 3.0 T (table 2).

Regional characteristics

There were 76 (13.6 %) myocardial segments with and
484 (86.4 %) myocardial segments without focal myocar-
dial scar. According to the applied model, myocardial
segments with LGE had a lower mean LV, -RS (17.65
(10.37 to 24.93) %) than myocardial segments without
LGE (19.40 (15.43 to 23.37) %) (figure 3). The presence
of LGE was associated with a mean decrease in LV, -RS
of -1.75% (CI -8.81 to 5.53 %). However, this effect
was not significant after adjusting for LBBB (p=0.630).
An analysis focused on the basal septal segments II and
III showed a model-based mean LV,,,-RS of 8.89 (1.98
to 15.80)% in segments IT and III with LGE compared
with a model-based mean LV, -RS of 4.04 (-0.96 to
9.05) % in segments II and III without LGE. There was
no significant effect of the presence of LGE on LV, -RS
values (p=0.253). Furthermore, there was no significant
association of mean LV, -CS values and LGE (p=0.661).
Mean LV, -CS and LV, -RS values for each segment in
comparison to LGE distribution are provided in figure 1.

DISCUSSION

In this study, we describe global and segmental myocar-
dial strain patterns by CMR-FT in a population of DCM
patients with severely reduced LVEF. Briefly, we observed
a coincidence of impaired radial strain and focal myocar-
dial fibrosis in the basal septal LV myocardial segments
in these patients. However, we did not find a general,
significant effect of focal myocardial fibrosis on regional
or global strain in our cohort.

Global myocardial strain

Overall, DCM patients had impaired LV, -GLS,
LV,,,-GCS and LV, -GRS (table 2) compared with
reference values in healthy individuals using the same
method,'® corresponding to a severely reduced LVEF
with a mean of 21%+8% (table 1). Reference values for
global strain measurements from a recent publication of
our group using an identical approach were as follows:
median LV, -GLS: -235 (-25.5, —22.0) %, median
LV, -GCS: -23.3 (-27.9, -21.1) %, median LV, -GRS:
119.6 (91.3, 143.7) %."® While EF mostly depends on
radial myocardial function, strain also reflects longitu-
dinal and circumferential function.”” In DCM, myocar-
dial damage is not limited to one myocardial layer, but
involves all layers.”” An evaluation of strain characteristics
independent from other functional parameters such as
EF therefore could offer additional value. One study, for
example, reported LV GLS as independent predictor of
mortality in ischaemic and non-ischaemic DCM, incre-
mental to EF'" Another study in DCM patients showed
that reduced GLS in CMR-FT was an independent
prognostic marker for a composite cardiac endpoint of
cardiac death, heart transplantation, and aborted SCD
and was a superior risk predictor compared with NYHA
and EF.** A recent CMR study involving 350 DCM patients
could show a prognostic value of other global LV strain
parameters besides GLS as well.”” Thus, strain assessment
via CMR-FT could improve risk stratification for DCM
patients in addition to other parameters.** %

Analysis adjusted for the presence of LBBB did not
reveal a significant effect of LGE on global strain values
(table 8). LGE has been described in 12%-35% of DCM
patients, most frequently as ‘mid-wall’ linear LGE.*® LGE
has proven to be an independent prognostic marker
for adverse cardiac events including all-cause mortality,
future hospitalisation and sudden cardiac death.* ™ To
the best of our knowledge, only two studies have investi-
gated the relationship of fibrosis and strain via CMR-FT
in DCM so far. Csecs et alfound no significant difference
in global LV strain parameters between LGE-positive and
LGE-negative patients, similar to our results. The analysis
of patients with septal fibrosis, however, revealed more
severely reduced GCS and GRS, but not GLS, compared
with patients without septal scarring.” Taylor et al found
thatthe presence of mid-wall fibrosis significantlyimpaired
GCS, while GLS and GRS were not affected.* We did not
observe a significant effect of the presence of mid-wall
linear LGE on LV, GRS values compared with no LGE
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Figure 4 Late gadolinium enhancement (LGE) and myocardial deformation in a patient with dilated cardiomyopathy (DCM).
LGE in a basal septal midwall linear pattern in DCM (A). Diastolic phase in DCM, impaired relaxation of LGE-positive myocardial
segments (B). Systolic phase in DCM, impaired contraction of LGE-positive myocardial segments (C). Note, length of arrows

displays relative extend of deformation.

or non-mid-wall LGE (p=0.801 and p=0.744, respectively).
This finding could be explained by confounding effects
of diffuse myocardial scarring that could have blurred
effects of focal LGE. However, since the CMR protocol
did not routinely include post-contrast T1 mapping, we
could not assess ECV as additional marker for diffuse
fibrosis to further evaluate this point. Diffuse fibrosis is
thought to play an essential role in myocardial remod-
elling in DCM™ and previous studies have detected the
latter in DCM via T1 mapping.gg_35 Abnormalities in T1
relaxation times have been found already at early stages
of the disease when changes in EF were only mild,® and
were found to be associated with all-cause mortality.”® In
a CMR-FT analysis by Mazurkiewicz et al., LV circumfer-
ential strain rate and RV radial strain rate were indepen-
dent predictors of large amounts of LV and RV fibrosis
assessed by T1 mapping in 27 DCM patients.37 Another
study using CMR tagging found a significant correlation
between the amount of fibrosis assessed by T1 mapping
and circumferential strain in DCM patients,38 while
Chen et al could only show a weak correlation between
T1 values and CMR-FT strain parameters in patients with
severe DCM.™

Regional myocardial strain pattern
Mean LV, -RS was most profoundly reduced in the basal
septal segments II and III (figure 1). This reduction
in strain was localised as LV, -RS was preserved in the
adjacent mid-ventricular septal segments, basal anterior
and inferior as well as basal lateral segments (figure 1).
LV,,RS values were significantly lower in the basal
septal segments compared with the other myocardial
segments. LV, -CS demonstrated a less distinct distribu-
tion pattern, but was overall higher in the lateral myocar-
dial segments compared with the septum (figure 1). To
our knowledge, an entity-specific strain pattern in DCM
has not been described so far. One study using speckle
tracking echocardiography (STE) reported higher apical
regional LS and lower basal regional LS in non-ischaemic
cardiomyopathy patients compared with ischaemic cardi-
omyopathy patients.*” However, this study did not focus

on DCM patients exclusively.

Association of regional myocardial strain and focal
myocardial scar

Although there was a coincidence of impaired LV, -RS
and focal myocardial fibrosis in the basal septal myocar-
dial segments, we did not find a significant effect of focal
myocardial fibrosis on regional strain. This finding could
be related to diffuse myocardial alterations, which were
not detectable by LGE (table 2). Figure 4 illustrates the
distribution of basal septal scarring and regional LV, -RS
in a patient of our study population. To the best of our
knowledge, this is the first study to evaluate the relation-
ship of focal myocardial fibrosis and segmental strain
values in DCM. However, the subject has been studied
in other entities, such as postfontan single ventricle
patients. Here, patients with myocardial fibrosis had
decreased local CS determined by myocardial tagging
analysis.”" A study of CMR-FT in paediatric hypertrophic
cardiomyopathy (HCM) patients showed lower regional
strain in the septum with focal myocardial scar compared
with the free wall without focal myocardial scar.** Another
study in competitive athletes with normal LVEF showed
reduced segmental RS in LGE-positive segments or in
directly adjacent segments.* Additionally, a study using
STE and comprising 30% of DCM patients within the
study population reported that approximately 70% of
LGE-positive segments had concomitant LS reduction.**
Regional strain values, in particular, seem to be more
useful than global strain values as fibrosis is often subtle
and localised.

Limitations and future research

We acknowledge the following limitations: first, our study
comprises a small sample size and does not address a
possible prognostic value of the described strain patterns.
Studies investigating a prognostic benefit have mainly
focused on GLS and data concerning GCS and GRS are
still scarce. Our results should therefore be confirmed in
a larger cohort and a longitudinal study and extended to
the assessment of a potential prognostic impact of strain
patterns in DCM. Second, the technique of CMR-FT still
needs further validation. While CMR-FT has shown good
reproducibility for global strain values,* the reproduci-
bility for segmental strain values seems to be limited.” *®
Third, as the CMR protocol did not routinely include
postcontrast MOLLI sequences, we could not assess ECV
as marker for diffuse fibrosis next to LGE as marker for
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focal fibrosis, which would have been useful to investigate
the issue of more profoundly reduced LV, -RS in the
basal septal segments.

Additionally, it would be interesting to analyse strain
patterns in DCM patients at early disease stages with only
mild to moderate reduction in LVEF as GLS is thought
to be an earlier disease marker in DCM compared with
LVEF.1047

One potential future clinical application could also
be the assessment of borderline candidates for primary
prophylactic ICD implantation. Considering studies
such as the Danish Study to Assess the Efficacy of ICDs
in Patients with Non-Ischemic Systolic Heart Failure on
Mortality (DANISH),* risk stratification of these patients
needs to be improved. In this regard, strain parameters
could serve as additional risk predictors.

CONCLUSION

Our findings revealed a coincidence of impaired radial
strain and focal myocardial fibrosis in the basal septal LV
myocardial segments of patients with DCM. Regardless of
this pattern, we did not find a general, significant effect
of myocardial fibrosis on strain in our cohort. Future
studies are required to assess the potential prognostic
implications of myocardial strain patterns in addition
to the assessment of myocardial fibrosis in patients with
DCM.
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