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Chronic inflammatory diseases could cause pleural pathology. Clinical management depends on the 
severity of symptoms, but most effusions resolve spontaneously. https://bit.ly/333euHb

Systemic inflammatory diseases are a heterogeneous family of autoimmune chronic inflammatory 
disorders that affect multiple systems within the human body. Connective tissue disease (CTD) is a 
large group within this family characterised by immune-mediated inflammation of the connective 
tissue. This group of disorders are often associated with pleural manifestations. CTD-induced pleuritis 
exhibits a wide variety of symptoms and signs including exudative pleural effusions and chest pain. 
Accurate estimation of prevalence for CTD-related pleuritis is challenging as small effusions are 
asymptomatic and remain undetected. Rheumatoid arthritis and systemic lupus erythematosus are 
frequent CTDs and present with pleural pathology in approximately 5–20% and 17–60% of cases, 
respectively. By contrast, pleural involvement in systemic sclerosis, eosinophilia–myalgia syndrome, 
mixed connective tissue disease, ankylosing spondylitis, polymyositis and dermatomyositis syndrome 
is rare. Clinical management depends on the severity of symptoms; however, most effusions resolve 
spontaneously. In this review we discuss the pathophysiological mechanisms and the clinical 
considerations of CTD-induced pleuritis.
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Review

Clinical perspective and practices 
on pleural effusions in chronic 
systemic inflammatory diseases

Chronic inflammatory systemic disease (CID) by 
definition affects multiple organ systems and 
sometimes even the entire body. Connective tissue 
diseases (CTDs) are one such heterogeneous family 
of CIDs that are characterised by an autoimmune 
aetiology and can manifest within the connective 
tissue of any organ system [1]. They present with a 
wide range of signs and symptoms, often driven by 

specific circulating autoantibodies. CTDs can cause 
severe inflammation, tissue damage, abnormal 
repair and eventual loss of function, leading to long 
term morbidity and mortality and compromising 
quality of life.

Pleural involvement in CTD can present with 
effusion formation, or simply pleural inflammation 
and thickening. Therefore, presentations can vary 
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from dyspnoea, to pleuritic chest pain and fever. 
Given many CTDs are rare diagnoses in their own 
right, there is a paucity of high-quality data in many 
of these conditions. It is therefore challenging to 
accurately estimate the true incidence of pleural 
involvement in some CTDs and further difficulties 
arise when dealing with mild or asymptomatic 
disease. Much of our understanding of CTD-
associated pleural disease comes from older 
generation studies, using different diagnostic 
techniques to what is now seen as standard 
practice in the management of pleural disease. 
These advances in diagnostic methods have 
led to detection of disease at earlier stages and 
contributed to our understanding of the natural 
history and pathophysiology of these conditions.

Diagnosing CTD-associated pleural disease 
is often further complicated by the presence of 
increasingly common comorbidities that are 
themselves commonly associated with pleural 
involvement (e.g. cardiac disease or pneumonia) [2]. 
The clinical management of CTD-associated pleural 
disease depends upon the underlying disease and 
the severity of symptoms. In this review, we discuss 
the pathophysiological mechanisms and the clinical 
management of CTD-associated pleural disease.

Rheumatoid arthritis

Rheumatoid arthritis (RA) is a systemic autoimmune 
inflammatory disease which primarily affects 
the synovial membrane within joints and leads 
to inflammation and subsequent cartilage and 
bone damage. While it may target any joint 
and extra-articular involvement is common, it 
most often affects the small joints of the hands 
and wrists [2, 3]. The clinical phenotypes of RA 
are diverse, depending on the pattern of joint 
involvement, degree of joint destruction, deformity 
and functional impairment, and extent of extra-
articular involvement. On a molecular level, the 
disease is caused by autoantibodies produced by 
B-cells which target the healthy joint tissue. The 
antibodies initially lead to inflammatory swelling 
and hypertrophy of the synovial membrane with 
subsequent loss of cartilage density, symmetric 
polyarthritis, and finally joint, bone and cartilage 
destruction [4]. The global incidence of RA is 
estimated between 0.25% and 1% and it is seen 
more commonly in females and smokers [5]. Every 
year there are 40 new cases per 100 000 of the 
population in Europe and the USA. Studies looking 
into survival of patients with RA show significantly 
lower life expectancies when compared to the whole 
population as a whole. RA mortality rates have been 
decreasing over the past few years as patients 
are diagnosed at an earlier stage and therapies 
become more effective, but RA patients still exhibit 
a significantly higher risk of death compared with 
the general patient population. There is a strong 
genetic component, particularly in seropositive 

disease, with heritability estimated at 40–65%. The 
human leukocyte antigen (HLA) system has been 
particularly implicated in this, but other genetic loci 
are also suspected. Extra-articular manifestations in 
RA are far reaching and can include: skin, mucous 
membranes, heart, lungs, eyes, nervous system, 
haematological and vascular involvement [6].

Reliable estimates on the incidence and 
prevalence of RA-associated pleural disease are 
hard to come by due to a paucity of large datasets. 
Nonetheless, it is estimated that the annual 
incidence of RA-associated pleural disease is 0.34% 
in females and 1.54% in males and a prevalence 
of ∼5% [7]. Interestingly, autopsy studies reveal a 
much higher rate of pleural disease than identified 
in life [2]. It is the commonest form of RA-associated 
lung disease, although interstitial lung disease (ILD) 
and airway centric disease is also closely associated. 
RA-associated pleural disease is more frequently 
seen in middle-aged (>50 years) males than females 
and is particularly prevalent in those with long-term 
arthritis, smoking history and other lung-related 
diseases [8–10].

The disease usually manifests with pleural 
thickening with or without effusion. Patients 
may remain asymptomatic with small effusions, 
but can become increasingly symptomatic with 
increasing size. The main symptoms reported are 
chest pain, fever and dyspnoea [11, 12]. It is worth 
mentioning that in a small number of patients 
pleural involvement can occur prior to the onset 
of joint disease and similar observations have been 
noted with RA-associated ILD [2, 13]. Effusions in 
rheumatoid pleuritis are exudative and in 70% 
of cases are unilateral on the left side. However, 
bilateral pleural effusions have been detected. 
Macroscopically the pleural fluids appear milky, 
cloudy, serous or greenish-yellow. Clinical signs 
of effusions in rheumatoid pleuritis include a 
titre of rheumatoid factor (RF) >1:320 present in 
the pleural fluid, glucose levels between 10 and 
30 mg·dL−1, lactate dehydrogenase (LDH) levels 
>1000 U·L−1, pleural fluid acidosis with pH <7.2, 
high total protein, presence of single or multiple 
pleural nodules (diameter range: 2–7 mm) and high 
cholesterol (table 1) [12, 14]. Moreover, pleural 
effusions in rheumatoid pleuritis exhibit increased 
production of the complement protein SC5b-9 
and decreased levels of C3 and C4 compared with 
pleural effusions of other aetiology. The acidification 
of the pleural fluid in rheumatoid pleuritis is caused 
by increased hydrogen ion flux across the pleural 
membrane, which induces local metabolic activity 
and triggers the production of lactic acid and carbon 
dioxide [15]. Low glucose levels are a characteristic 
trait of rheumatoid pleuritis. Studies have shown 
that ∼80% of rheumatoid pleuritis patients exhibit 
serum levels of glucose at least two times higher 
than in pleural fluid. It is likely that the induced 
metabolic activity increases glucose consumption 
in the pleura and therefore pleural fluid glucose level 
is low. The identity of the cell, or cells, that utilise 
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the glucose consumption remains unclear. Another 
theory suggests that glucose transportation from 
the systemic circulation to pleural fluid is hindered 
by the thickening of both the parietal and visceral 
pleura. To this end, epithelial cells replace the 
mesothelial population.
The pleural cavities of patients presenting 
with rheumatoid pleuritis are characterised by 
infiltration by inflammatory cells. Cytologically 
these pleural effusions are enriched in lymphocytes 
(lymphocytosis) and elongated and multinucleated 
histiocytes [16]. It is well-established that RA 
patients have dysregulated immune systems, with 
increased production of autoantibodies. However, 
the exact molecular pathways that promote the 
infiltration of the pleura are unknown.

The majority of RA-associated effusions will 
resolve spontaneously or with the initiation of specific 
RA treatment and thus do not necessitate additional 
management strategies. In cases of breathlessness 
and chest pain, thoracocentesis is recommended 
and certainly if the diagnosis is in doubt. This may 
need extending to include pleural biopsy procedures, 
again if the diagnosis is in doubt and risk factors 
for malignancy are present. Oral and intrapleural 
corticosteroids may be administered in cases of 
persistent effusion to aid resolution. Furthermore, 
intrapleural fibrinolytics may be trialled if effusion 
is complicated by infection. Patients with persistent 
dyspnoea due to pleural thickening and restrictive 
lung deficit can be offered a lung-release surgical 
decortication to allow lung re-expansion [12].

Table 1  Incidence and clinical signs of pleural involvement in chronic systemic inflammatory diseases

CTD Pleural effusion 
incidence 

(of CTD patients)

Macroscopic 
appearance

Clinical signs

Biochemistry Cytology

Rheumatoid arthritis 5–20% Milky, cloudy, 
serous or 

green-yellowish

Exudative effusion,
RF titre ≥1:320,

Glucose 10–30 mg·dL−1,
LDH ≥1000 U·L−1,

pH <7.2,
High total protein,
High cholesterol

Single or multiple pleural nodules

Enriched in eosinophils 
and macrophages 
(multinucleated) 

Presence of rheumatoid 
arthritis cells

Systemic lupus 
erythematosus

17–60% Yellow or 
serosanguineous

Exudative effusion,
Glucose 60 mg·dL−1,

LDH <500 IU·L−1

pH >7.3
Total protein >3.5 g·dL−1,

Antinuclear antibody  
titres≥1:160

Enriched in macrophages, 
neutrophils, basophils, 

eosinophils and 
lymphocytes

Eosinophilic 
granulomatosis with 
polyangiitis

29% Exudative effusion

Granulomatosis with 
polyangiitis

5–55% Exudative effusion
Total protein 3.8–5.7 mg·dL−1

Enriched in 
neutrophils and other 

polymorphonuclear cells

Systemic sclerosis 7% Exudative effusion
pH >7.2

Ankylosing spondylitis Rare Exudative effusion
pH >7.3

Glucose >30 mg·dL−1

Sjögren’s syndrome Rare Exudative effusion
Positive titres for RF, antinuclear, 

anti-Sjögren’s syndrome-A and 
anti-Sjögren’s syndrome-B 

antibodies

Enriched in CD3+ and 
CD20+ B-lymphocytes

Mixed connective 
tissue disease

6–50% Exudative effusion Enriched in 
polymorphonuclear 

leukocytes
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Systemic lupus 
erythematosus

Systemic lupus erythematosus (SLE) is a chronic 
autoimmune disease of multifactorial aetiology, 
with genetic susceptibility, environmental triggers 
and derangement within the innate and adaptive 
immune system all shown to play a part [17]. The 
condition primarily affects females of childbearing 
age and this is attributed to the effects of the female 
sex hormone on the immune system. A failure to 
adequately clear the debris of apoptotic cells results 
in the development of antinuclear antibodies (ANA), 
which subsequently gives rise to the wide range of 
effects seen [18, 19]. The incidence and prevalence of 
SLE are seen to be increasing through a combination 
of early diagnosis and improved survival. There is a 
marked increase in prevalence in African American 
populations with a similar yet less notable risk in 
other ethnic minority groups. There are ∼1.5 million 
patients with SLE in the USA. Early diagnosis and 
improved patient management have increased the 
10-year survival to 70% [18].

Symptoms are diverse and reflect the 
multisystem nature of SLE. These include: fatigue, 
fever, malar rash, lymphadenopathy, arthralgia, 
chest pain, oral ulceration and neuropsychiatric 
disturbance [18]. These form part of the 2019 
European League against Rheumatism/American 
College of Rheumatology (EULAR/ACR) classification 
criteria. Presentation with pleural effusion is one of 
the major diagnostic criteria for SLE and reflects how 
commonly it is observed [20]. Pleural involvement 
is part of the spectrum of serosal disease observed 
in SLE and other serosal membranes can also be 
involved (pericardium, peritoneum).

Pleural effusions occur in ∼17–60% of SLE 
patients and are the most common pulmonary 
manifestation of the disease [21–23]. It is seen to 
occur more frequently in patients with late-onset 
disease (>50 years of age, 31.9% versus 18.4%) [19, 
24]. Transient lupus pleuritis can be asymptomatic 
and makes it harder to estimate the true incidence. 
Data from post-mortem examination studies suggest 
that lupus pleuritis may occur in up to 93% of SLE 
cases [21, 25]. However, this increase could also be 
attributed to secondary superadded comorbidities 
(cardiac failure, pleural infection, drug-related).

Pleuritic chest pain is a common symptom (45–
60% of cases), and may manifest with or without 
pleural effusion alongside dyspnoea, tachycardia, 
cough and fever [26]. Inflammation triggering 
increased vascular permeability and diminished 
pleural fluid absorption are believed to contribute 
to the accumulation of the excess volume of pleural 
fluid in SLE patients. Effusions can also be related to 
medication associated with treatment of SLE [27, 
28]. However, the exact molecular mechanisms 
remain unknown [26].

Pleural effusions in SLE are predominately 
exudative, bilateral and of small to moderate 

volume. However, large volume or unilateral 
effusions have been reported with similar 
distribution between right and left hemithoraces 
[21]. Macroscopically the pleural fluid appears 
yellow or serosanguineous. Biochemically pleural 
fluid is characterised by a total protein concentration 
>3.5 g·dL−1, glucose levels around 60 mg·dL−1, 
pH >7.30 and low LDH levels usually <500 IU·L−1 
(table 1) [29]. Lupus pleuritis effusions exhibit lower 
levels of the complement proteins C1q, C3 and 
C4 compared with effusions seen in other CTDs. 
However, these differences have limited diagnostic 
potential as decreased complement protein levels 
have also been found in RA pleural effusions. The 
combination of pleural fluid ANA titre ≥1:160, with 
homogeneous pleural fluid ANA staining patterns 
and pleural fluid to serum ANA titre ratios ≥1 
have been suggested as diagnostic tools for lupus 
pleuritis [30]. Cytologically, pleural effusions in SLE 
are enriched in macrophages, neutrophils, basophils 
and eosinophils followed by lymphocytes in cases 
of persistent effusions. Lupus erythematosus cells 
may be detected although they are not indicative of 
SLE, as they have been reported in pleural effusions 
not induced by SLE [31]. Immunohistological 
examination of pleural tissue biopsies from lupus 
pleuritis patients reveal deposition of IgG, IgM 
and C3 immunoglobulins which show diffuse and 
speckled patterns within the pleural nuclei [32, 33].

The clinical management SLE-associated pleural 
disease is guided by the severity of the symptoms. In 
most cases, small effusions are asymptomatic and 
self-resolve. In patients with pleuritic chest pain, 
nonsteroidal anti-inflammatory drugs (NSAIDs) 
or a short course of oral corticosteroid are highly 
effective. While in more resistant cases higher 
doses or the use of additional immunosuppressants 
(azathioprine, hydroxychloroquine, cyclosporine, 
intravenous immunoglobulin) may be required and 
have been described in the literature [1, 9]. In cases 
of large volume pleural effusion, in order to alleviate 
chest pain and breathlessness thoracocentesis is 
suggested. Patients with chronic lupus pleuritis 
effusions are rare, but have been successfully 
managed with chemical pleurodesis using talc or 
tetracycline in limited case series [34, 35]. Pleural 
involvement has been reported as a negative 
predictor of survival [36].

Eosinophilic granulomatosis 
with polyangiitis

Eosinophilic granulomatosis with polyangiitis (EGPA) 
is a rare autoimmune disease first described in 
1951 by Jacob Churg and Lotte Strauss as allergic 
granulomatosis [37]. This name references the 
characteristic necrotising vasculitis and the presence 
of eosinophilic granulomas thought to be at the 
heart of the pathology. EGPA is characterised by a 
clinical triad of asthma, eosinophilia and vasculitis. 
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A stepwise progression of the condition has been 
noted with a prodromal phase of asthma, rhinitis and 
sinusitis followed by a second phase comprised of 
an eosinophilia and the final phase of vasculitis [38].

Pleural involvement is common in diseases 
producing vasculitis due to the complexity of the 
vasculature supplying the lungs and pleura [39]. 
In EGPA, case series have suggested 18–29% of 
patients experience pleural effusion [40]. Pleural 
fluid typically demonstrates an eosinophilic 
exudative effusion (table 1) [38]. Lung biopsy 
shows an abundance of inflammatory cells leading 
to vasculitis and infarction of the subpleural lung 
parenchyma and therefore increased permeability 
of the microcirculation. Lymphatic dilation and 
blockage are thought to be another key component 
in the development of pleural effusion, it is caused by 
the infiltration of eosinophils within the subpleural 
connective tissue [41, 42]. There is variation in 
the prevalence of pleural effusion depending on 
antineutrophil cytoplasmic antibody (ANCA) status. A 
positive result in EGPA generally involves perinuclear 
ANCA with myeloperoxidase antibodies. A negative 
ANCA was more frequently associated with pleural 
involvement alongside other pulmonary and cardiac 
manifestations, while a positive ANCA shows greater 
predilection for renal disease [43]. Although pleural 
involvement is common in EGPA, effusions can 
normally be managed with oral corticosteroids. 
Longer term treatment should focus on treating 
the underlying vasculitis itself.

Granulomatosis with 
polyangiitis

Granulomatosis with polyangiitis (GPA) is also 
a vasculitides similar to EGPA. The pathological 
hallmarks are a necrotising granulomatous 
vasculitis typically affecting the small vessels 
of the upper and lower respiratory tract and the 
kidneys [44–46]. GPA does not involve eosinophilia, 
although atypical phenotypes demonstrating 
EGPA-like peripheral eosinophilia, but without the 
asthma-like symptoms have been described [47].

Chest pain is a common symptom in GPA, 
although it appears to be nonspecific. The incidence 
of pleural effusion is variable and ranges between 
5% and 55% [48–50]. The cause of pleural 
involvement is unknown, although the vasculitis-
induced parenchymal infarction implicated in 
EGPA has also been observed in GPA [51, 52]. 
The pleural effusions are exudative, typically 
small and unilateral showing an abundance of 
polymorphonuclear cells (mainly neutrophils) 
[52]. Total protein concentration ranges between 
3.8 and 5.7 mg·dL−1 (table 1). Pleural effusions 
will generally resolve following treatment of the 
underlying GPA with corticosteroids or stronger 
immunosuppressants such as cyclophosphamide 
[52]. Although rare, case reports of spontaneous 

pneumothorax and pyopneumothorax through 
rupture of a cavitating nodule have also been 
reported in the literature [53].

Systemic sclerosis

Systemic sclerosis (SSc), also known as scleroderma, 
is an uncommon autoimmune disease of unknown 
aetiology that affects around 1 in 10 000 of the 
population. It is characterised by immune activation, 
widespread microangiopathy and fibrosis within 
the connective tissue of blood vessels, skin and 
internal organs. Pathophysiological mechanisms 
involve the production of antibodies which target 
the kinetochore of chromosomes, leading to an 
accumulation of T-cells which stimulate fibroblast 
activity and collagen deposition in tissues. Recent 
research suggests that some subsets of SSc may 
be caused by a maladaptive immune response to 
a tumour antigen, which results in an autoimmune 
response to specific nuclear antigens in tumour 
cells. This might explain the increased risk of 
cancer seen in patients with SSc [54]. Diagnosis 
is supported by the presence of autoantibodies; 
specifically, anti-centromere, anti-topoisomerase 
and anti-RNA polymerase III antibodies. Distinct 
autoantibody profiles are associated with specific 
internal organ complications, which allows 
stratification of treatment. In a similar manner to 
SLE, the EULAR/ACR have designated classification 
criteria for its diagnosis.

Clinically, SSc can be divided into “limited” and 
“diffuse” subtypes. Limited SSc causes sclerosis of 
the skin distal to the elbows and knees. Diffuse SSc, 
in contrast, can affect the proximal limbs and trunk. 
Symptoms include arthritis, reduced joint mobility, 
impaired lung function and renal disease. The latter 
has been identified as a poor prognostic indicator 
with the potential to lead to a fatal scleroderma 
renal crisis. Diffuse SSc has a worse prognosis due 
to greater involvement of internal organs, with 
cardiopulmonary manifestations being the most 
common cause of death.

Despite a lack of disease modifying drugs, 
overall outcomes and survival have improved over 
the past four decades due to early screening and 
improvements in the treatment of organ-specific 
complications [55].

It is important to note that both ILD and 
pulmonary vascular disease are both far more 
common manifestations of pulmonary disease in SSc. 
Nonetheless pleural involvement occurs in 7% of SSc 
patients and is more frequent in the diffuse subtype 
of the disease (10%) [56]. The exact incidence may be 
higher as most effusions are small and asymptomatic 
and thus remain undiagnosed. Its pathogenesis may 
relate to pleural vasculitis or concomitant heart 
failure. Pleural effusions are exudative with a pH 
>7.2. Several case studies suggest an elevated serum 
CA-125 may be one of the indicators of serositis and 
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pleural effusion in SSc, as CA-125 levels are usually 
normal in collagen vascular disease in the absence 
of pleural involvement (table 1) [57].

Ankylosing spondylitis

Ankylosing spondylitis (AS) is a chronic inflammatory 
disease that primarily affects the axial skeleton and 
peripheral joints. It is strongly associated with the HLA-
B27 gene; however, fewer than 5% of B27 positive 
individuals in the general population become affected 
[58]. Genome-wide association studies have also 
demonstrated the impact of genes outside the major 
histocompatibility complex. AS tends to develop in 
teenagers and young adults, with a peak age of onset 
between 20 and 30 years. It causes inflammatory 
back pain and stiffness, arthritis, enthesitis and 
fatigue. AS is a seronegative spondyloarthropathy, 
and so diagnosis is confirmed by radiography of 
the sacroiliac joints and spine. Although AS does 
not significantly affect life expectancy, mortality is 
increased in AS patients, secondary to cardiovascular 
disease. AS also increases the risk of osteoporosis, 
spinal fractures and chest infections. There is no 
current cure for AS, but treatment with NSAIDs and 
tumour necrosis factor (TNF) inhibitors, as well as 
physiotherapy, can delay or slow the progression of 
the disease and alleviate symptoms [59].

Whilst chest wall deformity, causing a restrictive 
defect, is the commonest pulmonary complication 
in AS patients, atypical fibrobullous lung disease and 
pleural manifestations are rare [60]. When present, 
effusions are usually exudative with pH >7.3 
and glucose >30 mg·dL−1 (table 1). It is believed 
that they are caused by the spread of vertebral 
inflammatory fibrosis into pulmonary tissue and 
the subpleural space. Case studies suggest that use 
of TNF inhibitors to treat AS can cause interstitial 
disease or drug-induced lupus serositis, resulting 
in pleural and pericardial effusions that improve 
following withdrawal of the drug [61].

Idiopathic inflammatory 
myopathies

Idiopathic inflammatory myopathies (IIMs) are a 
group of CTDs characterised by chronic inflammation 
and weakness of skeletal muscles. Under the 2017 
joint classification criteria of the EULAR/ACR, most 
IIM patients fall into the subgroups of polymyositis 
(PM), dermatomyositis (DM), or inclusion-body 
myositis (IBM) [62]. Extramuscular involvement 
is frequently seen. Pulmonary disease is the most 
frequent and is seen in ∼50% of cases of PM and DM, 
where it takes the form of ILD [1]. Other associations 
include the characteristic skin rash seen in DM and 
malignancy. Patients present with symmetrical 
muscle weakness of the proximal limbs and trunk. 
Diagnosis relies on detection of elevated muscle 
enzymes (serum creatine kinase up to 50 times the 

upper limit of normal) and electromyography and 
histological analysis of a muscle biopsy. Prognosis for 
both PM and DM is poor, with a 10-year estimated 
survival of 62% [63].

Although overt clinical or radiological evidence 
of pleural involvement in IIM patients is rare, it 
has been reported in PM and DM, and is probably 
caused by locally driven immune pleuritis associated 
with underlying ILD. It has been suggested that 
the pathogenesis could be due to complement 
activation within the pleural microvasculature 
resulting in pleuritis and effusion [64]. Given 
the strong association of DM with an underlying 
malignant process, these effusions should 
always be sampled and in persistent cases strong 
consideration should be given towards obtaining 
a pleural biopsy.

Sjögren’s syndrome

Sjögren’s syndrome (SS) is a systemic autoimmune 
disease that mainly affects the mucosal surfaces, 
including lacrimal and saliva glands, causing 
exocrinopathy [65, 66]. The severity of symptoms 
varies among patients and could compromise the 
quality of life. The major manifestations include 
dry eyes, dry mouth, dental disease, joint pain 
and malaise which can remain steady or progress 
over time. Furthermore, swelling of the salivary 
and parotid glands is a common manifestation. 
SS patients are at risk to develop non-Hodgins’s 
lymphoma [66]. SS can occur at any age; however, 
it is more common in women between the ages 
of 45 and 55 years [67, 68]. Approximately half of 
the SS cases are primary and the other half occur 
with another underlying autoimmune CTD (RA, 
SLE, SSc). Due to the nature and wide variety of 
symptoms diagnosis is challenging and relies on 
physical examination (eye, oral and dental) and 
blood tests [66, 69, 70].

While pleural involvement is rare in primary SS, 
it is more common in patients with SS secondary to 
another CTD [71–75]. Pleural effusions are typically 
bilateral and exudative; however, cases of unilateral 
effusions have been reported [71, 76, 77]. Pleural 
fluids are usually enriched in CD3+ and CD20+ 
B-lymphocytes and have physiological pH and 
glucose levels, but a low concentration of adenosine 
deaminase [77]. Moreover, SS-induced pleural fluids 
are positive for RF, ANA and anti-SS-A and anti-
SS-B antibodies [8]. In most cases pleural effusions 
resolve spontaneously; however, corticosteroids can 
be administered if they persist [78].

Mixed connective 
tissue disease

Mixed connective tissue disease (MCTD) is a 
complicated autoimmune systemic disease, 
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which presents a mixture of features from other 
autoimmune disorders like SLE and SSc [79, 80]. 
Symptoms include fever, fatigue, joint pain, rash 
and swollen fingers. Diagnosis is complicated as 
symptoms do not manifest at once. MCTD usually 
presents in combination with SS and thus is referred 
to as an overlap disease. MCTD patients exhibit high 
blood levels of U1 small nuclear ribonucleoprotein. 
The cause of MCTD remains unknown and 
treatment options are not available.

MCTD-induced pleural involvement could 
occur; however, the incidence varies [81–84]. The 
exact molecular mechanism of pleural effusion 
development remains to be identified. Pleural 
fluid may accumulate due to inflammation of 
the serous membranes (serositis) or adjoining 
intercostal muscles [85]. Pleural effusions are 
often exudative, enriched in polymorphonuclear 
leukocytes and show high levels of total protein 
and LDH [86].

Conclusion

CTD-associated pleural disease remains an 
underexplored area of medicine. This is in part 
due to the underlying prevalence of the respective 
conditions, which has hindered further study through 
large datasets. Nevertheless, the prevalence of CTD 
has been increasing, in part due to earlier diagnosis 
but also as a result of improved survival. As a result, 
we are seeing CTD within an increasingly elderly 
and morbid population. Within this population there 
are added difficulties in diagnosing and managing 
CTD-associated pleural disease, due to the presence 
of confounding comorbidities. Further research 
through large international registries in the current 
era, with our modern diagnostic methods, is what 
is truly needed to understand the burden of disease 
and map out the pathophysiological mechanisms in 
order to identify diagnostic and prognostic markers 
and improve treatment as a whole.

Affiliations

Xuan Yao1,2,7, Megat Abd Hamid1,2,7, Anand Sundaralingam3, Alice Evans4, Roshan Karthikappallil4, 
Tao Dong1,2, Najib M. Rahman3,4,5,6, Nikolaos I. Kanellakis3,4,5,6

1Chinese Academy of Medical Sciences Oxford Institute, Nuffield Dept of Medicine, University of Oxford, Oxford, 
UK. 2MRC Human Immunology Unit, MRC Weatherall Institute of Molecular Medicine, University of Oxford, Oxford, 
UK. 3Oxford Centre for Respiratory Medicine, Churchill Hospital, Oxford University Hospitals NHS Foundation Trust, 
Oxford, UK. 4Laboratory of Pleural and Lung Cancer Translational Research, Nuffield Dept of Medicine, University 
of Oxford, Oxford, UK. 5National Institute for Health Research Oxford Biomedical Research Centre, University of 
Oxford, Oxford, UK. 6Oxford Respiratory Trials Unit, Nuffield Dept of Medicine, University of Oxford, Oxford, UK. 
7Both authors contributed equally. 

Author contributions

All authors wrote sections and reviewed the manuscript.

Support statement

N.I. Kanellakis and N.M. Rahman are supported by a National Institute for Health Research Oxford Biomedical 
Research Centre grant. T. Dong is supported by the Medical Research Council, UK.

Key points

●● Chronic inflammatory diseases, such as connective tissue disease, cause 
pleural pathology including pleural effusion, chest pain, fever and dyspnoea.

●● Rheumatoid arthritis and systemic lupus erythematosus are connective 
tissue diseases that frequently involve the pleura, causing exudative 
effusions.

●● Clinical management depends on the severity of the symptoms, with most 
effusions resolving spontaneously.

●● Pleural involvement in systemic sclerosis, eosinophilia–myalgia syndrome, 
mixed connective tissue disease, ankylosing spondylitis, polymyositis and 
dermatomyositis syndrome is rare.
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