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Abstract: Lung involvement in rheumatic diseases is a major determinant of patient morbidity and mortality;
however, its diagnosis depends on the detection methods used. We compared the incidence of pulmonary
involvement in newly diagnosed treatment-naive patients with rheumatic diseases, as assessed by pulmonary
function tests (PFTs) and chest high-resolution computed tomography (HRCT). This retrospective study
reviewed the symptoms, spirometry results, and HRCT scans of 22 newly diagnosed, treatment-naive patients
and age-matched controls from the University General Hospital “Attikon”, Athens, Greece, between January
2021 and December 2023. Correlations between clinical findings and spirometry parameters were tested. HRCT
scans revealed lung abnormalities in all patients, including peribronchial wall thickening (61.5%), ground glass
opacities (59.1%), parenchymal bands (54.5%), air-trapping (50%), reticular patterns (45.5%), bronchiectatic
changes (40.9%), and parenchymal opacities (31.8%). PFTs, performed in 17/22 (77.3%) patients, revealed
definite pathology in 5 patients (restrictive: N=4; obstructive: N=1). No association was found between
spirometric indices and clinical parameters. The results indicate a higher prevalence of abnormal chest CT than
of PFT abnormalities, suggesting that HRCT is more sensitive in detecting early lung involvement in pediatric
patients with rheumatic disease and should be considered in the routine evaluation of these patients.
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1. Introduction

Rheumatic diseases are a group of autoimmune mediated diseases that affect multiple organs,
with the lung being a frequently affected target organ. Individual or several components of the
respiratory system, including the airways, vessels, parenchyma, pleura, and respiratory muscles,
may be related to the illness itself or to the medications used. Lung involvement in rheumatic diseases
is a major determinant of patient morbidity and mortality, while the pattern of lung disease is
considerably heterogeneous in incidence, prevalence, and severity depending on the underlying
rheumatic disease [1,2].

Systemic inflammatory diseases with the highest likelihood of pulmonary involvement are
juvenile systemic lupus erythematosus (SLE), scleroderma (systemic sclerosis [SSc]), juvenile
dermatomyositis (JDM), mixed connective tissue disease (MCTD), granulomatosis with polyangiitis
and juvenile idiopathic arthritis (JIA) [3]. Interstitial lung disease (ILD) is usually the primary and
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most frequent presentation of lung involvement in adult patients, while pulmonary artery
hypertension and obstructive lung disease may also occur. The incidence of pulmonary
complications is lower in childhood, and some forms of diffuse lung disease are unique to infants
and children [4]. Nevertheless, clinically significant pulmonary complications are rare in childhood,
and, if present, may require changes in disease management [5].

Recognition of pulmonary involvement depends on the methods used to detect the disease.
Although various tests are available for assessing lung function, their sensitivity and specificity in
detecting lung involvement in newly diagnosed patients are not always consistent with their efficacy
in monitoring lung function throughout the course of inflammatory rheumatic disease. [6].
Pulmonary function tests (PFTs), including diffusing capacity of the lungs for carbon monoxide
(DLCO) and forced vital capacity (FVC), as well as high-resolution computed tomography (HRCT)
are commonly used tools for screening and monitoring ILD in patients with inflammatory rheumatic
diseases. HRCT is considered highly sensitive in detecting morphological abnormalities, although its
specificity remains unclear, especially in case of unclassifiable changes. Among PFTs, DLCO is
considered to have the best predictive value for ILD development, FVC is good for monitoring known
lung involvement, whereas total lung capacity assessed by another PFT, body plethysmography,
seems to be suitable neither for diagnosis nor monitoring of lung disease in rheumatology [6]. The
above highlight the necessity of using reliable diagnostic means, especially when patients are
asymptomatic, to enable early intervention.

The present study aimed to compare the incidence of pulmonary involvement in newly
diagnosed treatment-naive patients with rheumatic diseases, as assessed by PFTs and chest HRCT.
HRCT findings were more prevalent than PFT findings in this study population, denoting the
capability of HRCT in detecting subtle structural changes.

2. Materials and Methods

This retrospective study was conducted at the Unit of Pediatric Rheumatology and of Pediatric
Pulmonology and Allergology, 3rd Department of Pediatrics, and the Pediatric Radiology Unit, 2nd
Department of Radiology of University General Hospital “Attikon”, Athens, Greece, between
January 2021 and December 2023.

Chest HRCT scans of children and adolescents under the age of 18 with rheumatic diseases with
high risk of ILD performed in our tertiary center between 01/01/2021 and 31/12/2023 were reviewed
retrospectively. All patients underwent chest CT examination using paired end-inspiratory and
forced-expiratory scan protocol using 1-mm collimation and slice thickness reconstruction algorithm.
Only patients with radiological findings were included in the analysis. Parenchymal opacities,
ground-glass opacities (GGOs), reticular pattern, honeycombing, parenchymal bands, bronchiectasis,
and peribronchial wall thickening were examined. Air trapping was assessed during expiratory
scans. The patients were treatment-naive and had been diagnosed with rheumatic disease for the first
time. Exclusion criteria were history of chronic lung or cardiac disease or lower respiratory tract
infection history or findings.

Symptoms and spirometry results were also reviewed. Correlations between clinical findings
and spirometry parameters (forced expiratory volume in one second [FEV1]% and FVC%) were
evaluated by the Spearman’s test.

2. Results

Twenty-two pediatric patients with rheumatic disease (18 females and 4 males), with a mean
age of 13 years (age range 3-16 years) underwent chest HRCT and PFTs to assess possible lung
involvement.

3.1. Clinical Characteristics

Four children were diagnosed with SLE, four with SSc, three with JDM, three with systemic JIA,
three with MCTD, one with microscopic polyangiitis, one with granulomatosis with polyangiitis, one
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with non-specific vasculitis, one with Behget’s disease, and one with idiopathic pulmonary
hemosiderosis (Table 1).
During initial diagnosis, the patients reported no or mild respiratory symptoms. Nine (40.9%)

patients reported early fatigue during exercise, and six (27.3%) reported dry cough. Three patients
reported dyspnea (13.6%) (Table 1).

Table 1. Demographics and clinical symptoms of enrolled patients.

Variable Categories N (%)
Sex Female 18 (81.8%)
Male 4 (18.2%)
Age (in years) mean 13.05 (£3.169, min 3, max 16)
Cough Yes 6 (27.3%)
No 16 (72.7%)
Dyspnea Yes 3 (13.6%)
No 19 (87.4%)
Fatigue Yes 9 (40.9%)
No 13 (59.1%)
Disease Systemic lupus erythematosus 4 (18.2%)
Systemic sclerosis 4 (18.2%)
Juvenile dermatomyositis 3 (13.6%)
Systemic Juvenile Idiopathic 3 (13.6%)
Arthritis
Mixed connective tissue disease 3(13.6%)
Microscopic polyangiitis 1(4.5%)
Granulomatosis with polyangiitis 1(4.5%)
Non-specific vasculitis 1(4.5%)
Behget's disease 1(4.5%)
Idiopathic Pulmonary 1(4.5%)
Hemosiderosis

3.2. HRCT findings

Chest CT findings revealed parenchymal opacities in 7 patients (31.8%), GGOs in 13 (59.1%),
reticular pattern in 10 (45.5%), honeycombing in 1 (4.5%), parenchymal bands in 12 (54.5%),
bronchiectatic changes in 9 (40.9%), peribronchial wall thickening in 19 (61.5%), and air-trapping in
the form of mosaic attenuation during expiratory scans in 11 patients (50%) (Table 2).

3.3. Pulmonary Function Test Results

PFTs were available in 17 patients (77.3%), which revealed a restrictive pattern in 4 patients
(18.2%), while only 1 patient (4.5%) had an obstructive pattern (Table 3).

Non-parametric testing using Spearman’s tests revealed no association between the spirometric
indices and the presence of cough, dyspnea, or fatigue.
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Table 2. HRCT scan findings.
Variable Categories N (%)
HRCT scan Yes 22 (100%)
No 0 (0%)
Parenchymal opacities Yes 7 (31.8%)
No 15 (68.2%)
Ground-glass opacities Yes 13 (59.1%)
No 9 (40.9%)
Reticular pattern Yes 10 (45.5%)
No 12 (54.5%)
Honeycombing Yes 1(4.5%)
No 21 (95.5%)
Parenchymal bands Yes 12 (54.5%)
No 10 (45.5%)
Bronchiectatic changes Yes 9 (40.9%)
No 13 (59.1%)
Peribronchial wall thickening Yes 19 (61.4%)
No 3 (13.6%)
Mosaic attenuation Yes 11 (50.0%)
No 11 (50.0%)
Table 3. Pulmonary function test findings.
Variable Categories N (%)
PFTs Yes 17 (77.3%)
No 5 (22.7%)
FVC (%) Mean (+SD) 90.71 (+13.331)
FEV1 (%) Mean (+SD) 95.06 (+17.541)
FEV:1/FVC Mean (+SD) 91.488 (+8.632)
FEF25.75 Mean (+SD) 105.35 (+51.741)
Restrictive pattern Yes 4 (18.2%)
No 18 (81.8%)
Obstructive pattern Yes 1 (4.5%)
No 21 (95.5%)

FEF25-75, forced expiratory flow over the middle one-half of the FVC; FEV1, forced expiratory volume in one
second; FVC, forced vital capacity; PFT, pulmonary function test.

4. Discussion

This study assessed pulmonary involvement in 22 children with newly diagnosed rheumatic
diseases who underwent chest HRCT and PFTs. The study aimed to compare the incidence of
pulmonary involvement as detected by these methods in treatment-naive patients with mild or
absent respiratory tract symptoms. Lung involvement was quite prevalent in this patient cohort. All
children had abnormal chest CT findings and 5 of them had definite pathology on PFTs in the form
of restrictive or obstructive pattern.

It is known that disease-modifying antirheumatic drugs are associated with pulmonary toxicity
[7]. Patients included in this study were treatment-naive and newly diagnosed and had no history of
previous medical treatments, thus rendering any potential side-effects of drug treatment unfeasible.

HRCT scans revealed various lung abnormalities in all study patients and included
abnormalities in the lung parenchyma such as GGOs (59.1%), parenchymal bands (54.5%), reticular
patterns (45.5%), and parenchymal opacities (31.8%), as well as abnormal airway findings such as
peribronchial wall thickening (61.5%), air-trapping in the form of mosaic attenuation during
expiratory scans (50%), and bronchiectatic changes (40.9%). In contrast, PFTs, performed in 77.3% of
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the patients, only identified abnormal lung function in 5 of 22 patients (22.7%). These results indicate
a higher prevalence of abnormal chest CT findings than of PFT abnormalities, suggesting that HRCT
is more sensitive in detecting early lung involvement in pediatric patients with rheumatic disease.
However, previous studies in pediatric cohorts have shown variable results in this regard. In the
studies by Huang et al. [8] and Lilleby V et al. [9], significantly more patients showed PFT than chest
CT abnormalities. Specifically, in the study by Huang et al, 56.3% of children with newly diagnosed
rheumatic disease had abnormal PFT and 16.7% had abnormal HRCT findings. Importantly, half of
the patients with abnormal HRCT findings did not have concurrent PFT abnormalities [8]. Similarly,
Lilleby et al. found that PFTs were abnormal in 37% of their patients with childhood-onset SLE, while
only 8% showed abnormal CT findings [9]. Consistently with our results, Veiga et al. showed that, in
their cohort of patients with childhood-onset SLE, 70% had abnormal CT findings, which were
minimal in 43% [10]. This study, along with our data, is aligned with studies in adult patients that
have reported a high prevalence of chest CT abnormalities suggestive of lung involvement and ILD
mostly in asymptomatic patients with rheumatic diseases who have normal PFTs [11]. In an older
study by Panigada et al, 10/17 patients (58.8%) with juvenile SSc had pulmonary involvement, 9 by
both PFTs and HRCT and 1 by PTFs only, while for the remaining 7 patients who had no respiratory
symptoms, no chest radiographic changes, and presented normal PFTs values, no HRCT was
performed [12].

A previous study evaluated the effectiveness of a stepwise diagnostic screening approach,
incorporating PFTs, chest radiography, and pulmonary HRCT, for detecting ILD in adult patients
with newly diagnosed immune-related diseases [13]. The study found that, among PFTs, a DLCO
<80% had a high sensitivity (83.6%) but lower specificity (45.8%), whereas FVC, total lung capacity,
and FEV1 were not reliable for diagnosing ILD. Chest X-ray had a low sensitivity (64.2%) and
moderate specificity (73.6%), and HRCT had the highest sensitivity (100.0%) but lower specificity
(55.3%) in detecting ILD. Similar to our study in pediatric patients, the most common HRCT findings
in these adult patients were GGOs. The combination of PFTs (DLCO <80%) and chest X-ray increased
sensitivity and specificity, suggesting that patients with reduced DLCO or suspicious chest X-ray
findings should undergo HRCT to confirm ILD and exclude other pulmonary conditions. [13].

Because of radiation exposure in HRCT and the fact that many asymptomatic patients show no
disease progression, HRCT is not used as a mandatory initial work-up and/or for disease monitoring
despite yielding more accurate results regarding ILD than PFTs [6]. Nevertheless, chest CT scan is
considered the gold standard method for defining structural abnormalities [14]. Modern CT scanners
have enabled for fast scan times, that produce super low-dose examinations, with achieved doses
measured in dose-length products (DLPs) of as low as 7.66 mGy*cm per examination [15]. Our study's
revelation of prevalent lung involvement in asymptomatic pediatric rheumatic patients, as evidenced
by HRCT, not only underscores the subclinical nature of pulmonary manifestations in these diseases
but also verifies the efficiency of HRCT in identifying early structural changes before functional
impairment becomes apparent, highlighting its potential role in early diagnosis and intervention.
Further, our study's results support the use of HRCT in the routine evaluation of pediatric rheumatic
patients. The ability of HRCT to detect subtle lung changes could be crucial in guiding clinicians
toward more aggressive or protective treatment regimens, especially in diseases known for their
pulmonary toxicity, such as SSc and JDM. Our findings align with previous research indicating that
lung involvement in rheumatic diseases can be heterogeneous and may not always correlate with
clinical symptoms or PFT results [6]. This reinforces the need for a comprehensive diagnostic
approach, including sensitive imaging techniques like HRCT, to capture the full spectrum of
pulmonary involvement.

Both PFTs and HRCT are commonly used in conjunction to provide a comprehensive assessment
of lung involvement in rheumatic disease. However, PFTs tend to be used more frequently due to
their non-invasive nature and ease of repeated measurements, whereas HRCT is often reserved for
cases where PFTs indicate significant abnormalities or where clinical suspicion of ILD is high [1].
HRCT is highly sensitive for detecting ILD, even in early or asymptomatic stages. It can identify
structural lung changes that may not yet be evident on pulmonary function tests PFTs. Although
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more sensitive, its specificity can be lower, especially when it comes to distinguishing between
different types of lung abnormalities. While HRCT involves radiation exposure, advances in CT
technology have reduced this risk [15]. However, in pediatric populations, the concern about long-
term radiation effects remains, especially for repeated scans. Despite these concerns, HRCT is still
recommended for screening in high-risk pediatric patients [8]. PFTs, particularly measures like
DLCO have moderate sensitivity. They may miss early or mild ILD, especially in cases where
structural changes precede functional impairment. PFTs are generally more specific than sensitive. A
reduced DLCO may suggest ILD, but normal PFT results do not rule out the presence of early ILD.
Due to being non-invasive and easily repeatable, PFTs are often preferred for initial assessments and
ongoing monitoring, especially in cases where clinical suspicion of ILD is low [16].

The detection of interstitial lung disease (ILD) in both pediatric and adult patients with
rheumatic diseases presents distinct challenges. In adults, HRCT and PFTs are widely recognized as
crucial tools for screening and monitoring ILD, with HRCT being highly sensitive in detecting early
structural abnormalities, even before functional impairments manifest, as indicated by reduced
pulmonary function parameters like FVC and DLCO [17]. A recent guideline published by the
American College of Rheumatology and the American College of Chest Physicians for people with
systemic autoimmune rheumatic disease at increased risk of developing ILD, conditionally
recommended screening with HRCT chest and PFTs over PFTs alone [17]. Similarly, in pediatric
populations, as discussed in our study, HRCT has shown a higher prevalence of detecting lung
abnormalities compared to PFTs [8]. Our findings revealed that for children with rheumatic diseases
that exhibited abnormalities on HRCT, PFTs identified definite pathology in only a minority of
patients (22.7%)

For pediatric patients with rheumatic diseases, the choice between HRCT and PFTs should be
carefully considered. HRCT, while more sensitive, carries radiation risks, particularly in children.
PFTs are safer but may miss early ILD [16]. The decision often hinges on the clinical context, the
specific rheumatic disease, and the presence of symptoms or other risk factors for ILD. This evidence
highlights the necessity of utilizing HRCT as a complementary tool to PFTs in children with
rheumatic diseases. Particularly in pediatric cases, where early detection and intervention are critical
for preventing long-term morbidity, the integration of HRCT into routine screening protocols could
be invaluable. Future research should continue to refine the balance between the sensitivity of HRCT
and the safety of its use, especially in younger populations.

Certain limitations of our study must be considered. First, the sample size was relatively small,
since recruitment of newly diagnosed and treatment naive patients is challenging. Second, our cohort
of patients comprised several different entities of rheumatic diseases, each having a different
incidence of lung involvement. Third, our hospital is one of many pediatric hospitals in the
metropolitan area of Attika; hence, the location and other reasons may have contributed to a selection
bias. Therefore, multicenter longitudinal studies are necessary to identify lung involvement in
different rheumatic diseases, response to treatment, and prognosis in the future and our results
should be verified in follow-up studies. Nonetheless, to the best of our knowledge, this is the largest
study on pulmonary involvement in Greek children with treatment-naive, newly diagnosed
rheumatic diseases suggesting chest CT scanning as a first-line evaluation tool for structural lung
abnormalities.

5. Conclusions

The present study's investigation into pulmonary involvement in pediatric patients with newly
diagnosed rheumatic diseases highlights the critical role of HRCT in detecting lung abnormalities
that are not apparent through clinical symptoms alone or through PFTs. This is particularly relevant
given the heterogeneous nature of lung disease in rheumatic conditions and the potential for
significant morbidity and mortality associated with such complications. The study advocates for the
inclusion of HRCT in the initial evaluation of these patients and calls for further research to refine
diagnostic and monitoring strategies, ultimately aiming to improve long-term respiratory health in
this vulnerable population.
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