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Evaluation of Myocardial Strain by 2-Dimensional
Speckle Tracking Echocardiography in Patients
with Facioscapulohumeral Muscular Dystrophy

ABSTRACT

Background: Facioscapulohumeral muscular dystrophy is one of the most common con-
genital muscle disorders. Whether facioscapulohumeral muscular dystrophy causes car-
diac involvement is still controversial. Although electrocardiography and conventional
echocardiography studies have been performed, there is no data on strain echocar-
diography in facioscapulohumeral muscular dystrophy. Our study aims to compare the
myocardial strain parameters by 2-dimensional speckle tracking echocardiography in
patients with facioscapulohumeral muscular dystrophy and the normal group.

Methods: This prospective single-center study included 35 patients with facioscapu-
lohumeral muscular dystrophy and 54 control patients. Demographic, clinical, and
laboratory parameters of both groups were compared. In addition to conventional echo-
cardiography images, myocardial strain parameters were performed using 2-dimensional
speckle tracking echocardiography.

Results: The median age of the study population was 25 (19-35IQR) and 51 (57.3%) of them
were male. Left ventricle-global circumferential strain was significantly lower in the
facioscapulohumeral muscular dystrophy group than in the normal group [-20.3 (-22.0;
—19.0) vs. —21.6 (—22.5; —20.0), P=.020]. Two-dimensional speckle tracking echocardiog-
raphy findings exceptleft ventricle-global circumferential strain [for left ventricle-global
longitudinal strain P=.259, for left ventricle-global radial strain P=.338, for right ventri-
cle-global circumferential strain P=.250, and for right ventricle-free wall longitudinal
strain P=.288] were similar in both groups.

Conclusions: As a result of our study, there was no significant difference between
2-dimensional speckle tracking echocardiography parameters other than the left ventri-
cle-global circumferential strain between facioscapulohumeral muscular dystrophy and
normal groups.
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INTRODUCTION

Facioscapulohumeral muscular dystrophy (FSHD) (also known as Landouzy and
Dejerine syndrome) is the third most common type of muscular dystrophy which
occurs with a frequency of 4-12/100 000, after Duchenne muscular dystrophy and
Myotonic Dystrophy.’ This disease isinherited autosomal dominant. It follows with
slowly progressive weakness of the face, scapular, shoulder, leg, and hip girdle
muscles. The onset of the disease is usually in the second decade, in the form of
weakness in the facial muscles. After shoulder involvement, it progresses with the
involvement of the abdominal and leg muscles. The severity and clinic of the dis-
ease are variable, it does not affect life expectancy.?® Clinical findings, electro-
myography (EMG), muscle biopsies, histological and electrophysiological studies,
and molecular genetic methods are used for diagnosis.* The genetic anomaly is
localized to 4935, and the molecular diagnosis is based on the detection of dele-
tion atthe D4Z4 locus.?

Although the association of congenital muscle disorders with cardiomyopathy or
cardiac anomalies is well known, cardiacinvolvementin FSHD israndom and it has
been shown in a limited number of studies. The majority of these studies include
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electrocardiographic parameters and conventional echo-
cardiographic measurements.®> Our study aims to compare
myocardial strain measurements by 2-dimensional speckle
tracking strain echocardiography (2D-STE) which has been
performed not yet, between patients with FSHD and the
normal population.

METHODS

Study Population

In our study, 35 FSHD patients who were diagnosed with
physical examination, family history, EMG, and genetic
screening method and followed up in the Physical Medicine
and Rehabilitation Department outpatient of our hospi-
tal were enrolled between July 2019 and December 2019.
Fifty-four patients who were in the same age group and
admitted to the cardiology outpatient clinic as a control
group were included in the study. Clinical, laboratory, elec-
trocardiographic, and echocardiographic parameters of
all patients were evaluated. Patients with atrial fibrillation
and pacemaker rhythm were excluded. Laboratory param-
eters were obtained from the electronic records of our hos-
pital. Informed consent was obtained from all participants.
The ethics committee approval required for our study was
obtained from the Ethics Committee commission of our hos-
pital (decision date: 04.07.2019, decision no: 320).

Echocardiographic Assessment

Vivid S70 systems (GE Healthcare, Horton, Norway) were
used to obtain all echocardiographic images, which were
then moved to the EchoPAC workstation. Three consecutive
heartcycleswere takenandimageswere acquired ataframe
rate of 60-80 frames/s. Conventional apical 4-chamber, api-
cal2-chamber, parasternal long-axis, and parasternal short-
axisimages were obtained for cardiac cavity measurements,
wall thickness, and systolic and diastolic parameters. Biplane
left ventricular ejection fraction (LVEF) was measured using
the modified Simpson method. Strain analysis by 2D-STE
was performed by 2 independent of each other experienced
cardiologists according to the guidelines from 2D grayscale
images recorded using EchoPAC software.® Analyses were
performed for 3 apical (LV 4-chamber, 2-chamber, and
3-chamber views) and 3 short-axis views (LV basal, mid,
and apical views). The program tracked the LV myocardi-
um's boundaries automatically, with manual adjustments
made as required. The program measured the strain values

HIGHLIGHTS

e Facioscapulohumeral muscular dystrophy is a common
congenital muscle disease.

e Myocardial strain imaging provides more accurate
results than conventional echocardiographic methods
in evaluating myocardial functions.

e There is no study on myocardial strain imaging in
patients with facioscapulohumeral muscular dystrophy.

e Left ventricular-global circumferential strain is lower in
patients with facioscapulohumeral muscular dystrophy.
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in each view after manual adjustments. Aortic valve clo-
sure in the apical long-axis view was defined as end systole.
After processing all 3 apical views, a 17-segment bull’'s-eye
view was created. Left ventricular global longitudinal strain-
transmural, endocardial, and epicardial measurements
(LVGLS-trans, LVGLS-endo, and LVGLS-epi, respectively)
were automatically calculated by the EchoPAC software.
The average strain values for global circumferential strain
(GCS) and global radial strain (GRS) were determined using
apical, mid-ventricular, and basal short-axis parasternal
views. Right ventricular-global longitudinal strain (RV-GLS)
and right ventricular-free wall longitudinal (RV-FWLS) strain
measurements were made from the apical 4-chamber view.
Two sample 2D-STE images of the patient and normal group
are givenin Figure 1A and Figure 1B.

Statistical Analysis
Theanalysisofthedatawascarriedoutusing SPSS (Statistical
Package for Social Science for Windows)-24 packaged
software. The continuous variables were presented as a
median interquartile range (IQR) (25-75%) owing to their
non-normal distribution. The histogram and Shapiro-Wilks
test were used to verify the normal distribution of data. The
categorical variables were expressed as percentages. The
Chi-square test was used to compare categorical variables
between groups. Continuous variables were compared by
the Mann—Whitney U-test. Intraobserver and interobserver
reproducibility were assessed using the intraclass correlation
coefficient (ICC). For intra- and interobserver agreement,
coefficients of variation (CoV) were calculated by divid-
ing the standard deviation of the differences by the mean.
Also, ICC was assessed using a model of absolute agree-
ment. There was an excellent agreement when ICC>0.74,
good when ICC=0.60-0.74, fair when ICC=0.40-0.59, and
poor when ICC<0.4.” The statistical significance level of the
obtained data wasinterpreted with the “P" value. Values of P
< .05 were considered to be statistically significant.

RESULTS

Eighty-nine patients were included in the study. The median
age of the study population was 25 (19-351QR), and 51 (57.3%)
of the patients were male. The study population was divided
into FSHD (n=35) and the normal group (n=54). Aspartate
transaminase (P < .001), alanine transaminase (P < .001),
and creatinine kinase (P < .001) were significantly higher in
the FSHD group. Body mass index (P=.003), body surface
area (P=.009), lymphocyte count (P=.017), and creatinine
(P < .001) were significantly higher in the normal group.
Demographic, laboratory, and clinical features of the 2
groups are presented comparatively in Table 1.

In electrocardiographic findings, branch blocks [all in right
bundle branch block (RBBB) morphology] were higher in the
FSHD group (P=.017), corrected QT was higher in the normal
group (P=.001). In conventional echocardiography findings,
LV diastolicdiameter (P=.020), LV systolicdiameter (P=.002),
and RV end diastolicarea (P =.033) weressignificantly higherin
thenormalgroup. Intissuedopplerimages, early andlate dia-
stolic velocities in the left ventricular lateral wall (for e wave;
P < .001, for a wave; P = .040) and ventricular septum (for e
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Figure 1. A sample of 2D-STE analysis of the (A) patient group and (B) normal group.
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Table 1. Demographic, Clinical, and Laboratory Parameters of the Study Population

Total (n=89) FSHD Group (n=35) Control Group (n=54) P

Age (years) 25 (19-35) 25 (18-41) 25 (19-33) 762
Gender male, n(%) 51(57.3) 21(60.0) 30 (55.6) .827
Body surface area, m? 1.72(1.53-1.90) 1.62 (1.41-1.85) 1.79 (1.58-1.93) .009
Body mass index, kg/m? 21.71(19.38-25.03) 19.78 (18.35-24.46) 23.46(2113-25.78) .003
Diabetes mellitus, n (%) 1 1 None NA

Hypertension, n (%) 1 1 None NA

Smoking, n (%) 12 (14) 3(9) 9(16) .352
Coronary artery disease, n (%) None None None NA

Aspartate transaminase, lU/L 20.0 (17.0-25.0) 23.0 (19.0-29.5) 18 (15.7-22.2) <.001
Alanine transaminase, IU/L 16.0 (13.0-27.0) 22.0 (16.0-31.5) 14.0 (11.0-24.2) <.001
Sodium, meq/L 139 (138-141) 139 (138-141) 140 (139-140) 996
Potassium, meq/L 4.2(4.0-4.5) 41(3.8-4.4) 4.3(41-4.5) 102

Creatinine, mg/dL 0.69 (0.60-0.82) 0.65(0.57-0.70) 0.80(0.66-0.92) <.001
Creatin kinase U/L 126 (91-247) 252 (155-452) 107 (76-127) <.001
Hemoglobin, gr/dL 14.4 (13.0-15.9) 14.5 (13.6-16.1) 14.0 (12.8-15.9) .309
White blood cell, 109/L 7.50 (6.23-9.29) 7.65 (6.51-9.31) 7.25 (6.22-9.33) .844

Continuous variables are presented given as median (interquartile range), and categorical variables were expressed as numbers (%). NA, not

applicable.

wave; P=.009, for awave; P=.026) were significantly lowerin
the FSHD group. In strain echocardiography findings, LV-GCS
was significantly higher in the normal group [-21.6 (-22.5;
—20.0) vs. —20.3(—22.0; —19.0), P=.020]. Strain findings except
for LV-GCS were similar in both groups. The electrocardio-
graphic and echocardiographic findings of the 2 groups are
presentedin Table 2. Intra- and interobserver variability of LV
myocardial strain parameters and ejection fraction (EF) are
givenin Table 3.

DISCUSSION

Data on cardiac involvement in FSHD is limited. In our study,
the presence of cardiac involvement in patients with FSHD
was investigated by 2D-STE. To the best of our knowledge,
thisis the first study in which strain echocardiographicimag-
ing was performed in patients with FSHD. As a result of our
study, LV-GCS decreased in patients with FSHD compared to
the normal population. Other 2D-STE parameters were simi-
lar between both groups.

FSHD is a common type of congenital muscle disease.
There are 2 subgroups FSHD-1 and FSHD-2. The disease
is seen as 95% FSHD-1.8? FSHD progresses with age and
abdominal and leg muscle involvement occurs after upper
extremity involvement. Patients with FSHD do not gener-
ally suffer from major cardiac symptoms,” but the het-
erogeneous clinical findings reported to date have shown
that heart alterations may be associated with the dis-
ease.” Shortly, there is no clarity about cardiac involve-
ment. Myocardial strain calculated by STE is an advanced
echocardiographic technique that allows measurement
of myocardial deformation using a semi-automatic soft-
ware initially developed for application to the LV and then
used for the assessment of all cardiac chambers. STE pro-
vides additional information about cardiac function by

messsm— 528

an angle-independent segmental measurement of myo-
cardial fibers’ movement throughout the cardiac cycle. It
achieved early diagnosis of subclinical myocardial impair-
ment even when conventional measurements such as LVEF
were normal.”” Previously, clinical studies have been
conducted with ECG and basic echocardiographic images
related to FSHD, but there are no advanced echocar-
diographic imaging studies. In a study, it was found that
only 5 out of 100 patients had major arrhythmic events in
electrocardiographic examination in patients with FSHD
(severe atrioventricular block, ventricular tachycardia,
etc.). Other patients were observed with minor anomalies
(e.g., such asincomplete RBBB, sinus bradycardia, short PR
interval) or normal electrocardiographic findings. Annual
ECG follow-up is recommended for patients.™ In another
study, 56 patients diagnosed with FSHD were followed for
an average of 7.2 years. Significant cardiac involvement
was not observed in these patients, while the most com-
mon minor cardiac anomaly was incomplete RBBB (25%).
Only 3 patients, 1or more significant cardiac events (heart
failure and/or atrial fibrillation) were observed.™ In our
study, the most common ECG anomaly was RBBB, and it
was more common in the FSHD group.

In a study, 8-year electrocardiographic and echocardio-
graphic follow-up of patients with FSHD was performed. In
the echocardiographic examination, basic parameters such
as ventricular diameters, ventricular functions, valve struc-
tures, wall movements, and wall thickness were examined.
Echocardiographic abnormalities were not observed in the
follow-up of the patients. It was stated that patients with
FSHD and who do not have cardiac complaints do not need
specific cardiac screening or follow-up.® Galetta et al” com-
pared patients with FSHD and the healthy group accord-
ing to echocardiographic findings. Tissue doppler-imaging
systolic and early diastolic velocities of both the ventricular
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Table 2. Electrocardiographic and Echocardiographic Findings of the Study Population

Total (n=89) FSHD Group (n=35) Control Group (n=54) P

Heartrate, beat/min 87 (77-92) 87 (80-93) 86 (76-92) 751

QRS duration, ms 88.5(82.0-96.0) 85.5(76.2-96.0) 89.5(84.0-95.7) 165

QT duration, ms 345 (325-360) 341(316-359) 349 (331-366) .220
Corrected QT duration, ms 401(382-423) 389 (373-4006) 417 (396-428) .001

Fragmented QRS, n (%) 6(6.7) 3(8.5) 3(5.6) .634
Brunch blocks, n (%) 9(10) 7 (20.0) 2(3.7) .017

LV diastolic diameter, mm 4.5(4.2-4.7) 4.4 (4.2-4.6) 4.6 (4.3-4.8) .020
LV systolic diameter, mm 2.7 (2.4-2.9) 2.6(2.3-2.7) 2.7 (2.6-29) .002
Septum thickness, mm 9(8-10) 9 (8-11) 9 (8-10) .770
LV posterior wall thickness, mm 9(8-10) 9 (8-10) 9(8-10) .616

LV diastolic volume index, mL/m? 56.44 (50.12-61.42) 55.73 (44.63-59.71) 56.97 (52.27-61.83) .078
LV systolic volume index, mL/m? 19.84 (18.06-22.03) 19.77 (17.21-21.91) 19.85(18.55-22.28) .483
Biplane ejection fraction, % 64.0 (63.0-66.0) 64.0 (63.0-66.0) 64.0 (62.8-66.0) .813

Mitrale E wave, cm/s 0.90 (0.79-0.98) 0.83(0.73-0.95) 0.91(0.83-1.03) .014
Mitrale A wave, cm/s 0.66 (0.56-0.80) 0.63(0.54-0.71) 0.68(0.58-0.83) .058
Lateral e wave, cm/s 18.0 (14.0-21.0) 16.0 (12.0-19.0) 19.0 (16.0-22.0) <.001
Lateral a wave, cm/s 10.0 (8.0-11.0) 10.0 (8.0-11.0) 10.0 (9.0-12.0) .040
Lateral Sm, cm/s 9.0 (8.0-11.0) 9.0 (8.0-13.0) 9.5(8.0-11.0) .879
Septal e wave, cm/s 14.0 (12.0-16.5) 13.0 (10.0-16.0) 15.0 (13.0-17.0) .009
Septal awave, cm/s 9.0 (8.0-11.0) 8.0 (7.0-10.0) 9.0 (9.0-11.0) .026
Septal Sm, cm/s 9.0 (8.0-10.0) 8.0 (8.0-10.0) 9.0 (8.8-10.0) .052
Apical 4 chamber LS, % —19.7[(-211)-(-18.3)] —199[(—21.6)-(—17.6)] —19.7[(-211)-(-18.6)] .605
Apical 2chamber LS, % —20.1[(—22.1)-(-18.9)] —19.9[(—21.8)-(—18.2)] —20.4[(-22.2)-(—-19.4)] .305
Apical 3chamber LS, % —19.8[(—21.7)-(-18.5)] —19.2[(—20.6)-(—18.2)] -199[(-21.8)-(—18.7)] 150

LV-GLS, % —20.0[(—21.2)-(-18.9)] —19.8[(—21.2)-(—18.4)] —20.1[(—21.5)-(—19.0)] .259
LV GLS-endocardium,% —231[(—24.7)-(—21.7)] —22.8[(—24.8)-(—20.8)] —23.2[(—24.6)-(—21.8)] .364
LV GLS-epicardium, % —17.5[(-18.9)-(—16.5)] —171[(—18.3)-(—15.4)] —17.8[(—19.2)-(—16.7)] 104
LV-GCS, % —211[(—22.4)-(—19.6)] —20.3[(—22.0)-(—19.0)] —21.6[(—22.5)-(—20.0)] .020
LV-GRS, % 43.6(38.3-47.8) 42.3(38.3-47.3) 45.3(38.8-48.6) .338
RV EDA, cm? 15.9 (13.9-19.2) 15.1(13.6-18.2) 16.8 (15.5-19.9) .033
RV ESA, cm? 8.8 (7.5-10.2) 81(7.5-10.2) 91(7.7-10.8) .208
RV FAC, % 45.8 (42.0-48.3) 44.5 (411-46.6) 46.5(42.2-491) .055
TAPSE, mm 22(20-24) 22 (19-25) 22 (21-23) 446
RV-GLS total, % —23.5[(—-25.7)-(—20.9)] —22.7[(-271)-(—-19.4)] —23.7[(—25.4)-(—-21.7)] .250
RV free wall longitudinal strain, %  —28.0[(—31.1)-( —24.0)] —26.2[(—32.0)-(—22.4)] —28.2[(—30.0)-(—25.9)] .288

Continuous variables are presented given as median (interquartile range), and categorical variables were expressed as numbers (%). EDA, end dia-
stolic areq; ESA, end systolic area; FAC, fractional area change; GCS, global circumferential strain; GLS, Global longitudinal strain; GRS, global radial
strain; LS, layer strain; LV, left ventricle; RV, right ventricle; Sm, peak systolic velocity at myocardial segments; TAPSE, tricuspid annular plane systolic

excursion.

septum and the LV lateral wall were found lower in patients
with FSHD. Integrated backscatter (IBS) analysis of the ven-
tricular septum and LV posterior wall was found lower in the
FSHD group. Heart diameters measured by M-mod were
similar.” In our study, early and late diastolic velocities of
the LV lateral wall and ventricular septum in the FSHD group
were found lower in tissue doppler records. Systolic veloci-
ties were found similar. Also, heart diameters were lower in
the FSHD group. In a magnetic resonance imaging study by
Blaszczyk et al® patients with FSHD whose preserved EF were
compared with the normal patient group. Focal and diffuse
subclinical myocardial injury was more common in cardiac

magnetic resonance imaging (CMRI) in the FSHD group. The
3 most frequent locations were the basal segments (infero-
lateral, inferior, and interventricular septum). The pattern of
the fibrosis was nonischemic and mostly located intramural
and subepicardial.® The circumferential plane is the major
axis of systolic motion in the left ventricle and, as such, has
been used by several investigators as a primary strain to use
as an index.” In a study, left ventricular myocardial peak cir-
cumferential strain (LVMPCS) was evaluated using CMRI in
patients with Duchenne muscular dystrophy (DMD). It has
been emphasized that LVMPCS is reduced in DMD before
global systolic functional abnormalities, regardless of age

529 m—
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Table 3. Intraobserver and Interobserver Agreement

Intraobserver Intraobserver Agreement Interobserver Interobserver Agreement
CoV (%) (ICC, 95% Cl) CoV(%) (ICC, 95% Cl)
LV-GLS 10.3 0.87(0.81-0.92) 99 0.73(0.57-0.83)
LV-GCS 8.7 0.82(0.73-0.88) 8.4 0.78 (0.61-0.87)
LV-GRS 12.7 0.76 (0.63-0.84) 129 0.69 (0.52-0.79)
EF 4.5 0.91(0.86-0.95) 4.3 0.89 (0.81-0.93)

Cl, Confidence interval; CoV, coefficient of variation; EF, ejection fraction; GCS, global circumferential strain; GLS, global longitudinal strain; GRS,
global radial strain; ICC, intraclass correlation coefficients; LS, layer strain; LV, left ventricle.

or EF. The study stated that this decrease may continue
with aging. Also, the study considers that the loss of cell
membrane integrity leads to degeneration of myocytes, as
a result of which myocyte necrosis and fibrosis play a role
in the reduction of strain.?® Another CMRI study revealed
that LVMPCS changes may indicate disease progression in
ashort period of time in DMD patients in which EF changes
are not significant. In addition, serial LVMPCS measure-
ments are more sensitive than EF and can provide reliable
monitoring of the progression of DMD-related cardiac dys-
function before overt heart failure develops.” In the study
of Siegel et al?' LV-GLS and LV-GCS were evaluated by
CMRI in DMD patients. The average circumferential strain
was significantly decreased in DMD compared to controls
(—18.8 +61vs. —25.5+3.2; P<.001) but there were no signifi-
cantdifferencesin longitudinal strain measures.?? Under all
these data, we have focused on the assessment of LV-GCS
in 2D-STE.

Unfortunately, satisfactory data on cardiac involvement in
FSHD patients are not available. Many studies have been
conducted on these patients whose results are inconsistent
with each other. Although data on cardiac involvement are
known in a few traditional echocardiographic studies, there
are no studies involving more complex echocardiographic
data such as 2D-STE. In our study, strain echo findings were
almost similar between the patient group and the normal
group. Only LV-GCS was lower in the FSHD group. Besides,
finding the circumferential strain is reduced while longi-
tudinal is not, is consistent with CMRI findings that show a
pattern of nonischemic fibrosis. However, we cannot fully
say whether these are a coincidence or not. LV-GCS may
be the first impaired myocardial strain parameter in FSHD
patients. Therefore, serial measurements are needed to
see the change in myocardial strain parameters in FSHD
patients. Long-term studies to evaluate cardiac involve-
mentin these patients may provide insightin the future.

Study Limitations

There are certain limitations to our study. This study is a
single-center cross-sectional and the sample size of the
matched groups is relatively small. In some of our patient
populations, there wasno genetic confirmation of diagnoses.
Studies with patients with larger sample sizes and confirmed
genetic diagnoses may lead to different results. Although
echocardiography analyses were performed by 2 different
cardiologists, LV-GCS and LV-GRS measurements may be
suboptimal, as parasternal short-axis views are insufficient
in some FSHD patients due to chest deformity.

s 530

CONCLUSIONS

There is no consistent data on cardiac involvement in
patients with FSHD. In this imaging study, myocardial strain
parameters were evaluated for the first time in FSHD patients.
In conclusion only LV-GCS was significantly less in 2D-STE
decreased in FSHD patients. There was no significant differ-
ence between the 2 groupsin terms of other strain parameters.
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