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Abstract

Objective. Cardiac involvement is the most important cause of mortality in juvenile systemic sclerosis (JSSc).
Recent reports in adult patients underline that traditional techniques of imaging are inadequate to assess the sub-
clinical cardiac involvement, while speckle tracking echocardiography (STE) is able to identify ventricular dysfunc-
tions in the early stages. The aim of our study was to assess the role of STE in JSSc.

Methods. Demographic, clinical and laboratory data were collected from patients with JSSc. Cardiac investiga-
tions performed at baseline (T0O) and 18 (T18) and 36 months (T36) follow-up included electrocardiography, conven-
tional echocardiography with measurement of the ejection fraction (EF) and STE with assessment of left and right
ventricular global longitudinal strain (LV-GLS and RV-GLS). Cardiac parameters have been compared with demo-
graphic characteristics and disease severity, assessed by the Juvenile Systemic Sclerosis Severity Score (J4S).
Results. A total of 18 patients, 12 (67%) females, entered the study. At TO, electrocardiography was abnormal in
three patients, EF was reduced in one, LV-GLS was abnormal in three (16.7%) and RV-GLS was abnormal in five
(27.8%). At T18, EF remained stable while at T36 the result decreased in seven of nine patients. At the same time,
LV-GLS also worsened (from —21.6% to —18.2%, P=0.01). LV-GLS and RV-GLS at baseline showed a significant
correlation with J4S (P=0.012 and P=0.02, respectively).

Conclusion. STE is more sensitive than standard echocardiography to identify cardiac involvement in JSSc. Over
time, we observed a gradual worsening of LV-GLS, a sign of left ventricular dysfunction, that anticipated by several
months the decrease of EF.
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Rheumatology key messages

e Cardiac involvement is an important and underdiagnosed cause of mortality in juvenile systemic sclerosis
(JSSc).

e Standard echocardiography is often inadequate to assess the subclinical cardiac involvement in paediatric
patients.

« Speckle tracking echocardiography is a reliable technique for early detection of subclinical cardiac abnormal-
ities in JSSc.

Introduction

- Cardiac complications in juvenile systemic sclerosis
Plzzzzrtlrpael;t of Woman’s and Child’s Health, University of Padova, (JSSc) can be either primary or secondary to pulmonary
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volvement in JSSc is reported with a frequency ranging
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While clinically evident myocardial involvement in
JSSc seems to have a late onset, histological studies in
adult patients show that cardiac abnormalities occur
early and are often underdiagnosed [4]. Newer diagnos-
tic techniques are therefore required in order to allow
preclinical identification and early treatment of ventricu-
lar dysfunction.

Global longitudinal strain (GLS), derived from speckle
tracking echocardiography (STE), evaluates myocardial
fibore deformation. GLS was reduced in adult SSc
patients even though the left ventricular ejection frac-
tion (LVEF), measured by conventional echocardiog-
raphy (cEcho), was still preserved [5]. It has also been
shown that, during a 2year follow-up, left ventricular
GLS (LV-GLS) significantly decreased, with LVEF still
preserved [6]. This clearly suggests that cEcho is less
appropriate to document subclinical myocardial involve-
ment in SSc.

The aim of our study was to assess whether, in
patients with JSSc, STE can identify ventricular dysfunc-
tions more effectively and earlier than traditional echo-
cardiography. Furthermore, we wanted to investigate
whether, during the disease course, cardiac involvement
was correlated with the global disease severity, meas-
ured by the Juvenile Systemic Sclerosis Severity Score
(J49) [7].

Methods
Study population

Unselected consecutive patients with JSSc diagnosed
according with the Paediatric Rheumatology European
Society/EULAR/ACR criteria [8] were retrospectively
evaluated. For every patient we collected demographic,
clinical and laboratory data, autoantibody profile and
treatment. At each visit the J4S score was calculated in
order to quantify the overall disease severity. As part of
the J4S, the following clinical instrumental parameters
were considered: skin involvement by the modified
Rodnan skin score, RP and/or digital lesions, chest
X-ray, high-resolution CT (HRCT), diffusing capacity for
carbon monoxide, forced vital capacity, musculoskeletal
involvement, oesophageal scintiscan or 24 h pH-metry,
malabsorption test and glomerular filtration rate.
Consent was obtained from the patients and their
parents.

Cardiac investigations

Cardiac investigations included at-rest electrocardiog-
raphy (EKG) and cEcho, performed according with the
minimal data set suggested by the British Society of
Echocardiography [9]. STE with assessment of LV-GLS
and right ventricular GLS (RV-GLS), by analysing two-
dimensional images with semiautomatic software
Automated Function Imaging (AFl) was also performed.
Values were expressed as a negative percentage, as
they represent the shortening of a region of interest
compared with its original length. An absolute value
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<—19% for LV-GLS and <—25% for RV-GLS were con-
sidered pathological [10]. All echocardiographic images
were acquired by the same paediatric cardiologist and
STE was technically feasible in all patients.

Combined rheumatologic and cardiac assessments
were performed at baseline (TO) and after 18 (T18) and
36 (T36) months.

Statistical analysis

The association between categorical variables was
investigated with the 2 test or Fisher’s exact test while
the correlation between most relevant variables was
investigated with Spearman’s test. Wilcoxon’s test was
used for comparison of the paired observations and the
Mann-Whitney test was used for unpaired data. P-val-
ues <0.05 were considered statistically significant.
Statistical analyses were performed using SPSS 18.0
(IBM, Armonk, NY, USA).

Results

Eighteen consecutive Caucasian patients entered the
study; 12 (67%) were females. Three patients (17%) suf-
fered from IcSSc and the remainder had dcSSc. The
clinical characteristics of the patients and autoantibody
profiles are summarized in Table 1.

Baseline assessment

The mean age of the patients who entered the study
was 12.3years (range 4.7-19.3), with a mean disease
duration at the first STE assessment of 4.9years (range
1-12.6). The mean severity of the disease, measured by
J4S score, was 6.9 (range 3-11). A total of 16 patients
had cutaneous involvement with a mean mRSS of 10.4
(range 0-30), 11 patients had RP, 15 had gastrointestinal
involvement and 10 had musculoskeletal symptoms. As
for respiratory involvement, nine patients showed func-
tional abnormalities and/or pathological HRCT findings.

Treatments at baseline included DMARDs [13 (72.2%;
MTX 7, MMF 6, rituximab 1)], vasoactive drugs [12
(66%)], anti-arrhythmics [2 (11%)] and proton pump
inhibitors [12 (66%)].

Four patients had clinically evident cardiac involve-
ment such as non-sustained ventricular tachycardia with
ectopic beats, sustained ventricular tachycardia requir-
ing an implanted cardiac device (ICD), pericarditis and
ventricular ectopic beats, pulmonary arterial hyperten-
sion with right ventricular hypertrophy and arrhythmia.

EKG showed abnormalities in three patients (right ven-
tricular hypertrophy; inferior repolarization abnormalities;
abnormal V1-V4 R-wave progression, with low-voltage
R-waves).

Standard echocardiography showed normal ejection
fraction (EF) in 17/18 patients [mean 66.7% (range 53.8-
73.9)]. Two of the four patients with a clinical history of
cardiac involvement had pathological Yu index values
(Table 2).
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TasLe 1 Clinical characteristics of the patients at baseline

Characteristics Values

Sex, female:male, n:n

Age, years, mean (s.p., range)

Age at onset, years, mean (s.p., range)
Disease duration, years, mean (s.p., range)

12:6

12.3 (4.2, 4.7-19.3)
7.8(3.1,3.5-13.5)
4.9 (3.7, 1-12.6)

Subtype, diffuse:limited, n:n 15:3
Autoantibody profile

ANA 18 (100)
Anti-topoisomerase | (Scl70) 4(22.2)
Anti-centromere (ACA) 1(5.6)
Anti-polymyositis-scleroderma (PM-Scl) 2(11.9)
J4S, mean (s.p., range) 6.9 (2.3, 3-11)
mRSS, mean (s.p., range) 10.4 (9.0, 0-30)
Internal organ involvement, n (%)

RP 11(61.1)
Respiratory 9 (50.0)
Gastrointestinal 15(83.3)
Musculoskeletal 10 (55.6)

TaBLE 2 Standard and STE parameters at baseline and during follow-up

Parameters

STANDARD EF-2D, % 66.7 53.8-74 69.1 50-77.1 62.2 39-71
E,cm/s 91.5 60-115 95.3 81-116 98.1 76-115
A, cm/s 50.6 32-77 56.6 38-107 53.6 42-74
E/A 1.9 1-3.1 1.9 0.9-2.6 1.9 1.3-2.6
E’, cm/s 16.6 11-19 15.2 11-19.2 13.7 8-17.5
E/E 5.6 3.8-9.4 6.5 4.9-8.5 7.5 4.9-13.6
STE LV-GLS, % -21.7 —16.9/-25 -20.5 —13.7/-23 -18.2 —11.3/-22
RV-GLS, % —28.7 —16/-37.3 —29.2 —20.3/-35 —27.2 —15/-36.7

EF-2D: ejection fraction calculated by the Simpson’s formula; E: early mitral ventricular filling velocity; A: late mitral ven-
tricular filling velocity; E": mitral annular early diastolic velocity.

The LV-GLS at baseline had a mean value of —21.7%
(s.D. 2.3; range —16.9 to —25), with three patients having
an LV-GLS >-19%. All of them suffered from diffuse
cutaneous JSSc, but only one had a reduced EF and
LV-GLS (53.8% and —16.9%, respectively) and a history
of cardiac involvement. The other two patients never
had cardiac symptoms, although one showed repolari-
zation abnormalities on an EKG.

As for treatment, none of the patients with abnormal
LV-GLS were previously treated with calcium channel
blockers (CCBs), while all of those taking CCBs during
the follow-up had normal LV-GLS (P=0.001). The mean
J4S value of the three patients with abnormal LV-GLS
was 9.6, 2.7 points greater than the mean value of all the
other patients. A significant correlation between J4S and
LV-GLS was found (R=0.595; P=0.012) (Supplementary
Fig. S1, available at Rheumatology online).

https://academic.oup.com/rheumatology

The mean longitudinal strain of the right ventricle (RV-
GLS) was —28.7% (s.p. 5.4; range —16 to —37.3) and
was abnormal in five patients. In three of the patients,
LV-GLS was also reduced, with significant correlation
between the two (R=0.693; P =0.002).

No correlation was found between cardiac involve-
ment and other parameters such as sex, age at onset,
disease duration, J4S at disease onset, BMI, mRSS and
autoantibody profile.

Assessment at 18 months

Nine patients, eight with dcSSc, underwent a cardiac
re-evaluation 18 months after the baseline assessment.
The cutaneous involvement was significantly decreased
as compared with baseline (mMRSS from 11.3 to 8.3,
P =0.03) and the mean J4S was also slightly decreased,
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although not significantly. Conventional EKG in one pa-
tient showed an abnormal R-progression from V1 to V4.
The mean EF value was 69.1%, slightly increased from
the baseline (P=0.03; Table 2). LV-GLS and RV-GLS
were unchanged.

Assessment at 36 months

Nine patients underwent cardiac re-evaluation
36 months after the baseline assessment. Six of the
patients had already been evaluated at T18, while for
three patients, who lived far away from our centre, this
was the first re-evaluation after baseline. At T36, the
mean J4S value of was 5.8, slightly decreased from the
baseline, as was the cutaneous involvement (P =0.04).
The LVEF decreased in 7/9 patients, with the mean
value (62.2%) slightly decreased, although not signifi-
cantly, from the baseline (P=0.09). The mean LV-GLS
value was —18.2%, significantly worse than baseline
(—21.6%, P=0.01). Furthermore, in six patients the LV-
GLS decreased >10% and in one it decreased between
5 and 10%. EF decreased by 6.7% from the baseline
while LV-GLS decreased by 16.1% (Supplementary Fig.
S2, available at Rheumatology online). The RV-GLS also
showed an overall mild deterioration, decreasing from
—28.6 to —27.2% (P=0.8).

Finally, a negative correlation between J4S and LV-
GLS at TO-T36 was found, as patients with a greater
worsening of J4S presented a greater decrease in LV-
GLS (R=-0.78; P=0.023).

No significant correlation between LV-GLS progres-
sion and other clinical variables, such as non-cardiac
organ involvement or age at disease onset, was found.

Discussion

Myocardial damage in patients with SSc is more fre-
quent than clinically suspected [6] and, being a leading
cause of death in JSSc [3, 4], it is crucial to find new
techniques for its early detection. In adult patients with
SSc, EF was found within the normal range for a long
time after the diagnosis [11]. Conversely, by using STE
for strain analysis, it was possible to detect myocardial
abnormalities early in a preclinical stage, much earlier
than the reduction of LVEF [11-13].

The results of our study are similar to those reported
in adult SSc. At baseline, only one patient (5.5%) had a
reduced LVEF, although five (27.8%) had abnormal
myocardial contractility, measured by STE, in the right
and/or left ventricle. The only patient with reduced LVEF
also had a reduced LV-GLS, while the other patients
had just mild EKG alterations, such as repolarization
abnormalities or signs of ventricle hypertrophy. In gen-
eral, combining clinical signs and symptoms of myocar-
dial dysfunction with cEcho and EKG, we were able to
detect cardiac involvement in 22.2% of the patients, a
frequency quite close to what is reported in adults [2].
By adding STE, we almost doubled this (38.8%),
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confirming that STE is much more sensitive to detect
subtle cardiac abnormalities early in JSSc.

As for the cardiac involvement over time, our study
shows that at the 18 month follow-up, LVEF remained
relatively stable, while at 36 months it slightly decreased,
although with a pathological value only in the patient in
whom it was already reduced at baseline.

In the same period of time, LV-GLS significantly wors-
ened (from —21.6% to —18.2%; P=0.01). A similar
study in adult patients also showed that while EF
remained stable during a 2year follow-up period, LV-
GLS underwent a significant reduction [8]. These results
further confirm that LV-GLS is more appropriate than
traditional LVEF measurement to study the cardiac in-
volvement in JSSc.

A possible explanation for this discrepancy may be
related to the fact that compensatory mechanisms,
coming from ventricular remodelling and the increased
activity of meso- and subepicardial fibres, allow preser-
vation of the LVEF, even in cases of reduced subendo-
cardial function. Conversely, as coronary microvascular
dysfunction of SSc mainly affects the subendocardial
layers, which are more sensitive to ischaemia, LV-GLS,
mirroring the subendocardial fibers’ state, allows identifi-
cation of cardiac involvement in earlier stages of the dis-
ease [14].

Similar results have also been reported in paediatric
patients treated with myocardiotoxic drugs for leukae-
mia [15, 16]. While LVEF often remains normal, LV-GLS
reveals signs of cardiotoxicity earlier. Indeed, a retro-
spective study showed that in JSSc patients both longi-
tudinal circumferential STE and LVEF were impaired
while the right ventricular strain was inversely correlated
with skin involvement [17].

As for the role of treatment, we observed that, at
baseline, none of the patients with pathological LV-GLS
was using CCBs while, conversely, all those taking
CCBs had normal longitudinal STE. These results are
consistent with another recent study showing a protect-
ive role of CCBs on the myocardium [17].

Both LV-GLS and RV-GLS at baseline showed a sig-
nificant correlation with disease severity measured by
the J4S. This underlines the nature of JSSc as a sys-
temic condition in which organ damage develops, espe-
cially in the diffuse subtype. Of interest, this correlation
was less strong during the follow-up observation, as
J4S improved while LV-GLS underwent a general wor-
sening. This discrepancy might be due to immunosup-
pressive therapy, which is likely effective for organs
other than the heart.

In general, the pathogenesis of JSSc and cardiac
damage is still controversial [18]. Most likely, ischaemia
due to microvascular changes and concomitant chronic
inflammation result in two different patterns of tissue fi-
brosis: replacement fibrosis and interstitial/perivascular
fibrosis [19, 20]. Our study seems to support the first
mechanism more, as STE is more sensitive to subendo-
cardial ischaemia while the reduction of EF is more
related to the combined process.
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Our study has some limitations. STE was not per-
formed at disease onset in every patient because ours,
being an ltalian referral centre, often admits patients
previously followed by peripheral hospitals where STE is
not available. Indeed, the number of patients completing
the follow-up assessment was half of the initial one.
Nevertheless, we decided to describe these preliminary
data as a proof-of-concept study in order to promote
and stimulate larger studies on this topic in the future.

In conclusion, STE is more sensitive than cEcho to
evaluate the cardiac involvement in patients with JSSc.
Over time, we observed a gradual worsening of LV-GLS,
a sign of a progressive left ventricular dysfunction, that
anticipated by several months a decrease in the EF.
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