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Duchenne muscular dystrophy (DMD) is complicated by an early and progressive
left ventricular (LV) dysfunction. Despite the reduction of ejection fraction (EF)
usually manifests in the second decade, subtle alterations in LV mechanics can
be detected earlier. Longitudinal and circumferential LV deformation, evaluated
by speckle tracking echocardiography (STE), are considered sensitive markers of
early dysfunction. We retrospectively examined clinical and echocardiographic
data of 32 DMD children with preserved LV function. According to the median
age, patients were then divided into younger and older than 9 years, and com-
pared to 24 age-matched healthy subjects. Six-minute-walk test (6MWT), North
Star Ambulatory Assessment (NSAA), and a comprehensive cardiac evaluation
were performed. Although EF was within the normal range, DMD patients had
significantly lower values than healthy controls, and the same occurred for the
remaining conventional systolic and diastolic indices. Global longitudinal strain
(GLS) was reduced in all patients (older and younger, both p < 0.001). Global cir-
cumferential strain (GCS) was reduced only in older patients (< 0.001). Both GLS
and GCS worsened with age in DMD patients (GLS p = 0.005; GCS p = 0.024).
GLS was significantly worse in the apical segments and in the postero-lateral wall.
GCS in the antero-septal, anterior and antero-lateral segments was significantly
reduced in older patients, with a prevalent involvement of the sole septal wall in
the younger boys. 6MWT appeared to be correlated inversely to GLS and directly
to EF. A longitudinal evaluation should be scheduled in DMD boys to assess the
global cardiac performance over time and to evaluate the impact of therapies.

Key words: Duchenne muscular dystrophy, cardiomyopathy, speckle tracking echocar-
diography, strain, motor performance
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Introduction

Duchenne muscular dystrophy (DMD) is an X-linked
genetic disorder caused by a mutation in the gene encod-
ing the dystrophin protein. It affects 1 in every 5000 live
male births (20,000 new cases worldwide each year) .
The lack of dystrophin results in a cascade of events lead-
ing to progressive loss of muscle function and to a mul-
tisystemic involvement 2. Myocardial dysfunction is part
of the natural history of DMD, although timing of onset,
progression and severity of myocardial involvement can
vary 3. Respiratory failure has been in the past the most
common cause of morbidity and mortality in DMD pa-
tients. However, with the improvement of the respiratory
support and the use of non-invasive ventilation, cardio-
myopathy represents nowadays one of the main sources
of morbidity and mortality in this clinical setting *.

The prevalence of cardiomyopathy increases inex-
orably over the years, and therefore age is a significant
predictor of cardiomyopathy in DMD patients. If 5% is
the estimated prevalence of myocardial dysfunction in
patients aged 2 to 5 years, it is expected to rise over 60%
beyond 18 years *°. Unfortunately, the progression of car-
diac damage is concealed most of the times, due to the
severe functional limitations of DMD patients. Clinical
diagnosis of cardiac failure is mostly unreliable, since
patients with very limited activity do not develop symp-
toms until severe ventricular dysfunction occurs. For
these reasons, DMD multidisciplinary care recommends
that cardiovascular assessment, including electrocardio-
gram (ECG) and echocardiography, has to be performed
at diagnosis and then annually 2. The presence of abnor-
mal ventricular function suggests the need for increased
surveillance and should prompt initiation of drug thera-
py. following general recommendations for heart failure
treatment 7.

How can we better define “abnormalities of ventricu-
lar function”? Historically, the officially accepted param-
eter that represents left ventricular (LV) function is the
ejection fraction (EF). However, as widely demonstrated,
EF as well as other conventional systolic and diastolic
parameters fail to reveal subclinical LV dysfunction. A
significant reduction of EF below the normal limits oc-
curs when the disease progression has already reached
an advanced stage. Therefore, early markers of LV dys-
function have been extensively evaluated, and longitudi-
nal deformation or strain is now considered as one of the
most sensitive parameters of LV function, along with cir-
cumferential deformation. Myocardial strain represents
the change in myocardial fiber length compared with its
original length in the plane in which it is measured 8. LV
longitudinal function is expression of the contraction of
subendocardial fibers, which are known to be particularly
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vulnerable to damage. Speckle tracking echocardiogra-
phy (STE) is the most widely used method for the eval-
uation of longitudinal and circumferential strain of the
left ventricle, and nowadays it represents a validated and
reproducible technique 31°.

The aim of our study has been to identify and define
the onset of LV abnormalities in DMD children, not re-
porting cardiological symptoms and with preserved EF,
in order to answer the following questions: (1) which pa-
rameters should we follow to better define LV dysfunction
in the earliest stage? and (2) when are these parameters
expected to become altered in the natural history of the
disease? We also attempted, for the first time, to evaluate
a correlation among cardiological parameters and func-
tional motor performances, assessed with the most used
outcome measures in DMD clinical trials.

Methods

We retrospectively examined clinical and echocar-
diographic data of 45 children with DMD, undergoing
routine cardiovascular follow up evaluation in our Insti-
tution. We excluded from our analysis 10 patients with
manifest LV dysfunction, expressed by a LV EF below
55%. We also excluded 3 cases with unsuitable echocar-
diographic recordings due to the low quality of patients’
acoustic window. Therefore, we considered a comprehen-
sive assessment, including neuromuscular and cardiovas-
cular evaluation, of 32 DMD patients with preserved LV
function (median age 9 years, IQR 6) and not referring
cardiological symptoms. The study was approved by the
local Ethical Committee (Prot. Number 105/16).

6-minute-walk test (6MWT)

The 6MWT has been chosen as the primary out-
come measure in international multicentre investigation-
al drug clinical trials as well as in longitudinal natural
history studies in DMD ambulant patients. 6MWT was
performed in all DMD ambulant boys older than 5 years
using a modified version of the American Thoracic Soci-
ety guidelines !'2, Modifications include the addition of
continuous encouragement from the testing staff, and a
“safety chaser” to walk along behind the subject during
testing. The test is generally completed within 15 to 20
minutes. Suitability and inter-rater and intra-rater reli-
ability in DMD for the 6MWT have already been report-
ed 12,13.

North Star Ambulatory Assessment (NSAA)

The functional scale NSAA represents an ideal ad-
ditional tool to the 6MWT, as it provides information on
a wider spectrum of functions that reflect everyday life



activities. The scale consists of 17 items, ranging from
standing (item 1) to running (item 17) and includes sev-
eral items assessing abilities that are necessary to remain
functionally ambulant. Each item can be scored on a
3-point scale using simple criteria: 2 - Normal, achieves
goal without any assistance; 1 - Modified method, but
achieves goal independently of physical assistance from
another person; 0 - Unable to achieve independently. The
score can range from O, if all the activities are failed, to
34, if all the activities are achieved. The scale is generally
completed in a maximum of 15 minutes 2.

Cardiac evaluation

Cardiovascular assessment was based on clinical eval-
uation, physical examination, 12-leads ECG and bi-di-
mensional (2D) echocardiography, particularly aimed to
study myocardial mechanics. A conventional 2D-echocar-
diogram was performed with a Vivid 7 echocardiography
equipment (GE Vingmed Ultrasound AS, Horten, Norway)
in each case, and records were collected in a private local
archive. Clear loops of the LV in apical 4-chamber (4-ch),
2-chamber (2-ch) and 3-chamber (3-ch) views, and also
parasternal short axis views at the level of mitral valve
(MV-Sax), papillary muscles (PM-Sax) and apex (AP-Sax)
were available for the majority of patients. Three consec-
utive end-expiratory cycles, in gray scale (frame rate > 70
frames/s), have been stored twice for each view and were
analyzed by two experienced independent operators, un-
aware of the clinical conditions of the patients. All mea-
sures and functional evaluations were processed off-line
on the Echopac GE, Vivid 7 workstation. Left ventricular
diameters, volumes and mass were calculated. Diastolic
function was studied by mitral early inflow Doppler ve-
locity (E wave), early to late (A wave) inflow Doppler ve-
locity ratio (E/A), medial and lateral mitral annular tissue
Doppler imaging (TDI), early inflow velocity (E’) and
the E/E’ ratio. Systolic function was expressed as global
LV function (EF), fractional shortening (FS), longitudinal
systolic function by M-Mode echocardiography and TDI,
global longitudinal and circumferential strain (GLS, GCS)
by STE. EF was obtained with biplane Simpson’s method.
FS was calculated on M-mode modality. Longitudinal sys-
tolic function was assessed by mitral and tricuspid annular
plane systolic excursion by M-mode echocardiography
(MAPSE, TAPSE), and by TDI mitral annular systolic ve-
locity (S’). Since lateral MAPSE and S’ were not accurate-
ly sampled for the majority of patients, only medial values
were considered. Furthermore, systolic longitudinal defor-
mation of the left ventricle was studied by STE, recording
both global, partial (3-ch, 4-ch, 2-ch views) and segmental
strain values, expressed as percentage. Also, global, partial
(at mitral valve [MV]-, papillary muscles [PM]- and apical
[AP]-short axis [SAX] views) and segmental circumferen-
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tial deformation were studied at basal, medial and apical LV
level. For longitudinal strain calculation a semi-automated
method was used, Automated Function Imaging — AFI (GE
Vingmed Ultrasound), in which the operator is required to
track manually only three points, medial mitral annulus,
lateral mitral annulus and LV apex; then, the software pro-
vides automatically the entire endocardial and epicardial
border of the left ventricle, that can still be modified by the
operator, if necessary. For circumferential strain, manual
tracking of the whole endocardial border was performed
by the operators.

The 6MWT and the same comprehensive echocar-
diographic study were performed also in a control group
of 24 age-matched healthy children, sent to our hospital
for evaluation of sport eligibility.

The intraobserver/interobserver variability was
6.8/8.8% (GLS) and 8.5/10.5% (GCS), respectively.

Statistics

A classic non-parametric approach was used since
some numerical variables were not normally distributed,
as verified by Kolmogorov Smirnov test, also considering
the small sample size. Numerical data are consistently
expressed as median with interquartile range (IQR) in
brackets, categorical variables as number and percentage.
Comparisons between patients and controls were carried
out by the Mann-Whitney test. In order to address the
aims of the present study, also considering that several
parameters may be age-dependent, the DMD population
has been then divided into two groups basing on the me-
dian age value (9 years), as were also control subjects,
thus having four groups for statistical analysis: patients
and controls younger than 9 years (DMD 1 and Controls
1, respectively); patients and controls older than 9 years
(DMD 2 and Controls 2, respectively). Consistently, the
Mann-Whitney test was applied in order to perform be-
tween-groups comparisons, including segmental strain
analysis. Correlations among the variables were tested by
Spearman’s test. Moreover, dependence analysis was car-
ried out by multiple regression models, in order to assess
the contribution of any potential predictor on the study re-
sponse variable(s) (GLS, GCS, EF%, E/A ratio, GO MWT,
NSAA). Statistical analyses were performed using SPSS
17.0 for Window package. A two-tailed alpha of 0.05 was
used to denote statistical significance.

Results
Motor assessment

The distance covered at 6MWT was significantly
lower in DMD patients vs controls (median value 362 m,
IQR 220 m, vs a median value of 585 m, IQR 118 m,
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p <0.001). NSAA median score was 30 (9.8) in patients,
but not comparable with controls, since such a test is not
usually administered to healthy individuals.

Cardiological assessment

All patients denied symptoms of cardiovascular in-
volvement, like palpitations, shortness of breath or chest
pain. Cardiovascular physical examination was unre-
markable for all patients and controls. ECG was nearly
normal, except for a mild degree of right bundle branch
block in 5 patients and 3 controls. No significant arrhyth-
mias were observed on ECG.

2D-echocardiography

Indexed LV diameters, volumes and mass were simi-
lar between patients and healthy children. Table I reports
motor performance and conventional echocardiographic
parameters in patients and controls, without age stratifi-
cation. Although EF was within the normal range in both
groups, a significant reduction was seen in patients and
the same occurred for the remaining conventional systolic
(FS, MAPSE, TAPSE, S’) and diastolic (E, E’) indices.
E/A ratio also was reduced with respect to healthy con-
trols.

The same parameters are summarized in Table II,
based on age stratification: patients younger and older
than 9 years are compared to controls younger and older
than 9 years, respectively. All parameters were signifi-
cantly reduced in older patients with respect to older con-
trols (2 vs 2), although E/E’ ratio has not reached the al-

pha level, whereas no significant difference was observed
between younger patients and younger controls (1 vs 1),
except for the E wave velocity that appeared reduced in
patients.

Myocardial deformation analysis

GLS was significantly reduced in patients vs controls
(p <0.001), without age stratification (a less negative val-
ue reflects a more impaired GLS) (Tab. III). The same
behavior was maintained if GLS was considered for each
partial analysis of 4-ch, 2-ch and 3-ch view. Moreover,
also GCS was significantly reduced in patients vs controls
(p = 0.013), with preserved difference when considering
separated MV-SAX, PM-SAX and AP-SAX views (a less
negative value reflects a more impaired GCS).

The effect of age stratification on GLS and GCS is il-
lustrated in Table IV. Either global or partial 4-ch, 2-ch and
3-ch GLS were reduced to the same extent in older and
in younger patients, compared to their matched controls
(p <0.001 and p < 0.001 respectively). A different behavior
was observed for GCS, that was clearly reduced in older pa-
tients respect to older controls (p < 0.001), but not equally
altered in younger. Although a trend towards reduction was
evident also in younger patients, a significant decrease was
observed only at the midventricular level (PM-SAX GCS),
whereas the global value of GCS, as well as basal and apical
partial GCS, were not significantly different as compared to
matched controls (GCS p = 0.217). Figure 1 illustrates areas
with impaired GLS and GCS in DMD patients compared
to age-matched controls. In younger patients, apical and

Table I. Motor performance and conventional echocardiographic parameters. Median (IQR)

Controls DMD patients P-value
Age (years) 8.75 (5) 9 (6) 0.256
BMWT (m) 585 (118) 362 (220) < 0.001
NSAA - 30 (9.8) --
BSA (m?) 1.04 (0.64) 0.96 (1.04) 0.956
LV EDD mm/m? 59.7 (11.3) 61.3(11.3) 0.315
LV ESD mm/m? 37.8(8) 38.1(9.3) 0.471
LV EDV ml/m? 88.7 (41.9) 83.9 (41.9) 0.826
LV ESV mi/m? 30.6 (16.1) 29.1 (13.7) 0.427
LV M g/m? 54 (15) 55 (12) 0.723
FS% 37 (4) 35 (22) < 0.001
EF% 69 (5) 64 (8) < 0.001
MAPSE mm 12 (2) 10 (2) < 0.001
TAPSE mm 20.5(5) 18 (3) < 0.001
E cm/s 105 (20) 90.5 (18) < 0.001
E' cm/s 15 (2) 13.5(3) < 0.001
S’ cm/s 8(2) 7(2) 0.007
E/A 2.1(0) 1.86 (1) 0.025
E/E 7.3(2) 7.6 (1) 0.122
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Table Il. Motor performance and conventional echocardiographic parameters based on age stratification. Median

(IQR)
Controls Controls DMD DMD P-value P-value
1 2 1 2 1vs1i 2vs 2
Age (years) 6(2) 12 (3.2) 6.25 (3.5) 12.2(3.5) 0.760 0.488
6MWT (meters) | 519.5 (60) 630 (44) 385 (488) 160 (398) 0.002 < 0.001
NSAA - - 30 (9.5) 24.(7) - -
FS% 38.5(7) 36 (3) 36 (3) 34 (6) 0.294 < 0.001
EF% BP
Simpson 70 (9) 67 (4) 67 (4) 64 (8) 0.213 < 0.001
MAPSE mm 11(2) 12 (3) 10.5(2) 0 (1) 0.121 < 0.001
TAPSE mm 20 (5) 21 (4) 18 (3) (2 0) 0.100 < 0.001
E cm/s 113 (25) 105 (10) 99 (14) 93 (20) 0.029 0.007
E’ cm/s 15 (4) 16 (3) 15 (4.0) 2(3.0) 0.545 < 0.001
S cm/s 8(1) 9(1) 7(1) (1) 0.286 0.001
E/A 2.1(1) 2.0 (0) 1.9 (1) 9(1) 0.038 0.041
E/E 7.6 (1) 6.1(2) 8.7 (3) 3(1) 0.320 0.211
Controls 1 and DMD 1 are younger than 9 years; Controls 2 and DMD 2 are older than 9 years.
Table Ill. Global longitudinal and circumferential strain. Median (IQR)
Controls DMD Patients P-value
3ch GLS -24.6 (4.1) -19.7 (3.5) < 0.001
4ch GLS -22.8 (3) -19.8 (4) < 0.001
2ch GLS -24.8 (4) -21.5(4) 0.006
GLS -24.2 (3) -20.6 (3) < 0.001
MV-sax GCS -18.8 (2.4) -16.6 (3.9) < 0.001
PM-sax GCS -18.3 (3.4) -15.5 (5.5) 0.011
AP-sax GCS -25.3(7.8) -20.3 (11.4) 0.040
GCS -21.4 (4.4) -17.6 (4.6) 0.013
Table IV. Global longitudinal and circumferential strain based on age stratification. Median (IQR)
Controls Controls DMD DMD P-value P-value
1 2 1 2 1vs1 2vs2
3ch GLS -25.2 (3.8) -23.4 (6) -21.2 (4.6) -18.9 (8.2) 0.004 < 0.001
4ch GLS -23.6 (3) -20.7 (3.2) -20.1 (3) -18.0 (6.0) < 0.001 0.005
2ch GLS -24.9 (3) -24.4 (8) -22.1 (5) -19.5 (6.0) 0.003 0.007
GLS -24.9 (3) -24 (6) -21.2 (2) -19.3 (4.0) < 0.001 < 0.001
MV-sax GCS -19.9 (3.5) -18.0 (4.8) -17.7 (5.2) -15.5(3.8) 0.103 < 0.001
PM-sax GCS -17.7 (5.6) -18.3(3.9) -14.0(7.4) -13.8 (4) 0.032 < 0.001
AP-sax GCS -27.9 (6.3) -24.3 (5.6) -24.9 (9.5) -17.5(9.3) 0.210 0.035
GCS -22.1(5.3) -20.4 (2.6) -17.9 (3.9) -156.9 (4.9) 0.217 < 0.001

Controls 1 and DMD 1 are younger than 9 years; Controls 2 and DMD 2 are older than 9 years.

infero-lateral segments show impaired GLS, while in older
patients the damage is extended also to mid-septal and bas-
al antero-lateral areas. GCS in younger patients appears to
be impaired in the septal region, whereas in older patients
reduced GCS involves also the apex, and the anterior and

antero-lateral segments, but not the inferior septum.

Concerning age stratification, we also found that
both GLS and GCS worsened with age in DMD patients

(GLS p < 0.005; GCS p = 0.024. DMD 1 vs DMD 2),
while no change was observed between control subjects
(GLS p = 0.247; GCS p = 0.456). The regressive anal-
yses further confirmed these findings, suggesting the
increasing age as the variable most strongly associated
with the subtle alterations in LV mechanics found in this
population (GLS: Beta = 0.466; T = 3.078; p = 0.009;
GCS: Beta=0.477; T = 2.878; p = 0.008), and also with
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DMD <9years DMD > 9 years

Figure 1. Bulls-eye diagrams illustrating the distribu-
tion of abnormal strain values in DMD patients according
to age. A 16-segment model of the left ventricle is used.
Grey areas depict impaired GLS and GCS segments,
compared to age-matched normal controls.

EF% (Beta = -0.567; T =-3.363; p < 0.001). Moreover,
also the physical performance, as assessed by 6MWT, is
confirmed to decrease by increasing age (Beta = -0.490;
T =-2.978; p = 0.006).

Correlation between motor and cardiological assessment

6MWT appeared to be inversely correlated to GLS
(rho: -0.434, p = 0.021) and directly to EF (rho: 0.410,
p =0.035) and S’ (rho: 0.584, p < 0.001). No significant
correlations were found with NSAA.

Discussion

Cardiovascular complications are a leading cause
of disease-related morbidity and mortality among indi-
viduals with DMD. Historically, individuals with DMD
have not been referred to a cardiac specialist until late
in the disease, contributing to poor clinical outcomes.
Furthermore, cardiac management has been challenging
because the New York Heart Association classification of
heart failure relies on reduced exercise tolerance, a fea-
ture that in DMD arises from skeletal muscle and cardiac
disease combined. The signs and symptoms of heart fail-
ure in the non-ambulatory patients are frequently subtle
and overlooked. A proactive strategy of early diagnosis
and treatment is essential to maximize quality of life and
survival. Involvement of a cardiologist who is integrated
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into a multidisciplinary care team is recommended, giv-
en the complex decision making involved in managing
DMD cardiomyopathy. Nowadays, however, LV dysfunc-
tion may be still often underdiagnosed and consequently
undertreated 257,

The analysis of our results showed that in children
with DMD, although EF is preserved (i.e. > 55%), LV
function is definitely not normal. In younger patients (< 9
years), conventional parameters accounting for systolic
and diastolic function are still comparable to age-matched
control subjects. However, longitudinal function is al-
ready impaired, as demonstrated by significantly reduced
GLS. At this stage global circumferential deformation ap-
pears to be preserved. In older patients (> 9 years), not on-
ly longitudinal and circumferential function are reduced,
but also conventional parameters accounting for systolic
and diastolic function have subtle alterations, that could
not be defined “abnormal” if considered by themselves,
but still appear significantly reduced when compared to
normal subjects. Therefore, there might be a period, that
we can define between 3 and 9 years of age, during which
longitudinal function begins to decrease, while all the
remaining compensatory mechanisms act to maintain a
preserved LV systolic and diastolic performance. Beyond
9 years of age, it is expected that the worsening of the
disease may involve progressively LV mechanics until the
eventual decrease of the EF. Since circumferential strain
appears to be globally preserved in younger and reduced
in older patients, our hypothesis is that it might be con-
sidered a “transitional” parameter, which may help for a
better characterization of patients with intermediate age,
as those of 7 to 11 years of age. Nonetheless, a progres-
sive trend can be identified for both GLS and GCS, which
clearly worsened with age in DMD patients.

At the bivariate analysis we observed that the lower
the distance covered at the 6MWT, the worse the EF, the
S’ and the GLS. In other words, motor performance and
myocardial function are related to each other and both
worsen with age, even in young children with DMD.
As concerns segmental strain analysis, we noticed that
longitudinal deformation of the apical segments and the
infero-lateral wall was particularly affected, regardless
of the age of patients, since it was equally impaired in
either younger or older patients. However, the distribu-
tion of circumferential strain impairment was different
from GLS, and also different between age groups. In fact,
septal wall was the most affected in younger, while an-
tero-septal, anterior and lateral walls showed the worst
performance in older patients.

In the past years there has been increasing interest
for circumferential strain in children with DMD. Several
papers reported that circumferential strain is reduced in
young children with normal ejection fraction *'8, How-



ever, in these studies strain analysis was performed with
cardiac magnetic resonance imaging or with STE at the
sole midventricular level. With respect to this, we also
observed that in our population circumferential strain was
particularly reduced at the level of the papillary muscles,
but the global value was still preserved in patients young-
er than 9 years. Concerning the regional distribution of
circumferential strain alterations, the lateral LV free wall
has been reported with the earliest decline in young pa-
tients and the greatest involvement in older patients with
DMD. Moreover, the lateral wall is also the area in which
fibrosis is first recognized by cardiac magnetic resonance,
in the advanced stage of the disease '>. Ryan et al. de-
scribed a different regional pattern of circumferential
strain impairment in children with DMD, since the most
involved appeared to be antero-septal, inferior and infe-
ro-lateral segments 4. Furthermore, Taqatqa et al. report-
ed that different segments could be affected, so that the
reduction of circumferential strain cannot be localized to
one specific region . Since there is a great variability in
the results reported by different authors, concerning the
distribution of circumferential strain anomalies, it is like-
ly that these might not be confined to one specific area,
but are rather the expression of a diffuse myocardial dam-
age. Recently, also longitudinal strain has been described
as an early marker of ventricular dysfunction in young
DMD patients >'°. Particularly, the reduction of GLS has
been reported to be more pronounced in the apical area,
as occurred in our population. It is worth noting that lon-
gitudinal strain values are usually higher at the apex in
normal subjects, with a base-to-apex gradient %, We can
speculate that in DMD longitudinal dysfunction might in-
volve at first the region with the higher performance.

The awareness about the early natural history of ven-
tricular mechanics in DMD boys is crucial to support
the opportunity of cardioprotective therapy, as already
attempted by several studies in human and animals ',
This is particularly relevant as opinion differs on the use
of angiotensin-converting enzyme (ACE) inhibitors in
very young (< 10 years) asymptomatic individuals with-
out evidence of abnormality on cardiac magnetic reso-
nance or echocardiogram 2. A reduced GLS could allow
clinicians to start ACE inhibitors or beta-blockers even
below 10 years of age and to monitor the therapeutic ef-
fect, aiming to preserve systolic and diastolic parameters
within the normal range as long as possible.

Several drugs have been employed with the aim to con-
trast the evolution of cardiomyopathy toward stages of severe
congestive heart failure, before an invasive approach should
be considered, e.g. through the implantation of cardioverter
defibrillator or cardiac resynchronization therapy defibrilla-
tor %, It is widely accepted that ACE inhibition could reduce
mortality and hospitalization in DMD patients, delaying the
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onset and progression of cardiac dysfunction and reinforcing
the usefulness of an early therapeutic approach *%. Also, the
adoption of a therapy with beta-blockers, alone or combined
with ACE inhibitors, showed results for delaying progres-
sion of heart failure in these patients . On that framework,
STE-derived myocardial strain could be considered an ad-
ditional outcome measure to test the efficacy of new thera-
peutic approaches, particularly in trials focusing on younger
ambulant DMD patients.

Our study is limited by its retrospective nature and by
the relatively small sample size. Also, deformation of the
chest profile, which is often present in older patients with
DMD, may have affected the accuracy of strain analysis,
due to suboptimal ultrasound image quality.

Conclusions

Progressive LV dysfunction is a part of the natural
history of DMD and begins very early. Despite the reduc-
tion of EF usually manifests in the second decade of life,
subtle alterations in LV mechanics can be clearly seen as
early as before 9 years of age. STE provides a reproduc-
ible and reliable evaluation of longitudinal and circumfer-
ential LV deformation, which represent sensitive markers
of early dysfunction. Our results confirm that cardiac per-
formances could be impaired already in very young DMD
patients, below 9 years, apparently with a preferential in-
volvement of the apical segments and the postero-lateral
wall. Also, GCS begins to alter at this stage, even if the
impairment becomes significant after 9 years of age. Both
GLS and GCS show a progressive worsening with age in
children with DMD. A longitudinal evaluation should be
scheduled to assess the global cardiac performance over
time and to evaluate the impact of therapies on the cardio-
vascular and overall outcome.
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