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Connective tissue diseases (CTDs) are a common cause of chronic lung disease, and lung
involvement, which can be the initial site of disease, is a major contributor to CTD-related
morbidity and mortality. A variety of patterns of acute and chronic lung diseases are associ-
ated with CTD including diffuse alveolar damage, organizing pneumonia, diffuse alveolar
hemorrhage, usual interstitial pneumonia, nonspecific interstitial pneumonia, and lymphoid
interstitial pneumonia. Patients with CTD are also at increased risk for respiratory tract
infection and treatment-related complications such as drug-induced lung injury. Radiolog-
ists should be familiar with the thoracic manifestation of CTDs so as to identify complica-
tions as well as suggest the possibility that CTD may be the underlying cause of lung
disease. This article reviews the defined CTDs and describes and illustrates their associ-
ated radiographic and computed tomography findings.
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Introduction

he heterogeneous group of connective tissue diseases

(CTDs), or collagen-vascular diseases, is a common
cause of chronic lung disease. CTDs are systemic inflamma-
tory conditions associated with circulating autoantibodies,
which result in immune-mediated damage to tissues
(Table 1). Rheumatoid arthritis (RA), systemic sclerosis
(SSc), mixed CTD (MCTD), polymyositis (PM)/dermatomyo-
sitis (DM), and systemic lupus erythematosus (SLE) are the
defined CTDs. Interstitial pneumonia with autoimmune fea-
tures (IPAF) is now the preferred term to describe patients
with diffuse lung disease and features of CTD who do not
fulfill established criteria for the defined CTDs.'

Diffuse or interstitial lung disease (ILD) and pulmonary arte-
rial hypertension (PAH) are the most common manifestations of
CTD in the lungs and account for substantial morbidity and
mortality in patients with CTD.>’ Lung involvement may
develop after a diagnosis of CTD is established or may be the
presenting feature.”” The lungs are commonly affected in all
defined CTDs, and multicompartmental lung involvement is
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frequent. The extent and patterns of injury vary depending on
the underlying CTD (Tables 2 and 3).°”

Imaging

Chest radiography is often the initial imaging examination
performed to evaluate patients with known or suspected
lung involvement with CTD.” High-quality posteroanterior
and lateral projections can show features of CID including
lung fibrosis, pulmonary hypertension, pleural effusion, and
skeletal abnormalities.

High-resolution computed tomography (HRCT) is often
performed to better evaluate lung findings detected on
chest radiography or to assess for earlier manifestations of
CTD not readily apparent on chest radiographs.” HRCT is
ideally performed with a helical volumetric scan through
the chest during end inspiration, extending from the tho-
racic through the diaphragm. Images should be recon-
structed with both smooth (for soft tissue) and sharp (for
lungs and bones) convolution kernels. Multiplanar reforma-
tions can aid in showing distribution of disease. Sequential
expiratory images can help identify air trapping as a mani-
festation of small airways disease, and prone imaging can
help distinguish dependent atelectasis from early lung
involvement in suspected fibrosis.

Pulmonary magnetic resonance angiography and cardiac
magnetic resonance imaging can be used to evaluate patients
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Tahle 1 Autoantibodies in CTDs

Autoantibody CTD
ANA Various CTDs (SLE, SSc,
SS, PM/DM)
Nucleolar staining suggests SSc
Anti-dsDNA SLE
Anti-Ro SLE, SS
Anti-La SS, SLE
Anti-topoisomerase SSc
| (anti—Scl-70)
RF RA, SS
Anti-CCP RA
Anti-RNP MCTD
Anti-tRNA synthetases = PM/DM/
(Jo-1, MDA-5) antisynthetase
syndrome

Abbreviations: ANA, antinuclear antibody; CCP, cyclic citrullinated
peptide; dsDNA, double-stranded DNA; MCTD, mixed connec-
tive tissue disease; PM/DM, polymyositis/ dermatomyositis; RA,
rheumatoid arthritis; RF, rheumatoid factor; RNP, ribonucleopro-
tein; SLE, systemic lupus erythematosus; SS, Sjogren syndrome;
SSc, systemic sclerosis.

with CTD and suspected pulmonary arterial and pericardial

. C )
involvement.”"'*

Patterns of Lung Injury

Organizing Pneumonia

Organizing pneumonia (OP) is a common response of the
lung to a variety of injuries including infection, drug toxicity,
and CTDs. OP is characterized histopathologically by plugs
of granulation tissue including fibroblasts, myofibroblasts,
and loose connective tissue. Inflammatory cells can be pres-
ent, especially in the more acute phase of lung injury.' "'
The characteristic HRCT findings of OP include discrete areas
of consolidation, ground-glass opacity, or both in a peripheral
and peribronchial distribution (Table 4). Additionally, arcading
foci of perilobular thickening can be present. Discrete foci of
normal or ground-glass attenuation lung surrounded by a rim of

consolidation are hallmarks of OP and are referred to as atoll or
reversed halo signs. Air bronchograms are typically present in
areas of consolidation, and the affected airways can be transiently
dilated. Areas of OP can be transient or can wax and wane
depending on underlying disease activity.”"”

OP can occur with any CTD but most commonly with PM
and DM (Table 3).""'” It may be the presenting manifestation of
myositis. Complicating matters is the fact that OP is also a com-
mon manifestation of drug reaction, and distinguishing drug-
induced OP from CTD-associated OP can be challenging. Many
patients will respond to therapy with corticosteroids, although
ongoing lung injury can lead to pulmonary fibrosis. ™'’

Nonspecific Interstitial Pneumonia

Nonspecific interstitial pneumonia (NSIP) is often associated
with CTD and the most common pattern of lung injury in
these patients. As with OP, NSIP may be the initial manifesta-
tion of CTD. NSIP occurs most often in SSc, MCTD, and PM/
DM (Table 3)."""

NSIP is a pattern of chronic lung injury characterized by
spatially and temporally homogenous deposition of collagen
into the alveolar walls with preservation of alveolar architec-
ture. Associated mild-to-moderate interstitial inflammation
can be present. Because OP may be the initial injury leading
to NSIP in some patients, mixed patterns of NSIP and OP
can be observed."”

HRCT findings of NSIP are variable and range from basal
predominant ground-glass opacity to more extensive basal
predominant fibrosis characterized by reticulation, traction
bronchiectasis and bronchiolectasis, and lower lobe volume
loss (Table 4). Relative subpleural sparing, present in up to
65% of patients, is highly suggestive of an NSIP pattern. Sub-
pleural honeycombing is uncommon and is associated with
more advanced lung injury.'”'

Usual Interstitial Pneumonia

Most patients with a usual interstitial pneumonia (UIP) pattern
of lung injury have no known cause for their disease and are

Tahle 2 Most Common Patterns of Thoracic Involvement in Connective Tissue Diseases

Pattern RA SLE SSc MCTD PM/DM SS
ILD overall ++ + +++ ++ +++ ++
PAH + +++ ++ + +++
Large +++Cricoarytenoid  + + + +
airways arthritis
Small +++Both constrictive + + + + +
airways bronchiolitis and fol-
licular bronchiolitis
Pleura +++Most commonly  +++ + + + ++
affected, but often
asymptomatic
Other + Necrobiotic nodules Rarely: DAH, +++Esophageal ++Esophageal Aspiration Increased risk of
Shrinking lung involvement involvement Hypoventilation lymphoma
syndrome

Abbreviations: ILD, interstitial lung disease; PAH, pulmonary arterial hypertension; DAH, diffuse alveolar hemorrhage.
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Tahle 3 Relative Prevalence of ILD in Connective Tissue Diseases

ILD Pattern RA SLE SSc MCTD PM/DM SS

ILD overall ++ + +++ ++ +++ ++

NSIP ++ ++ +++ ++ +++ +++

uip +++ + + + + +

OoP ++ + + + +++ -

LIP + + - - - ++

Common UIP > NSIP NSIP > UIP > LIP NSIP > UIP NSIP > OP NSIP NSIP > LIP > UIP
patterns =OP > LIP =0P =UIP =OP > UIP

Abbreviations: LIP, lymphoid interstitial pneumonia; NSIP, nonspecific interstitial pneumonia; OP, organizing pneumonia; UIP, usual interstitial

pneumonia.

diagnosed as having idiopathic pulmonary fibrosis (IPF). How-
ever, UIP can develop in patients with CTD, most commonly
RA.* Cigarette smoking is major risk factor for UIP.*’

UIP is well-defined histopathologic pattern of lung
injury and is characterized by a pattern of spatial and tem-
porarily heterogeneously abnormal lung with fibrosis
intermixed with normal lung. Fibrosis is primarily located
in the periphery of the secondary lobules. Fibroblastic foci
are an important finding in UIP and consist of fibroblasts
and myofibroblasts covered by type II pneumocytes or
squamous metaplastic epithelium. Microscopic honey-
comb changes can be present and consist of aggregates of
cystic spaces surrounded fibrosis and often lined by
columnar epithelium. Microscopic honeycombing is occult
on HRCT, as the cysts are below the resolution of com-
puted tomography (CT) and they are often filled with
mucus or proteinaceous fluid.***°

The characteristic findings of UIP on HRCT are subpleural
and basal predominant reticulation with honeycombing.
Traction bronchiectasis and architectural distortion are often
present (Table 4). Findings of UIP on HRCT are irreversible
and usually progress.”® UIP carries a poor prognosis and dif-
ferentiation from NSIP is important. Straight-edge sign
describes fibrosis in the lung bases, sharply demarcated from
the upper not involved lung (Fig. 1). Absence of this sign
bilaterally is strongly associated with pathologic pattern of
uIp.”’

Tahle 4 Typical HRCT Findings for Different Patterns

Desquamative Interstitial Pneumonia

Desquamative interstitial pneumonia (DIP) is rare pattern of
chronic interstitial pneumonia characterized by the accumu-
lation of pigmented macrophages throughout the lung. Alve-
olar architecture is preserved. Mild interstitial thickening and
mild chronic inflammation may be present. DIP is consid-
ered by most authors to be part of the spectrum that includes
respiratory bronchiolitis, where accumulation of pigmented
macrophages occurs primarily in and around the respiratory
bronchioles. Respiratory bronchiolitis and DIP comprise
smoking-related diffuse lung disease, but DIP has been
reported in patients with CTDs independent of smoking.*'*’
HRCT features of DIP are variable but consistent primarily of
ground-glass opacity and mild reticulation. The distribution is
most commonly basal and peripheral predominant with only up
to 20% of patients having a more diffuse distribution.”® Overlap
between HRCT findings of NSIP and DIP is considerable.”” "

Lymphoid Interstitial Pneumonia

Lymphoid interstitial pneumonia (LIP), although classified as
a rare idiopathic interstitial pneumonia, is considered a lym-
phoproliferative disorder associated with CTD and immuno-
deficiency syndromes. It most commonly develops in
patients with Sjogren syndrome (SS) but can occur in
patients with RA and SLE (Table 3). 3133

ILD Pattern Typical

NSIP Bilateral basal-predominant ground-glass opacities in peribronchovascular distribution with or without
subpleural sparing. Reticulation and traction bronchiectasis can be seen with fibrotic NSIP. Honeycombing
is rare.

uip Peripheral and basal-predominant reticulation with traction bronchiectasis/ bronchiolectasis. Architectural
distortion, honeycombing, and volume loss in advanced disease.

OP Areas of GGO or consolidation in basal distribution with peripheral or peribronchovascular predominance.
Reverse halo sign (atoll sign) can be seen.

LIP Ground-glass opacities with scattered thin-walled cysts, primarily in a perivascular distribution. Reticulation

and nodules may occur.

Abbreviations: LIP, lymphoid interstitial pneumonia; NSIP, nonspecific interstitial pneumonia; OP, organizing pneumonia; UIP, usual interstitial

pneumonia.
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Figure 1 A 51-year-old male with RA and UIP. Coronal reformatted
HRCT image shows basal predominant reticulation and honey-
combing. The relatively horizontal interface between abnormal and
normal lungs has been described as the “straight-edge sign.” RA,
rheumatoid arthritis; UIP, usual interstitial pneumonia.

LIP can have a similar histopathologic appearance to NSIP in
some cases. However, with LIP, there is a distinct expansion and
infiltration of the interstitium by lymphocytes and plasma cells. "

HRCT findings of LIP are quite variable and can overlap
with those of NSIP and DIP. Common findings include basal
predominant ground-glass opacity and thin-walled cysts
(Table 4). The cysts associated with LIP are often associated
with pulmonary blood vessels and are more variable in size
compared to the diffuse cysts of lymphangioleiomyomatosis.
Nodules reflecting nodular lymphoid hyperplasia or amyloid
deposits can also be present.”" >’

Defined Collagen Vascular
Diseases

Rheumatoid Arthritis

RA is the most common CTD, affecting 1% of the population
worldwide and approximately 1.5 million people in the U.S.
RA predominantly affects patients between 30 and 60 years
of age and is more common in females (female:male = 3:1);
however, pulmonary involvement more commonly occurs in
males.”®

Lung abnormalities are present in 50%-70% CT in RA
patients.”” More recently, some authors proposed that the
lung is an initial site of developing autoimmunity in RA.**”
Pulmonary complications are directly responsible for 10%-
20% of all mortality.”*" RA can directly affect the lung
parenchyma, airways, and the pleura.”” Pulmonary infection
and drug toxicity are frequent complications of RA."™ Risk

factors for developing lung disease include smoking, elevated
rheumatoid factor titers, and seropositivity for anticyclic cit-
rullinated peptide.”*

The most common manifestation of RA is pleural disease.
Pleural effusion develops in 5% of patients and is usually
small and unilateral. Patients can be asymptomatic, and effu-
sions can spontaneously resolve. However, on autopsy pleu-
ral effusion or thickening is found in 38%-73% of RA
patients (Fig. 0.5

Airway involvement is very common in RA and includes
constrictive bronchiolitis (also known as obliterative bron-
chiolitis), follicular bronchiolitis, and bronchiectasis.
Symptoms or pulmonary function test abnormalities occur
in 16%-68% of patients.*® CT can show lung hyperinfla-
tion, mosaic attenuation on inspiratory images with air
trapping on expiratory images, bronchial dilation, and
bronchial wall thickening.”" Prognosis for RA-associated
constrictive bronchiolitis is variable, with some patients
remaining stable while others have rapid decline with
ensuing death.*** The severity and progression of disease
is not always concordant with articular involvement.”’
Follicular bronchiolitis is characterized by hyperplasia of
bronchus-associated lymphoid tissue. On HRCT this man-
ifests as centrilobular ground-glass attenuation nodules
(Fig. 3).

Clinically significant RA-ILD occurs in approximately 10%
of the RA population.” Mortality among RA patients with
RA-ILD is increased by a factor of 3.”" While, an NSIP pat-
tern of lung disease is most common for other CTDs, a UIP
pattern is the most common in patients with RA (Fig. 4), fol-
lowed by NSIP and OP (Fig. 5; Table 3). Rarely LIP and DIP
can occur (Fig. 6).”””* In general, CTD-associated ILD has
better prognosis compared to idiopathic ILD: however,
biopsy proven UIP in RA carries as poor prognosis as patients
with IPF.”* A study by Kim et al’” showed that UIP pattern
was present in 24% of RA patients (20/82) with median sur-
vival of 3.2 years, similar to patients with IPF. Female sex

Figure 2 A 70-year-old male with longstanding serositis related to
RA. Unenhanced CT image shows thickening and calcification
(arrows) of the pericardium and left pleura. RA, rheumatoid
arthritis.
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Figure 3 A 43-year-old female with RA and follicular bronchiolitis.
HRCT images show poorly defined centrilobular ground-glass
attenuation nodules (arrows). Courtesy of Arlene Sirajuddin, M.D.
(Bethesda, MD). RA, rheumatoid arthritis.

and higher baseline diffusion capacity of carbon monoxide
(DLCO) were associated with a better prognosis. Patients
with a non-UIP pattern of lung disease had significantly bet-
ter prognosis (median survival of 6.6 years). Of note, there is
no definitive correlation between joint involvement and pro-
gression of lung disease.”” Emphysema on CT has been
reported in 27% of RA-ILD never-smokers and is indepen-
dently associated with a definite UIP pattern on CT and a
worsened outcome following adjustment for baseline disease
severity.56

Another lung finding classically associated with RA is nec-
robiotic nodules (Fig. 7). These are typically asymptomatic
and relatively uncommon on imaging (up to 5%), however,
can be present in up to 32% of RA patients on biopsy.”’
The nodules vary in size from 5 to 50 mm, may be cavitary,
and are typically located in the periphery of the mid and
upper lungs. The nodules are typically asymptomatic, some
of them may decrease in size spontaneously or with therapy
(eg, rituximab).”” Other nodules may grow, posing a diag-
nostic challenge, and biopsy may be necessary in some

Figure 4 A 65-year-old female with rheumatoid arthritis and UIP. Axial (A) and coronal reformatted (B) HRCT
images show subpleural and basal predominant reticulation with minimal honeycombing (arrow). UIP, usual intersti-

tial pneumonia.

Figure 5 A 75-year-old male with rheumatoid arthritis and shortness of breath from organizing pneumonia. (A) Frontal
radiograph shows upper lung predominant peripheral consolidation. (B) Coronal reformatted HRCT image shows
identical findings. The differential diagnosis includes chronic eosinophilic pneumonia. Pleuropulmonary fibroelastosis
could be considered if more upper lobe volume loss were present.
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Figure 6 A 57-year-old female with RA and LIP. Coronal reformatted
HRCT image shows basal predominant ground-glass opacity. The
differential diagnosis would include NSIP and DIP. DIP, desquama-
tive interstitial pneumonia; LIP, lymphoid interstitial pneumonia;
RA, rheumatoid arthritis.

cases.”' Rarely, rupture into the pleural space can lead to
pneumothorax, pleural effusion, or empyema. Histopatho-
logically, rheumatoid nodules have fibrinoid necrosis and
granulomatous inflammation, similar to the subcutaneous
nodules seen in RA.”

Vascular involvement by RA, including pulmonary RA-
related vasculitis, is extremely rare.

Systemic Lupus Erythematosus

SLE affects mostly premenopausal females (female:
male =9:1) and is 6 times more common in African-Ameri-
cans. The diagnosis of SLE can be difficult to establish
because of the variety clinical manifestation, variable involve-
ment of different organ systems, and an array of laboratory
abnormalities.

The most common thoracic manifestation of SLE is pleural
disease affecting up to 50% of patients.””* Pleural effusion
is typically small and can be unilateral or bilateral. Pericardial
effusion and cardiomegaly occur in up to 35% of patients
(Fig. 8). Pleuritic chest pain, pleural effusion, cough, short-
ness of breath, and fever are often presenting symptoms
eventually leading to the diagnosis.

Similar symptoms, sometimes with associated hypoxia,
can be seen in acute lupus pneumonitis, which occurs in
14% of patients with SLE and can also be a presenting mani-
festation.”” The CT findings of acute lupus pneumonitis are
identical to those of other acute lung injuries and include
patchy consolidation or ground-glass opacity similar to OP
or alveolar damage (Fig. 9). Pleural effusion is sometimes
present. Mortality in acute lupus pneumonitis reaches 50%,
and half of surviving patients develop chronic lung abnor-
malities.””* The differential diagnosis primarily includes
infection and drug toxicity.

In addition to infection and pneumonitis, acutely ill
patients with SLE and respiratory symptoms should be eval-
uated for diffuse alveolar hemorrhage (DAH) keeping in
mind that hemoptysis is not always present.”” This is a rare
(prevalence 2%-5%) but life-threatening complication of SLE
with mortality of approximately 50%.”" Radiographs show
new bilateral lung opacities, corresponding to predominantly

Figure 7 A 47-year-old female with slowly growing rheumatoid necrobiotic nodules. PA radiograph (A) and
HRCT image (B) show multiple large well-defined nodules. PA, posteroanterior.
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Figure 8 A 26-year-old female with SLE and chest pain. CT pulmo-
nary angiogram shows pericardial and left pleural effusions. SLE,
systemic lupus erythematosus.

Figure 8 Female with SLE and acute lupus pneumonitis. CT image
shows nodular foci of ground-glass opacity in both lungs. Courtesy
of Howard Mann, M.D. (Salt Lake City, UT). SLE, systemic lupus
erythematosus.

central consolidation and ground-glass opacities, with associ-
ated interlobular septal thickening on CT. Bronchoalveolar
lavage can confirm the diagnosis and exclude infection.

Shrinking lung syndrome (SLS) occurs in about 1% of SLE
patients and is characterized by progressive dyspnea, pleu-
ritic chest pain, and progressive loss of lung volume without
underlying lung fibrosis or pleural disease. The exact patho-
physiology of SLS is unclear, but several mechanisms have
been suggested including myopathy causing weakness of the
diaphragm and respiratory muscles, diffuse diaphragm fibro-
sis, phrenic nerve palsy, and pleural inflammation. Imaging
findings include small lung volumes with elevation of the
diaphragm and basilar atelectasis in the absence of fibrosis or
pleural disease. Helpful clues to the diagnosis include pro-
gressively smaller lung volumes and fluoroscopy of the dia-
phragm showing decreased diaphragmatic excursion.
Pulmonary function tests also show diminished total lung
capacity and restrictive physiology.”” The diagnosis of SLS
can be challenging, but it is important to consider this entity
because high-dose corticosteroid treatment can reduce
morbidity. """

ILD is uncommon in SLE, affecting about 3%-8% of
patients, usually presenting as an NSIP pattern (Fig. 10).”
Airway involvement is rare.

PAH affects 4%-5% of SLE patients’” and is also associated
with poor prognosis, especially during pregnancy. Risk fac-
tors for development of PAH includes positive anticardioli-
pin antibodies (or lupus anticoagulant) or anit-Ul
ribonucleoprotein antibodies and Raynaud phenomenon.””
Treatment includes vasodilators similar to idiopathic PAH
and immunosuppressive ztgents.75

Additional vascular complications of SLE include recur-
rent venous or arterial thrombosis secondary to antiphos-
pholipid antibodies. These patients are at increased risk for
risk of pulmonary embolism, with potential for chronic pul-
monary thromboembolic disease, stroke, and complications
during pregnancy.

Figure 10 A 32-year-old female with SLE and NSIP. A. Axial HRCT image shows peribronchial ground-glass opacity
and fine reticulation in the lung bases. Note the relative subpleural sparing (arrows). B. Coronal reformatted HRCT
image shows the basal predominance and traction bronchiectasis (arrow). NSIP, nonspecific interstitial pneumonia;

SLE, systemic lupus erythematosus.
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Systemic Sclerosis/Scleroderma (SSc)

SSc is also more common in females (female:male = 6:1-8:1)
but typically presents later in life than SLE, between 45 and
64 years of age.”® In SSc, abnormal activation of the immune
system leads to fibrosis and vasculopathy. This explains why
ILD and PAH are the most common pulmonary manifesta-
tions of SSc. These are also the leading causes of morbidity
and account for 33% and 28% of SSc associated mortality,
respectively.”” The disease is categorized as diffuse cutaneous
(deSSc) or limited (1eSSc), based on the extent of skin
involvement. Calcinosis, Raynaud phenomenon, esophageal
dysmotility, sclerodactyly, and telangiectasia syndrome is a
variant of limited scleroderma. ILD develops more frequently
in deSSc with antitopoisomerase 1 antibody (Scl70/ATA) and
PAH is more common in the 1cSSc with positive anticentro-
mere antibody.”*"”

Lung abnormalities are present on HRCT in 90% of
patients with SSc,”” most commonly an NSIP pattern (78%)
with UIP occurring in 10%-15% of patients (Fig. 11)."
Patients with SSc are at greatest risk of developing ILD within
the first 4-5 years of disease onset. Most pulmonary func-
tional decline usually occurs within the first 3-4 years with
often relatively stable disease afterwards.”” The clinical
course is variable, from mild and stable disease to rapidly
progressive fibrosis.”” The 5- and 10-year survival from diag-
nosis was reported to be 74.9% and 62.5%, respectively. The
mortality risk among SSc patients with ILD was 2.89 times
compared to those without.”* The major clinical risk factors
for progression include decrease in DLCO, low of FVC in
early stages of ILD, decrease in DLCO, gastroesophageal
reflux, PAH, older age, and male sex.”” The most important
risk factor on CT is the extent of lung abnormalities with
more than 20% of lung involvement at baseline associated
with 3-fold increased risk of progression and mortality.”
SSc-related ILD demonstrated often disproportionate

Figure 11 A 51-year-old female with SSc and NSIP. Coronal refor-
matted HRCT image shows basal predominant ground-glass opac-
ity. SSc, systemic sclerosis.

involvement of the anterolateral upper lobes and posterosu-
perior lower lobes, referred to as the “4 corner sign.” This is
can be helpful distinguishing SSc-ILD from IPE.%’

Unlike ILD, PAH may be a late complication of the SSc
and echocardiography is used as a screening tool. The refer-
ence standard for diagnosis of PAH is right heart catheteriza-
tion. PAH is defined by a mean pulmonary arterial pressure
>25mm Hg with a pulmonary capillary wedge pressure
<15mm Hg. SSc and MCTD have the highest prevalence of
PAH among CTD with PAH affecting 8%-35% of SSc
paltients.%‘89 PAH is more common in limited disease (1cSSc)
and occurs in up to 50% of patients with calcinosis, Raynaud
phenomenon, esophageal dysmotility, sclerodactyly, and tel-
angiectasia syndrome.” CT usually shows enlarged central
pulmonary arteries, although normal-sized arteries do not
exclude the diagnosis; mosaic attenuation can also be pres-
ent.”’ The prognosis of SSc-PAH is worse compared to
idiopathic or associated with other CTD. The survival in
SSc-PAH has been reported 52% at 3 years, and 39% when
associated with ILD (ILD-PAH).”*"”

Esophageal involvement is seen in up to 97% of patients
with SSc and can lead to recurrent aspiration, which contrib-
utes to fibrosis progression and more severe functional
decline.”* CT findings of aspiration include centrilobular
nodules, peribronchial ground-glass opacity, endobronchial
debris, or frank consolidation localized in the dependent
lung. Bronchiectasis and scar result from recurrent aspiration
and lung injury.

SSc often involves the heart, including the myocardium
(patchy fibrosis), pericardium (pericarditis, pericardial effu-
sion, and thickening), and rarely valvular disease.”””° Car-
diac magnetic resonance imaging can assess cardiac
involvement in SSc, delineating the extent of fibrosis and
serving as a prognostic tool.””” The incidence of pericardial
involvement in SSc is about 50% on autopsy. Asymptomatic
pericarditis is common, occurring in 16%-30% of patients.””

SSc increases the risk of cancer, including hematologic
malignancies,”” which can be related to disease itself or ther-
apy. The increase risk of lung cancer can be attributed to ILD
(Fig. 12).

Mediastinal lymphadenopathy can be seen in 30% of SSc
patients,”” usually reactive.

Sjogren Syndrome (SS)

SS is the second most common autoimmune disorder after
RA affecting 0.1% of the population with prevalence of 3%-
6% among older adults. It typically presents in the fourth
and fifth decades of life with female predilection (female:
male = 9:1-20:1 for primary SS).'"" It is characterized by
lymphocytic infiltration of various organs, most commonly
lacrimal and salivary glands and the respiratory tract. One-
third of SS cases are secondary, associated with other CTDs
most often RA, SLE, and SSc.

The most common pulmonary manifestation of SS is ILD,
typically NSIP pattern, with a prevalence ranging between
28% and 61% and favorable prognosis.'”""'"* Other ILD
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Figure 12 A 61-year-old female with SSc and squamous cell carci-
noma on a background of NSIP. HRCT image shows basal periph-
eral and peribronchial ground-glass opacity and mild reticulation.
The left lower lobe mass (arrow) was shown to be squamous cell
carcinoma on ultrasound-guided core needle biopsy. NSIP, nonspe-
cific interstitial pneumonia; SSc, systemic sclerosis.

patterns seen in SS include LIP, UIP, and OP. T LIP in seen
in 10%-17% of SS (Fig. 13)."'"”

LIP is characterized by polyclonal proliferation of lympho-
cytes and plasma cells with predominant interstitial involve-
ment. LIP is categorized as both an interstitial pneumonia
and a lymphoproliferative disorder.”” On CT, the dominant
features are ground-glass opacities, poorly defined centrilob-
ular nodules, and thin-walled perivascular cysts,”" typically
smaller than 30 mm. There is random distribution of the
cysts, although many cysts are associated with small vessels,
with overall basal predominance of the findings.” Additional
findings include reticular opacities, interlobular septal, bron-
chovascular thickening, and consolidation.

In SS, LIP can be seen in association with pulmonary amy-
loidosis.'"*'?” The presence of calcified pulmonary nodules
in conjunction with LIP should raise this suspicion.”’ How-
ever, distinguishing between LIP and cystic amyloidosis can
be challenging and may require confirmation with
biopsy. """ Air cysts may also occur in patients with pri-
mary SS who do not have typical LIP, but other interstitial
pneumonias, for example NSIP. >

In addition to ILD, SS can manifest with airways disease
including follicular bronchiolitis and constrictive bronchioli-
tis.' 1% Moreover, impaired ciliary clearance can lead to
recurrent infection and bronchiectasis. Pleural involvement
is uncommon and usually seen in secondary SS associated
with RA or SLE."””

Patients with SS have a 9-35 times greater risk of develop-
ing lymphoma compared to general population,' """ occur-
ring in about 5% of SS patients.''* SS-associated lymphoma
usually arises from the salivary glands or mucosa-associated
lymphoid tissue of the stomach or lung; it usually has a good
prognosis (Fig. 14). CT can help to distinguish LIP from pul-
monary lymphoma': cysts are characteristic of LIP, whereas

Figure 13 A 65-year-old female with SS and LIP. HRCT image shows
patchy ground-glass opacity and two thin-walled perivascular cysts
(arrows). The number of cysts in LIP is quite variable. LIP, lym-
phoid interstitial pneumonia.

larger nodules (>1 cm), consolidation, and effusions are sug-
gestive of lymphoma.

Mixed Connective Tissue Disease (MCTD)

MCTD is a distinct clinical entity with clinical features of
SLE, SSc, RA, or PM/DM in addition to high-titer antiribonu-
cleoprotein (anti-Ulribonucleoprotein) antibodies. The dis-
ease affects predominantly young females (female:
male =9:1). Common clinical features include arthritis, Ray-
naud phenomenon, serositis (pleuritis and pericarditis),
myositis, and esophageal dysfunction.'"”’

Respiratory manifestations occur in up to 80% of
patients''* with ILD being the most common and affecting
up to 66% of patients.''” NSIP is the most common histo-
pathologic pattern; rarely UIP and LIP occur. Esophageal
dysmotility and gastroesophageal reflux are frequent, often
associated with progression of ILD." '

PAH occurs in 10%-45% of patients''* and is associated
with a poor prognosis.lw’118

Pleural thickening or effusion occurs in fewer than 10% of
patients, typically in patients with SLE-like features.” Less
common thoracic manifestations are alveolar hemorrhage,
thromboembolism, mediastinal lymphadenopathy, and dia-
phragmatic and respiratory muscle dysfunction.”

Dermatomyositis/Polymyositis (DM/PM)

PM and DM are autoimmune myopathies characterized by
inflammation in proximal skeletal muscles and occurs more
common in females (female:male =2:1). Patients with DM
have also cutaneous manifestations (Fig. 15). DM has a
bimodal age incidence: the juvenile form affects children
around 10-15 years of age and the adult form typically starts



248

J.E. Kusmirek and J.P. Kanne

|

Figure 14 A 66-year-old female with SS and MALT lymphoma. (A) HRCT image shows multiple thin-walled perivascu-
lar cysts and two large left lower lobe nodules (arrow). HRCT image 3 months later shows growth of the dominant
nodule (arrow), confirmed on needle biopsy to be lymphoma. MALT, mucosa-associated lymphoid tissue.

at 35-65 years of age. Late-onset (>50 years of age) is
strongly associated with malignancy, more often seen with
DM."""'*Y In a study by Hachulla, more than 50% of
patients over 65 years old had an underlying malignancy.'”'

Thoracic manifestations occur in more than 50% of
patients,120 most commonly ILD, aspiration syndromes
resulting from pharyngeal muscle weakness, and hypoventi-
lation or respiratory failure caused by involvement of respira-
tory muscles.'**

Antibodies seen in PM/DM tend to be mutually exclu-
sive and are associated with distinctive clinical presenta-
tions.'””'** Patients with antisynthetase antibodies may
develop antisynthetase syndrome consisting of myositis
and ILD. Sometimes fever, Raynaud phenomenon, skin
thickening called “mechanic's hands,” and esophageal dys-
motility occur.'”” Anti—Jo-1 is the most common antisyn-
thetase antibody (up to 30% of PM/DM patients) followed
by anti—PL-7 and anti—PL-12. The presence of these anti-
bodies indicates high risk of ILD, with up to 70% of
patients with anti—Jo-1 positive developing 1LD.'*”"*’
Anti-melanoma differentiation-associated gene 5 antibod-
ies are associated with clinically amyopathic DM, rapidly
progressive ILD (Fig. 16), severe skin manifestations, and
poor prognosis.u&129

In PM/DM patients with ILD, NSIP is the most common
pattern; however, OP is also relatively frequent, and different
patterns may coexist (Fig. 17; Table 3). UIP and diffuse alve-
olar damage (DAD) are uncommon. The clinical course of
PM/DM with ILD can be categorized in 3 groups: subclinical
(up to 30%), slowly progressing, and rapidly progressive (up
to 20%)."*>"° As with other CTDs, ILD may be present
before clinically evident myositis and skin manifestations.'”’
Pleural involvement and PAH are rare in PM/DM.

Figure 15 A 45-year-old female with longstanding dermatomyositis.
Frontal chest radiograph shows extensive soft tissue calcinosis.

Interstitial Pneumonia With Autoimmune
Features (IPAF)

In some patients with CTD, the presence of ILD may be the
only imaging and clinically apparent abnormality. Therefore,
patients presenting with ILD should undergo laboratory test-
ing and thorough clinical evaluation before the diagnosis of
IPF is made.'”* Furthermore, some patients with ILD have
positive autoantibodies but do not meet criteria for diagnosis
of a specific CTD. These patients have been classified as
undifferentiated CTD-associated interstitial lung disease,
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Figure 16 A 45-year-old male with amyopathic dermatomyositis and rapidly progressing lung disease. (A) HRCT image
shows peripheral ground-glass opacity with relative subpleural sparing, suggesting an NSIP pattern. (B) HRCT image 3
months later shows worsening lung disease with volume loss, traction bronchiectasis (arrows). Courtesy of J. David
Godwin, MD (Seattle, WA). NSIP, nonspecific interstitial pneumonia.

Figure 17 A 49-year-old female with polymyositis presenting with shortness of breath. (A) Contrast-enhanced
chest CT (lung window settings) shows peripheral and peribronchial consolidation and ground-glass opacity
consistent with organizing pneumonia. (B) Soft tissue windows settings shows striking atrophy of several chest

wall muscles (arrows).

lung-dominant CTD, and IPAF. The latter term is preferred
based on European Respiratory Society/American Thoracic
Society consensus guidelines.' IPAF is defined based on clin-
ical, serologic, and imaging criteria. Per definition, IPAF
patients have imaging or pathologic findings of ILD, positive
autoantibodies, and as signs and symptoms of CTD, yet
without meeting criteria for a defined CTD. Regarding imag-
ing findings, the European Respiratory Society/the American
Thoracic Society consensus considered NSIP, OP, and LIP as
patterns raising suspicion for IPAF, while UIP was consid-
ered nonspecific (Figs. 18 and 19). However, more recently
it has been recognized that NSIP and UIP are the most com-
mon IPAF patterns.'”” Because involvement of several intra-
thoracic organs is common in patients with CTD,
“multicompartmental involvement” is suggestive of IPAF.
Examples include intrinsic airway disease (bronchiolitis or
bronchiectasis), pulmonary vasculopathy (PAH), and pleural
and pericardial effusion or thickening not explained by other
pathologic process.

@ i 4

Figure 18 A 43-year-old female with IPAF. HRCT image shows bilat-
eral peripheral and peribronchial foci of consolidation suggesting an
organizing pneumonia pattern of lung injury. IPAF, interstitial
pneumonia with autoimmune features.
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Figure 19 A 53-year-old male with IPAF. HRCT shows peripheral
reticulation and ground-glass opacity in the lung bases. Surgical
lung biopsy showed UIP pattern. IPAF, interstitial pneumonia with
autoimmune features.

In the study by Ahmad et al, 7% of patients with ILD ful-
filled criteria for IPAF."”" The study included 57 patients
and showed similar survival among IPAF and IPF patients.
Oldham et al'” showed patients with IPAF had overall
worse survival than patients with CTD-ILD and marginally
better than IPF patients. However, the subgroup of IPAF
patients with pattern other than UIP had a prognosis similar
to those with CTD-ILD. As expected, some IPAF patients
eventually develop CTD, most of them within 5 years,'*
and need to be periodically re-evaluated.

Acute Lung Injury in CTD-ILD

Mortality is high in ILD-associated acute respiratory failure.
The study by Gannon et al evaluated 126 consecutive adults
with ILD admitted to an ICU for respiratory failure and dem-
onstrated in-hospital mortality of 66%, and 1-year mortality
of 80%."" Hospital and 1-year mortality rates were 41% and
54%, respectively, in a study by Zafrani et al.'* In the latter
study, factors independently associated with hospital mortal-
ity included PAH; traction bronchiectasis, honeycombing, or
both on CT, and acute kidney injury. Additionally, fibrotic
ILD with traction bronchiectasis and honeycombing was also
associated with a worse outcome in a study by Gongalves
ot al 13°

Managing acute respiratory compromise in a CTD-ILD
patient is challenging. The differential diagnosis is broad and
includes acute exacerbation of fibrosis and infection, includ-
ing opportunistic, since many of these patients are immuno-
compromised. While AE is typically treated with
corticosteroids, infection requires antimicrobials and often
reduction in immunosuppressive therapy. The distinction is
difficult because of similar clinical presentations (eg, fever,
cough, and dyspnea) and similar laboratory and imaging fea-
tures.' " Radiographs show new and worsening lung opaci-
ties correlating to new patchy ground-glass opacity and
consolidation superimposed on the pre-existing ILD pattern.

Pulmonary edema is another cause for acute respiratory
failure in CTD-ILD patients; however, this is relatively eas-
ier to exclude due to additional clinical signs and imaging
features. In CTD patients, especially those treated with
newer medications, drug-induced acute lung injury is
another consideration. DAH can complicate CTD-ILD." "
In a patient with SLE, acute lupus pneumonitis needs to
be considered.

Acute exacerbation is a life-threatening complication in
patients with CTD-ILD. Parambil et al reported 3 deaths
from acute exacerbation of interstitial pneumonia among
18 patients during 13 years of observation.'”" A study by
Tachikawa et al'™ reported 90-day mortality in acute
exacerbation of 33% in CTD-ILD, which was significantly
better than that of IPF (69%). The prognosis was similar
to acute exacerbations of IPF in a study by Suda et al,'*’
which included mainly patients with RA. Acute exacerba-
tions associated with an NSIP pattern seem to be associ-
ated with better prognosis than acute exacerbations
associated with a UIP pattern.'**

Treatment-Related Findings

New biologic agents are very effective in treating autoim-
mune diseases, particularly RA. Examples include the tumor
necrosis factor (TNF) inhibitors (etanercept) and anti-TNF-«
antibodies (infliximab, adalimumab), interleukin-1 antago-
nists (anakinra), interleukin-6 receptor inhibitors (tocilizu-
mab), anti-CD20 antibodies (rituximab), and T-lymphocyte
inhibitors (abatacept). These medications can cause lung
injury ranging from subclinical to life-threatening.'"'*
Drug-induced lung injury (DILI) can be acute, subacute, or
chronic. There are several patterns of DILI, with OP being
the most common. Other patterns include diffuse alveolar
damage, DAH, eosinophilic pneumonia, noncardiogenic pul-
monary edema, and constrictive bronchiolitis. These patterns
overlap with injuries from CTD itself and may coexist mak-
ing the diagnosis even more challenging. Additionally, a sin-
gle agent can cause a variety of lung injury patterns. For
example, methotrexate can cause OP, hypersensitivity reac-
tion, DAD, and pulmonary fibrosis.'**"'” Patients with pre-
existing lung disease are more susceptible to DILIL. Therefore,
patients with CTD-ILD may require pulmonary function
tests and chest imaging before initiation of therapy. Disease-
modifying antirheumatic drugs including leflunomide, ritux-
imab, and TNF-« inhibitors, may cause pneumonitis or
worsen pre-existing ILD in RA patients..]51 TNF-a antago-
nists can cause sarcoid-like reactions, which has to be distin-
guished from tuberculosis and may progress despite
cessation of the therapy (Fig. 20).

The most frequent complication of treatment is infection'”*
often secondary to immunosuppression and compounded by
pre-existing impaired immunity secondary to underlying CTD.
The most common infection in patients with CTD is commu-
nity-acquired pneumonia but opportunistic organisms such as
Pneumocystis jirovecii, cytomegalovirus, Aspergillus, and Nocardia
asteroides complex should be considered."”” Furthermore,
newer medications combined with impaired cell-mediated
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Figure 20 Sarcoid reaction in young male with RA treated with etanercept. Axial and coronal reformatted CT images
show upper lobe predominate perilymphatic nodules. RA, rheumatoid arthritis.

immunity place patients at risk for primary tuberculosis or reac-
tivation of latent infection. Additionally, long-term immunosup-
pressive therapy increases the risk of malignancy, especially
lymphoma.' ™

Conclusion

The lungs are commonly affected in patients with CTDs,
either as part of systemic involvement or the only organ sys-
tem affected. Multicompartmental involvement is not
uncommon with patients having airway, pleural, pericardial,
pulmonary vascular, and cardiac involvement in addition to
lung parenchymal involvement. CTD should always be a
consideration in patients presenting with ILD, pulmonary
hypertension or DAH, and unexplained serositis or airways
disease. Treatment of CTD can limit progression of lung
injury in some patients, helping to reduce morbidity and
mortality. However, complications from treatment such as
drug reaction and opportunistic infection can complicate
matters. The radiologist plays a central role in diagnosis and
surveillance of CTD-related complications and may be the
first to suggest CTD as a possible diagnosis.
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