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Abstract

Non-cardiac thoracic manifestations of rheumatoid arthritis (RA) cause significant morbidity and 

mortality among RA patients. Essentially all anatomic compartments in the chest can be affected 

including the pleura, pulmonary parenchyma, airway, and vasculature. In addition, treatment-

related complications and opportunistic infections are not uncommon. Accurate diagnosis of intra-

thoracic disease in an RA patient can be difficult as the radiologic findings may be nonspecific 

and many of these conditions may coexist. This review article serves to highlight the multitude of 

RA-related intra-thoracic pathological processes, emphasize differential diagnosis, diagnostic 

conundrums and discuss how tailoring of CT imaging and image-guided biopsy plays a key role in 

the management of RA-related pulmonary disease.
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1. Introduction

Rheumatoid arthritis (RA) is the most common inflammatory arthritis characterized by 

chronic inflammation, erosions and progressive cartilage damage of multiple joints. In 

approximately 40% of RA patients, the clinical course can be complicated by a variety of 

extra-articular manifestations such as rheumatoid nodules, cardiovascular disease, vasculitis, 

pericarditis, ocular inflammation, and non-cardiac thoracic complications [1]. A high 
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rheumatoid factor (RF) titer and anti-CCP antibodies are predictors of more advanced 

inflammatory arthritis and extra-articular involvement [1,2]. Non-cardiac thoracic 

manifestations of RA occur in approximately 5–20% of RA patients and account for 

approximately 20% of RA-associated mortality [3–5]. All anatomic compartments in the 

chest can be affected including the pleura, pulmonary parenchyma, airway, and vasculature 

(Table 1).

Several factors contribute to challenges in the accurate diagnosis of intra-thoracic disease in 

an RA patient. First, radiologic manifestations may not coincide with the clinical 

presentation. For instance, extra-articular manifestation such as diffuse lung disease or lung 

nodules may be the initial presentation on imaging in a patient in whom a diagnosis of RA 

has not yet been established. Second, these patients are frequently on immunosuppressants, 

which may predispose them to drug-related toxicity and opportunistic infections (Table 2). 

Third, many of these conditions and complications may coexist, resulting in a spectrum of 

radiologic manifestations. Given the degree of complexity, an interdisciplinary approach is 

necessary in evaluating these patients. This requires understanding of the typical thoracic 

manifestations of RA as well as possible infectious, drug-related and surgical complications. 

Histopathologic diagnosis is at times needed to effectively guide management.

This article will (1) illustrate typical thoracic manifestations of rheumatoid arthritis and 

correlate the radiologic findings with clinical and pathological findings when appropriate; 

(2) emphasize differential diagnosis, diagnostic conundrums and (3) discuss how tailoring of 

CT imaging and image-guided intervention plays a key role in the management of RA-

related pulmonary conditions.

2. Spectrum of pleural disease

Pleural disease is considered the most common thoracic manifestation in RA patients, 

identified in 38–73% at autopsy [6–9]. Radiographic findings of pleural inflammation, 

including pleural thickening and pleural effusion, were noted in 20% of RA patients in a 

study by Jurik et al. [6]. Despite being the most common thoracic manifestation of 

rheumatoid disease, the majority of patients are asymptomatic and only few present with 

chest pain or dyspnea.

2.1. Pleural effusion and empyema

Pleural effusion may result from pleural inflammation, infection or rheumatoid-associated 

cardiac disease. Effusions secondary to pleural inflammation are typically small and 

unilateral with associated rim-like pleural enhancement, while those related to cardiac 

failure are usually bilateral [10,11]. Long-standing sterile pleural effusions with numerous 

leukocytes and abundant fibrinoid debris may become loculated and surrounded by pleural 

thickening, simulating the appearance of empyema both radiologically and biochemically, 

even though it remains sterile. Bacterial staining and culture is needed to differentiate this 

from true empyema. Chronic pleural effusions may also become milky secondary to 

cholesterol crystals or lipid-containing inclusions in white blood cells from rupture of 

necrotic subpleural rheumatoid nodules. This leads to the development of pseudochylous 

effusions which are distinct from true chylothorax, seen secondary to high triglyceride level 
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[12]. It is also important to realize that pleuropericarditis may represent drug toxicity rather 

than a primary disease manifestation, as has been described with the use of methotrexate and 

TNF-α blocking agents [13,14]. Clinical and treatment history should be considered 

alongside appropriate studies before initiating treatment. In rare cases, chronic empyema 

becomes recalcitrant to conventional treatment, extending through adjacent chest wall soft 

tissues to manifest as empyema necessitans (Fig. 1), requiring surgical drainage.

2.2. Pleural thickening and pleural fibrosis

Rheumatoid pleural involvement may result in thickening of both the parietal and visceral 

pleurae. Long-standing pleural inflammation can lead to pleural fibrosis, trapped lung and 

lung restriction [7]. In a few cases, pleural thickening may have a mass-like or nodular 

appearance, with imaging features indistinguishable from neoplasms such as mesothelioma 

or metastasis. Core biopsy rather than fine needle aspiration is often required to define a 

malignant versus benign pathologic diagnosis (Figs. 2 and 3). Pleural biopsy of rheumatoid 

inflammation typically demonstrates nonspecific inflammatory changes with replacement of 

normal mesothelial cells by epithelioid cells and multinucleated giant cells [10], rather than 

specific rheumatoid granulomas.

2.3. Bronchopleural fistula and pneumothorax

Other less common RA-related pleural diseases are closely related to rheumatoid nodulosis. 

The rheumatoid nodules, which tend to occur along the subpleural regions and fissures, can 

cavitate and rupture, essentially providing a portal of entry to the pleural space. The results 

are complications such as recurrent pneumothorax, bronchopleural fistula (BPF) formation 

with air leak, abscess and empyema [15] (Fig. 4). The majority of bronchopleural fistulae in 

pleuroparenchymal disease related to RA are peripheral rather than central due to the 

subpleural location of necrobiotic pulmonary nodules. Chest CT with thin axial sections has 

sensitivity of 35–50% for detection of peripheral bronchopleural fistulae [16].

2.4. Challenges in management of pleural disease

Pleural complications in RA patients can be difficult to treat given the physical 

characteristics of the underlying pleura and lung parenchyma as well as the patient's 

immunosuppressed state that predispose to infection and poor healing. Pleural effusions in 

RA patients should be sampled with caution, as there is a risk of introducing infection within 

an otherwise sterile pleural space. Furthermore, there is increasing evidence linking specific 

drugs including methotrexate, etanercept, infliximab and leflunomide with accelerated 

nodulosis and recurrent pneumothoraces [17–20]. The precise mechanism leading to nodular 

lung lesions and aseptic non-caseating granulomatous inflammation is unclear and may be 

variable depending on the drug involved. Histopathological analysis may show rheumatoid 

like nodules, sarcoid or sarcoid-like reaction or in some patients receiving anti-TNF alpha 

blockers, a vasculitis like phenomenon can be seen [21]. Knowledge of these potential drug-

related complications is important as medications may need to be stopped in such cases.

In a patient with refractory rheumatoid pleural effusions and pneumothoraces, pleurodesis 

and decortication may be indicated after chest tube drainage fails. However, in cases where 

an underlying bronchopleural fistula is identified, video-assisted thoracoscopic surgery 
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(VATS) pleurodesis may prove inadequate as the presence of fistula can impede healing and 

frequently a surgical thoracostomy, thoracomyoplasty or Clagett window creation is needed 

(Fig. 5). These surgical procedures control both the pleural and parenchymal components of 

recalcitrant intrathoracic infections, as well as help reduce dead space which does not 

contribute to gas exchange [22]. Imaging features which indicate successful surgical 

intervention include resolution of air leak and empyema, gradual obliteration of pleural 

space and decreasing thickness of pleural rind. On the other hand, persistent on enlarging air 

fluid levels, visualization of central bronchopleural fistula and thick rind like pleural 

thickening portend a poor outcome [22].

3. Spectrum of parenchymal and interstitial lung disease

3.1. Rheumatoid-associated interstitial lung disease (RA-ILD)

The prevalence of clinically evident RA-ILD is approximately 5% [23], while radiological 

evidence of ILD is seen in up to 25% of patients [24,25]. The term RA-ILD encompasses a 

wide spectrum of morphologic changes on HRCT which are associated with different 

clinical prognosis. In some cases, there maybe co-existence of more than one HRCT pattern. 

The major CT patterns are usual interstitial pneumonia (UIP) (Fig. 6), non-specific 

interstitial pneumonia (NSIP) (Fig. 7), and organizing pneumonia (OP) (Fig. 8) [26].

3.2. Correlation between RA-ILD CT pattern and patient prognosis

CT helps in identifying the dominant HRCT morphologic pattern in patients with RA-ILD. 

Presence of a UIP pattern on HRCT carries a worse prognosis when compared to non-UIP 

patterns such as NSIP and OP. In a recent study by Walsh et al. both computed tomographic 

and pulmonary functional indices were assessed as prognostic determinants of connective 

tissue disease related fibrotic lung disease. The study concluded that traction bronchiectasis, 

extent of honeycombing and DLco were strongly associated with mortality. The 

interobserver agreement for traction bronchiectasis was higher than for honeycombing, and 

was considered to be a more accurate prognostic sign. Additionally the radiological 

diagnosis had survival implications i.e., patients with discordant UIP had a better prognosis 

than concordant UIP but worse prognosis than fibrotic NSIP [27].

Overall, RA-ILD carries worse prognosis compared to other collagen vascular disease 

associated ILD because UIP is more common than NSIP in this subset of patients 

[23,28,29]. Several patient related and clinical parameters such as male sex, history of 

smoking, nodular disease, extra-articular disease and disease duration have also been 

evaluated which may predispose to or be associated with an increased incidence of fibrosing 

lung disease in patients with RA-ILD. Of these, only smoking has been confirmed as an 

independent risk factor predicting the development of ILD in RA [30,31].

3.3. Overlap of CT morphologic patterns and multiplicity of HRCT patterns in RA-ILD

There may be frequent and significant overlap between NSIP and UIP patterns. A helpful 

distinguishing feature is diffuse and extensive nature of groundglass opacity in patients with 

NSIP and greater basilar predominance of honeycombing and reticulation in patients with 

definite UIP pattern [32]. Patients with classical UIP rarely undergo biopsy. Given the 
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significant overlap between NSIP and UIP patterns, biopsy may be indicated when a definite 

UIP pattern is not seen and the patient does not respond to standard treatment regimens.

Organizing pneumonia is the third most common ILD pattern and can be confused with 

multifocal bacterial pneumonia. Features such as migratory subpleural and peribronchial 

distribution, a perilobular pattern and architectural distortion in areas of consolidation may 

help suggest the diagnosis [33].

Bronchoscopy is essential in patients with less characteristic imaging findings to exclude 

infection, particularly before starting corticosteroids [34,35]. Other less commonly observed 

CT patterns in RA include diffuse alveolar damage and lymphoid interstitial pneumonia 

with sparse scattered cysts adjacent to vessels [36].

3.4. Acute airspace disease and acute exacerbation (AE) of ILD in RA

Acute exacerbation occurs not only in patients with IPF but also in patients with connective 

tissue disease-associated ILDs (CTD-ILDs). It has been reported that RA-associated ILD 

(RA-ILD) is the most common CTD-ILD associated with AE [37,38]. Patients with acute 

exacerbations present with subacute respiratory deterioration with worsening hypoxemia in 

the setting of new radiographic abnormalities. In patients with RA-ILD, acute exacerbations 

are more common with older age at ILD diagnosis, those who demonstrate a UIP pattern on 

HRCT and have received methotrexate for RA-ILD [39].

A thorough and comprehensive assessment to exclude respiratory infection, acute interstitial 

pneumonia, drug toxicity, pulmonary embolism, cardiac dysfunction, and diffuse alveolar 

hemorrhage is fundamental for the evaluation of such patients. This includes cultures of 

sputum, blood, urine and lavage fluid, and serological tests for infection as well as 

echocardiography and pulmonary CT angiogram to rule out left heart failure or pulmonary 

thromboembolism.

3.5. Rheumatoid nodulosis: diagnostic conundrum

Rheumatoid nodules in the lung are uncommon, usually seen in conjunction with 

subcutaneous nodules and high rheumatoid factor [40]. Pulmonary rheumatoid nodulosis is 

characterized by few large discrete subpleural nodules, which may develop cavitation (Figs. 

4 and 5). Though usually stable and asymptomatic, cavitation may lead to hemoptysis, 

spontaneous pneumothoraces or development of bronchopleural fistulae.

The differential diagnosis of rheumatoid nodules includes infection such as septic emboli, 

mycobacterial and fungal infections as well as malignancy. Rapid evolution and waxing and 

waning appearance on follow up imaging favors infection or inflammatory etiology. In 

select cases, PET/CT and or percutaneous biopsy may be needed to rule out malignancy. 

Disease-modifying antirheumatic drugs (DMARD's) or biologic response modifiers (BRM's) 

being used for treatment of RA may be the cause of intra-thoracic rheumatoid nodules and 

may require discontinuation [20,21]. If the nodules are calcified, they often indicate 

association with pneumoconiosis, a condition known as Caplan's syndrome [41].
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4. Spectrum of airway disease

Rheumatoid arthritis can affect the upper larger airways and the smaller distal airways.

4.1. Large airway disease

Cricoarytenoid joint involvement in RA has been shown to occur in 26–86% of RA patients 

[42]. CT may show cricoarytenoid luxation, erosive changes or abnormal position of the true 

vocal cords leading to vocal cord paresis, stridor, and dysphagia [43,44]. Aggravation of 

inflammation leading to airway obstruction has been reported during endotracheal intubation 

and after extubation [45].

The association between RA and bronchiectasis has long been recognized. On high-

resolution CT (HRCT), bronchiectasis has been identified in up to one third of the RA 

population [24,46–48]. Traction bronchiectasis seen with fibrosing RA-ILD should not be 

confused with freestanding bronchiectasis seen in many RA patients (Fig. 9). Several 

hypotheses have been postulated to explain the development of bronchiectasis including 

autoimmune-related injury, genetic predisposition, DMARD-related and recurrent 

pulmonary infection [49,50]. Given the increased risk for infections, it is important to 

recognize the presence of bronchiectasis particularly before initiating treatment with 

DMARD's or biologic agents.

4.2. Small airway disease

The relatively low prevalence of diffuse small airways disease may reflect difficulty in 

making the diagnosis in patients with mild to moderate disease. Spirometry may show 

obstruction but standard chest CT may be only suggestive or unrevealing even in 

symptomatic patients with small airway disease. On HRCT, centrilobular nodular opacities, 

tree-in-bud opacities, mosaic attenuation and evidence of air trapping are characteristic (Fig. 

10). However, evidence of air trapping may only be elucidated on paired inspiratory–

expiratory chest CT. If a combination of clinical impression, physiological parameters and 

advanced tests such as lung clearance index is still not suggestive of a diagnosis, then 

transbronchial or open lung biopsy may be considered. Histopathologic findings can detect 

either cellular bronchiolitis(diffuse and follicular subtypes) or fibrosing bronchiolitis 

(obliterative or constrictive). The histopathologic distinction is crucial as obliterative or 

constrictive bronchiolitis is a rare irreversible form of small airways disease in RA with 

associated poor prognosis which may require lung transplantation in severe cases [51].

5. Spectrum of vascular disease

Although historically associated with systemic sclerosis, pulmonary arterial hypertension is 

being increasingly recognized in other rheumatic diseases, including RA. PAH may be seen 

in isolation or in association with RA-ILD. Few pathophysiologic mechanisms have been 

postulated including immune-mediated vasculopathy, hypercoagulability with formation of 

microthrombi, and intimal proliferation leading to obliterative vasculopathy [52]. On CT, 

expected findings of pulmonary hypertension include direct signs such as enlarged 

pulmonary arteries, dilation of right-sided cardiac chambers, engorged inferior vena cava 

and hepatic veins and indirect signs such as mosaic attenuation.
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Small pulmonary vessels can also be affected in RA (Fig. 11). Diffuse alveolar hemorrhage 

(DAH) is rare and maybe multifactorial. It maybe due to pulmonary capillaritis associated 

with RA and in some cases drugs such as etanercept have been implicated [53]. Pulmonary 

capillaritis is a rare small-vessel necrotizing vasculitis recognized by neutrophilic infiltration 

of the capillary interstitium, leading to destruction of the alveolar capillary network, 

allowing for red blood cells to enter the alveolar spaces [53]. Therapy typically includes 

systemic corticosteroid and immune modulators.

6. Spectrum of drug reaction and toxicity

Multiple drugs are currently used in treating RA. DMARD's are considered the standard of 

care for most patients [54]. For patients who inadequately respond to or are unable to 

tolerate adequate trials of conventional DMARD's, biologic agents have provided a major 

avenue of RA therapy. Common patterns of thoracic drug toxicity are summarized in Table 

2. Radiologic manifestations of drug toxicity are often indistinguishable from RA-associated 

pulmonary disease. Diagnosis is therefore based on combination of clinical, imaging, 

pathological findings and temporal relationship with initiation and cessation of the drug. 

There have been case reports of resolution of pulmonary nodules due to withdrawal of MTX 

[55,56]. However, in RA, nodule formation may fluctuate as part of the course of the 

disease, making it difficult to ascertain if nodule resolution or attenuation is related to MTX 

withdrawal or the natural history of RA. Detailed description of all drug-related 

complications is beyond the scope of this article and only a few examples are discussed. A 

useful listing of drug-related respiratory complications can be found at 

www.pneumotox.com

Methotrexate-induced ILD is the archetype of drug-induced pulmonary toxicity in RA 

patients. A spectrum of pulmonary diseases have been shown to be secondary to 

methotrexate, including interstitial fibrosis, acute lung injury with non-cardiogenic 

pulmonary edema, organizing pneumonia, and pleuropericarditis with the most common 

pattern being acute hypersensitivity pneumonitis as described in rheumatology literature. 

Radiologically this mimics subacute hypersensitivity pneumonitis and presents as 

combination of centrilobular groundglass nodules, patchy airspace opacification, irregular 

linear opacities, and air trapping on expiratory images [57,58] (Fig. 12). As previously 

mentioned, methotrexate along with other DMARDs and biologic agents have also been 

associated with accelerated nodulosis and recurrent pneumothoraces [17–20].

Tumor necrosis factor-α (TNF-α) antagonists, which impair granuloma formation, have 

been linked with paradoxical development of sarcoidosis-like disease in RA patients, with 

etanercept being the most commonly implicated agent [59] (Fig. 13). Underlying 

pathophysiology in such cases is uncertain; however, temporal relationship of 

granulomatosis with initiation and cessation of TNF-α antagonist suggests that the drug is 

likely the culprit.

7. Spectrum of opportunistic infections

In addition to underlying immunosuppressed state of RA patients, the immunomodulatory 

properties of agents used to treat RA render them more susceptible to activation of latent 
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infections and opportunistic infections (Table 2). Diagnosis of infection may be delayed by 

nonspecific or atypical clinical presentation. CT is often required to detect superimposed 

infection in the setting of chronic RA-associated pulmonary disease (Fig. 14) and provides 

an accurate roadmap for the pulmonologist to obtain tissue samples. Even then, imaging 

features are often nonspecific, and bronchoalveolar lavage or percutaneous biopsy combined 

with serologic testing is usually required to make accurate diagnosis (Figs. 14 and 15).

Biologic agents, particularly TNF-α antagonists have been shown to increase the risk of 

infections including reactivation of latent tuberculosis infection and new-onset tuberculosis, 

as well as increased incidence of non-tuberculous mycobacterial infections [60,61]. Prior to 

the initiation of biologic agents, patients should be screened for latent tuberculosis, and anti-

tuberculosis prophylaxis should be considered for patients at risk [61] (Fig. 16).

8. Tailoring of CT protocols to clinical scenario

Problem-specific protocols are useful problem solving tools. In patients with severe dyspnea 

and abnormal pulmonary function tests due to suspected small airways disease and 

bronchiolitis, a dual phase static airway protocol maybe used. This includes acquisition of 

paired end-inspiratory and end-expiratory images to assess for air trapping, an imaging 

marker for small airway disease such as constrictive bronchiolitis. 3D reformations 

including virtual bronchoscopy, minimum intensity projection (minIP) images and curved 

planar reformats of the central airways are a useful adjunct to multiplanar reformations 

(MPR's) to delineate focal airway narrowing, irregularity or abnormal collapsibility. In 

addition, virtual bronchoscopic images and minIP images create a roadmap for the 

pulmonologist and surgeon for sampling of focal or multifocal pulmonary abnormalities in 

patients with RA, and assist the surgeon in planning surgery or stent placement for treatment 

of complications such as bronchopleural fistulae. The widespread use of HRCT has 

increased the detection of subtle interstitial lung abnormalities. Prone HRCT images can be 

obtained to eliminate changes secondary to dependent atelectasis and demonstrate subtle or 

early interstitial lung disease. This may be an area of interest for future studies focusing on 

novel therapies to target early stages of disease [62].

9. Conclusion

Myriad pulmonary manifestations of RA are well documented. However, the diagnosis of 

the pulmonary manifestations and treatment-associated complications remains challenging 

due to a combination of factors. Treatment-related immunosuppression and complications 

may further cause imaging abnormalities, which confound diagnosis. Usually, a combination 

of follow-up imaging, biopsy in select cases, temporal association of findings with respect to 

treatment regimens and multidisciplinary clinical input can point to the correct diagnosis.
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Fig. 1. 
Empyema necessitans (extrapleural transthoracic extension of empyema). 62-year-old 

female with history of rheumatoid arthritis complicated by empyema, recalcitrant to multiple 

chest tube drainages. Contrast-enhanced CT shows multi-loculated pleural collection with 

enhancing pleural abnormality (arrow) extending into the chest wall (arrowheads).

Teaching point: Nombination of pleuritis, underlying parenchymal changes and treatment-

related immunosuppression predispose patients to severe empyema.
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Fig. 2. 
Nodular pleural thickening simulating malignancy. 70-year-old female with history of 

rheumatoid arthritis (RA) and left breast cancer status post radiation therapy. (a) CT. 

Nodular left pleural thickening (arrows) in this patient is an indeterminate finding that may 

represent rheumatoid inflammation, malignancy or infection. (b) Pleural biopsy showed 

necrotizing granulomatous inflammation without evidence of malignancy. Gram, fungal, 

and acid-fast stains were negative for organisms.

Teaching point: Nodular pleural thickening in RA patients frequently mimics malignancy 

such as metastatic disease and mesothelioma.
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Fig. 3. 
Pleural thickening and rheumatoid arthritis associated interstitial lung disease (RA-ILD). 66-

year-old female with history of rheumatoid arthritis. (a) CT. Reticular abnormality, traction 

bronchiectasis and peripheral groundglass opacities in both lower lobes (arrowheads), 

consistent with RA-ILD. (a and b) CT. A pleural-based ovoid soft tissue mass in the left 

lower hemithorax (arrows). (c) CT-guided core-needle biopsy was consistent with 

eosinophillic pleuritis and pleural fibrosis.

Teaching point: Mass-like pleural thickening in rheumatoid arthritis patients may mimic 

malignancy including primary pleural malignancy and often requires percutaneous core 

needle biopsy for accurate diagnosis.
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Fig. 4. 
Ruptured necrobiotic nodules complicated by hydropneumothorax and empyema. 35-year-

old female with rheumatoid arthritis. (a) CT. A ruptured subpleural necrobiotic nodule in the 

right lower lobe (white arrowhead) with associated small hydropneumothorax (black 

arrowhead). (b) CT few weeks later. Formation of bronchopleural fistula adjacent to the 

necrobiotic nodule (black arrow). (c) CT few weeks later following chest tube drainage, 

open thoracotomy and talc pleurodesis (white arrow). Enlarging hydro-pneumothorax (black 

arrowheads) secondary to underlying bronchopleural fistula and marked pleural thickening 

due to empyema resistant to treatments.

Teaching point: Subpleural location of cavitary necrobiotic rheumatoid nodules predisposes 

the patient to recurrent pneumothoraces and infection within the pleural space.
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Fig. 5. 
Treatment of recurrent hydropneumothorax and pleural effusion with surgical thoracostomy 

and creation of Clagett window. 57-year-old female with advanced rheumatoid arthritis on 

methotrexate with recurrent right hydropneumothorax and left rheumatoid pleural effusion, 

resistant to conventional management. (a) CT. Latissimus dorsi muscle flap in the left chest 

wall (black arrow). Necrobiotic nodules in both lungs (arrowheads). (b) CT. Packing 

material in the right thoracic window (white arrow).

Teaching point: Recurrent hydropneumothoraces and empyemas recalcitrant to conservative 

management may require extensive surgery such as surgical thoracostomy and 

thoracomyoplasty.
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Fig. 6. 
Usual interstitial pneumonia (UIP). 63-year-old female with long-standing history of 

rheumatoid arthritis. (a, b) CT. Bilateral lower lobe predominant subpleural reticular opacity 

and honeycombing. Biopsy confirmed the diagnosis of UIP. Teaching point: Multilicity of 

CT patterns may be seen; however, UIP is the most common pattern of interstitial lung 

disease in rheumatoid arthritis patients.
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Fig. 7. 
Nonspecific interstitial pneumonia (NSIP). 76-year-old male with longstanding history of 

rheumatoid arthritis with subcutaneous rheumatoid nodules. (a and b) CT. Moderate 

peripheral reticular opacities and groundglass opacities with minimal honeycombing 

predominantly in the lower lobes. Biopsy showed changes most consistent with fibrotic 

NSIP.

Teaching point: NSIP and UIP are common patterns of rheumatoid-associated inter-stitial 

lung disease. NSIP and UIP can have overlapping imaging features. In such cases, biopsy is 

required to make the diagnosis.
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Fig. 8. 
Organizing pneumonia. 49-year-old female with RA on etanercept presenting with chest 

heaviness and nonproductive cough. (a) Initial CT. Bilateral peribronchial and subpleural 

consolidation with associated architectural distortion and traction bronchiectasis, which did 

not improve with antibiotics. Bronchoscopy was negative for infection. Wedge biopsy was 

consistent with organizing pneumonia. (b) CT chest few months later. Significant worsening 

of disease correlating with patient's declining pulmonary function and respiratory failure.

Teaching point: Organizing pneumonia mimics pneumonia; hence, if the diagnosis is 

suspected clinically, prompt bronchoscopy should be performed to rule out infection before 

initiating steroids.
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Fig. 9. 
Large airway disease and progressive bronchiectasis. 58-year-old female with RA and 

severe bronchiectasis with superimposed MAI infection. (a) CT. Cylindrical bronchiectasis 

(arrowheads) with mosaic attenuation pattern. (b) CT obtained 6 years later. Progression of 

bronchiectasis, now varicose and cystic (arrows). Persistent areas of mosaic attenuation in 

both lungs suggest air trapping due to small airway involvement.

Teaching point: Rheumatoid arthritis is an important cause of non-cystic fibrosis 

bronchiectasis, which can predispose to subsequent infection.
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Fig. 10. 
Small airway disease, follicular bronchiolitis. 40-year-old female with rheumatoid arthritis 

whose pulmonary function test showed marked obstructive pattern. (a) CT. Mild bronchial 

wall thickening and mosaic attenuation in both lungs suggesting air trapping. (b and c), 

Transbronchial biopsy. Dense peribronchial lymphoid infiltrate with follicular hyperplasia, 

causing bronchiolar luminal narrowing and obliteration.

Teaching point: Imaging findings in symptomatic patients with small airways disease can be 

very subtle. Tailoring of CT protocols and use of paired inspiratory and expiratory imaging 

is helpful to accentuate air trapping.
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Fig. 11. 
Mixed small airway and small vessel disease. 44-year-old male with rheumatoid arthritis on 

prednisone and methotrexate with acute on chronic dyspnea, found to have pulmonary 

hypertension. (a and b) CT. Predominantly peripheral consolidation and groundglass 

opacities (arrows). Infection screen was negative. Open lung wedge biopsy demonstrated 

bronchiolitis with acute and chronic inflammation, significant pulmonary arteriolar disease 

with medial hypertrophy and intimal proliferation out of proportion to the airway disease. 

Pulmonary hypertension was thought to be secondary to vascular involvement by RA.

Teaching point: Small vessel disease may manifest as mosaic perfusion and pulmonary 

arterial hypertension or mixed consolidative and groundglass abnormality due to 

hemorrhage secondary to capillaritis.
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Fig. 12. 
Methotrexate-induced acute hypersensitivity pneumonitis. 56-year-old woman who was 

started on methotrexate few weeks prior to presenting with worsening dyspnea. CT. 

Bilateral poorly defined ground-glass attenuation (arrows). Differential diagnosis includes 

RA-related interstitial lung disease, opportunistic infection, and adverse drug reaction. 

Radiologic abnormality and symptoms resolved following withdrawal of methotrexate.

Teaching point: Drug toxicity may mimic infection. Temporal association with treatment 

history helps in making a diagnosis.
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Fig. 13. 
Etanercept causing mediastinal adenopathy. 56-year-old male with severe rheumatoid 

arthritis (RA) on etarnercept. (a and b) CT. Multiple moderately enlarged mediastinal lymph 

nodes (arrowheads). Lymph node biopsy was performed to exclude lymphoproliferative 

disease. (c and d) Low power (20×) & high power (200×) images of mediastinal nodes 

showed non-caseating granulomatous inflammation.

Teaching point: Mediastinal nodal enlargement may be seen in RA patients due to 

underlying connective tissue disorder and RA-related interstitial lung disease; however, 

progressive nodal enlargement raises suspicion for malignancy or sarcoidosis. Knowledge of 

treatment history with drugs such as TNF-α antagonists may avoid invasive procedures in 

select patients.
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Fig. 14. 
Aspergillosis. 57-year-old female with history of rheumatoid arthritis (RA). CT. Focal right 

upper lobe consolidation (arrow) represents invasive aspergillosis. Aspergillus was isolated 

from bronchoalveolar lavage. Peripheral subpleural reticulation and honeycombing 

(arrowheads) is consistent with RA-related interstitial lung disease (RA-ILD). Diffuse 

groundglass opacity in both lungs was thought to be due to pulmonary edema.

Teaching point: A variety of processes can be seen in RA patients, including severe RA-

ILD, superimposed infection related to immunosuppression, all contributing to respiratory 

failure.
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Fig. 15. 
Angioinvasive aspergillosis. 52-year-old female with history of rheumatoid arthritis (RA) 

with fever, shortness of breath and seizure. (a) CT. Consolidation with cavitation in the right 

upper lobe represents invasive aspergillosis (arrows). Aspergillus was isolated from 

bronchoalveolar lavage. (b) Contrast-enhanced T1-weighted MR image of the brain. 

Multiple enhancing cerebral foci (arrowheads) were presumed to represent angioinvasive 

aspergillosis.

Teaching point: Opportunistic infection secondary to immunosuppression is not uncommon 

among RA patients.
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Fig. 16. 
Mycobacterium avium-intracellulare (MAI) infection. CT. Thick-walled cavitary lesion in 

the left lower lobe (arrow) in an asymptomatic patient. Biopsy showed abscess with 

necrotizing granulomata and associated acid-fast bacilli. Note also mosaic attenuation 

suggesting air trapping, consistent with the patient's severe obstructive ventilatory deficit 

(FEV1 <35% predicted).

Teaching point: New large cavitary lesion in a rheumatoid arthritis patient is suspicious for 

infection such as tuberculosis and atypical mycobacterial infection. Multiple small cavitary 

nodules may be due to rheumatoid nodules, drug-related nodulosis or septic emboli.
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Table 1

Primary thoracic complications of rheumatoid arthritis.

Anatomic component Disease

Pleura Pleuritis
Pleural effusion
Empyema
Pleural thickening
Pleural fibrosis
Bronchopleural fistula
Pneumothorax

Pulmonary parenchyma and interstitium Necrobiotic rheumatoid nodule
Interstitial lung disease
Non-specific interstitial pneumonia
Usual interstitial pneumonia
Cryptogenic organizing pneumonia
Idiopathic lymphocytic interstitial pneumonia
Acute interstitial pneumonia
Eosinophilic pneumonia
Secondary amyloidosis

Airway Cricoarytenoid arthritis
Rheumatoid nodule involving the upper airway
Bronchiectasis
Follicular bronchiolitis
Diffuse panbronchiolitis
Constrictive or obliterative bronchiolitis

Pulmonary vasculature Pulmonary hypertension
Vasculitis
Diffuse alveolar hemorrhage (capillaritis)
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Table 2

Secondary thoracic complications of rheumatoid arthritis.

Cause Disease

Drug reaction and toxicities Methotrexate [55,57]
Subacute hypersensitivity pneumonitis
Non-specific interstitial pneumonia
Acute interstitial pneumonitis
Pulmonary nodulosis
D-penicillamine [58]
Obliterative bronchiolitis
Obstructive airway dysfunction
Leflunomide [18,19]
Acute interstitial pneumonitis
Progression or exacerbation of preexisting interstitial lung disease
Sulphasalazine [58]
Eosinophilic pneumonia
Rituximab [58]
Non-specific interstitial pneumonitis
Cryptogenic organizing pneumonia
Diffuse alveolar damage
Anti-TNF-α agents [56,59,60]
Acute interstitial pneumonitis
Non-specific interstitial pneumonitis
Pulmonary nodulosis
Interstitial lung disease with granulomatous component
Pleuropericarditis
Adenopathy with non-necrotizing granulomas
Pulmonary fibrosis

Opportunistic infection Pulmonary tuberculosis
Atypical mycobacterial infection
Nocardiosis
Chronic pulmonary aspergillosis
Histoplastomosis
Coccidioidomycosis
Pneumocystis jiroveci pneumonia
Cytomegalovirus pneumonitis
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