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Juvenile systemic sclerosis — observations of one clinical centre
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Abstract

Objectives: The systemic form of scleroderma (SSc) in children is a very rare disease; therefore,
it is recognized relatively late, which increases the risk of complications. The aim of the study was to
assess the clinical symptoms of juvenile systemic sclerosis (JSSc) in our cohort patients.

Material and methods: A group of (N = 22) scleroderma patients aged between 2 and 16 years were
observed. Demographic data and all clinical results obtained during 16 years of observation in the
clinic of rheumatic diseases of developmental age were collected and analysed.

Results: In all observed children the major JSSc criterion was found, i.e. skin thickening proximal
to the metacarpal phalangeal and/or metatarsophalangeal joints. Other symptoms are presented
as follows: nailfold capillary abnormalities — 100%, Raynaud’s phenomenon — 90.9%, sclerodactyly
—27.3%, digital tip ulcers — 27.3%, dysphagia — 18.2%, gastroesophageal reflux — 27.3% (assessed in
only 10 children), arrhythmias — 22.7%, heart failure — 9.1%, new-onset arterial hypertension —9.1%,
pulmonary fibrosis — 72.7%, pulmonary arterial hypertension — 9.1%, neuropathy — 13.6%, carpal
tunnel syndrome — 4.5%, tendon friction rubs — 4.5%, arthritis — 22.7%, and myositis — 13.6%. There
were no cases of renal crisis. Decreased diffusing capacity of oxygen was confirmed in 12 patients
(58.3%). The presence of antinuclear antibodies was noticed in 86.7% of patients, and among SSc
selective autoantibodies: anticentromere — 31.8%, anti-topoisomerase | — 18.2%, anti-PM-Scl 100 or
75 —45.5%, anti-RP11, Th/To, PCNA in total in 27.3% were presented. In 4.5% of cases, apart from the
presence of anti-PM-Scl autoantibodies, positive lupus band test, reduced concentration of comple-
ment, and antiphospholipid antibodies were also found. In 59% of studied children, the body mass
index was below the 25th percentile.

Conclusions: The presented retrospective analysis shows that the occurrence of Raynaud’s phe-
nomenon with changes in nailfold capillaroscopy is the best screening toll for the assessment of
risk of JSSc. All patients of developmental age with Raynaud’s phenomenon, especially in the case
of the appearance of antinuclear antibodies, should be monitored with capillaroscopy regardless of

other laboratory or imaging tests.
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Introduction

Juvenile systemic sclerosis (JSSc) is considered to be
one of the most severe inflammatory diseases of con-
nective tissue. It is characterized by chronically progres-
sive fibrosis of tissues and organs.

In developmental age, before the age of 16 years, di-
agnosis of JSScis very rare. Its incidence at this age is es-
timated at 0.27 cases per million. According to statistics,
children under 10 years of age account for about 3% of

all the systemic scleroderma (SSc) cases in children and
adults, while patients between 10 and 20 years of age
account for 1.2-9% of all cases [1, 2].

The aetiology of JSSc remains unknown. Some stud-
ies show that the disease is more common in subjects
with a certain genetic predisposition, such as the pres-
ence of the HLA-DRBI*10 antigen [3], or after exposure
to specific environmental factors (various viruses, toxins,
drugs). The more frequent occurrence in girls after
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Table 1. Classification of juvenile systemic sclerosis [6]

Diffuse juvenile systemic sclerosis

Limited juvenile systemic sclerosis, formerly known
as CREST syndrome

Overlap syndrome juvenile systemic sclerosis,
e.g. scleromyositis, less often with systemic lupus
erythematosus, etc.

CREST syndrome — the name comes from the first letter of the
main symptoms of the disease: Calcinosis, Raynaud’s Phenome-
non, Esophageal dysfunction, Sclerodactyly, Telangiectasia.

8 years of age may point to hormonal predisposition,
and low birthweight is considered as an independent
risk factor of SSc [4, 5].

In the pathogenesis of the disease, the involvement
of innate and adaptive immune responses with the pro-
duction of autoantibodies is emphasized. Monocytes,
fibrocytes, growth factors, and cytokines are involved in
the progression of the disease. Early changes in micro-
vasculature with endothelial cell dysfunction and activa-
tion of mechanisms leading to their transformation into
myofibroblasts are observed. Chronic and progressive fi-
brosis and ischaemia of skin tissues and internal organs
causes their irreversible damage.

In 2007, the 3 International Rheumatological Societ-
ies — Paediatric Rheumatology European Society (PRES)/
American College of Rheumatology (ACR)/European
League Against Rheumatism (EULAR) defined provision-
al classification criteria for the diagnosis of JSSc. Their
sensitivity is 90% and specificity is 96% (Table I) [6].

Despite the passage of many years, they still con-
stitute the basis for the diagnosis of JSSc (Table II), al-
though nowadays the classification criteria for systemic
sclerosis for adults, established by ACR/EULAR in 2013,
may be a guide for analysis of the diagnosis and course
of the disease in children [7] (Table I, II).

Diffuse cutaneous SSc is more commonly diagnosed
in children than limited systemic sclerosis, which more
often is diagnosed in adults, and the prognosis in SScis
better in children than in adults [8].

In recent years, it has been proposed that, in the
course of JSSc, tools (indicators) to assess the severity
of the disease should be used, i.e. the Juvenile System-
ic Sclerosis Severity Score (J4S) [9]. The severity of the
disease is defined on a 5-point scale, ranging from in-
activity, through mild, moderate, and severe, to critical.
Disease severity assessment involves a clinical analysis
of 9 organ systems/organs, with a maximum score of
2 to 8 points (points), based on their clinical relevance.
Organ changes are precisely defined for each degree of
activity. Hence, the greatest importance is assigned to
the involvement of the lungs and heart (8 points each),
less to the involvement of the kidneys, gastrointesti-
nal tract, blood vessels, skin, and general symptoms
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Table Il. The Paediatric Rheumatology European Society/
American College of Rheumatology/European League
Against Rheumatism provisional classification criteria
for juvenile systemic sclerosis [7]

Major criterion (required)
Skin induration/thickening proximal to the MCP or MTP
joints

Minor criteria (at least 2 required)

Cutaneous

Sclerodactyly

Peripheral vascular

Raynaud’s phenomenon

Nailfold capillary abnormalities (megacapillaries and
avascular areas)

Digital tip ulcers

Gastrointestinal

Dysphagia

Gastroesophageal reflux

Cardiac

Arrhythmias

Heart failure

Renal

Scleroderma renal crisis

New-onset arterial hypertension

Respiratory

Pulmonary fibrosis (HRCT/radiography)

Decreased DLCO

Pulmonary arterial hypertension (primary or secondary
to ILD, assessed by echocardiography)

Neurological

Neuropathy

Carpal tunnel syndrome

Musculoskeletal

Tendon friction rubs

Arthritis

Myositis

Serological

Antinuclear antibodies

SSc-selective autoantibodies: anticentromere, anti—
topoisomerase | (Scl-70), anti-PM-Scl, antifibrillin, anti-RNA
polymerase | or Il

DLCO - diffusing capacity for carbon monoxide, HRCT — high-reso-
lution computed tomography, ILD — interstitial lung disease,

MCP — metacarpal phalangeal joints, MTP — metatarsophalangeal
Jjoints.

(4 points each), and the lowest to the involvement of the

osteoarticular system and muscles (2 points each) [9].
The International Inceptions Cohort for JSSc is still

working on validating the criteria for systemic sclerosis
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activity in adult patients for patients of developmental
age. The tools such as the Valentini disease activity in-
dex (VDAI), revised EUSTAR index (rEUSTARI), and physi-
cian’s global assessment (PGA) seem to show good va-
lidity with the modified Rodnan skin score (mRSS) [10].
Authors concluded that the above-mentioned measure-
ment tools may also be acceptable for the measurement
of disease activity in paediatric SSc patients.

Material and methods

The aim of this study was to present the clinical
picture of patients with JSSc hospitalized in the clinic
of rheumatology of developmental age, who had been
observed for the last 16 years. In most cases, the chil-
dren had been treated in another rheumatological or
paediatric hospital previously, sometimes for several
years, or the disease was not diagnosed in their place of
residence for a long time. The study was a retrospective
analysis based on clinical documentation and is part of
our scientific statutory work.

The group of observed patients included in total
n =22 patients: n =15 (68.2%) females and n = 6 (31.8 %)
males; aged from 6 to 16 years (mean 11.09 years) and
one 2-year-old girl. The studied children were at very
different stages of the disease. The duration of the
disease ranged from 1 to 10 years (mean 4.09 years);
in 9 children the disease has been present for over
5 years. Based on the medical history, the disease start-
ed in their cases between the 15t and the 12t year of life
(on average at the age of 6.8 years). All children met the
2007 JSSc classification criteria [6].

Results

According to the classification criteria for the diag-
nosis of JSSc, in all (100%) children the major JSSc crite-
rion was found, i.e. skin induration/thickening proximal
to the metacarpal phalangeal and/or metatarsopha-
langeal joints [6]. In the majority of patients (69%) skin
thickening affected other areas of the body, including
the neck, trunk, buttocks, thighs, and limbs in the area
of shoulder, elbow, wrist, hip, and knee joints. In 59% of
patients the distinct feature was poor facial expressions
with smoothing of the skin of the cheek folds, narrow
red of the lips, and a translucent mesh of blood vessels.

The percentage of children with changes in individu-
al categories included in the minor JSSc criteria are pre-
sented in Table Il

Noteworthy features of restriction not included in
the clinical criteria but observed in 12 children under-
going spirometry and body plethysmography included:
acroosteolysis in 50% of all patients, osteoporosis in
63.6%, muscle weakness in 31.8%, and heart valve de-

fects in 22.7% of children. Rheumatoid factor was found
in 22.7% of patients, and a similar percentage of patients
had proteinuria. In 59% of the children, the body mass
index (BMI) was below the 25™ percentile. Although re-
cently mRSS has been generally accepted as a method
of clinical assessment of the extent of skin lesions in pa-
tients with SSc in adults as in children, as is reported in
this retrospective analysis, it had been used only in 5 of
our patients, and values ranged from 18 to 40/51.

Comparingthe observations in children with a disease
onset of less than 2 years before admission to the clinic
(n = 8) with the observations in children whose disease
duration was longer, the least noticeable differences were
in Raynaud’s phenomenon —only 13.6% of children with
shorter duration of the disease had less severe symptoms.
All other disease symptoms were more severe, depending
on the duration of the disease, even by more than 40%.
Spirometry and gastroscopy were not assessed because
these routine examinations were performed only in chil-
dren with longer duration of the disease.

Psychological assessment revealed low mood in 90%
of children with a longer duration of SSc, and depressive
state was confirmed in 20% of them.

In patients with the onset of the disease over 7 years
of age sclerodactyly and acroosteolysis as well as the
presence of Scl-70 autoantibodies were found more often
than others. Also, younger children met, on average, 5 mi-
nor criteria, while older ones (> 7 y.0.) met 10 on average.
Ultimately, 54.6% (n = 12) patients were qualified as dif-
fuse JSSc (DJSSc), 13.6% (n = 3) were classified as limited
subtype JSSc (LJSSc), and 31.8% (n = 7) were diagnosed
with overlap syndrome JSSc (OvJSSc). Among patients
with LJSSc, the symptoms from the osteoarticular system
were less pronounced, and in the group of children with
OvJSSC, changes in internal organs were not expressed
by strong symptoms. In the OvJSSc group n = 6 patients
were classified as scleromyositis (SSc-PM) with weakened
muscle strength and a slight increase in muscle enzyme
levels, and in 3 cases muscle biopsy confirmed myositis
and they also had calcareous foci. Finally, 1 patient from
the OvJSSc group met the criteria for systemic lupus ery-
thematosus in addition to the features of SSc.

Patients had been treated with glucocorticosteroids,
intravenous and oral cyclophosphamide, methotrexate,
azathioprine, intravenous infusions of immunoglobu-
lins, mycophenolate mofetil, and therapies targeting
organ complications.

Discussion

The symptoms we analysed on the basis of the
medical history of a small group of patients with JSSc
at different stages of their disease cannot be easily com-
pared to analyses of large cohorts of patients, especially
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Table IlI. Clinical characteristics of the patients according to the Paediatric Rheumatology European Society/
American College of Rheumatology/European League against Rheumatism provisional classification criteria
for juvenile systemic sclerosis

Major criterion
Skin induration/thickening proximal to the MCP or MTP joints 100%
Minor criteria
Cutaneous Sclerodactyly 27.3%
Peripheral vascular Raynaud’s phenomenon 90.9%
Nailfold capillary abnormalities (megacapillaries and avascular areas) 100%
Digital tip ulcers 27.3%
Gastrointestinal Dysphagia 18.2%
Gastroesophageal reflux 27.3%
Cardiac Arrhythmias 22.7%
Heart attack 0
Heart failure 9.1%
Renal Scleroderma renal crisis 0
New-onset arterial hypertension 9.1%
Respiratory Pulmonary fibrosis (HRCT/radiography) 72.7%
Decreased DLCO 58.3%
Pulmonary arterial hypertension (assessed by echocardiography) 9.1%
Neurological Neuropathy 13.6%
Carpal tunnel syndrome 4.5%
Musculoskeletal Tendon friction rubs 4.5%
Arthritis 22.7%
Myositis 13.6%
Serological Antinuclear antibodies 86.7%
Anticentromere antibodies 31.8%
Anti-topoisomerase | antibodies 18.2%
PM-Scl antibodies 45.5%
Anti-RNA polymerase Ill antibodies 9.09%
Symptoms/test results not included in the criteria
Restriction in spirometry tests 12/12
(assessed in children)
BMI below the 25t percentile 59%
Acroosteolysis in radiography 50%
The presence of RF 22.7%
Proteinuria 22.7%
Osteoporosis 63.6%
Muscle weakness 31.8%
Heart valve defects 22.7%

BMI —body mass index, DLCO — diffusing capacity for carbon monoxide, HRCT — high-resolution computed tomography, MCP — metacar-
pal phalangeal joints, MTP — metatarsophalangeal joints, RF — rheumatoid factor.

in prospective studies. The onset of the disease in the  However, many observations are similar — girls are suffer
described patients occurred on average at the age of  more often from JSSc than boys and the leading symp-
6.8 years. In other authors this borderline varies [11-13].  tom of the onset of the disease is RP [11-13]. According
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to Scalapino [11] RP occurs in 74-100%, according to An-
drovic [12]in 93%, and according to Foeldvari et al. [13] in
91% of patients. Different images of the nailfold capillar-
ies, were in all our patients and worsening with the du-
ration of the disease, were also observed by Stevens et
al. [14] in 92% of 64 JSSc patients included in this study.

In the presented study we found interstitial lung
infiltrates in 72.7% of children; in 2006 Martini et al.
[15] found these changes in a much smaller number of
patients, but it can be explained that it was the begin-
ning of the disease in comparison with our patients. Bo-
rowiec et al. [16] found interstitial lung disease lesions
in 86.7% of JSSc patients. The incidence of asymptom-
atic cardiac arrhythmias in the described patients was
observed in 4 cases as well as heart failure symptoms,
and it was similar to late observations by Borowiec et al.
[16]. Gastroesophageal reflux was observed in 27.3% of
children, and dysphagia in 18.2%.

Of note, our older observations from years 1992 and
1995 presented among 11 observed patients with JSSc,
4 of them had cardiac or pyloric atony, and 5 had gastro-
esophageal reflux [17, 18]. In the current observations,
distortion of the gallbladder was evident in 7 children,
cholestasis in 9 children — regardless of the time and ac-
tivity of the disease — and intrahepatic cholestasis was
observed in 4 children. Among 5 children who died in
the course of JSSc, 4 had numerous erosions and ulcers
in the gastrointestinal tract, and 3 had fibrotic streaks.
The lesions found in the digestive tract are undoubtedly
one of the factors contributing to the reduction of BMI
in 59% of the children with JSSc we currently observe.
Stevens et al. [14] found that changes in the digestive
tract in children with JSSc s the factor that most reduces
the quality of life of these patients, more than advanced
skin lesions.

Skin lesions affecting the face are especially difficult
to accept for patients with JSSc. Due to facial lesions,
SScis known as the disease that “steals the face”.

Muscle weakness and features of cardiovascular
dysfunction weakened the physical functioning of the
observed children, and it is known that the mental
functioning of a child correlates mainly with its physical
functioning, hence the low mood and depressive states
were observed frequently in our patients [19]. In the pre-
sented group were also patients with features of other
rheumatic diseases (overlap JSSc-OvJSSc).

In 2021 the results from a large cohort international
JSSc study were published and showed significant differ-
ences between patients with JSSc and overlap features
[20]. The authors concluded that patients with overlap
symptoms more often had interstitial lung disease and
higher disease activity score in physicians assessment;

this is an indication that this group of patients should
not be treated as mildly suffering from scleroderma.

To sum up, a very severe orphan connective tissue
disease in children such as JSSc is often diagnosed very
late. Generalized, life-threatening symptoms of the dis-
ease sometimes may develop quickly. The disease itself
is mentally poorly accepted by the patients. Our findings
are similar to those from other investigators and clini-
cians, and pointed to isolated Raynaud’s phenomenon
along with positive antinuclear antibody as well as nail-
fold capillary changes as features of the usual insidious
onset of the disease [21].

Study limitations

The presented work has several limitations: first of
all, its retrospective nature does not allow for modifi-
cation of the procedure and supplementation of data.
Secondly, children came to the clinic at various stages of
the disease, which made comparisons difficult. Age dif-
ferences (from 2 to 16 years of age) may also influence
the differences in the clinical picture of the disease. The
relatively small group of patients (n = 22) is due to the
rarity of this disease in developmental age and should
not be a clear limitation of the assessment of patients.

Conclusions

The occurrence of Raynaud’s phenomenon, al-
though often observed in potentially healthy children, is
associated with a high risk of the development of JSSc
and requires monitoring, especially in the case of the
serum presence of antinuclear antibodies. All patients
with this phenomenon should be monitored, and nail-
fold capillaroscopy should be performed periodically as
a screening tool.

The authors declare no conflict of interest.
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