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Abstract

Objectives This study aimed to investigate subclinical left ventricle (LV) systolic dysfunction in juvenile dermatomyositis (JDM)
using two-dimensional speckle-tracking echocardiography (2DST). Possible associations between LV deformation impairment
and disease activity/cumulative damage were also evaluated.

Methods Thirty-five consecutive JDM patients without cardiac symptoms and 35 healthy volunteers were enrolled. Clinical data
were collected from medical records, and echocardiograms were performed by a pediatric cardiologist, unaware of patients’ conditions.
Results Patients and controls had similar age (12.6 + 0.7 vs.12.5 £ 0.6; p = 0.97) and gender (11F:24M vs.11F:24M; p = 1.0). Median
of JDM duration was 4.6 (0.04—17.6) years, and only 6/35 (17%) had active disease (disease activity score (DAS > 3)). Conventional
echocardiogram revealed preserved LV ejection fraction (EF) (> 55%) in all individuals. In JDM, 2DST identified reduction of LV
longitudinal [-22(=17.2 to —27.9) % vs. —23(—20.8 to —27.4) %; p = 0.028)] and circumferential —23.9 + 2.8% vs. —26.7 £2.9%; p =
0.0002) strain. Lower longitudinal strain was associated with DAS >3 —19.9(=17.2 to —26.5)% vs. —22.1-18.9 to —27.9)%; p = 0.046],
MDI extent > 0 [-19(—17.2 to —22.5)% vs. —22.1-19.2 to —27.9)%; p = 0.0008], MDI severity > 0 [-19(—17.2 to —22.1)% vs.
—22.3(=20.3 to —27.9)%; p = 0.0001] and calcinosis[-20.6(—17.2 to —23)% vs. —22.3(=20.3 to —27.9)%; p = 0.03]. Lower circum-
ferential strain was associated with MDI extent > 0 (—22.1 & 3.87% vs. —24.4 + 2.3%; p = 0.039), MDI severity > 0 (—21.7 = 3% vs.
247 £ 2.3%; p = 0.004) and calcinosis (—22.5 + 3.3% vs. —24.8 + 2.1%; p = 0.02). There was a negative correlation between
longitudinal strain and cumulative dose of prednisone (» = —0.44; p = 0.009) and methotrexate (» = —0.33; p = 0.0008).
Conclusions LV 2DST detected early systolic myocardial compromise in asymptomatic pediatric JDM patients, with preserved
EF. Longitudinal strain impairment was associated with disease activity and cumulative damage, whereas circumferential strain
impairment was associated exclusively with cumulative damage.

Key Points

* Serious cardiac involvement is rare but has been associated with death in juvenile dermatomyositis.

* Two-dimensional speckle tracking stands out for the identification of subclinical myocardial compromise in juvenile dermatomyositis.

* Longitudinal strain impairment is associated with disease activity and cumulative damage, whereas circumferential strain impairment is associated
exclusively with cumulative damage.

Keywords Echocardiography - Juvenile dermatomyositis - Myocardial damage - Two-dimensional speckle tracking

P4 Maria de Fatima Rodrigues Diniz Introduction
mariafrdiniz@hotmail.com

Juvenile dermatomyositis (JDM) is an autoimmune inflamma-
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mation also affects the gastrointestinal tract, lungs, and heart.
It is the most frequent childhood inflammatory myopathy,
although it is less common in pediatric patients than in adults.
It has an incidence of two to three cases/million children/year
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in the general population. Myocardial compromise is classi-
cally attributed to myocarditis, fibrosis, atherosclerosis, and
vasculitis, mostly with a long subclinical course [1].

Early detection of myocardial involvement in JDM is an
arduous task, as clinical signs and symptoms are often non-
existent or non-specific. Myocardial impairment becomes
clinically evident in advanced stages of the disease, usually
with an unfavorable prognosis. Cardiovascular mortality
ranges from 5 to 17%, most often caused by myocardial in-
farction and heart failure [2]. Most echocardiographic param-
eters routinely used to assess ventricular function lack sensi-
tivity in a subclinical scenario, which certainly contributes to
underestimate the prevalence of myocardial involvement in
young JDM patients [3].

Two-dimensional speckle tracking (2DST) is an angle-
independent method for echocardiographic assessment of
myocardial deformation (strain) in longitudinal, radial, and
circumferential directions. This diagnostic tool has proven to
have better accuracy in detecting subtle ventricular dysfunc-
tion in other pediatric rheumatologic diseases, even before
ejection fraction (EF) compromise [4, 5].

In a recent publication, Guerra et al. have documented left
ventricle (LV) longitudinal strain reduction in polymyositis
and dermatomyositis, in patients with still preserved LV EF
[6]. Nevertheless, those authors did not find any correlation
between LV strain and disease activity or cumulative damage
status. Besides, an eventual relationship between early myo-
cardial damage and health-related quality of life parameters in
inflammatory myopathies is yet to be studied.

Therefore, the aim of the present study was to investigate
subclinical abnormalities in LV systolic function in JDM pa-
tients, using 2DST LV-derived longitudinal and circumferen-
tial strain. Possible associations between LV strain compro-
mise, and clinical parameters were also interrogated.

Methods

From June 2017 to December 2018, 35 consecutive JDM
patients were recruited during their routine outpatients’ visits
to the Paediatric Rheumatology Unit of our University
Hospital. All patients fulfilled the Bohan and Peter criteria
for JIMD [7], and none of them showed symptoms of heart
failure (New York Heart Association class I) [8]. The control
group comprised 35 healthy volunteers from primary care
clinics. Congenital heart diseases had been excluded in all
patients and controls by previous echocardiographic evalua-
tions. The ethics committee of our institution approved this
cross-sectional study, and written informed consent was ob-
tained from all participants and their legal guardians.
Patients’ medical records were carefully reviewed for clin-
ical, laboratory, and therapeutic data by the attendant physi-
cian. Disease Activity Score (DAS) > 3, Childhood Myositis
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Assessment Score (CMAS) < 48, and manual muscle strength
test (MMT) < 78 were used as parameters of active disease.
Myositis Damage Index Extent (MDI-extent) > 0 and
Myositis Damage Index Severity (MDI-severity) > 0 were
used as parameters of cumulative damage, as well as the pres-
ence of calcinosis [9-11]

Childhood Health Assessment Questionnaire (CHAQ)
> 0 PedsQL ™ (Pediatric Quality of Life inventory)
reported by the patient < 78 and a PedsQL ™ reported
by parents < 78 were indicative of compromised func-
tional abilities and health-related quality of life deterio-
ration parameters, respectively [12—14].

Demographic information included age at diagnosis, cur-
rent age, disease duration, and gender. Weight and height
were obtained for each patient and control before the echocar-
diogram to calculate body surface area (BSA) by the Haycock
formula [15].

Standard and 2DST echocardiograms were obtained by the
same pediatric cardiologist (MFRD), blinded to disease activ-
ity and damage and health-related quality-of-life parameters.

Standard echocardiography

Standard transthoracic echocardiography was performed ac-
cording to the recommendations of the American Society of
Echocardiography and included M-mode, two-dimensional
imaging, conventional, and tissue Doppler evaluation at the
septal and lateral mitral annulus [16]. The equipment used was
a Philips Affiniti 70 (Andover, MA 01810 USA), with multi-
frequency transducers (S 5-1 and S 8-3 MHz).

Cardiac chamber dimensions were obtained using two-
dimensional mode, and left ventricle ejection fraction (LV
EF) was calculated by Simpson’s method [16]. LV mass (g)
was estimated using Devereaux’s formula according to the
Penn convention and indexed for height (m) raised to an ex-
ponential power of 2.7 [16].

Evaluation of LV diastolic function included conventional
as well as tissue Doppler-based measurements: mitral E and A
velocities, E/A ratio, and E/E’ ratio, with E’ being the average
of values obtained by tissue Doppler at the septal and lateral
annulus [16]. Left atrial volume was estimated using the bi-
plane area-length method, and values were indexed to the
BSA [16].

2DST echocardiography

The main principle of 2DST is that each segment of myo-
cardial tissue displays a specific pattern of gray values in
the ultrasound image, commonly referred to as a speckle
pattern. Tracking this acoustic pattern during the cardiac
cycle enables the observer to follow myocardial motion
and to directly assess ventricular deformation [17].
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To evaluate global longitudinal LV systolic deformation,
two-dimensional harmonic image cine-loop recordings of api-
cal four-, three-, and two-chamber views, with good-quality
electrocardiogram signals, were acquired and stored digitally
for analysis. A sector scan angle of 30—60° and frame rates of
60-90 Hz were chosen. The endocardial and epicardial tracing
was automatically generated by the computer algorithm and
manually adjusted to cover the whole myocardium wall, when
necessary (QLab"™ software, Philips). Global LV peak longi-
tudinal systolic strain (PLSS) was calculated, representing the
average values of all the ventricular segments analyzed in the
three views (Fig. 1a, b, and c). Parasternal short-axis views at
the papillary muscle level were obtained to assess peak cir-
cumferential systolic strain (PCSS) (Fig. 1d) [18].

The extent of myocardial deformation (strain) in longitudi-
nal and circumferential directions throughout the cardiac cycle
was presented as percentages. Since those deformation param-
eters reflect myocardial shortening, they were expressed as
negative values [18].

Fig. 1 Two-dimensional speckle
tracking echocardiogram. (a)
Apical 4 chamber view, (b)
Apical 3 chamber view, (¢)
Apical 2 chamber view, and (d)
parasternal short axis view at the
level of the papillary muscles. RV
right ventricle; RA right atrium;
LV left ventricle, LA left atrium;
AO aorta

Whenever one or more ventricular segments were inade-
quately tracked due to poor image quality, the individual was
excluded from 2DST evaluation.

Intra- and interobserver reproducibility was tested, regard-
ing 2DST measurements. The first examiner (MFRD) repeat-
ed the analysis of 5 JDM patients and 5 healthy controls ran-
domly selected, 12 months after having acquired images. A
second observer (GNL), unaware of previous results, also per-
formed off-line analysis of the same individuals.

Statistical analysis

Statistical analysis was performed using SPSS version
13.0 (SPSS Inc, Chicago IL, USA). Categorical data
were reported as percentages and continuous data as
mean *+ standard deviation (sd) or median (range).
Student’s ¢ test was used to assess normally distributed
continuous data and Mann-Whitney test to assess non-
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normally distributed continuous data. Fisher’s exact test
was chosen to compare categorical data. Pearson’s cor-
relation was used to investigate the relationship between
global LV peak longitudinal systolic strain and parame-
ters of disease activity, cumulative damage, health-
related quality of life, and treatment. The level of sig-
nificance was set at 5% (p < 0.05). Intra- and interob-
server variability for strain measurements was assessed
using intraclass correlation coefficient (ICC), with good
correlation being defined as ICC > 0.8.

Results

JDM patients and controls had similar age (12.6 0.7 vs. 12.5
+0.6; p =0.97) and identical gender distribution (11F:24M vs.

Table 1  Demographic and echocardiographic parameters

11F:24M; p = 1.0). The other demographic parameters were
also comparable (Table 1).

The median age at JDM diagnosis was 6.2 (2.1-13.6)
years, and the median disease duration by the time of the
echocardiogram was 4.6 (0.04—17.6) years. No patients nor
controls had additional cardiovascular risk factors such as ar-
terial hypertension or dyslipidemia, according to medical reg-
isters from outpatients’ clinics. Two patients (5.7%) had pul-
monary involvement, two (5.7%) dysphagia and one (2.8%)
dysphonia.

Disease activity indexes

Six (17%) patients had DAS > 3; 8 (22.8%) had CMAS < 48;
and 3 (8.5%) had MMT < 78.

JDM patients (n = 35) Controls (n = 35) P value
Demographic parameters
Gender (male) 11/35 11/35 1.000
Age (years) 126 £0.7 12.5+0.7 0.970
Weight (kg) 42,6 £16.7 47.6 £15.6 0.200
Height (m) 1.46 (1-1.76) 1.5 (1-1.8) 0.140
Body surface area (m?) 1.3+0.3 14+£03 0.140
Body mass index (kg/mz) 57.8 +17.7 62+15.4 0.300
2D and M-mode Echo
LVDD (mm/m?) 30.7 (23.9-52.5) 29.4 (25.3-50.3) 0.200
LV EF (%) 67.5+4.0 69.5+3.9 0.040
Septum (mm/m?) 6.1 (4-9.2) 53(4.2-9.4) 0.060
LVPW (mm/m?) 6+12 57+1 0.200
LV mass index (g/m>”) 27.1+6.6 25+52 0.140
LA volume (ml/m?) 21.8+3.5 229+2.7 0.140
Conventional Doppler
Mitral E (cm/s) 09+0.16 1.1+0.14 0.070
Mitral A (cm/s) 0.56 (0.35-1) 0.51 (0.35-0.75) 0.540
Mitral E/A 1.84 +0.44 2+0.44 0.060
Tissue Doppler imaging
Mitral septal €’ (cm/s) 0.12 (0.08-0.18) 0.14 (0.10-0.17) 0.003
Mitral septal a’ (cm/s) 0.08 (0.05-0.9) 0.07 (0.05-1) 0.320
Mitral septal S (cm/s) 0.07 (0.06-0.12) 0.08 (0.06-0.11) 0.034
Mitral lateral e’ (cm/s) 0.18 (0.10-0.27) 0.21 (0.16-0.35) 0.0003
Mitral lateral a’ (cm/s) 0.12 (0.05-0.8) 0.08 (0.05-0.13) 0.780
Mitral lareral S (cm/s) 0.11 (0.07-0.17) 0.11 (0.08-0.8) 0.280
Mitral E/e’ 6.1 (4.2-11.9) 5.9 (4.3-8) 0.280
2DST Echo
LV Global PLSS (%) =22 (-17.2 to —27.9) —23(-20.8 to —27.4) 0.028
LV PCSS at papillary muscles (%) —239+28 —26.7+2.9 0.0002

JDM juvenile dermatomyositis; LV left ventricle; LA left atrium; LVDD left ventricle diastolic diameter; LV EF left ventricle ejection fraction; LVPW left
ventricle posterior wall; 2DST two-dimensional speckle tracking; PLSS peak longitudinal systolic strain; PCSS peak circumferential systolic strain
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Cumulative damage indexes

Eight (22.8%) patients had MDI extension > 0; 9 (25.7%) had
MDI severity > 0, and 14 (40%) exhibited calcinosis.

Functional abilities and health-related quality-of-life
parameters

Eighteen (51.4%) patients had CHAQ > 0; 11 (31.4%) had
PedsQL ™ reported by the patient < 78, and 11 (31.4%) had
PedsQL ™ reported by parents < 78.

Laboratory

Median value of patients’ creatine phosphokinase (CPK) was
100 (36-1579) TU/L, lactic dehydrogenase (LDH) 200 (119—
511) TU/L, erythrocyte sedimentation rate (ESR) 12 (3—47)
mm/1%*" h, C-reactive protein (CRP) 1.0 (0~10) mg/ml, alanine
transaminase (ALT) 17 (9-32), and aspartate transaminase
(AST) 21 (11-45) U/L.

Treatment

By the time of echocardiogram, 18 (51%) patients were in use
of hydroxychloroquine, 8 (23%) prednisone, 4 (11%) azathi-
oprine, 16 (45%) methotrexate, 3 (8%) mycophenolate mofe-
til, 1 (3%) cyclosporine, and 12 (34.3%) were not receiving
any medications.

Thirteen (37%) patients had received intravenous immuno-
globulin and 10 (28.5%) azathioprine at some point of their
previous follow-up.

Table 2

Standard echocardiogram

LV ejection fraction was preserved (> 55%) in all individuals,
although lower in patients than in controls (67.5 + 4% vs. 69.5
+ 3.9%; p = 0.04) (Table 1). Although patients showed a
significant reduction of e’ velocity at septal and lateral mitral
annulus, all values obtained were still within normal range
[19]. E/e’ and atrial volume were similar comparing patients
and controls, reassuring normal LV end diastolic pressure
(Table 1).

2DST echocardiogram

Satisfactory images were obtained from all JDM patients and
controls, and no individuals were excluded from myocardial
deformation analysis. Patients exhibited lower LV global
PLSS, as well as lower PCSS than controls (Table 1).

Lower longitudinal strain was associated with DAS > 3,
MDI extent > 0, MDI severity > 0, and calcinosis (Table 2).
Lower LV PCSS was associated with MDI extent > 0, MDI
severity > 0, and calcinosis (Table 2).

There was a negative correlation between LV global PLSS
and the number of abnormal JDM clinical parameters per
patient, including disease activity (DAS > 3, CMAS < 48,
MMT < 78), cumulative damage (MDI-extent > 0, MDI-
severity > 0, the presence of calcinosis), and functional abili-
ties and health-related quality of life parameters (CHAQ > 0,
PedsQL™ reported by the patient < 78, PedsQL™ reported
by parents < 78) (Fig. 2a).

There was a negative correlation between LV global PLSS
and cumulative dose of prednisone and methotrexate (Fig. 2b
and c). The median value of PLSS in patients’ group was

LV global PLSS and PCSS according to clinical parameters of JDM disease activity and cumulative damage.

Disease activity parameter

DAS >3 (n=6) DAS <3 (n =29) P value
LV global PLSS (%) -19.9 (-17.2 to -26.5) -22.1 (-18.9 to -27.9) 0.046
PCSS at papillary muscles (%) 224434 243 +2.6 0.140
Cumulative damage parameters
MDI extension > 0 (n = 8) MDI extension = 0 (n = 27)
LV global PLSS (%) -19 (-17.2 to -22.5) -22.1(-19.2 to -27.9) 0.0008
PCSS at papillary muscles (%) -22.1£3.87 244+23 0.039
MDI severity > 0 (n = 9) MDI severity = 0 (n = 26)
LV global PLSS (%) -19 (-17.2 to -22.1) -22.3 (-20.3 to -27.9) 0.0001
LV PCSS at papillary muscles (%) 21.7+3 -24.7+2.3 0.004
Calcinosis + (n = 14) Calcinosis - (n =21)
LV global PLSS (%) -20.6 (-17.2 to -23) -22.3 (-20.3 to -27.9) 0.003
LV PCSS at papillary muscles (%) -22.5+33% 248 +£2.1% 0.020

JDM juvenile dermatomyositis; DAS disease activity score; MDI Myositis Damage Index; LV global PLSS left ventricle global peak longitudinal systolic

strain; LV PCSS left ventricle peak circumferential systolic strain
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Fig 2 a: correlation between LV
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Global PLSS (absolute values)
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p=0.014
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and cumulative methotrexate
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Score; MMT: Manual Muscle
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Questionnaire; PedsQL ™"
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LV global PLSS (%)
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r=-0.33

p =0.0008

grams

—22%; the frequency of individuals with past/present use of
azathioprine among patients with lower values of LV global
PLSS (< —22%) was greater than the frequency identified
among patients with higher values of LV global PLSS (>
—22%): 8/17 (47%) vs. 2/18 (11%); p = 0.027.

There was no correlation between serum muscles enzymes
(CPK, LDH, AST, ALT) or inflammatory markers (CRP,
ESR) and LV myocardial deformation parameters (global
PLSS and PCSS) (p > 0.05).

@ Springer

Strain measures reproducibility

Regarding LV global PLSS, the ICC obtained was 0.81 (95%
confidence interval: 0.78— 0.95; p = 0.0042) for interobserver
variability and 0.94 (95% confidence interval: 0.77-0.98; p <
0.0001) for intraobserver variability. Regarding LV PCSS, the
ICC obtained was 0.87 (95% confidence interval 0.6-0.96; p =
0.001) for interobserver variability and 0.95 (95% confidence
interval 0.80-0.98; p < 0.0001) for intraobserver variability.
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Discussion

The present study stands out for the identification of subclinical
myocardial compromise in JDM using 2DST echocardiography,
even in a population with low disease activity (DAS > 3 in only
17%) and otherwise normal standard echocardiograms.
Moreover, it was possible to demonstrate significant correlation
between LV myocardial deformation parameters and JDM activ-
ity, cumulative damage, and functional abilities and health-
related quality-of-life parameters, an innovative accomplishment.

Similarly to our results, Guerra et al. found comparable stan-
dard parameters of systolic and diastolic function among derma-
tomyositis patients and controls, corroborating that conventional
echocardiogram is not a sensitive tool to detect myocardial in-
volvement in asymptomatic individuals [6]. Conversely,
Schwartz et al. identified LV diastolic dysfunction in JDM pa-
tients by standard echocardiogram, with abnormal E/e’ ratio in
22% of individuals. It must be pointed out, however, that their
population included older individuals with longer disease dura-
tion than ours. Some of their patients had also arterial hyperten-
sion, known to contribute to LV diastolic dysfunction [20].

Although Guerra et al. had also demonstrated subclinical
LV systolic impairment in dermatomyositis patients using
speckle-tracking echocardiogram, they did not find any asso-
ciation between LV longitudinal strain and disease activity,
damage, or treatment [6]. The present study not only demon-
strated association between reduced strain parameters and dis-
ease activity/damage indexes but also documented negative
correlations between PLSS and cumulative doses of predni-
sone and methotrexate in JDM patients, probably a reflection
of disease severity and duration. In fact, the use of azathio-
prine was also associated with reduced values of LV longitu-
dinal deformation, suggesting greater myocardial injury in
more severe JDM presentations.

It is interesting to notice that only LV global PLSS impair-
ment was associated with both JDM disease activity and damage
scores. This can be justified by the fact that subendocardial myo-
cardial layers, mainly responsible for LV longitudinal deforma-
tion, are the first to be injured in an inflammatory scenario [21].
Due to its early and persistent impairment in JDM, LV global
PLSS may represent a more sensitive tool than standard echocar-
diography for subclinical myocardial injury detection.

Subepicardial myocardial layers, responsible for LV cir-
cumferential deformation, are compromised later in disease
progression and are known to sustain preserved LV ejection
fraction until symptomatic stages [22]. Not surprisingly,
PCSS impairment was associated exclusively with JDM cu-
mulative damage indexes. Paralleling our results, a previous
cardiac magnetic resonance (CMR) studies had documented
late gadolinium enhancement predominantly in subepicardial
myocardial layers, indicating fibrosis of circumferential fibers
in JDM patients with inactive disease but proven cumulative
damage [23, 24]. It is important to notice that there was no

correlation between muscles enzymes or acute-phase reactants
and myocardial deformation, corroborating the hypothesis
that subtle myocardial injury may be missed in a scenario of
low serum biomarkers [25, 26].

Finally, we have demonstrated that LV global PLSS im-
pairment was negatively correlated with the number of abnor-
mal JDM clinical indexes per patients, including functional
abilities and health-related quality of life parameters in the
analysis for the first time in literature. This result certainly
broadens LV global PLSS contribution to overall assessment
of JDM patients throughout their development.

2DST echocardiography feasibility and reproducibility
were both clearly demonstrated by the present study, favoring
its incorporation in JDM patient’s follow-up routine.

Limitations

Possible limitations include the small number of patients en-
rolled and the single center character of the study, which may
preclude generalizations of conclusions to larger populations.

In addition, all the 35 patients were diagnosed with juvenile
dermatomyositis in the previous period to the publication of
the EULAR/ACR classification criteria (First published
November 14, 2017) [27]. That is why we have used Peter
and Bohan criteria.

Unfortunately, we have not included electrocardio-
grams or serum levels of Troponin and BNP in the present
study, since they are not routinely ordered by the physi-
cians at our outpatients’ clinics. Those exams could have
helped to detect subtle myocardial impairment associated
to myocardial deformation compromise.

Besides, it would have been interesting to investigate pos-
sible correlations between myocardial deformation measures
obtained by 2DST echocardiography and contrast-enhanced
CMR imaging, considered the gold standard method to iden-
tify myocardial inflammation and fibrosis. Nevertheless, it
must be emphasized that CMR is not currently available at
all healthcare facilities and frequently implies anesthetic pro-
cedures in pediatric population.

Conclusions

2DST echocardiogram can detect subclinical myocardial im-
pairment in JDM patients, even before standard echocardio-
gram. Myocardial deformation parameters correlated with
clinical disease indexes and emerge as promising diagnostic
tools for overall assessment of JDM patients throughout de-
velopment. Future studies must be held in order to stablish if
early myocardial injury detection by 2DST can impact on
therapeutic decisions and future cardiovascular outcomes in
JDM patients.
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