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Background: Systemic sclerosis (SS) is a collagen vascular disease of unknown 

etiology that is characterized by connective tissue abnormalities. This study 

aimed to evaluate the extra-pulmonary manifestations of SS on chest high 

resolution computed tomography (HRCT). 

 Materials and Methods: The medical records of patients with SS who 

presented to our hospital in a 10-year period were retrospectively reviewed. 

Forty patients with SS were included in this study. The extra pulmonary 

manifestations of SS were evaluated in these patients, including esophageal 

involvement, pulmonary arterial dilatation, pleural abnormalities, pericardial 

disease and mediastinal lymph node involvement. 

Results: The most common extra-pulmonary manifestation was esophageal 

dilatation, which was detected in 70% of the cases followed by pleural 

involvement. Pulmonary arterial dilatation was seen in 20%, pleural 

involvement in 40%, pericardial involvement in 40% and mediastinal 

lymphadenopathy in 30%. The most common pleural abnormality was diffuse 

pleural thickening and the most common pericardial abnormality was 

pericardial effusion.  There was an association between the severity of lung 

fibrosis with the incidence of esophageal dilatation and pulmonary arterial 

hypertension (PAH) in our series. Patients with SS and interstitial lung disease 

(ILD) who had PAH, had more severe lung fibrosis than those without PAH. 

Conclusion: Patients with SS may have a variety of extra-pulmonary 

manifestations, which can be detected using HRCT. Our study evidenced that 

HRCT was useful for detecting extra-pulmonary findings of SS such as 

esophageal dysmotility and dilatation, enlargement of main pulmonary artery 

and PAH, pleuropericardial involvement and mediastinal lymphadenopathy 
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INTRODUCTION 

Systemic sclerosis is a chronic multisystem 

autoimmune disease that produces inflammation and 

fibrosis of the skin and several internal organs including 

the lungs, esophagus, musculoskeletal system, heart, and 

kidneys  (1, 2). The   exact etiology   and   pathogenesis  are  

 

unknown. Depending on the extent of cutaneous 

involvement, the disease is classified into two types 

including diffuse cutaneous and localized cutaneous forms 

(1). The disease is associated with high morbidity and 

mortality, and ILD is the main cause of morbidity and 
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mortality in patients with SS (2). Internal organ 

involvement is also an important determinant of mortality 

in these patients. The disease usually involves the young 

and middle aged women (3). The lungs are involved  in 

nearly 90% of SS patients at autopsy and 40% of SS patients 

have abnormal pulmonary function test (4). Only 25% of SS 

patients have respiratory symptoms or radiographic 

manifestation of pulmonary involvement.  Also, ILD, 

mainly in the form of fibrosis and PAH are the two most 

common complications and the leading causes of 

morbidity and mortality in patients with SS (2). In the 

recent years, evidence has been accumulating that 

immunosuppressive treatment in an early stage of the 

disease can improve survival, which mandates early,  

accurate diagnosis and complete evaluation of multiple 

organ involvement in these patients (1, 2). Patients with SS 

are routinely investigated with chest HRCT for detecting 

lung involvement and evaluating the severity of ILD (1, 2, 

5). HRCT is more sensitive than chest radiograph to 

diagnose multiple intra-thoracic but extra pulmonary 

involvements in these patients. The extra pulmonary 

involvement can increase the complications and increase 

the mortality and morbidity of the disease. The aim of this 

study was to discuss the extra pulmonary manifestations 

of SS patients on chest HRCT and to describe the 

significance of these imaging findings. 

 

MATERIALS AND METHODS 

This was a descriptive retrospective study, which was 

performed between 2004 and 2014. Forty consecutive 

patients with a definite diagnosis of SS were included in 

this study. The criteria for diagnosis of SS were based on 

the American College of Rheumatology criteria. All 

patients were evaluated at Imam Reza Hospital of 

Mashhad University of Medical Sciences, as either 

inpatients or outpatients. There were six men and 34 

women with a mean age of 40 years (range 32-68 years). 

The mean duration of the disease was four years (range 

one-15 years). There was no evidence of other connective 

tissue disorders in the patients. None of the patients had a 

history of other diseases such as lung, or digestive 

abnormalities, diabetes, tuberculosis or other systemic 

diseases. The patients had no clinical history of esophageal 

or gastric surgery. 

HRCT of the thorax was performed in all patients in 

order to detect imaging abnormalities related to 

pulmonary involvement and extra pulmonary 

manifestations of SS. The HRCT was performed using 1 to 

2 mm collimation slices with 10 mm intervals or 

volumetrically on a multidetector CT scanner. The HRCT 

protocol was standardized across all slices. The HRCT scan 

protocol included a beam petal of 140 KV and a beam 

current of 100 mA.  The images were photographed at lung 

(level-600 to -700 HU, width 1000-1500 HU) and 

mediastinal windows (level 20-50 HU, width 300-500 HU). 

The HRCT findings of extra-pulmonary manifestations 

of SS were investigated in the patients. 

All registered data were transferred to SPSS 15, and 

analyzed using Mann-Whitney and Kruskal-Wallis tests. 

The results were regarded as significant when P-value was 

less than 0.05. 

We used the following imaging criteria in our study: 

• Esophageal dilatation: 

  - Coronal diameter of esophagus more than 9 mm in the 

infra-aortic portion and/or presence of air-fluid level in 

the esophagus. 

• Pleural disease: pleural thickening or pleural effusion. 

• Pericardial disease: Pericardial thickening or pericardial 

effusion. 

• Pulmonary arterial enlargement: diameter of the main 

pulmonary artery at the level of bifurcation greater than 

29mm.  

  - All patients underwent echocardiography to be 

evaluated for PAH.  

• Mediastinal lymphadenopathy: Presence of lymph 

nodes greater than 9mm in short axis in contrast-

enhanced or non-contrast chest HRCT studies.  

• Pulmonary fibrosis: 

  - Presence of intralobular septal thickening 

  - Presence of honeycombing 
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  - Presence of obvious fibrotic bands in the mid or lower 

zones of the lungs.  

 

RESULTS 

Forty patients with definite diagnosis of SS who had 

medical records and HRCT scans were included in this 

study.  All patients had evidence of pulmonary 

involvement. There were six men and 34 women in our 

series. Retrospective analysis of these patients revealed 

that 30 patients had evidence of extra pulmonary 

abnormalities on chest HRCT. The mean age of our 

patients was 40 years (age range of 32-68). The main extra-

pulmonary manifestations in these patients included: 

esophageal dilatation, pleural disease, pericardial disease, 

pulmonary arterial dilatation and mediastinal 

lymphadenopathy. 

Esophageal dilatation was diagnosed if HRCT 

demonstrated a pocket of air in the esophagus under the 

aortic arch on four or more consecutive serial CT images 

and if the lumen diameter of such an air filled esophagus 

in the coronal plane was more than 10 mm. The esophageal 

dilatation was presented in 21 patients (70%). The coronal 

diameter of the esophagus at the infra-aortic level ranged 

from 1-2.5 cm. There was a significantly higher incidence 

of esophageal dilatation in patients with severe lung 

fibrosis (P<0.05). HRCT demonstrated more severe lung 

fibrosis in the lower and mid lung zones in patients with 

esophageal dilation. There was also a positive correlation 

between the presence of esophageal dilatation and the 

incidence of pulmonary artery enlargement (P<0.05). 

Pleural involvement was detected on HRCT in 12 

patients (40%). Pleural thickening was more common and 

was seen in eight patients, and pleural effusion was 

detected only in four cases. 

Pericardial abnormalities were seen in 12 patients 

(40%). Pericardial effusion was seen in seven patients, and 

diffuse pericardial thickening in five cases. 

Chest HRCT demonstrated pulmonary artery dilatation 

in eight patients (20%). Main pulmonary artery 

enlargement was detected if the transverse diameter of the 

main pulmonary artery exceeded 3 cm. There was a 

positive correlation between the presence of esophageal 

dilatation and the incidence of pulmonary artery 

dilatation, and pulmonary fibrosis in our series (P<0.05). 

Among the eight patients that had imaging evidence of 

pulmonary artery dilatation, seven (87.5%)  showed PAH 

in echocardiography. There were also three (7.5%) patients 

with echocardiographic PAH that did not have imaging 

manifestations of pulmonary dilatation. As our study’s aim 

was to evaluate the HRCT findings in SS patients, these 

three patients were not considered positive for pulmonary 

artery involvement based on imaging.  

Mediastinal lymphadenopathy was present in 12 

patients (30%). The presence and location of mediastinal 

lymphadenopathy were evaluated according to the 

American Thoracic Society protocol. Mediastinal 

lymphadenopathy was diagnosed if the short axis of the 

lymph node exceeded 10mm. Although contrast injection 

increases the accuracy of mediastinal lymph node 

detection, in this study all mediastinal lymph nodes 

(excluding hilar lymph nodes) were evaluated without 

intravenous injection of contrast medium. 

 

DISCUSSION 

Systemic sclerosis is a systematic connective tissue 

disease characterized by marked connective tissue 

abnormalities associated with vascular involvement. It is a 

complex and heterogeneous chronic disease with variable 

clinical presentation, internal organ involvement, and 

various outcomes (1, 3). The peak incidence is between 45 

and 64 years of age, and the disease is more common in 

black American women (3). There is multiple organ 

involvement associated with skin and inflammatory 

changes (1, 3). The disease usually involves multiple 

organs and the lungs are commonly involved in patients 

with SS, preceded by skin, the peripheral vasculature, and 

the esophagus in the frequency of involvement (4). Lungs 

are involved in almost all patients at autopsy series. The 
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most common visceral manifestations are pulmonary and 

esophageal involvements. Lung disease and PAH are the 

leading causes of death in the patients (6, 7). The overall 

mortality is reported to be 50% and it has the highest 

mortality rate among collagen vascular diseases (1, 3). 

In the recent years, evidence has shown that 

immunosuppressive drugs in an early stage of the disease 

could improve survival in these patients. HRCT is a 

sensitive method for evaluation of the early stages of lung 

involvement. The sensitivity of diagnostic methods is 

different and depends on the stage of the disease. In a few 

patients with SS, respiratory symptoms are the presenting 

manifestation and chest HRCT is a reliable and useful 

imaging modality for detecting asymptomatic interstitial 

lung involvement in the patients (1). Chest radiography 

may be insensitive to the presence of pulmonary disease, 

and shows lung involvement in only 60-70% of patients (5). 

HRCT is more sensitive than chest radiograph in detecting 

early interstitial involvement. Common HRCT findings of 

pulmonary involvement include pulmonary fibrosis 

associated with septal thickening, ground glass opacities, 

subpleural linear opacities with basilar distribution, 

subpleural cysts or honey combing, bronchiectasis and 

micro nodules (1, 3, 8). In advanced stages of the disease, 

HRCT shows volume loss in the lungs and diffuse 

pulmonary fibrosis. There are four main roles for imaging 

in patients with SS: 1) Detecting lung involvement, 2) 

Identifying patients who may respond to treatment, 3) 

Assessing treatment efficacy, and 4) Detecting extra 

pulmonary abnormalities especially pulmonary arterial 

dilatation, esophageal dysmotility and pleuropericardial 

involvement. 

Various abnormalities can be detected on chest HRCT 

scans in SS patients such as dilated esophagus, dilated 

pulmonary artery secondary to PAH, pleural  and 

pericardial abnormalities and mediastinal 

lymphadenopathy (1, 3). Table 1 shows various pulmonary 

and extra pulmonary findings on chest HRCT scans of 

patients with SS. 

Table 1. Various pulmonary and extra pulmonary abnormalities which may be 

seen on the chest HRCT scans of patients with systemic sclerosis  

 

Esophageal involvement Dysmotility 

Dilatation 

Pleural involvement Pleural thickening 

Pseudoplaque 

Subpleural micronodules 

Pleural effusion 

Pericardial involvement Pericardial effusion 

Pericardial thickening (diffuse or localized) 

Pulmonary artery Dilatation 

Mediastinal involvement Mediastinal lymphadenopathy 

 

Esophageal involvement 

Esophagus is the first organ in the gastrointestinal tract 

that is affected in SS, followed by the anorectal region. 

Esophageal dysmotility is a common manifestation in 

patients with SS and is reported in 75% of patients (1, 9).  

Esophageal dysmotility may cause esophageal dilatation 

(Figure 1). Esophageal dysmotility is usually detected with 

barium swallow or esophageal transit scintigraphy (10, 11). 

In most patients with SS, chest HRCT and barium study 

show the same efficacy in detection of esophageal 

dysmotility and esophageal dilatation. A dilated air-fluid 

esophagus may be identified on upright chest radiograph 

and is a manifestation of esophageal dysmotility as a result 

of smooth muscle atrophy and fibrosis. An air-fluid level in 

the esophagus suggests distal esophageal stenosis and is 

secondary to chronic reflux esophagitis (12). Esophageal 

dilatation is defined by coronal diameter of > 9mm of the 

esophagus lumen at the infra–aortic portion of the 

esophagus (1, 9, 12). The prevalence of esophageal 

dilatation in patients with SSC varies from 50% to 80% in 

different series. The sensitivity of HRCT in detecting 

esophageal dilatation is reported to be 65% (12). 

Esophageal dysmotility and secondary functional or 

anatomic obstruction may cause aspiration with the 

development of lower lobe pneumonia (Figure 2). 

Recurrent aspiration pneumonia may result in pulmonary 

fibrosis (13, 14). Patients with SS that have  pulmonary 

fibrosis and gastro esophageal reflux usually show more 

extensive esophageal involvement in comparison to those 

without evidence of pulmonary fibrosis (1, 3). Gastro 
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esophageal reflux is considered a contributing factor in the 

pathogenesis of ILD, and repeated microaspiration of 

gastric contents may cause pulmonary fibrosis (12, 13). 

Patients with SS and esophageal dilatation on HRCT 

usually show more severe ILD, more severe pulmonary 

vascular disease and a higher PAH (1, 3). CT is useful in 

detecting asymptomatic esophageal involvement in these 

patients. Early diagnosis of esophageal involvement is 

mandatory for accurate treatment to preclude the 

complications of esophageal dysmotility and associated 

chronic gastro esophageal reflux. The esophageal dilatation 

was presented in 70% of patients in our study, which was 

the same as the literature. 

 

 

 

 

 

 

 

 

Figure 1. Chest HRCT of the lung (A) and mediastinal (B) window 

setting in a 42-year old woman with SS showing dilatation of the 

esophagus 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. HRCT shows aspiration pneumonitis in the right lung (white 

arrow) associated with esophageal dysmotility (black arrow). 

 

Pleural disease 

Pleural involvement may be in the form of diffuse 

pleural thickening, pleural effusions, pseudo-plaques, and 

subpleural micronodules (1). The presence of pleuritis, 

pleural effusion and pleural thickening is a general finding 

in patients with SS. Pleural diseases are associated with 

pleuritic chest pain in 40-50% of patients and pleuritic 

chest pain has been reported in 40% of SS patients (1, 3). 

Pleural effusion and pleural thickening are not common 

findings on chest radiograph. Pleural thickening is 

reported in 20% of cases on HRCT scans, but significant 

pleural effusion is an uncommon finding. Pleural effusion 

in SS patients is non-specific and requires a complete 

clinical evaluation to exclude other causes of effusion such 

as complications of treatment and infection (15, 16). 

Usually the characteristics of fluid on pleural fluid analysis 

are useful for correct diagnosis. Pleural effusion is 

frequently reported in patients with SS who have evidence 

of PAH (16). Pleural disease was detected in 40% of 

patients in our series. Pleural abnormalities were more 

common in our patients in comparison to the literature. 

Pericardial disease 

The radiographic features of pericarditis with 

associated effusion were first described by Steinberg and 

Rothbard (16). Pericardial abnormalities may be seen in the 

form of pericardial effusion, diffuse pericardial thickening, 

and thickening of anterior pericardial recess (1, 3, 17). 

Thompson et al. reported pericardial abnormality in 59% of 

patients with SS (18). The exact etiology of pericardial 

abnormalities is not well known.  Drainage of some cardiac 

veins into the right atrium and secondary increase of right 

atrial pressure may also play a role in increased pulmonary 

arterial pressure. There may be a passive transudative 

phenomena secondary to increased pulmonary artery 

pressure. Drainage of the cardiac veins into the right 

atrium and secondary increased right atrial pressure may 

also play a rule in the accumulation of fluid in pericardium 

(18). Pulmonary hypertension is seen more commonly in 

patients with pericardial abnormality (1). 
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The incidence of pericardial involvement in SS is about 

50% on autopsy series. Asymptomatic pericarditis occurs 

in 16% of patients with diffuse disease and 30% of patients 

with limited type of SS (1, 3, 19). Pericardial effusion is 

more common in diffuse form of SS and may be seen 

without evidence of clinical features of cardiac 

dysfunction. Pericardial effusion occurs in 70% of patients 

with SS and it is usually asymptomatic (1, 3). In patients 

with SS and ILD, pericardial involvement is a common 

finding on HRCT, and is usually associated with evidence 

of PAH on echocardiography. Pericardial thickening or 

effusion are also common findings in patients with severe 

PAH.  HRCT is more sensitive than chest radiograph in 

detecting early pericardial effusion (Figure 3). Total 

pericardial score > 8 mm is considered abnormal. Total 

pericardial score is the sum of the thickness of pericardium 

at the four points including; anterior, posterior, right 

lateral, and left lateral, measuring at a level between the 

aortic root and diaphragm on axial HRCT scans (1, 3).  

Abu-Shakra and associates reported a patient with 

pericardial effusion, massive pleural effusion, and renal 

failure (19). Pericardial abnormalities were presented in 

30% of patients in our study. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. HRCT scan demonstrating pericardial effusion (white lines).  

 

Pulmonary arterial enlargement 

Interstitial lung disease andPAH are the most common 

cardiopulmonary manifestations of SS (1, 3, 20). PAH is 

typically associated with severe lung disease in these 

patients and may be seen as an isolated finding. 

Pulmonary arterial hypertension is one of the common 

extra pulmonary manifestations of SS with an incidence of 

10 to 8o% (1, 20);  33% of patients with SS show evidence of 

PAH at angiography (1, 3). On chest radiograph, it is 

characterized by an enlarged main pulmonary artery, 

attenuation of the smaller vessels and cardiomegaly (3). 

Computed tomography is an accurate method for 

measuring the size of main pulmonary artery (21). In most 

series, pulmonary artery diameter has been shown to 

correlate with pulmonary arterial pressure and increased 

diameter of the main pulmonary artery is a prediction of 

PAH (1). Main pulmonary artery is measured at its widest 

portion at the level of bifurcation to the right and left 

pulmonary artery on the axial CT scan  and dilated 

pulmonary artery  (>29mm ) suggests the presence of PAH 

(1, 3). The cause of PAH in SS is usually diffuse lung 

fibrosis but it may be primary and without fibrosis or any 

evidence of extensive lung disease (22). Detection of 

severity and extent of ILD may be useful in screening for 

PAH in patients with SS. Some authors reported that 

pulmonary arterial dilatation may occur in the absence of 

PAH in patients with ILD (22).  Today, echocardiography 

is the screening test for detection of PAH, and is 

recommended in all patients with SS. When 

echocardiogram is indeterminate, right heart 

catheterization is necessary to confirm the presence of PAH 

(1, 3). PAH has a dramatic impact on prognosis and is the 

most common cause of disease related death in these 

patients. Our study demonstrated pulmonary artery 

enlargement in 20% of cases. The incidence of pulmonary 

artery dilatation was less than the literature in our patients.  

Mediastinal lymphadenopathy 

Esophageal dilatation and mediastinal 

lymphadenopathy are frequent associated findings in SS 

patients (1, 3). Bhalla et al. reported asymptomatic 

esophageal dilatation in 80% of patients with SS, and 

mediastinal lymphadenopathy in 60% (9). Wechsler et al. 

found mediastinal lymphadenopathy in 50% of patients 
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with diffuse form of cutaneous SS and in 40% of patients 

with limited cutaneous SS (23). Garber et al. described that 

there is an association between the presence of mediastinal 

lymphadenopathy and ILD, especially when there is lung 

involvement with ground glass opacities (24). Mediastinal 

lymphadenopathy in SS patients may be a consequence of 

pulmonary inflammation. HRCT can help narrow the 

differential diagnosis in patients in whom CT scan reveals 

lymph node involvement (Figure 4). Our study 

demonstrated mediastinal lymphadenopathy in 30% of 

patients. The prevalence of mediastinal lymphadenopathy 

increased with the presence of extensive lung fibrosis on 

HRCT in our series.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Axial HRCT scan in mediastinal window setting in a 55 year 

old woman with SS showing mediastinal lymphadenopathy in anterior 

(arrow in A) and middle (asterisks in B) mediastinum. 

 

This study had three limitations. First it was a 

retrospective study that included a small number of 

patients. Second, we performed HRCT with intravenous 

contrast medium when there was suspicion for mediastinal 

lymphadenopathy, and there is possibility that we cannot 

detect all cases with mediastinal lymphadenopathy. Finally 

we did not have any histological confirmation and so we 

were unable to correlate the HRCT findings of extra 

pulmonary abnormalities with histopathology. 

 

CONCLUSION 

The main goal of performing HRCT in SS patients is to 

diagnose ILD in early stage and detect the severity of lung 

involvement, and evaluate the reversibility and response to 

treatment.  It is important to detect extra pulmonary 

manifestations of the disease because these findings may 

be helpful in diagnosing visceral involvement especially in 

asymptomatic patients. Our study demonstrated that chest 

HRCT was useful for detecting extra pulmonary 

manifestations in SS patients. 
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