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Abstract Myocardial fibrosis is a risk factor for sudden
cardiac death in hypertrophic cardiomyopathy (HCM) and
is conventionally identified by cardiac magnetic resonance
imaging (CMR) using late gadolinium enhancement
(LGE). This study evaluates utility of a novel 16-segment
CMR feature tracking (CMR-FT) technique for measuring
left ventricular (LV) strain (S) and strain rate (SR) on non-
contrast cine images to detect myocardial fibrosis in pedi-
atric HCM. We hypothesized that CMR-FT-derived S and
SR will accurately differentiate HCM patients with and
without myocardial fibrosis. Consecutive children with
HCM who underwent CMR with LGE at our institution
from 2006 to 2014 were included. Global and regional
longitudinal, radial and circumferential S and SR of the LV
in 2D and 3D were obtained using a CMR-FT software.
Comparisons were made between HCM patients with
(+LGE) and without (—LGE) delayed enhancement. Of
the 29 HCM patients (mean age 13.5 £ 6.1 years; 52 %
males), 11 (40 %) patients (mean age 17.5 + 8.4 years)
had +LGE. Global longitudinal, circumferential and radial
S and SR were lower in +LGE compared to —LGE
patients, in both 2D and 3D. Regional analysis revealed
lower segmental S and SR in the septum with fibrosis
compared to free wall without fibrosis. A global
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longitudinal S of < —12.8 had 91 % sensitivity and 89 %
specificity for detection of LGE. In pediatric HCM patients
with myocardial fibrosis, global LV longitudinal, circum-
ferential and radial S and SR were reduced, specifically in
areas of fibrosis. A global longitudinal S of < —12.8
detected patients with fibrosis with high degree of accu-
racy. This novel CMR-FT technique may be useful to
identify myocardial fibrosis and risk-stratify pediatric
HCM without use of contrast agents.
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Abbreviations

CMR Cardiac magnetic resonance
FT Feature tracking

HCM Hypertrophic cardiomyopathy
LGE Late gadolinium enhancement
LV Left ventricle

SCD  Sudden cardiac death

SSFP  Steady-state free precession
S Peak systolic strain

SR Peak systolic strain rate

TDI  Tissue Doppler imaging

Introduction

Hypertrophic cardiomyopathy (HCM) is the most common
heritable cardiovascular disorder with a population preva-
lence of 1:500 and is a leading cause of sudden cardiac
death (SCD) in young [4, 23]. Myocardial fibrosis is
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commonly seen in HCM and is associated with ventricular
tachyarrhythmias, diastolic dysfunction, heart failure and
SCD [4, 9, 36, 40, 41].

Late gadolinium enhancement (LGE) on cardiac mag-
netic resonance imaging (CMR) is the reference standard
for noninvasive assessment of myocardial fibrosis in HCM
[1, 25]. CMR-derived LGE is an independent risk factor for
adverse cardiac events in HCM patients [5, 8, 27]. Despite
a favorable safety profile, the use of gadolinium-based
contrast agents (GBCA) mandates placement of an intra-
venous line, increases scan time and is contraindicated in
patients with impaired renal function. In addition to the
more common reports of allergy and anaphylactic shock
seen with contrast agents, GBCA is specially associated
with a rare but debilitating condition—nephrogenic sys-
temic fibrosis in patients with renal insufficiency and multi-
organ dysfunction [10].

Recently, CMR myocardial feature tracking (FT), a
technique similar to echocardiographic speckle tracking,
has been described [22]. CMR-FT allows the tracking of
tissue voxel motion of CMR cine steady-state free pre-
cession (SSFP) images to derive wall mechanics and strain
(S) without acquisition of additional sequences [17]. CMR-
FT has been validated against traditional myocardial tag-
ging methods with good agreement between CMR-FT and
harmonic phase imaging [3, 16]. Recently, its use in
determining quantitative wall motion assessment for the
detection of transmural scar in post myocardial infarction
patients as well as for identification of myocardial fibrosis
in patients with Duchenne muscular dystrophy has been
demonstrated [21, 32, 33]. To date, no comparable studies
have assessed the utility of CMR-FT for the detection of
LGE in patients with HCM. In the current study, we sought
to apply a novel 16-segment CMR-FT technique of left
ventricular (LV) S and strain rate (SR) on non-contrast cine
MR images to detect myocardial fibrosis as defined by
LGE-CMR in pediatric HCM. We hypothesized that CMR-
FT-derived S and SR will accurately differentiate subjects
with and without myocardial fibrosis.

Materials and Methods
Study Cohort

This single-center retrospective cohort study included all
consecutive HCM subjects <25 years of age with pheno-
typic or genotypic HCM who underwent clinically indi-
cated CMR with LGE at our institution between January
2006 and December 2014. HCM was defined as a positive
genetic test result for a mutation known to be associated
with HCM or the presence of echocardiographic findings
including asymmetric  septal  hypertrophy, septal
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hypertrophy with systolic anterior motion of the mitral
valve or total left ventricular mass >2 standard deviations
above the mean for body surface area without an identifi-
able cause [13]. Those with coexisting congenital heart
disease, an underlying syndrome or storage disorder pre-
disposing to secondary HCM were excluded. The insti-
tute’s CMR database was used to identify the study cohort.
This study was approved by our institutional review board.

Patient medical records were reviewed for demographic
data, family history, New York Heart Association (NYHA)
functional class, implantable cardioverter-defibrillator
placement (ICD) and genetic testing.

CMR Imaging
CMR Imaging Protocol

CMR studies were performed on a 1.5-T GE (General
Electric Healthcare; Milwaukee, WI, USA) system, with an
appropriate torso or cardiac-phased array coils according to
body size. All studies were performed utilizing breath-
holding when possible, to limit motion artifact. For subjects
who could not adequately breath-hold, a free breathing
technique with multiple signal averaging was used. Fol-
lowing a three-plane localizer, electrocardiogram-triggered
segmented k-space fast-spoiled gradient-recalled cine
sequences (SSFP) were performed in two- and four-cham-
ber planes followed by 12 contiguous short-axis slabs per-
pendicular to the long axis of the left and right ventricle
from base to apex (slice thickness 6-8 mm, interslice space
0-2 mm). LGE imaging was performed using inversion
recovery prepared gradient-echo sequence 8—10 min after
intravenous bolus of 0.2-mmol/kg GBCA in the short-axis
and four-chamber planes [30].

Ventricular Volumetry and Global Functional Data

Ventricular volumes, mass and global function were
assessed via standard planimetry techniques using semi-
automated commercially available computer software
(QMASS v.6.1.6, Medis Medical Imaging Systems,
Netherlands). LV volumes, ejection fraction and myocar-
dial mass were measured, and presence and absence of
LGE and its location were recorded. End-diastolic and end-
systolic phases were selected manually, with end-diastole
defined as the phase with the largest right ventricular (RV)
and LV area and end-systole as the phase with the smallest
RV and LV area. Tracing was performed manually on each
end-diastolic and end-systolic short-axis view. Ejection
fraction for each ventricle was calculated by the following
equation EF = EDV — ESV/EDV. The epicardial borders
of the LV and RV were outlined at end-diastole for
determination of ventricular mass
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CMR-FT Analysis

CMR-FT analysis was performed using a novel commer-
cially available software (cvi42 version 5, © Circle Car-
diovascular Imaging Inc., Calgary, Alberta, Canada). Two-
and four-chamber and short-axis images were uploaded
into the software which reconstructs a 3D model that is
used for analysis of 2D and 3D longitudinal, radial and
circumferential S and SR. The preferred images were
loaded into the analysis/viewer frame of the software and
analyzed in a random order by two investigators (SB, SM)
blinded to the MRI findings. FT analysis was done manu-
ally by delineating the endocardial and epicardial surface in
end-diastolic phase. Short-axis stacked slices were used to
analyze the apical, mid-ventricular and basal LV longitu-
dinal, radial and circumferential S and SR in 2D and 3D.
For a regional and global analysis of S and SR and the
generation of polar map views, a short-axis reference point
was manually defined at the RV upper septal insertion of
the LV. Analysis of the S and SR was computed auto-
matically in all slices by the software in 2D as well as 3D
(Fig. 1).

We used the software to analyze S and SR results, in
both 2D and 3D, using the AHA 17-segment model for
assessment of regional and global myocardial mechanics in
our subjects [7, 30]. Due to inconsistent tracking of cardiac
apex and absence of apical HCM subjects in this cohort, we
excluded the apex and used a 16-segment model (six basal,
six mid ventricular and four apical segments) for the study.

EELE ]

DOFH E4smm

Peak Radial Strain (%)
117.2 mm (AHA)

Global S and SR measurements were calculated by soft-
ware using the average of the peak values of the 16 seg-
ments, for both 2D and 3D models.

Statistical Analysis

Data are presented as mean £ SD or median (IQR)
depending on the assumption of normality. Categorical
variables are summarized using frequency and percentage.
Comparisons of demographic, clinical, echocardiographic
and CMR characteristics between the LGE and no-LGE
groups were performed using T test or Wilcoxon sign rank
test for continuous scale of measurements and Fisher’s
exact test for categorical variables. Statistical significance
was defined as a p value <0.05. Regional myocardial
deformation for the septum versus lateral free wall was
compared using the average of basal and mid-ventricular
septal and lateral segments, respectively. Evaluation of the
distribution of S and SR at basal septal versus basal free
wall among +LGE and —LGE cohorts were performed
using target plot analysis [24].

The accuracy of the diagnostic test (S and SR) is mea-
sured using sensitivity, specificity, positive predictive
valve (PPV) and negative predictive valve (NPV).
Receiving operating characteristics (ROC) curve analysis
was used to determine optimal cutoff value to predict
presence or absence of LGE among subjects with HCM.

For the purpose of analyzing the relationship between
segmental S/SR and LGE, we divided the 3D septal

Peak Circumferential Strain (%)

Peak Longitudinal Strain (%)
117.2 mm (AHA)

117.2 mm (AHA)
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Fig. 1 Color map of CMR-FT-derived 3D S and SR in 16-segments and 3D LV model depicting reduced strain in the hypertrophied septum
(blue and yellow area in right lower corner image). CMR cardiac magnetic resonance, FT feature tracking, S strain, SR strain rate
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longitudinal S and SR into four quartiles; with quartile 1
including the least negative and most abnormal S and SR,
and quartile 4 the most negative S and SR. Occurrence and
distribution of LGE in each quartile was analyzed. All
statistical analyses were performed using the SAS® 9.4
(SAS Inc. N.C. USA).

Results

A total of 29 HCM subjects (15, 52 % males) at a mean age
of 13.5 £ 6.1 years at the time of their CMR were inclu-
ded in the study (Table 1). The majority of subjects were
asymptomatic, with no subjects in NYHA class III or IV
classes. All 29 subjects had normal LV systolic function
with a mean ejection fraction of 74 4+ 6.1 %. Apart from
one subject with diffuse concentric hypertrophy, all other
subjects had reverse septal HCM with the maximum LV
wall thickness ranging from 13.5 mm to 52 mm. LGE was
observed in 11 (40 %) subjects (mean age of
17.5 £ 8.4 years). Comparison based on the presence or
absence of LGE (4+LGE vs. —LGE groups) is outlined in
Table 1. No differences were observed between the +LGE
and —LGE groups in age, gender, body surface area, family
history of HCM or past history of aborted SCD. Compared
to —LGE subjects, +LGE subjects were more likely to
have an ICD (p = 0.04).

CMR functional data of the entire cohort, and +LGE
and —LGE cohorts are summarized in Table 2. There was
no difference in CMR-derived LV and RV end-diastolic,
end-systolic volumes and ejection fraction between the
+LGE and —LGE cohorts. Subjects with LGE had more
severe hypertrophy compared to those without, exhibiting

significantly higher maximum LV wall thickness
(34.4 £ 7.8 vs.20.0 £ 6.3 mm, p < 0.01) and indexed LV
mass z score (6.6 + 4.1 vs. 2.8 + 3, p < 0.01).

There were significant differences in peak systolic glo-
bal and regional S and SR between the +LGE and —LGE
cohorts (Table 3). Compared to —LGE subjects, +LGE
subjects had lower global longitudinal, radial and circum-
ferential S and SR, in both 2D and 3D by CMR-FT
(Fig. 2). On ROC analysis, a global 3D longitudinal S
of < —12.8 predicted the presence of LGE with a sensi-
tivity of 91 % (95 % CI 58.7-99.8 %), specificity of 89 %
(95 % CI 65.3-98.6 %) and AUC of 0.899 (95 % CI
0.78-1.00), Fig. 3. Subjects with global 3D longitudinal S
of < —12.8 were 80 times more likely to have LGE (odds
ratio 80.0, 95 % CI 6.39 to infinite, p = 0.0007).

Regional analysis of S and SR, likewise, yielded signif-
icant differences between the septum and LV free wall, in
both 2D and 3D (Table 4). All +LGE subjects had mark-
edly decreased longitudinal, radial and circumferential S
and SR in the fibrotic septum compared to LV free wall
without fibrosis (p < 0.01 for all) (Fig. 4). The distribution
of LGE is summarized in Fig. 5. The anteroseptal and
inferoseptal LV segments were most commonly involved
(19/23, 83 %), followed by the anterior (2/23, 9 %) LV
segments. One patient had involvement of the septum as
well as LV free wall (1/23, 4 %). The relationship between
segmental 3D longitudinal S and LGE is depicted in Fig. 6.
The segments with LGE had the lowest segmental S values.
In the lowest S quartile (quartile 1) 78 % had LGE. Figure 7
demonstrates the segmental differences in S between septal
and LV free wall. The segmental longitudinal S was sig-
nificantly reduced in areas with LGE (septum) compared to
opposing non LGE segments in LV free wall.

Table 1 Demographics of

cohort, +LGE and —LGE Clinical characteristics Total (n =29) +LGE (n=11) —LGE (n=18) p value
cohorts Age at CMR (years) (mean + SD) 145+ 74 174 + 84 127 +63 0.096
Males (%) 15 (52 %) 7 (64 %) 8 (44 %) 0.316
Type of HCM
Obstructive 9 (31 %) 5 (45 %) 4 (22 %)
Non-obstructive 20 (69 %) 6 (55 %) 14 (78 %)
Body surface area (mz) (mean &= SD) 1.51 £ 0.6 1.55 £ 0.5 1.49 £ 0.7 0.825
NYHA class
Class 1 21 (72 %) 9 (82 %) 12 (67 %)
Class 11 8 (28 %) 5 (18 %) 3 (33 %)
Class III-IV 0
Family history of HCM (%) 10 (36 %) 4 (40 %) 6 (33 %) 1.000
Family history of SCD (%) 7 (25 %) 2 (20 %) 5 (28 %) 1.000
Aborted SCD (%) 2 (7 %) 2 (20 %) 0 0.119
ICD placement (%) 11 (38 %) 7 (70 %) 4 (22 %) 0.020

CMR cardiac magnetic resonance, HCM hypertrophic cardiomyopathy, NYHA New York Heart Associa-
tion, ICD intracardiac defibrillator, SCD sudden cardiac death
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Table 2 CMR volumetric

findings for the study cohort and Total (n = 29) +LGE (n = 1D —LGE (n =18) p value

+LGE versus —LGE cohorts CMR data
LVEDVi (mL/m?) 103.5 + 41.9 1104 £ 235 99.3 + 50.3 0.43
LVESVi (ml/m?) 38.1 + 144 274 + 10.8 27.5 £ 16.6 0.78
LV ejection fraction (%) 74+ 6 72+ 8 75+ 6 0.15
LV mass z score 438 + 3.9 6.6 + 4.1 2.8 £ 3.1 <0.01
RV EDVi (ml/m? 89.6 + 41.9 82.7 £ 39.6 91.3 + 23.7 0.981
RV ESVi (ml/m? 40.1 + 18 437 + 16.1 414 £+ 15.3 0.862

CMR cardiac magnetic resonance, LGE late gadolinium enhancement, LV left ventricle, LVEDVi left
ventricular end-diastolic volume indexed to body surface area, LVESVi left ventricular end-systolic volume
indexed to body surface area, RVEDVi right ventricular end-diastolic volume indexed to body surface area,
RVESVi right ventricular end-systolic volume

Table 3 2D and 3D global

radial, circumferential and Total (n = 29) +LGE (n = 10) —LGE (n = 18) p value
longitudinal strain and strain D
rate for +LGE and —LGE .
cohorts Strain
Radial 256 £ 6 19.7 + 3.8 29.1 £ 3.9 <0.0001
Circumferential —16 £ 5.7 —122+29 —189 £29 <0.0001
Longitudinal —3.6 £33 —-14£1.1 —49 £ 35 0.0004
Strain rate
Radial 1722 £ 52.5 136.5 £ 24.7 1953 £ 53.2 0.0003
Circumferential —134.7 £ 335 —104.7 £ 16.5 —154.2 + 26.4 <0.0001
Longitudinal —32.5+ 404 —9.7 £ 25.1 —47.3 £ 42.1 0.0003
3D
Strain
Radial 142 + 4.8 9.3 +28 17.3 £ 2.7 <0.0001
Circumferential —142 £33 —10.7 £ 2.1 —-163 £ 1.7 <0.0001
Longitudinal —132 +£32 —-99+21 —15.1 £ 19 <0.0001
Strain rate
Radial 112.3 £ 34.8 79.1 £ 11.9 133.8 £ 28.7 <0.0001
Circumferential —117 £ 22.3 —95.1 £ 11.5 —131 + 14.7 <0.0001
Longitudinal —1145 £ 244 —92 +17.2 —129.1 £ 15.6 <0.0001

LGE late gadolinium enhancement

Discussion

Our study demonstrates the ability of CMR-FT-derived S
and SR to discriminate HCM patients with +LGE from
—LGE. Unlike previous CMR-FT studies using single slice
in various planes for evaluation of myocardial deformation,
in this study we used a novel CMR-FT technique that uses
the entire LV myocardium to generate an AHA 16-segment
model of the entire LV for measurement of 2D and 3D S
and SR [11, 18, 29, 43]. Our study has two key findings.
First, +LGE patients had significantly reduced global 2D
and 3D S and SR. Second, the area of myocardial fibrosis
in the ventricular septum had the lowest segmental S and
SR. These two findings makes this novel CMR-FT a
promising technique for not only identifying patients with

myocardial fibrosis but also helping localize the area of
myocardial fibrosis based on segmental reduction in
myocardial deformation without the need for GBCA. A
global 3D longitudinal S cutoff value of <12.8 was asso-
ciated with a high degree of accuracy for the detection of
areas of myocardial fibrosis.

Myocardial deformation analysis evaluates ventricular
mechanics by quantifying S and SR. Myocardial S is the
normalized, dimensionless measure of deformation of a
segment of myocardium in response to an applied force
[14]. The myocardial segments being a 3D structure can
deform along 3 planes (x-, y-, and z-axes), known as normal
strains, and 6 shear strains. However, for practical pur-
poses, a simplified linear strain model is commonly used in
deformation analysis. S is defined by the change in length
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Fig. 2 Boxplots showing reduced 2D and 3D global radial, circumferential and longitudinal strain in +LGE compared to —LGE patients
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Fig. 3 Receiver operating characteristic (ROC) curve of 3D global longitudinal strain for detection of LGE

divided by the original length (S = AL/LO, AL = change  or circumferentially and is positive with radial thickening.
in length, and LO = original length) [14]. S can be mea- SR, the time derivative of S, has been shown to correlate
sured in longitudinal, radial and circumferential directions. with left ventricular (LV) peak elastance, which is a load-
S is a negative when the ventricle shortens longitudinally  independent global measure of ventricular systolic function
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;”[::\?ili)zile, ‘c‘:irigmaflfl:(rjeigafeagr:gnal Mean +LGE —LGE p value
longitudinal strain and strain D
rate for +LGE and —LGE . .
cohorts Strain Septal Radial 11 +£2.8 19.1 £ 4.8 0.0003
Circumferential —-82+127 —14.1 £32 <0.0001
Lateral Radial 25.1£63 332+ 6.5 0.006
Circumferential —14.5 £ 5.1 —21.8 £3.7 0.0004
Strain rate Septal Radial 105.6 £ 30.8 153.6 £ 58 0.019
Circumferential —854 + 182 —131 £ 435 0.0004
Lateral Radial 168 £+ 31.6 221.3 £ 48.5 0.002
Circumferential —132.4 + 229 —1742 + 325 0.001
3D
Strain Septal Radial 63 +28 13.3 £ 39 <0.0001
Circumferential —82+£125 —132 +£25 <0.0001
Longitudinal -72+19 —122 +£25 <0.0001
Lateral Radial 12.6 £ 34 20 + 4 <0.0001
Circumferential —11.8 £ 3 —-19+£3 0.0006
Longitudinal —11.5+ 35 —17.1 £ 25 0.0002
Strain rate Septal Radial 61.3 £ 13.7 102.7 £ 36.2 <0.0001
Circumferential —75.8 £ 16.4 —108.1 + 16.8 0.0002
Longitudinal —70.4 + 23 —105.6 + 27 0.0006
Lateral Radial 95.1 £ 14 153.6 £ 33.5 <0.0001
Circumferential —111 £ 16.7 —144.8 £ 22.6 0.0008
Longitudinal —105.5 £ 14.2 —147 £ 19.6 <0.0001
LGE late gadolinium enhancement
Fig. 4 Vector plot of mean 3D Anterior

longitudinal strain in the basal
segments demonstrating
reduced strain in all segments in
+LGE compared to —LGE.
Septal strain was lower
compared to lateral wall in the
entire cohort; however, it was
more pronounced in +LGE
(arrow)
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Fig. 5 Distribution of LGE in basal and mid-cavity. The bar graph
shows anteroseptal, inferoseptal and anterior predominance of LGE,
as well as the distribution of LGE between basal and mid-cavity
segments. LGE late gadolinium enhancement, Ant-Sept anteroseptal,
Inf-Sept inferoseptal, Ant anterior, Ant-Lat anterolateral, Inf-Lat
inferolateral, Inf inferior

[15]. Various techniques have been used for S and SR
analysis, including tissue Doppler imaging, speckle track-
ing imaging and myocardial tagging with CMR. CMR-FT
is a novel technique for quantitative wall motion assess-
ment from routinely available steady-state free precession
(SSFP) cine sequences. Reasonable agreement between
speckle tracking and CMR-FT has been demonstrated [28].
Furthermore, CMR-FT agrees well with myocardial

100 I T
%
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Percent of segments with LGE

30
20

Low 2nd 3rd High
Strain
Fig. 6 Distribution of segmental LGE by quartile of CMR longitu-
dinal 3D strain and strain rate. a No segments with strain or strain rate

in the fourth (most negative) quartile had LGE. b LGE was unlikely
in segments with highest strain and strain rate. LGE was most
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tagging, which is considered the reference standard for
CMR quantitative wall motion assessment, but the former
does not require the acquisition of additional sequences
[16, 32]. Since its introduction in 2009, CMR-FT has found
widespread clinical and research applications in various
adult and congenital disorders [6, 19, 20, 28, 33]. Excellent
intra- and interobserver reproducibility has been demon-
strated for CMR-FT-derived variables [26, 39]. LV defor-
mation myocardial mechanics are altered in HCM, with
both hypertrophy and fibrosis contributing to regional and
global impairment of myocardial shortening.

Regional heterogeneity of LGE in HCM is well docu-
mented in previous echocardiographic studies, occurring
primarily in a mid-myocardial pattern, typically in hyper-
trophied areas of the septum with minimal LGE in the
lateral wall and apex [12, 31]. Similar to previous studies,
we found that LGE predominantly involved anterior and
inferior septal segments and the lateral segments were
involved less frequently and only in patients with signifi-
cant LV septal involvement. These study findings are in
line with previous echocardiographic studies using TDI and
speckle tracking technology that illustrate reduced defor-
mation in the septum versus lateral free wall in HCM
patients. Weidemann et al. were the first to demonstrate
decreased longitudinal mid-septal S and SR in a case report
of a child with nonobstructive HCM, using TDI-derived S
[42]. Subsequently, Sengupta et al. and Yang et al. [34, 43]
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common in the two lowest (most dysfunctional) strain and strain rate
quartiles. 1st quartile = least negative strain and strain rate (most
dysfunctional); 4th quartile = most negative strain and strain rate
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Fig. 7 Distribution of
segmental LGE by quartile of L
CMR longitudinal strain and
strain rate. Increased proportion
of LGE was noted in septal
segments versus LV free wall
based on analysis of all 348
segments. lst quartile = least
negative strain and strain rate
(most dysfunctional); 4th
quartile = most negative strain
and strain rate

70 |

Percent of segments with LGE
&

p=0.01

10 ¢

1st

reported the assessment of regional myocardial function in
adults with HCM, and found significantly reduced S in the
septal segments of HCM compared with controls. Similar
observations have been found in studies by Almaas et al.
and Serri et al. [2, 35] using speckle tracking imaging. The
advantages of using CMR-FT over echocardiography-
derived S and SR imaging include (1) excellent differen-
tiation between myocardial and blood pool, (2) excellent
reproducibility, (3) high potential to be integrated in clin-
ical practice since it can be performed on routine cine SSFP
images without the need for time-consuming analysis and
additional acquisition procedures and (4) validation with
traditional CMR deformation analysis using tagged har-
monic phase (HARP) analysis [16].

Our study demonstrates that the fibrotic septal myocar-
dial segments can be differentiated from the corresponding
non-fibrotic segments using CMR-FT-derived S and SR.
There is scant evidence of utility of CMR-FT in this pop-
ulation. Smith et al. [38], in a series of 54 patients (30 HCM
patients and 24 controls), demonstrated the ability of CMR-
FT in analyzing differences in S. Segments with LGE were
shown to have decreased longitudinal, radial and circum-
ferential S in basal and mid-segments. However, unlike our
study, when all segments were compared regardless of
level, segments with LGE trended toward decreased radial
S only versus segments without LGE, with no difference
noted in circumferential and longitudinal S. We demon-
strate a significant reduction in longitudinal, radial and
circumference S and SR in segments with LGE, compared
to segments without LGE. Compared to previous CMR-FT

= Septal segments

u LV free wall
Anterior
p<0.001
I I p<0.001
[ e P
2nd 3rd 4th

studies that utilizes single slices, our study is unique in
incorporation of the entire LV in its three dimensions for
generating a 16-segment model of the L'V for analysis of 2D
and 3D regional and global myocardial deformation as well
as for evaluation of its association with LGE.

CMR-derived LGE has proven valuable in predicting
adverse cardiovascular events in adults with HCM [5, 8,
27]. Literature regarding clinical significance of CMR-
derived LGE in pediatric HCM is limited. In a study of 50
children (mean age 14.1 £ 3.2 years), Smith et al. [37]
demonstrated a positive association between extent of LGE
and adverse clinical outcomes. Investigating the associa-
tion between LGE and adverse clinical outcomes was not
an aim of our study; however, all LGE segments could be
differentiated from the non-LGE segments with high pre-
cision using CMR-FT-derived S and SR. Further prospec-
tive studies are necessary to confirm the findings of this
pilot study and to evaluate the relationship between
reduced deformation and clinical outcomes like SCD.

Our study is limited by its small sample size. The ret-
rospective nature of the study limited the population to
clinical referral for CMR allowing for potential selection
bias. Although we found an increased incidence for ICD
placement was noted in our patients with LGE, due to the
retrospective nature of this study, we are unable to assess
the long-term effect of abnormal S and SR on SCD. Owed
to prior studies demonstrating reasonable intra- and inter-
observer reproducibility of CMR-FT technique, we did not
conduct intra- and interobserver variability studies for
CMR-FT in this study [26, 39].
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Conclusions

This study illustrates the role of novel 2D and 3D CMR-
FT-derived S and SR in demonstration of global and
regional differences in myocardial deformation between
those with and without LGE in HCM patients. These dif-
ferences may be useful in predicting the presence and
location of myocardial fibrosis in HCM without the need
for GBCA. Further prospective studies to investigate the
role of abnormal myocardial deformation in predicting
clinical outcomes like SCD and heart failure are an
important next step.
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