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Abstract

Connective tissue diseases involving the respiratory system may manifest as in-
terstitial lung disease, diffuse alveolar damage, alveolar hemorrhage, pulmonary
vascular lesions, pleural lesions, and airway lesions, among others. Their clinical
manifestations lack specificity, and pulmonary function tests and chest CT are
the most commonly utilized diagnostic modalities. The imaging features of respi-
ratory system involvement in different connective tissue diseases exhibit similar-
ities while possessing distinct characteristics. This article provides an overview
of the imaging manifestations associated with respiratory system involvement in
connective tissue diseases, aiming to enhance readers’ understanding and guide
clinical practice.
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Abstract

Respiratory manifestations of connective tissue diseases (CTDs) include inter-
stitial lung diseases, diffuse alveolar injury, alveolar hemorrhage, pulmonary
vascular lesions, pleural lesions, and airway disease. These manifestations lack
specific clinical symptoms, with pulmonary function tests and chest CT being
the most frequently applied examinations. While different connective tissue dis-
eases involving the respiratory system share common features, they also exhibit
characteristic imaging patterns. This paper reviews the imaging manifestations
of respiratory diseases associated with connective tissue diseases to improve
readers’ recognition of these diseases and guide clinical practice.
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1. Imaging Manifestations of Connective Tissue Disease-
Related Respiratory Diseases

1.1 Pulmonary Hypertension

Pulmonary hypertension is defined as a mean pulmonary artery pressure 25
mmHg (1 mmHg = 0.133 kPa) measured by right heart catheterization at rest.
It most commonly occurs in systemic sclerosis (SSc), followed by mixed con-
nective tissue disease (MCTD) and systemic lupus erythematosus (SLE). Pul-
monary function tests typically show decreased diffusion capacity for carbon
monoxide (DLCO). CT findings include enlargement of the pulmonary artery
and its branches, with contrast reflux into the inferior vena cava and hepatic
veins. In severe cases, pericardial effusion may be present. Zheng et al. re-
ported that CT pulmonary angiography (CTPA) has a sensitivity of 90.8% and
specificity of 66.7% for diagnosing pulmonary hypertension when the main pul-
monary artery diameter exceeds 30 mm, and a sensitivity of 94.3% and speci-
ficity of 55.6% when using the ratio of main pulmonary artery to ascending aorta
diameter. These CT measurements can effectively predict pulmonary hyperten-
sion. Magnetic resonance imaging can serve as a complementary examination
to evaluate right ventricular structure, function, and pulmonary artery blood
flow.

1.2 Interstitial Lung Disease

Interstitial lung disease (ILD) refers to a group of diffuse lung diseases primarily
involving the pulmonary interstitium, including the alveolar spaces and small
airways, but excluding diseases of bronchi larger than the terminal bronchioles.
It can be classified into known causes, idiopathic interstitial pneumonias, and
rare clinicopathologic entities. Ground-glass opacity (GGO) on high-resolution
CT (HRCT) represents early alveolitis. Anaya et al. consider non-specific inter-
stitial pneumonia (NSIP) to be the most common pattern in CTD-associated
ILD. The most common chest CT findings include GGO, reticular opacities, and
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traction bronchiectasis, typically showing symmetric distribution in the bilateral
lower lobes and subpleural regions. The extent of disease on HRCT correlates
significantly with forced vital capacity in one second (FEV1) and DLCO. Honey-
combing and airspace consolidation are rare in early disease. Lower lobe volume
loss may also be observed. While it is difficult to differentiate cellular from fi-
brotic NSIP radiologically, HRCT is the preferred method for assessing disease
extent, activity, and response to treatment.

2. Imaging Features of Different Connective Tissue Dis-
eases Involving the Respiratory System

2.1 Systemic Lupus Erythematosus

SLE can involve multiple thoracic structures. Acute lung injury manifests as
diffuse alveolar hemorrhage and acute lupus pneumonitis, which, although rare,
are often fatal. Patients present with dyspnea and declining hemoglobin lev-
els. HRCT shows diffuse or focal consolidations with GGO and interlobular
septal thickening, predominantly in the lower lungs. Bronchoscopy is required
for definitive diagnosis of alveolar hemorrhage. Chronic lung injury typically
manifests as NSIP pattern. Pleural effusions are common and may be bilateral.
SLE patients are prone to deep vein thrombosis; if chest pain occurs, contrast-
enhanced CT should be performed to evaluate for pulmonary thromboembolism
and infarction. Irregular linear opacities with septal thickening may indicate fi-
brosis. Since infection is the most common cause of pulmonary infiltrates in
SLE, conditions such as acute lupus pneumonitis and alveolar hemorrhage must
be distinguished from community-acquired pneumonia.

2.2 Rheumatoid Arthritis

RA frequently involves the pleura, manifesting as mild pleural thickening or
unilateral pleural effusions that are often self-limiting. ILD patterns include
usual interstitial pneumonia (UIP), organizing pneumonia (OP), and lympho-
cytic interstitial pneumonia (LIP), with NSIP being most common. HRCT find-
ings consist of reticular opacities, GGO, intralobular interstitial thickening, and
traction bronchiectasis, typically involving small areas in the lung bases with
volume loss and architectural distortion. Airway disease is common, including
bronchiectasis, bronchiolitis obliterans, and follicular bronchiolitis. Bronchioli-
tis obliterans presents as mosaic attenuation on CT, while follicular bronchiolitis
appears as centrilobular nodules with ground-glass density. Rheumatoid nod-
ules are common, typically located in the peripheral upper and middle lungs,
varying in size, and may appear and resolve spontaneously. Caplan’ s syndrome,
characterized by multiple calcified pulmonary nodules, is most frequently seen
in male smokers with RA and coal worker’ s pneumoconiosis.
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2.3 Systemic Sclerosis

SSc has the highest incidence of ILD among CTDs (80% of patients). NSIP is
the most common pattern, though UIP may also be seen. HRCT demonstrates
peripheral reticular opacies in the lower lobes with traction bronchiectasis. Dis-
ease progression correlates negatively with DLCO. Esophageal involvement pre-
disposes to aspiration pneumonia. Pulmonary vascular involvement can lead to
persistent pulmonary hypertension. Patients with progressive systemic sclero-
sis have an increased risk of malignancy, particularly breast cancer, requiring
careful follow-up.

2.4 Polymyositis/Dermatomyositis

ILD occurs in 30-58% of PM/DM patients and is a major cause of mortality.
HRCT findings include patchy consolidations, GGO, septal thickening, irregular
bronchovascular bundle thickening, and bronchiectasis. Honeycombing may be
seen in advanced disease. The anti-Jo-1 antibody is present in 50-70% of pa-
tients with ILD, while those negative for Jo-1 may also develop ILD. Irregular
bronchovascular bundle thickening is often reversible after treatment, whereas
the presence of parenchymal bands or subpleural lines may progress to honey-
combing. PM/DM patients have an increased risk of malignancy, particularly
lung cancer; any new pulmonary nodules during follow-up require careful eval-
uation.

2.5 Sjogren’ s Syndrome

Sjogren’ s syndrome can involve airways (bronchiectasis) and lung parenchyma,
with LIP and NSIP being common patterns. HRCT shows multiple thin-walled
cysts with centrilobular nodules, predominantly in the lower lungs. Bronchovas-
cular bundle thickening and peribronchovascular nodules may be present, while
honeycombing and consolidation are rare. Patients have an increased risk of
lymphoma, particularly mucosa-associated lymphoid tissue (MALT) lymphoma.
When solid nodules or pleural effusions develop, lymphoma should be consid-
ered.

2.6 Mixed Connective Tissue Disease

MCTD is characterized by overlapping features of SLE, SSc, and PM /DM with
extremely high titers of circulating anti-nuclear antibodies. Thoracic involve-
ment most commonly manifests as pulmonary hypertension, pleural thickening,
ILD, and pericardial effusion. The most common ILD pattern is NSIP, appear-
ing as bilateral subpleural GGO and septal thickening.

2.7 Ankylosing Spondylitis

Pulmonary involvement in ankylosing spondylitis typically occurs in patients
with long disease duration, manifesting as upper lobe fibrosis, paraseptal em-
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physema, and bronchiectasis. The apical location can make differentiation from
tuberculosis difficult. Centrilobular nodules are less common.

3. Summary

The imaging manifestations of CTD-related respiratory disease are diverse and
overlapping. Diagnosis requires integration of clinical presentation, laboratory
findings (particularly autoantibodies), and imaging features. HRCT is the pri-
mary imaging modality for evaluating disease extent, activity, treatment re-
sponse, and prognosis. It is essential to first exclude drug-related complica-
tions and opportunistic infections. Recognizing the characteristic chest imaging
patterns of specific CTDs enables more accurate diagnosis and comprehensive
patient assessment.
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