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Abstract

Background: Pulmonary involvement in juvenile systemic sclerosis (JSSc) is rare in children and contributes to morbimor-
tality. This study aimed to describe the pulmonary function and clinical, radiologic, and tomographic findings in JSSc. 
Methods: Patients with JSSc between 5-14 years of age were included. Clinical, functional, and imaging characteristics were 
assessed. Patients were excluded if they showed lung disease not associated with JSSc: mixed connective tissue disease, 
overlap syndrome, or acute cardiopulmonary failure at the time of the study. All patients underwent physical examination, 
electrocardiogram, spirometry, chest X-ray, high-resolution computed tomography (HRCT) of the chest, echocardiography, lung 
function tests, and the 6-minute walk test (6-MWT). Descriptive statistics were employed for data analysis. Results: We stu-
died 15 patients with the following characteristics: median age, 11 years; median since symptoms onset, 6  years; median 
since JSSc diagnosis and the finding of pulmonary involvement, 2 years. Lung disease was detected in 73%, interstitial lung 
disease (ILD) the most common affection (67%); pulmonary hypertension was found in 6.6%. 6-MWT was positive in 26.6%, 
forced vital capacity (FVC) was abnormal in 26.6%. No pulmonary involvement was found in four patients. Conclusions: The 
most frequent pulmonary affection in JSSc was ILD. Thus, early JSSc detection and periodic lung monitoring are mandatory 
to avoid further complications once JSSc is diagnosed.

Keywords: Juvenile systemic sclerosis. Interstitial lung disease. High resolution computed tomography.

Afección pulmonar en pacientes con esclerosis sistémica juvenil

Resumen

Introducción: La afección pulmonar en la esclerosis sistémica juvenil (ESJ) es rara en niños y contribuye a la morbimorta-
lidad. El objetivo de este estudio fue describir los hallazgos de función pulmonar, clínicos, radiológicos y tomográficos en la 
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Introduction

Juvenile systemic sclerosis (JSSc) is a multisystem 
connective tissue disease of unknown etiology charac-
terized by skin induration and generalized fibrosis of 
internal organs in patients younger than 16  years of 
age. The incidence varies between 0.27-0.50 per mil-
lion children per year in the United  Kingdom and 
Finland, and less than 5% of systemic sclerosis (SS) 
starts in infancy1,2. Pleuro-pulmonary manifestations in 
JSSc are rare, but they associate with morbidity and 
mortality. The most important and fatal pulmonary com-
plications are interstitial lung disease (ILD) and pulmo-
nary arterial hypertension (PAH)3. Interstitial pulmonary 
fibrosis occurs in approximately one in four children. 
Knowledge about the pathogenesis, diagnosis, progno-
sis, and treatment of pediatric ILD and PAH is limited. 
Laboratory and imaging studies remain essential for 
early diagnosis, appropriate evaluation, and effective 
treatment. However, the rarity of JSSc and late diagno-
sis of its pulmonary complications lead to progressive 
lung damage4. A  few studies on JSSc have compre-
hensively described pulmonary evaluation5-8. Therefore, 
this study aimed to describe the clinical aspects, pul-
monary function parameters, and imaging findings in 
JSSc.

Methods

JSSc patients between 5-14  years of age who con-
secutively arrived at a Pediatric Rheumatology Service 
in a tertiary referral hospital in 2019 were included in 
the study and classified based on the preliminary clas-
sification criteria for JSSc (Paediatric Rheumatology 
European Society/American College of Rheumatology/
European League Against Rheumatism provisional 

classification criteria for JSSc)9. Patients with pulmonary 
disease not associated with JSSc, mixed connective 
tissue disease, overlap syndrome, or acute cardiopul-
monary failure were excluded. All patients underwent a 
complete physical examination and the following tests: 
anti-nuclear antibodies, anti-nucleolar and anti-cen-
tromere antibodies by indirect immunofluorescence 
using Hep2 cells as substrate, and anti-Scl-70 (anti-to-
poisomerase I) antibodies by enzyme-linked immuno-
sorbent assay (ELISA) according to the manufacturers’ 
instructions. In addition, we obtained electrocardiogram 
(EKG), spirometry (Sibelmed, Datospir 120), chest X-ray, 
and high-resolution computed tomography (HRCT) 
(Phillips, Brillance model) using the Wells scale. HRCT 
was performed by two radiologists blinded to the 
patients’ clinical data (RPJ and MMJM), obtaining a 
kappa coefficient of interobserver agreement = 0.87. 
Pulmonary function tests and the 6-minute walk test 
(6MWT) were also performed according to published 
guidelines along a 30-meter corridor and standardized 
normal values for Mexican children10,11. Patients were 
classified as limited (l-JSSc) or diffuse (d-JSSc) skin 
subtypes according to the modified Rodnan skin score 
(maximum total score of 51)12. Heart rate, respiratory 
rate, and oxygen saturation were measured with pulse 
oximetry (minicort oximeter model LR78469) using the 
Fan and Kozinetz severity-of-illness score13.

Interstitial lung disease was considered when chest 
radiography showed diffuse opacity, confirmed by chest 
HRCT by Wells scale or restrictive pattern on spirometry 
according to what has been reported in Mexican stu-
dents between 8 and 20 years of age14 or oxygen sat-
uration reduction by pulse oximetry on 6MWT. The 
World Health Organization functional class for PAH is 
not explicitly designed for children, although it correlates 
with 6MWT and hemodynamic parameters15. PAH was 

ESJ. Métodos: Se incluyeron pacientes con ESJ de 5-14 años de edad. Se evaluaron las características clínicas, funciona-
les y de imagen. No se incluyeron pacientes con enfermedades pulmonares no asociadas con ESJ en el momento del es-
tudio: enfermedad mixta del tejido conectivo, síndrome de superposición o insuficiencia cardiopulmonar aguda. Se realizaron 
exploración física, electrocardiograma, espirometría, radiografía de tórax, tomografía computarizada de alta resolución de 
tórax, ecocardiografía, pruebas de función pulmonar y prueba de caminata de 6  minutos (PC6M). Se utilizó estadística 
descriptiva para el análisis de los datos. Resultados: Se estudiaron 15 pacientes con las siguientes características: media-
na de edad, 11 años; mediana desde el inicio de los síntomas, 6 años; y mediana desde el diagnóstico de ESJ y hallazgo 
de afección pulmonar, 2 años. Se detectó enfermedad pulmonar en el 73%. La enfermedad pulmonar intersticial (EPI) fue la 
afección más común (67%) y se encontró hipertensión pulmonar en el 6.6%. La PC6M fue positiva en el 26.6%, y la capa-
cidad vital forzada resultó anormal en el 26.6%. Cuatro pacientes no presentaron afección pulmonar. Conclusiones: La 
afección pulmonar más frecuente en la ESJ fue la EPI. La detección temprana de ESJ y la monitorización pulmonar perió-
dica son obligatorias para evitar más complicaciones una vez diagnosticada la ESJ.

Palabras clave: Esclerosis sistémica juvenil. Enfermedad pulmonar intersticial. Tomografía computarizada de alta resolución.
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observed with values ≥ 30 mmHg by echocardiogram: 
mild PAH between 36-50  mmHg, moderate PAH 
between 50-100  mmHg, and severe PAH with 
≥100  mmHg16. Evaluation of spirometry parameters 
included forced vital capacity (FVC) and forced expira-
tory volume in 1 second (FEV1) in a standing position.

The study was conducted following the Declaration 
of Helsinki (revised in Brazil 2013) and approved by the 
local Ethics Committee of the Hospital. All parents pro-
vided a written informed consent form.

Statistical analysis

Descriptive analysis was performed. Data were pre-
sented as mean ± standard deviation or median and 
interquartile range according to the distribution of vari-
ables. Analyses were performed using Statistical 
Package for the Social Sciences software, SPSS Inc, 
Chicago, Illinois for Windows (version 20.0).

Results

Clinical characteristics of the patients

We studied 15 patients with an age of disease onset 
of 7.6 ± 2.7 years and a median follow-up of 12 months. 
The median time from JSSc diagnosis to the appear-
ance of pulmonary disease was 2 years. Three patients 
informed a family history of autoimmune disease: a 
grandmother with systemic lupus erythematosus, a 
mother with rheumatoid arthritis, and a cousin with SS. 
Clinical characteristics are shown in Tables 1 and 2.

Pulmonary findings

Pulmonary disease was detected in 11/15  patients 
(73%). ILD was the most common condition in 
10/11  (90%); one patient showed asymptomatic PAH 
not associated with ILD (sPAP 44 mmHg). Consent for 
cardiac catheterization was not obtained in the patient 
with PAH. Respiratory symptoms such as dyspnea, 
chronic cough, stridor, and chest tightness occurred in 
11  patients (73.3%), with dyspnea and chronic cough 
being the most prominent symptoms. Pulmonary find-
ings, spirometry changes, Fan severity scale, and 
HRCT findings are shown in Tables 3 and 4. Spirometry 
reported restrictive pattern in four (26.6%) and obstruc-
tive pattern in five patients (33.3%) (FEV1 and 
FVC < 80%). The 6MWT was abnormal in four patients 
(26.6%), and both tests were abnormal in only one 

patient. Interstitial lung disease was present in 
10/15 patients (67%), according to the Fan scale.

HRCT revealed ground-glass images in almost half of 
the patients. Only two patients were asymptomatic with 
no imaging abnormalities. Figure  1 shows the chest 
HRCT of a patient with JSSc and pulmonary involve-
ment with interstitial thickening, typical of ILD. Four 
patients (26.7%) with the diffuse variety were positive to 
anti-topoisomerase I antibodies.

Some patients with the d-JSSc variety with severe 
cutaneous involvement were already receiving cyclo-
phosphamide when the study was being conducted. 
When pulmonary involvement was found, they continued 

Table 1. Characteristics of patients with juvenile 
systemic sclerosis

Demographic characteristics Median
(n = 15)

Range

Age (years) 11 4-14

Sex (female/male) 13/2 Ratio 9:1

Juvenile systemic sclerosis Diffuse
n (%)

Limited
n (%)

Clinical subtype 6 (40) 9 (60)

Female
Male

6 (46)
0

7 (54)
2 (100)

Disease progression Median Range

Time since initial symptoms (years) 6 3-11

Time of follow-up (months) 12 2-72

Clinical manifestations n (%)

Cutaneous
Sclerodactyly
Calcinosis
Salt and pepper spots

12 (80)
4 (26.7)
3 (20)

Peripheral vascular
Raynaud’s phenomenon
Telangiectasias
Digital ulcers

13 (86.7)
7 (46.7)
7 (46)

Musculoskeletal
Arthritis 4 (26.7)

Serologic
Anti-topoisomerase I (Scl 70)
ANA anticentromere

4 (26.7)
4 (26.7)

Modified Rodnan skin score for skin 
thickening

Normal
Mild (0-14)
Moderate (15-29)
Severe (30-39)

0
7 (46.7)
7 (46.7)
1 (6.7)

ANA, anti-nuclear antibodies.
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with their treatment regimen, and supplemental oxygen 
or immunosuppressive treatment was added in those 
who had no previous treatment.

Discussion

In the present study, ILD was present in a high pro-
portion of JSSc patients, whereas PAH was present in 
only one patient. These findings were observed soon 
after the diagnosis of JSSc in patients with mild clinical 
findings. Only a few patients showed abnormal pulmo-
nary function tests (PFTs) and 6MWT, regardless of the 
presence of ILD. It should be considered that ILD and 
PAH, or a combination of both, are the leading causes 

of death in JSSc17,18. In general, survival rates of JSSc 
are higher than those in adults, probably due to the 
involvement of internal organs and extension of the 
disease in older patients.

Furthermore, management during childhood differs 
from that of adulthood. Classically, respiratory involve-
ment is defined by the following factors: pulmonary 
fibrosis (on chest X-ray or HRCT), reduced diffusing 
capacity of the lungs for carbon monoxide (DLCO, in 
carbon monoxide diffusion test) < 80% and FVC < 80%, 
or PAH (assessed by echocardiography)3. The ILD 
prevalence is frequently underestimated, depending on 
the methodology used to identify fibrotic changes. 
Almost a quarter of the patients in this study showed 
no pulmonary involvement. Furthermore, patients with 
pulmonary involvement are usually diagnosed late. It is 
important to mention that pulmonary fibrosis can 
develop silently. Therefore, when clinical symptoms 
become detectable, structural remodeling is already 

Table 3. Pulmonary involvement in patients with juvenile 
systemic sclerosis

Pulmonary involvement n (%)

Interstitial lung disease 10 (67)

Pulmonary arterial hypertension 1 (6.6)

Lung disease (symptoms) n (%)

Chronic cough 4 (26.7)

Asymptomatic 2 (13.3)

Dyspnea 7 (46.7)

Stridor 2 (13.3)

Chest tightness 2 (13.3)

Changes in spirometry Abnormal test
n (%)

PAP, median (min-max) 28 (20-44)

FVC, median (min-max) 88 (63-115)

FVC < 80% 4 (26.6)

6MWT+ 4 (26.6)

FVC+ 6MWT+ 1 (7)

Fan severity scale (oxygen saturation) n (%)

a Grade I 4 (26.7)

b Grade II 7 (46.7)

c Grade III 3 (20)

d Grade IV 0

e Grade V 1 (6.7)

FVC, forced vital capacity; 6MWT, 6-minute walk test; PAP, pulmonary artery 
pressure.
Fan severity scale in children with interstitial lung disease (ILD): aAsymptomatic; 
bSymptomatic with normal oxygen saturation; cSymptomatic with exercise 
desaturation (< 90%); dSymptomatic with resting oxygen desaturation; 
eSymptomatic with pulmonary arterial hypertension.

Table 4. Imaging studies in patients with juvenile 
systemic sclerosis

Radiographic findings n (%)

Abnormal chest X-ray 10 (67)

Interstitial infiltrates 8 (53.3)

Lung overdistension 7( 47)

Pulmonary artery dilation 9 (60)

Bronchiectasis 3 (20)

HRCT (Wells’ score) n (%)

Abnormal HRCT 10 (67)

Ground glass opacity
Grade 0
Grade 1
Grade 2
Grade 3

7 (46.7)
0 (0)

6 (40)
1 (6.7)
0 (0)

Honeycombing 1 (6.7)

Fine fibrosis
Grade 0
Grade 1
Grade 2
Grade 3

3 (20)
0 (0)

5 (33)
1 (7)
0 (0)

Macrocystic pattern (air spaces > 4mm) 7 (46.6)

Microcystic pattern (air spaces < 4mm)
Grade 1
Grade 2
Grade 3
Grade 4

1 (7)
0 (0)
1(7)
0 (0)
0 (0)

HRCT, high-resolution computed tomography of the chest.
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established and often advanced. The most common 
symptoms are chronic cough and dyspnea. The diag-
nosis of pulmonary disease in JSSc is often estab-
lished in asymptomatic patients because a few patients 
present with dyspnea or persistent cough. A high pro-
portion of pulmonary compromise is identified in chil-
dren by HRCT, pulmonary function tests, or chest 
radiography19. Previous studies demonstrated that 
HRCT is the most sensitive imaging modality for lung 
involvement in SSc and is considered the gold standard 
for specific pulmonary abnormalities20.

Moreover, chest X-rays are normal until late in the 
course of the disease, and the presence of fibrosis in 
ILD is an independent predictor of death19,21. Another 
study showed alterations in both HRCT and chest radi-
ography at the diagnosis and during follow-up but in a 
lower percentage. The most common HRCT finding in 
JSSc includes ground-glass opacities and irregular lin-
ear opacity, similar to our results21. Imaging evaluation 
plays an essential role in the diagnosis, prognosis, and 
treatment of JSSc22. Regarding the autoantibody pro-
file, the pulmonary condition most associated with SSc 
is ILD and is related to anti-Scl-70 antibodies. Positive 

ANA antibodies, but not anti-Scl-70 antibodies, have 
been observed in more than one-third of JSSc. Although 
no correlation with clinical features has been shown, 
the absence of anti-Scl-70 antibodies has been reported 
despite having ILD17. In our study, we observed a low 
percentage of these antibodies in children with ILD.

Regarding the frequency of pulmonary impairment, 
our results showed a higher prevalence than those 
reported in asymptomatic patients without pulmonary 
alterations according to HRCT and chest radiogra-
phy18,22. Martini et al.23 reported a much lower preva-
lence of pulmonary fibrosis at diagnosis in patients with 
JSSc (20%). At the initial evaluation, Panigada et al.21 
found pulmonary disease in 58% of patients and 
increasing pulmonary disease after an 8-year follow-up. 
In our study, the median follow-up was 12 months, and 
we observed progression of the pulmonary disease in 
four patients.

FVC and DLCO tests are important parameters of 
lung function in the evaluation of JSSc. Low FVC and 
DLCO have been observed in SSc and ILD, for which 
they may be indicators of PAH. As only a few patients 
presented restrictive pulmonary pattern—manifested 
as FVC < 80% independently of ILD—and DLCO was 
not performed, we could not demonstrate this associa-
tion. One study found that patients with SSc and sig-
nificant ILD evaluated by HRCT had an average FVC 
value, with a high false-negative rate reported. In addi-
tion, patients with average FVC values show diffuse 
SSc more frequently despite evidence of fibrosis on 
HRCT24. Our patients presented mild symptoms—a few 
of them with spirometry alterations—but with changes 
in HRCT. Therefore, both pulmonary function tests and 
HRCT are recommended to increase the possibility of 
early detection of pulmonary disease.

Patients with mild ILD may be asymptomatic in the 
early stages of the disease. Subclinical lung disease 
should be specifically investigated and adequately 
monitored, mainly during the first years after diagnosis 
and in the case of cardiopulmonary symptoms. 
Interestingly, clinical or radiological evidence of severe 
or progressive pulmonary fibrosis on chest X-rays is a 
strong predictor of death at presentation and is asso-
ciated with increased mortality23,25. Six-minute walk test 
is a noninvasive indicator of cardiopulmonary function 
that proved to be the most useful in PAH, with a poor 
correlation between distance traveled and measures of 
lung function26,27. The interpretation of 6MWT can be 
confusing in patients with SSc, as they have a cardio-
pulmonary or musculoskeletal disease and present 
combinations of cardiac involvement, even in the 

Figure  1. High-resolution computed tomography (HRCT) 
of a patient with juvenile systemic sclerosis (JSSc) and 
pulmonary involvement showing interstitial thickening 
typical of interstitial lung disease (ILD).
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presence of normal echocardiogram, pulmonary dis-
ease, skin fibrosis, muscle damage, and joint disease27. 
An abnormal 6MWT was identified in a few patients of 
the present study. We recommend the follow-up of 
patients with cardiac and respiratory symptoms every 
3 to 6 months and annually in the absence of clinical 
changes. Although optimal radiographic imaging could 
represent a challenge in infants, it is essential for an 
accurate diagnosis.

We observed a higher prevalence of l-JSSc, which 
indicates a mild condition as reported in the literature16. 
Although l-JSSc is more common in children, some 
studies found d-JSSc to be more prevalent28. Similar 
to our study, Morel et al.29 described the clinical char-
acteristics of children with JSSc in our country and 
found pulmonary involvement in 100% of patients, with 
a predominance of the l-JSSc subtype. However, since 
it was not the study’s primary objective, they did not 
describe the detailed characteristics of the pulmonary 
involvement.

Similar findings have been described regarding the 
progression of the disease, initial symptoms, diagnosis, 
and evolution: cardiopulmonary disease is the most 
frequent visceral involvement, leading to increased 
morbidity and death7,30. For PAH detection, transtho-
racic echocardiography has been proposed as a useful 
diagnostic tool among noninvasive tests, mainly 
because of its high specificity. However, due to the low 
sensitivity of noninvasive tests, right heart catheteriza-
tion remains the gold standard for the confirmatory 
diagnosis of PAH, although it cannot always be 
performed16.

In adults, the PAH risk is ≥ 50% for every 10 years 
at the onset of scleroderma. The follow-up in our 
patients is still short, so it is advisable to continue it 
through adulthood. In this context, the most common 
cause of death in JSSc is heart failure followed by pul-
monary involvement31. The main results in cohorts, 
case reports, and cross-sectional studies in patients 
with JSSc and pulmonary involvement are summarized 
in Table 5.

Our study has limitations such as the cross-sectional 
design, the absence of specific details on antibodies, 
and the lack of other cardiopulmonary parameters, 
including pro-BNP and DLCO testing. Although the 
sample size is small, a strength of our study is that it 
is an adequate number of patients in a single hospital 
center, considering that JSSc is an uncommon disorder 
during childhood.

As conclusions, we found that a high proportion of 
patients with JSSc with limited subtype presentation 

showed ILD, which occurs in patients with mild clinical 
findings. Therefore, early detection of JSSc and routine 
pulmonary monitoring once diagnosed are mandatory 
to avoid further complications.
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