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Our understanding and treatment of rheumatologic disease have undergone a
revolution over the last 20 years that has resulted in markedly improved
patient outcomes and quality of life. However, the area of pulmonary mani-
festations in the rheumatic diseases has historically been poorly understood
and under-recognized, with the real potential for significant morbidity and
mortality. Over the past 10 years, however, there has been a groundswell of
clinical interest and inquiry through the formation of a consortium of diverse
investigators from the fields of pulmonary medicine, rheumatology, pathol-
ogy, and radiology, which has led to preliminary but important insights into
these disorders. As such, we felt the time was right to dedicate a first-of-its-
kind text to highlight and summarize our present knowledge, therapies, and
potential future advances in the field of lung disease and the rheumatic
diseases. This text focuses on clinical manifestations and management with a
practical, case-based approach, and virtually all chapters are co-written by
specialists from the fields of rheumatology and pulmonary medicine, as we
try to address and appeal to a broad clinical audience that may be caring for
such patients. We hope this text serves as a useful clinical resource for our
readers as we move forward in this fascinating and clinically challenging
intersection between autoimmunity and pulmonary disease.

‘We would like to thank all of the chapter authors of this text for their excel-
lent contributions and, of course, we thank our patients. We also wish to thank
our publisher, Springer Science + Business Media, and our editors (Kristopher
Spring and Liz Corra) for their diligent efforts to complete this project.

Boston, MA, USA Paul F. Dellaripa

Denver, CO, USA Aryeh Fischer
Ann Arbor, MI, USA Kevin R. Flaherty
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Paul F. Dellaripa and Kevin R. Flaherty

Introduction

Pulmonary manifestations of rheumatic disease
are among the least understood but potentially
life-threatening complications among rheumatic
diseases. It has only been within recent years that
a concerted effort has been made to understand
lung diseases in connective tissue disease (CTD)
in terms of classification, appropriate diagnostic
testing, and treatment strategies especially with
regard to interstitial lung diseases (ILDs). Part of
the challenge associated with CTD ILD has been
the fact that these conditions are rare, clinical
presentations can be heterogeneous, and the natu-
ral history is unpredictable and still not well
understood. Furthermore, while much of our
understanding regarding CTD ILD is based on
our experiences in scleroderma, it is unclear how
well these findings carry over into other CTDs in
terms of natural history, mechanisms of disease,
and potential response to treatment. In this chap-
ter and text, we will provide an overview of our

P.F. Dellaripa, M.D. (<)

Division of Rheumatology, Department of Medicine,
Harvard Medical School, Brigham and Women’s
Hospital, 75 Francis Street, Boston, MA 02115, USA
e-mail: pdellaripa@partners.org

K.R. Flaherty, M.D., M.S.

Department of Internal Medicine, Division of
Pulmonary/Critical Care Medicine, University of
Michigan Medical School, 1500 East Medical
Center Drive, 3916 Taubman Center, Ann Arbor,
MI 48109, USA

current knowledge of this fascinating intersection
of rheumatology, autoimmunity, and pulmonary
medicine by illustrating important emerging con-
cepts and providing cases that reflect the
complexity and challenges associated with lung
disease in patients with CTDs, with a particular
focus on parenchymal lung disease.

Disease Classification

One of the most difficult aspects in classifying
patients with ILD is that the symptoms, physio-
logic abnormalities, radiographic findings, and
even histopathology can be identical for patients
with idiopathic disease (idiopathic interstitial
pneumonia, IIP), ILD in the setting of CTD, or
ILD due to other infectious, environmental, or
even medication exposures. Thus, it is critical
during the evaluation of a patient with ILD to
determine if the patient has idiopathic ILD, con-
nective tissue-associated ILD, or other possible
causes of parenchymal lung disease. This evalua-
tion should be ongoing as in some patients the
pulmonary manifestations of a CTD precede
involvement in other systems. This distinction
appears to be important from a survival perspec-
tive [1, 2], whereby patients with CTD/ILD over-
all have a better prognosis, with the exception of
RA-associated UIP [3]. Recent data also suggest
that immunosuppressive therapy for IPF may be
harmful while it remains a cornerstone of treat-
ment for CTD ILD [4]. ILD associated with undif-
ferentiated connective disease and the so-called

P.F. Dellaripa et al. (eds.), Pulmonary Manifestations of Rheumatic Disease: A Comprehensive Guide, 1
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“lung-dominant” CTD where ILD is the principal
manifestation of an underlying autoimmune dis-
ease is a challenging but important area of inves-
tigation, since such patients may benefit from
anti-inflammatory therapy. A classification
scheme that incorporates clinical manifestations
(pulmonary and extrapulmonary), radiographic
features, physiology, antibody profiles, and tissue
type (when available) is at this time not well con-
structed but could be useful to help guide the cli-
nician in deciding if CTD/ILD is present as well
as aiding in monitoring response to treatment.
Similar to IPF, decline in lung function for
CTD ILD patients is often unpredictable as in
many patients, disease progression will be slow
or will remain subclinical. Thus, aggressive treat-
ment intervention without a clear sense of prog-
nosis or disease course runs the risk of
overtreatment or inappropriate treatment. For
example, in the treatment of scleroderma, selec-
tion of patients that are at most risk for decline in
forced vital capacity (FVC) and extent of lung
involvement represents patients with the highest
risk of progression and most appropriate for
treatment and inclusion into clinical trials [5].
Biomarkers in the serum or bronchoalveolar
lavage (BAL) such as KL-6 and surfactant pro-
tein D offer another potential approach to define
those at highest risk for progression or gauge
response to therapy and represent an area of
active investigation [6]. In addition, there is not
yet an agreement on which parameters—clinical
(such as patient-reported outcomes), physiologic
(pulmonary function testing, oxygen use, etc.), or
radiographic (ground glass, fibrosis)—should be
used to monitor for disease progression, although
FVC remains the most utilized marker to date.

Scleroderma

Pulmonary complications are common in sclero-
derma, specifically ILD, and are clinically sig-
nificant in at least 50 % of patients with diffuse
disease and in up to 30 % of patients with limited
disease. ILD tends to be more severe in African
Americans [7]. Typical pathologic patterns
include NSIP most commonly with UIP, COP,
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and DAD less common. ILD is a leading cause of
mortality and morbidity in this disease, yet the
clinical progression and natural history can be
variable, making it difficult to identify which
patients are at highest risk for decline in pulmo-
nary function and thus warrant treatment. The
pathogenesis of lung disease involves the innate
and adaptive immune systems, fibroblastic prolif-
eration, and endothelial dysfunction. Activated
macrophages and T cells induce growth factors
such as TGF-beta, which appears to be a central
player in the development of fibrosis. Other
growth factors, such as platelet-derived growth
factor, chitinases, and metalloproteinases such as
MMP 12 may play a role in the inflammatory
process and serve as potential targets therapeuti-
cally [8, 9]. Esophageal dysfunction and dys-
motility leading to overt or microaspiration occur
with significant frequency in scleroderma and
may play an important role in either initiation or
propagation of parenchymal lung disease in
scleroderma and other CTDs and is an area of
active clinical investigation [10].

Treatment of Scleroderma
Lung Disease

As noted, decisions regarding treatment in sclero-
derma lung disease are complicated by a lack of
clear clinical end points or biomarkers that pre-
dict which patients will develop aggressive or
progressive disease. However, prospective data is
emerging that may begin to clarify and predict
prognosis and thus guide treatment decisions,
including extent of fibrosis on HRCT, decline of
FVC, level of skin involvement, genetic variants
identified in GWAS studies, and specific charac-
teristics of alveolar fluid [5, 11-14].

Data from two studies utilizing cyclophospha-
mide showed a modest improvement in FVC,
most notably in patients with greater degrees of
fibrosis, though the benefits of this medication
are limited by side effects and limitations to dura-
tion of therapy. Again, inclusion in these studies
did not discriminate for those that might be most
responsive to therapy [15, 16]. The use of myco-
phenolate mofetil in scleroderma ILD has shown
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promise and is under clinical investigation [17].
The B cell-deleting agent rituximab is also under
active investigation as a therapeutic agent in
scleroderma though its role in ILD is uncertain
and controlled trials are not yet available [18].

Other agents such as tyrosine kinase inhibi-
tors, histone deacetylase inhibitors, and inhibi-
tion of morphogenic pathways offer novel
approaches to attenuate fibrosis in scleroderma
and other fibrosing disorders [19].

The role of steroids in the treatment of ILD
is uncertain and has not been studied in a pro-
spective trial. As there are concerns for inducing
renal crisis in susceptible patients who are
given high-dose steroids, many clinicians will
consider using moderate or low doses of cortico-
steroids in combination with other immunosup-
pressive agents.

Case Vignette 1

A 50-year-old male with limited scleroderma
developed painful hands, sclerodactyly, and
progressive dyspnea, with declining lung func-
tion (DLCO 50 %). Figure 1.1a shows bilateral
ground-glass opacities and reticular changes.
He was treated with 30 mg prednisone and IV
cyclophosphamide monthly for 9 months, and

At this time, in those patients with active or
progressive parenchymal lung diseases, immuno-
modulation with agents such as cyclophospha-
mide either intravenously or orally or
mycophenolate or azathioprine are reasonable
options in patients with suspected progressive or
aggressive lung disease. Patients with concomi-
tant ILD and pulmonary hypertension represent
additional clinical challenges. Treatment with
both immunomodulating therapies and therapy
for PAH can be difficult and mortality is likely
higher in these patients.

Case Vignette 1 that follows illustrates how
aggressive treatment in a patient with limited
scleroderma can result in substantial improve-
ment in radiographic appearance of ILD though
concomitant development of pulmonary hyper-
tension can develop and require therapy.

in Fig. 1.1b there is substantial clearing of these
findings post 9 months of treatment. He was
transitioned to mycophenolate, but due to a
continued decline in DLCO (39 %), a right
heart catheterization was performed and indi-
cated the development of early pulmonary
hypertension which was treated with sildenafil.

Fig. 1.1 (a) Bilateral ground-glass opacities and reticular changes in the subpleural regions of both lungs.
(b) Substantial clearing of these findings post 9 months of treatment with cyclophosphamide



Rheumatoid Arthritis

In RA, all aspects of the respiratory system can
be involved, but the lung parenchyma and air-
ways present specific challenges that can impact
morbidity and mortality and may often be
involved together. Population data suggests the
presence of ILD in RA results in a higher mortal-
ity among RA patients and that ILD can present
prior to, concomitant with, or after the develop-
ment of articular symptoms. Based on national
population data, ILD occurs in approximately
10 % of patients with RA, and the predominant
pathologic phenotype is UIP, with mortality in
some studies approaching that seen with IPF
[20-22]. The role of smoking and RA and the
development of ILD are an area of active research
as well as the increasing recognition of the pres-
ence of ILD and emphysema concomitantly in

Case Vignette 2

Pt x is a 56-year-old female with longstanding
RA who developed slowly progressive dyspnea
on exertion, and obstruction on pulmonary
functions testing, thought to be related to
asthma. Short courses of steroids resulted in
temporary improvement in respiratory symp-
toms. In Fig. 1.2a, a CT scan shows air trapping
or mosaicism. Lung biopsy (Fig. 1.2b) con-
firms the presence of dense lymphoid follicles
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RA patients [23]. Interesting research in the role
of the shared epitope suggests a higher risk of
ILD in RA patients expressing HLA DR2, poten-
tially identifying a subgroup of RA patients at
risk for ILD [24].

Airway involvement in the lung in RA pres-
ents unique challenges. Airway involvement
includes BOOP/COP, follicular bronchiolitis,
and obliterative bronchiolitis (OB), which may
present with predominately obstructive disease
that has variable response to anti-inflammatory
and immunomodulatory therapy [25]. In some
instances, such as in OB, there is no effective
therapy and lung transplant becomes the only
viable option. As Case Vignette 2 that follows
illustrates, recognition of distinct clues to diag-
nosis, such as the presence of mosaicism on CT
scan and obstruction on spirometry, can correlate
with inflammatory bronchiolar disease on pathol-
ogy and can influence treatment decisions.

surrounding bronchioles. The patient was
treated with Rituxan with stabilization in symp-
toms and improvement in obstruction in PFTs.
Rheumatoid nodulosis is a common finding on
lung imaging of patients with RA and can some-
times be problematic. Though unusual, select cases
can result in rupture of nodules which can lead to
pneumothorax and these lesions can occasionally
become infected, which can be difficult to treat.

Fig. 1.2 (a) Chest CT shows air trapping or mosaicism. (b) Lung biopsy confirms the presence of dense
lymphoid follicles surrounding bronchioles

(continued)
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Case Vignette 2 (continued)

Finally, treatment options for RA ILD, like
in IPF, are not well defined. As noted, UIP asso-
ciated with RA may carry a mortality similar to
IPF, thus necessitating an approach to treatment
similar to IPF that includes consideration for
lung transplant while patients with active
inflammatory disease such as COP or NSIP
may be amenable to treatment with anti-inflam-
matory therapy. Use of biologic agents such as
TNF inhibitors in RA ILD is controversial.

Inflammatory Myositis

Lung involvement in inflammatory myositis
(IIM) is relatively common, variable in its sever-
ity and potentially life threatening. Parenchymal
lung disease can be complicated by concomitant
muscle weakness due to myositis and aspiration
related to esophageal dysmotility. While overall
morbidity and mortality may be more favorable
than RA ILD and scleroderma ILD, recent reports
suggest rapidly progressive disease can occur,
especially in patients with amyopathic disease
and those with the MDA 5 antibody [29]. The
pathology seen most frequently in IIM/ILD is
NSIP, while UIP, COP, and DAD are seen less
commonly. In patients with inflammatory myosi-
tis with rapidly progressive ILD, aggressive
immunosuppressive therapy is indicated and may

Case Vignette 3

This 30-year-old male presented with
severe cutaneous dermatomyositis and
developed pneumomediastinum in addition
to ILD. CT of the chest (Fig. 1.3a) showed
evidence of air in the mediastinum and

Some reports suggest that patients with known
ILD may experience acceleration of ILD when
TNF inhibitors are started though data from
national registry studies do not suggest that
mortality is increased in RA patients on TNF
inhibitors [26, 27]. TNF inhibitors should be
used with caution in patients with significant
ILD and in bronchiectasis. Recent data suggest
that all of the biologic agents have been associ-
ated with parenchymal lung disease [28].

be potentially lifesaving but may not be sufficient
to prevent decline, and so transplant evaluation
must sometimes be considered in concert with
medical therapy. ILD is particularly common
among myositis patients with the antisynthetase
syndrome, as in patient with Jo-1 antibody, and in
some series lung disease is the primary manifes-
tation and myositis is less common [30-32].

Spontaneous pneumomediastinum is an
unusual complication seen in [IM and often seen
in concert with ILD and often associated with
amyopathic cases of DM. The etiology of this
phenomenon is unknown though it may represent
the presence of either vasculopathic lesions in the
airways or be related to architectural distortion
due to interstitial disease. Treatment typically
focuses on treatment of the underlying parenchy-
mal lung disorder as Case Vignette 3 that follows
illustrates [33].

reticular infiltrates in the subpleural regions
(Fig. 1.3b). The patient was treated initially
with cyclophosphamide and then mycophe-
nolate but was also undergoing evaluation
for lung transplant.

(continued)



Case Vignette 3 (continued)

Systemic Lupus Erythematosus

Systemic lupus can present with many manifesta-
tions, including pleurisy, acute pneumonitis, and
very rarely chronic progressive ILD. In rare
patients, diffuse alveolar hemorrhage may pres-
ent as part of the initial disease manifestation,
requiring aggressive therapeutic intervention
though large case series and prospective data are
lacking. Given the role of immune complexes in
such patients, this may be one of the few circum-
stances in addition to vasculitic syndromes where
plasmapheresis may play a role in initial therapy
for severe respiratory failure in the face of alveo-
lar hemorrhage.

In the shrinking lung syndrome, recent evi-
dence suggests that lung compliance and the
relationship of pain associated with pleurisy
may play an important role in this poorly under-
stood syndrome though the role of immuno-
modulatory therapy in this condition is uncertain
[34]. In addition, the presence of antiphospho-
lipid antibodies can be associated with PE,

P.F. Dellaripa and K.R. Flaherty

Fig. 1.3 (a) CT of the chest shows evidence of air in the mediastinum. (b) Reticular infiltrates in the subpleural
regions

DAH, and pulmonary hypertension. Finally, as
in scleroderma, pulmonary hypertension may
develop with or without other lung manifesta-
tions and must be considered in all systemic
lupus erythematosus (SLE) patients with wors-
ening dyspnea.

Sjogren’s Syndrome

Sjogren’s Syndrome (SS) can present with a vari-
ety of lung manifestations ranging from xerotra-
chea; bronchial disease such as follicular
bronchiolitis; parenchymal lung disease includ-
ing UIP, NSIP, and LIP; amyloidosis; and nodu-
lar and cystic lung disease [35]. Distinguishing
between benign lymphoid aggregates and under-
lying lymphoma can be difficult and in some
cases lung biopsy may be necessary. Given the
central role of B cell proliferation in SS, B cell
deletion therapy may play an important role in
selected cases where lung biopsy suggests that
lymphocytic infiltration is a significant patholog-
ical feature [36].
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Vasculitis

Pulmonary manifestations in vasculitis include
nodular lung disease, pleuritis, and parenchymal
disease. Diffuse alveolar hemorrhage is an
important and life-threatening feature of vascu-
litic syndromes seen in ANCA-associated dis-
ease such as granulomatosis with polyangiitis
(GPA) and microscopic polyangiitis (MPA),
Goodpasture’s disease, and rarely cryoglobuli-
nemia and SLE. Pulmonary vasculitis and pul-
monary aneurysms can be seen in Behcet’s and
is a significant source of morbidity in that disor-
der. Capillaritis may manifest with frank hemop-

Case Vignette 4

In this case, a 55-year-old male presented for evalu-
ation for what was thought to be IPF. He was noted
to have concomitant epistaxis, and his ANCA was
markedly pos ANCA myeloperoxidase. HRCT
(Fig. 1.4a) showed honeycombing (arrows), and a

tysis or may be notable only on CT scan,
evidenced by ground-glass opacities, and may at
times not be evident on bronchoscopy. In some
patients, a falling hematocrit or elevated diffu-
sion capacity may be a clinical clue to ongoing
hemorrhage. The presence of concomitant inter-
stitial fibrosis (UIP) and airway obstruction with
vasculitis has been noted in some cases of
ANCA-associated disease, and the risk of VTE
in ANCA-associated disease has been well
established [37]. Ongoing research focusing on
the role of plasmapheresis in patients with pul-
monary hemorrhage and vasculitis and emerging
therapies with biologic therapies will hopefully
improve outcomes and limit drug toxicity.

lung biopsy showed evidence of both fibrosis
inflammation (Fig. 1.4b) and numerous lympho-
cytic aggregates. He was treated with a combina-
tion of rituximab and steroids and transitioned to
mycophenolate with stabilization in lung function.

Fig. 1.4 (a) HRCT shows honeycombing (arrows) with reticular changes at the bases of both lung fields. (b)
Evidence of fibrosis and lymphocytic aggregates on lung biopsy with arrows noting a fibroblastic foci



Drug-Induced Interstitial
Lung Disease

While drug-induced ILD in rheumatic disease
patients is rare, virtually every medication used
in such patients has been implicated in causing
ILD [38]. In many cases of drug-induced ILD,
the initiation of a specific DMARD or biologic
agent will lead to a noninfectious pulmonary pro-
cess in a temporally identifiable period of time
that clearly defines a drug-induced parenchymal
reaction. However, identification of a drug-
induced ILD may be difficult in those patients
with preexisting ILD or where infection is sus-
pected but no infectious agent is clearly identi-
fied. Drug reactions may range from localized
infiltrates with fever and cough to diffuse infil-
trates suggestive of acute lung injury (DAD),
resulting in hypoxemic respiratory failure and
death. Mechanisms of injury may be related to
drug-induced direct cytotoxic injury to pneumo-
cytes and respiratory endothelium such as with
methotrexate or in some cases may be related to
immune-mediated injury [39, 40].

While clearly identifiable cases of drug toxic-
ity have been identified, such as with methotrex-
ate or TNF inhibitors, gold, and other agents,
there is considerable controversy as to whether
these agents can exacerbate preexisting paren-
chymal lung disease. In particular, there has been
concern with the use of TNF inhibitors in patients
with underlying ILD, especially in RA. However,
separating out confounding factors such as con-
comitant use of other drugs that may increase risk

Case Vignette 5

In this case, an 85-year-old male presented
with incidental findings of multiple lung nod-
ules (Fig. 1.5a) but no respiratory symptoms
and normal pulmonary function testing. He
subsequently developed a cough and a VATS
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of ILD (such as MTX) or severity of underlying
rheumatic disease make drawing such conclu-
sions regarding worsening or initiation of ILD by
the suspected drug extremely challenging. In the
future, biomarkers may be available that help
identify those populations that are at higher risk
for drug-induced ILD [41]. Suffice to say that in
patients with rheumatic disease where even mild
ILD exists who require DMARD or biologic
therapy, close surveillance and collaboration
between the rheumatologist and pulmonologist is
appropriate and necessary.

Undifferentiated
and Lung-Dominant CTD

In some cases, patients present with poorly dif-
ferentiated features of CTD with emerging ILD.
In such cases, ILD may present with features of
autoimmune disease that are subtle (e.g., periun-
gual erythema and photosensitive rash in the
absence of muscle weakness) or they may present
with ILD with serologic markers that suggest
specific rheumatic diseases without clinical fea-
tures of a specific CTD (e.g., ILD in a patient
who is CCP antibody positive but who has not
developed arthritis as in Case Vignette 5 that fol-
lows). The recently introduced concept of lung-
dominant CTD has been proposed, whereby
certain pathological findings noted on lung
biopsy in the absence of typical clinical features
of CTD and concomitant antibody profiles sug-
gest autoimmune disease that is essentially lim-
ited to the lung [42].

was performed which showed organizing
pneumonia, fibrosis, and bronchiolar infiltra-
tion (Fig. 1.5b, arrow). Serologic evaluation
revealed a high-titer CCP antibody but no
other clinical features for RA to date.

(continued)
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Case Vignette 5 (continued)

a

Fig.1.5 (a) CT shows asymptomatic pulmonary nodules. (b) Lung biopsy shows organizing pneumonia, fibro-

sis, and bronchiolar infiltration

Conclusion

In summary, it is imperative for the pulmonolo-
gist to keep an open mind to the possibility that a
patient with ILD may have an underlying sys-
temic autoimmune disorder and that clinical fea-
tures of those systemic disorders may be either
subtle or initially absent and rheumatologists
must be keenly aware and vigilant for the devel-
opment of these complications in patients with
rheumatic diseases. As such, close cooperation in
a multidisciplinary fashion between specialties
such as rheumatology and pulmonary medicine is
imperative both for clinical care and research to
improve the clinical outcomes and quality of life
for these truly challenging patients [43].
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Introduction

The connective tissue diseases (CTDs) refer to
the spectrum of systemic rheumatologic illnesses
characterized by immune dysregulation with
autoimmune phenomena (e.g., circulating auto-
antibodies) and immune-mediated organ dys-
function. In general, they include rheumatoid
arthritis (RA), systemic lupus erythematosus
(SLE), systemic sclerosis (SSc), polymyositis/
dermatomyositis (including anti-synthetase syn-
drome), primary Sjogren’s syndrome, mixed
CTD (MCTD), and undifferentiated CTD. While
these disorders are often considered as a group,
there is significant clinical heterogeneity among
them. Each can potentially impact all organ sys-
tems, with the lungs as a common target; and all
patients with CTD are at risk for developing asso-
ciated clinically significant lung disease [1, 2].
As reviewed in Chap. 7, there are a wide vari-
ety of pulmonary manifestations associated with
the CTDs, with essentially every anatomic com-
partment of the respiratory tract at risk of injury
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[1-3]. Certain characterized diseases are more
commonly associated with specific patterns of
lung involvement (Table 2.1) [1]. As examples, in
patients with SSc, pulmonary involvement is the
leading cause of mortality and is typically mani-
fested by interstitial lung disease (ILD) or
pulmonary hypertension (PH). In contrast, in
SLE, ILD and PH occur much less frequently—
while pleural disease occurs quite commonly.
Patients with rheumatoid arthritis (RA) and
Sjogren’s syndrome often develop airways dis-
ease (bronchiolitis and bronchiectasis) and ILD,
whereas patients with poly-/dermatomyositis fre-
quently develop ILD and yet rarely develop air-
way complications [1].

Depending upon the clinical context, CTD-
associated lung disease varies by time of onset,
pattern of lung involvement, and disease severity.
Indeed, ILD may be the initial manifestation of a
CTD (with extrathoracic features of the CTD
developing months or even years later) [4-7] or
may be identified in well-established, long-
standing CTD [2]. Furthermore, abnormalities
found on chest imaging or pulmonary physiology
may be subclinical, asymptomatic and stable, or
chronically progressive or may present in a ful-
minant, life-threatening manner.

In this chapter we discuss our approach to the
evaluation of lung disease in the CTD patient. We
focus specifically on the ILD evaluation because
this lung manifestation occurs across the entire
spectrum of CTD, is an area in which the impor-
tance of a multidisciplinary approach has been
demonstrated, is potentially the most clinically
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meaningful pulmonary manifestation, and often
poses a significant diagnostic and management
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Table 2.1 Most common CTD-associated pulmonary manifestations

SSc RA Primary Sjogren’s MCTD PM/DM SLE
Airways - ++ ++ + - +
ILD +++ ++ ++ ++ +++ +
Pleural - ++ + + - +++
Vascular +++ - + ++ + +
DAH - - - - ++

The number of + signs indicates relative prevalence of each manifestation

SSc systemic sclerosis, RA rheumatoid arthritis, CTD connective tissue disease, MCTD mixed con-
nective tissue disease, PM/DM polymyositis/dermatomyositis, SLE systemic lupus erythematosus,
ILD interstitial lung disease, DAH diffuse alveolar hemorrhage

Used with permission from Fischer A, du Bois RM. A Practical Approach to Connective Tissue
Disease-Associated Lung Disease. In Baughman RP, duBois RM (eds): Diffuse Lung Disease:
A Practical Approach. 2nd ed. New York: Springer; 2012

challenge for the practicing clinician.

The Pulmonary Evaluation

by Clinical Context

Case Vignette 1
A 55-year-old man with well-established
seropositive RA presents with recent-onset
cough and dyspnea. He is a former smoker.
The articular aspects of his RA are well
controlled on chronic methotrexate, inflix-
imab, and low-dose corticosteroids. His
examination does not reveal synovitis. He
has audible crackles in his lower
lung zones bilaterally. He has a normal
complete blood count and normal compre-
hensive metabolic panel. His erythrocyte
sedimentation rate (ESR) is normal. He has
a mild restrictive defect on pulmonary
function testing and resting room-air pulse
oximeter reading of 91 %. His high-
resolution computed tomographic imaging
shows evidence of a fibrotic interstitial
pneumonia (Fig. 2.1).

Does this patient have CTD-ILD? How
should we approach his evaluation?

Fig. 2.1 High-resolution computed tomographic
image in a patient with rheumatoid arthritis dem-
onstrating evidence of a lower lobe-predominant
fibrosing interstitial pneumonia

ILD in Established CTD

Chest imaging evidence of ILD is commonly
identified in patients with an established, preexist-
ing CTD. In fact, recent studies have shown radio-
graphic prevalence rates of subclinical ILD of
33-57 % in various CTD cohorts [8]. ILD is par-
ticularly common in patients with SSc, PM/DM,
RA, primary Sjogren’s syndrome, and MCTD.
However, just because a patient with CTD is iden-
tified to have parenchymal lung disease does not
mean the two are necessarily related. For exam-
ple, the presence of preexisting SSc may be
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associated with the development of lung injury
due to other causes (e.g., aspiration-associated
pneumonitis). Furthermore, because CTD patients
are often on immunosuppressive medications, the
finding of new pulmonary infiltrates in these
patients should raise suspicion of respiratory
infection—with either typical or atypical patho-
gens—and medication-induced lung toxicity. As
with any patient that presents with interstitial
infiltrates, a comprehensive evaluation is needed
to explore all potential etiologies (e.g., infection,
medication toxicity, environmental and occupational
exposures, familial disease, smoking-related lung
disease, malignancy, etc.). The determination that
the ILD is truly associated with the preexisting
CTD requires a thorough process of elimination,
and this evaluation is enhanced by a multidisci-
plinary approach [5, 9].

In general, when considering the evaluation of
ILD in patients with CTD, we consider the steps
discussed next.

Confirm the Presence of a CTD

This may be simple, especially when the back-
ground CTD is well characterized and established,
such as with small joint synovitis and RF and CCP
positive RA. Yet, quite often, the precise rheuma-
tologic diagnosis is uncertain and the development
of ILD may impact its classification. Take for
instance the patient with an isolated positive SS-A
autoantibody that may have been considered to
have primary Sjogren’s syndrome. If the patient
evolves to a presentation of fulminant acute respi-
ratory distress syndrome with lung injury patterns
of nonspecific interstitial pneumonia (NSIP), dif-
fuse alveolar damage, and overlapping organizing
pneumonia (OP), along with radiographic features
of esophageal dysmotility and the peripheral digi-
tal fissuring of “mechanic’s hands,” one might
consider an anti-synthetase syndrome, rather than
what was initially suspected—in the absence of
lung disease—to be more likely a case of primary
Sjogren’s syndrome.

Determine Whether the ILD

Pattern “Fits”

All of the well-characterized lung injury patterns
as defined by high-resolution computerized tomo-
graphic (HRCT) scanning are known to occur

across the spectrum of CTD [10], with some pat-
terns occurring more commonly with specific
CTD. For example, a NSIP pattern is the most fre-
quent ILD pattern seen in the setting of SSc [11,
12], while the usual interstitial pneumonia (UIP)
pattern appears to be more common in RA [13-
15]. Overlapping patterns such as UIP and NSIP or
NSIP and organizing pneumonia (OP) are not
unusual and can be considered almost routine in
disorders such as PM/DM. More unusual patterns
such as lymphocytic interstitial pneumonia (LIP)
with cystic lung disease (e.g., especially with
Sjogren’s) and primary airways disease (e.g.,
bronchiolitis) may also occur in specific settings.

Exclude Infection and Medication-
Induced Pneumonitis

As emphasized, just because the patient has a
CTD does not preclude the possibility of alterna-
tive etiologies for ILD. A comprehensive and
multidisciplinary evaluation is needed in patients
with CTD and ILD and rendering a diagnosis of
CTD-associated ILD requires exclusion of other
etiologies for the ILD. In particular pulmonary
infection and drug-induced lung disease are
almost always in the differential.

Perform Bronchoalveolar Lavage When
Clinically Indicated to Exclude Infection

In CTD-ILD patients, bronchoalveolar lavage
(BAL) can be useful in sorting through the ini-
tial differential diagnosis, especially to exclude
infection. Its usefulness as a baseline predictor
of disease progression however is unclear. Silver
and colleagues have shown that BAL neutro-
philia or eosinophilia in patients with SSc-ILD
is useful as a predictor of progressive ILD [16,
17]. However, two recent well-designed pro-
spective studies failed to demonstrate any prog-
nostic significance obtained from BAL in
patients with SSc-ILD [18, 19], and hence, the
routine use of BAL to solely predict the likeli-
hood of disease progression in CTD-ILD is not
recommended.

Transbronchial biopsy is of limited value
in the evaluation of parenchymal lung disease in
CTD, but may be diagnostic in more airway-
centric complications such as bronchiolitis or
assessing for malignancy.
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Biopsy the Atypical Scenario
Because data have yet to show that determining a
specific histopathologic pattern of lung injury
impacts prognosis in CTD-ILD, the role of surgi-
cal lung biopsy in patients with preexisting CTD
remains controversial. The distinction between
the specific ILD subtypes (e.g., UIP vs. NSIP) is
known to have baseline prognostic significance
among patients with idiopathic interstitial pneu-
monia (IIP)—but does not appear to be as prog-
nostically significant in patients with CTD. In the
largest series of biopsied SSc-ILD subjects
(n=80), Bouros and colleagues showed that
changes in diffusing capacity over time—but not
baseline  histopathologic  pattern—predicted
prognosis [11]. Similarly, in their cohort of 93
patients with a variety of CTD-ILD, Park and col-
leagues demonstrated that age, pulmonary func-
tion, and degree of dyspnea were of prognostic
importance—but differences in pattern of lung
injury did not impact survival [20]. The relatively
small study cohort sizes and the impact of
selection and referral bias cannot be discounted
and therefore the predictive power of different
patterns of lung histopathology remains uncertain
in CTD-ILD. Furthermore, CTD-ILD patients
tend to be treated with immunosuppressive
therapies—targeting both progressive ILD and
the extrathoracic inflammatory features—irre-
spective of specific ILD pattern. In this context,
because the biopsy finding may not impact on
treatment decisions, including immunosuppres-
sion, when the chest imaging pattern provides a
strongly suggestive but not definitive pattern
diagnosis that is consistent with what would be
expected under the clinical conditions, clinicians
often elect not to proceed with a surgical biopsy.
In general, we believe a surgical lung biopsy
may be appropriate in patients with preexisting
CTD in cases when there are clinically signifi-
cant concerns for an alternative explanation for
the underlying lung disease (e.g., hypersensitiv-
ity pneumonitis), when the chest imaging pattern
on HRCT is atypical for underlying CTD, when
the HRCT features suggest malignancy or infec-
tion (e.g., progressive nodules, cavitation, consoli-
dation, pleural thickening, or effusion), or when a
specific pattern cannot be identified by HRCT.
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Ultimately, the decision of whether to proceed
with surgical lung biopsy is individualized, with
due consideration for its associated risks, and
whether its findings will impact on management
and prognosis.

Case Vignette 2
A 40-year-old woman presents with acute
onset of exertional fatigue, dyspnea, and
cough. She has no relevant past medical
history, takes no medications, and is a never
smoker. Her review of systems is notable
for recent development of arthralgias, digi-
tal edema, and Raynaud’s phenomenon. On
examination she has puffy hands without
synovitis or sclerodactyly, a few scattered
palmar telangiectasia, mild periungual
erythema, and audible lower zone crackles
bilaterally. Her laboratory studies note a
positive antinuclear antibody (ANA) with a
titer of 1:1,280 and nucleolar-staining pat-
tern. She also has a positive anti-Scl-70
antibody. She has a normal set of pulmo-
nary function tests. Her HRCT demon-
strates suggestive features of the NSIP
pattern of lung injury (Fig. 2.2).

Does this patient have CTD-ILD? How
should we approach her evaluation?

Fig. 2.2 High-resolution computed tomographic
image in a patient presenting with an idiopathic
interstitial pneumonia in a pattern suggestive of
nonspecific interstitial pneumonia
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ILD as the First Manifestation
ofaCTD

Considering the possibility of underlying CTD is
an important aspect of the evaluation of patients
presenting with an IIP. Within this scenario, the
identification of occult CTD is common. A recent
study reported that of 114 consecutive ILD
patients evaluated at a tertiary referral center, 17
(15 %) were confirmed to have a new CTD diag-
nosis [21]. There is no standardized approach to
the assessment of underlying CTD. Current prac-
tice includes performing a thorough history and
physical examination and testing for circulating
autoantibodies. Many centers have found that a
multidisciplinary approach that includes rheuma-
tologic consultation may also be useful. In prac-
tice, it is both unrealistic and impractical to have
rheumatologic evaluation for all new cases of
ILD, but certain proposed guidelines for deciding
when to get rheumatologic consultation may be
more realistic (Table 2.2) [5].

Because the extrathoracic features of occult
CTD can be subtle, confirming the presence
of underlying CTD can be challenging. One
such study evaluated whether ILD as the sole
presentation of CTD can be differentiated from
an IIP [22]. Sixty-eight patients that presented
with an ILD were followed prospectively over
11 years. Thirteen (19 %) eventually developed
a characterizable CTD. The prevalence of a
positive rheumatoid factor (RF) or ANA was no
different in the group that developed CTD com-
pared with those that did not. The authors con-
cluded that patients defined as having an IIP
could not be distinguished from those that
develop CTD-ILD before the systematic mani-
festations appear [22].

As the following select studies demonstrate, a
thorough—and  multidisciplinary—evaluation
with heightened surveillance for subtle extratho-
racic features of CTD, assessing a broader array
of autoantibodies, and consideration of radio-
graphic and histopathologic features make the
detection of occult CTD more likely.

One small series from a multidisciplinary ILD
program that incorporated rheumatologic evalua-
tion described six patients evaluated within a

Table 2.2 Suggested categories of ILD patients that
require further rheumatologic evaluation
1. Women, particularly those younger than 50

2. Any patient with extrathoracic manifestations highly
suggestive of CTD

a. That is, Raynaud’s phenomenon, esophageal
hypomotility, inflammatory arthritis of the
metacarpal-phalangeal joints or wrists, digital
edema, or symptomatic keratoconjunctivitis sicca

3. All cases of NSIP, LIP, or any ILD pattern with
secondary histopathology features that might suggest
CTD

a. That is, extensive pleuritis, dense perivascular
collagen, lymphoid aggregates with germinal
center formation, prominent plasmacytic
infiltration

4. Patients with a positive ANA or RF in high titer
(generally considered to be ANA>1:320 or
RF>60 IU/mL), a nucleolar-staining ANA at any
titer, or any positive autoantibody specific as to a
particular CTD

a. That is, anti-CCP, anti-Scl-70, anti-Ro, anti-La,
anti-dsDNA, anti-Smith, anti-RNP, anti-tRNA
synthetase

Used with permission from Fischer A, du Bois RM.
A Practical Approach to Connective Tissue Disease-
Associated Lung Disease. In Baughman RP, duBois RM
(eds): Diffuse Lung Disease: A Practical Approach. 2nd
ed. New York: Springer; 2012

12-month span for presumed IIP [23]. All were
found to have a positive nucleolar-pattern ANA,
along with either an anti-Th/To or anti-Scl-70 anti-
body, and all had subtle extrathoracic features of
SSc thatincluded telangiectasia, Raynaud’s phenom-
enon, digital edema, or esophageal hypomotility.
This small series reinforced the concept that ILD
may be the presenting manifestation of SSc, that
engaging rheumatology for ILD evaluation can
be helpful, and that suspicions for SSc are war-
ranted in patients with a nucleolar-pattern ANA
and NSIP or UIP [23, 24]. Another study from a
multidisciplinary ILD program described a ret-
rospectively evaluated cohort of 114 consecutive
patients [21]. Thirty-four subjects (30 %) were
found to have CTD-ILD and of these, only half
had presented with a preexisting CTD. These
authors argued that when confronted with an IIP,
the presence of younger age, high-titer ANA,
and elevated muscle enzymes were associated
with underlying CTD. In another study, a cohort
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of 50 ILD patients referred to a tertiary referral
center were retrospectively assessed and
described [25]. Of the 25 patients confirmed to
have a diagnosis of CTD-ILD—only after multi-
disciplinary evaluation—28 % had been initially
referred with a diagnosis of IPF!

Another recent study highlights the importance
of maintaining a heightened suspicion for underly-
ing CTD in cases of NSIP—even when the ANA
and RF are negative [6]. Nine patients evaluated
over a 2-year period with idiopathic NSIP were
ANA and RF negative but found to have the
anti-synthetase syndrome based on the presence of
a tRNA synthetase antibody (PL-7 or PL-12),
NSIP, and subtle extrathoracic features that
included “mechanic’s hands,” Raynaud’s phenom-
enon, inflammatory arthritis, myositis, or esopha-
geal hypomotility [6]. In another study, 198
consecutive cases of [IP were screened with a panel
of anti-tRNA synthetase antibodies and identified
positive anti-synthetase antibodies in 13 cases
(7 %) [26]. They reported that those with positive
antibodies were younger and more likely to have
NSIP or UIP with lymphoid follicules. Furthermore,
among the 13 with a positive tRNA synthetase anti-
body, extrathoracic manifestations of anti-synthe-
tase syndrome were retrospectively identified in 7
cases [26].

Taken together, there are many variables to
consider when evaluating a patient with presumed
IIP for the presence of occult CTD. We have
found that careful attention to the following items
is often helpful.

Clinical Features

Demographic features can help distinguish the
patient with an underlying CTD. In comparison
to IPF, patients with CTD-ILD are more likely to
be younger and female. A detailed review of sys-
tems and thorough physical examination is use-
ful. Certain specific clinical features lend more
support for underlying CTD than others. Of the
CTD symptoms encountered in patients with IIP,
perhaps none is as important as Raynaud’s phe-
nomenon. The presence of Raynaud’s phenome-
non is associated with a pattern of NSIP and
when identified in a patient with ILD should raise
strong suspicions for underlying CTD in general

Fig. 2.3 A nailfold capillary microscopic image from a
patient with systemic sclerosis. Note the presence of
marked capillary loop tortuosity, dilation, and areas
of vascular dropout. (Used with permission from Fischer
A, du Bois RM. A Practical Approach to Connective
Tissue Disease-Associated Lung Disease. In Baughman
RP, duBois RM (eds): Diffuse Lung Disease: A Practical
Approach. 2nd ed. New York: Springer; 2012)

and SSc (with or without overt skin thickening)
in particular. Indeed, Raynaud’s phenomenon is
encountered in nearly all patients with SSc and
is a common finding in patients with PM/DM,
anti-synthetase syndrome, primary Sjogren’s
syndrome, MCTD, SLE, and UCTD. Performing
nailfold capillary microscopy is useful when
assessing a patient with Raynaud’s phenomenon.
In particular, the presence of dilated or tortuous
capillary loops or significant areas lacking capil-
lary loops (i.e., capillary dropout) may be sug-
gestive of SSc or PM/DM (Fig. 2.3).

The reporting of symmetric joint swelling or
stiffness, or identifying synovitis on physical exam-
ination, is very useful. Because inflammatory arthri-
tis is encountered in all of the CTDs, autoantibody
profiles may be needed to clarify which specific
CTD is present. In contrast, symptoms such as gas-
troesophageal reflux, pain, fatigue, dry eyes, dry
mouth, alopecia, and weight loss are not nearly as
helpful because they are ubiquitous and not nearly
as specific for CTD.

The cutaneous manifestations of SSc and anti-
synthetase syndrome are worthy of special men-
tion because these two disorders are so commonly
associated with ILD and their extrathoracic fea-
tures are very specific and yet often quite subtle.
It is important to recognize that the “mechanic’s
hands” sign of anti-synthetase syndrome can be
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Fig. 2.4 A photograph of the distal digital fissuring
characteristic of “mechanic’s hands” in a patient with the
anti-synthetase syndrome

as subtle as only mild distal digital fissuring
(Fig. 2.4) and that palmar telangiectasia may be
limited to the finding of only few scattered dilated
capillaries. Nonetheless, when such findings are
present in a patient with an IIP, they are highly
suggestive of underlying CTD.

Circulating Autoantibodies

Autoantibody assessment is an important part of
the evaluation of patients with IIP. For patients
with ILD in whom there is clinical suspicion of
an underlying CTD, we recommend a broad
panel of autoantibodies as a screening test
(Table 2.3). It is also important to take note of
the pattern of immunofluorescence when the
ANA is positive, as the nucleolar-staining ANA
pattern in patients with ILD may suggest SSc
spectrum of disease [23, 24, 27].

Importantly, we highlight that the ANA and
RF are relatively poor screening tests: they have
low specificity—particularly when present at
low titer—and can be seen in healthy individuals.
In addition, given that a negative ANA and RF
may dissuade some clinicians from pursuing
further evaluation, cases of occult CTD that may
be ANA and RF negative (e.g., anti-synthetase
syndrome) are missed.

Chest Imaging Features
Thoracic HRCT imaging plays a central role in
the evaluation of ILD by providing detailed infor-

Table 2.3 Useful antibodies for CTD-ILD assessment

Autoantibody Commonly associated CTD
High-titer ANA (>1:320 Many

titer)

High-titer RF RA, Sjogren’s syndrome,
(=60 IU/mL) SLE

Anti-CCP RA

Anti-centromere
Anti-nucleolar-ANA
Anti-Ro (SS-A)
Anti-La (SS-B)

Systemic sclerosis
Systemic sclerosis

Many

SLE, Sjogren’s syndrome

Anti-Smith SLE

Anti-ribonucleoprotein SLE, MCTD

Anti-dsDNA SLE

Anti-topoisomerase Systemic sclerosis

(Scl-70)

Anti-tRNA synthetase Poly-/dermatomyositis

antibodies (anti-synthetase syndrome)

Anti-PM-Scl Systemic sclerosis/myositis
overlap

Anti-Th/To Systemic sclerosis

Anti-U3 ribonucleoprotein
Anti-MDA-5 (CADM)

Systemic sclerosis
Clinical amyopathic
dermatomyositis

Used with permission from Fischer A, du Bois RM.
A Practical Approach to Connective Tissue Disease-
Associated Lung Disease. In Baughman RP, duBois RM
(eds): Diffuse Lung Disease: A Practical Approach. 2nd
ed. New York: Springer; 2012

mation on the pattern, distribution and extent of
the ILD, and the presence of extraparenchymal
abnormalities including pleural disease and
pericardial and esophageal features. In contrast
to IIP, patients with CTD-ILD are more likely to
have pleural effusions, pericardial effusions, peri-
cardial thickening, and esophageal dilatation [28].
Patients with CTD are also more likely to have an
HRCT pattern suggestive of NSIP when com-
pared to patients without CTD [28]. HRCT has
varying degrees of correlation with histopatho-
logic pattern. Among CTD-ILD patients with a
typical HRCT pattern for UIP, the histopathology
almost always correlates [28-30]. Interestingly,
the converse does not hold true; CTD patients
with histopathologic patterns of UIP may have
HRCT patterns suggestive of NSIP [28-30]. As
discussed previously, noting atypical patterns of
lung injury may impact decisions to perform sur-
gical lung biopsy.
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Histopathologic Features

Several histopathologic features may be use-
ful when trying to distinguish an IIP from
CTD-ILD. An initial clue to an underlying
CTD is the presence of multi-compartment
involvement on the biopsy; in addition to
parenchymal lung injury, there may be compo-
nents of airways, vascular, or pleural disease
[31, 32]. When compared to IPF, CTD-UIP is
characterized by fewer fibroblastic foci, less
overall fibrosis, and less honeycombing [33,
34]. Flaherty and colleagues compared the
histopathologic features of 9 patients with
CTD-UTIP to that of 99 patients with IPF [34].
Those with CTD-UIP were younger, had better
lung function, and shorter duration of symp-
toms. They found that those with IPF had sig-
nificantly higher fibroblast focus scores than
CTD-UIP and that the fibroblast focus score
was the most discriminative feature between
these groups [34]. Song and colleagues com-
pared histopathologic features in 39 patients
with CTD-UIP to 61 patients with IPF [33].
They found that the biopsies in those with
CTD-UIP had fewer fibroblast foci and less
honeycombing but had more germinal center
formation and more evidence of inflammation
than seen with IPF.

Additional histopathologic features that lend
support for the presence of underlying CTD
include the presence of lymphoid aggregates,
germinal centers, increased perivascular colla-
gen, follicular bronchiolitis, lymphoplasma-
cytic inflammation, eosinophil infiltration, or
pleuritis [31, 32].

Determining Severity
of Impairment

A standardized assessment for disease progres-
sion is important for the longitudinal monitor-
ing of patients with CTD-ILD and helps guide
therapeutic decision-making regarding the initia-
tion, modification, or cessation of therapy. A
number of objective modalities commonly
employed for disease monitoring are detailed in
this section.
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Dyspnea and Quality of Life Measures

The use of a reproducible, subjective indicator of a
patient’s level of breathlessness, exercise capacity,
and quality of life can provide clinically important
data. By using a standardized and validated clinical
tool to evaluate dyspnea, the clinician may assess
respiratory disease progression and functionality
over time. A number of dyspnea indices have been
validated in respiratory disease and the choice of
which index to use is less important than their
consistent implementation by practitioners to reli-
ably quantify subjective dyspnea. In one study, the
self-reported measures of the Multi-Dimensional
Health Assessment Questionnaire, University of
California San Diego Dyspnea Questionnaire, and
Dyspnea-12 Questionnaire were found to be useful
in the assessment of patients with a wide spectrum
of CTD-ILD [35]. These measures yielded mean-
ingful information beyond that provided by pulmo-
nary physiology and confirmed that dyspnea is
strongly associated with perceived day-to-day
functioning and global well-being in CTD-ILD.

Pulmonary Function Testing

Serial assessment of the forced vital capacity
(FVC) and diffusing capacity for carbon monox-
ide (DLCO) allows for objective quantification of
ventilatory capacity and gas exchange, respec-
tively. These parameters are useful in assessing
the degree of respiratory impairment due to ILD
and may provide clues about the presence of
coexistent PH as well. They are especially helpful
when trying to assess for disease progression and
response to therapy. Changes in FVC, and to a
lesser degree of confidence in DLCO, over time
predict survival in IPF and, therefore, are com-
monly used as surrogate markers for response to
therapy in ILD in general [36]. Patients who
decline >10 % of predicted FVC or >15 % of
DLCO are considered to have clear and clinically
significant evidence of progressive disease. In
patients with CTD-ILD, pulmonary physiology
appears to be a stronger predictor of survival than
underlying histopathologic pattern seen at the
time of diagnosis [11, 20].
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Six-Minute Walk Test

The 6-minute walk test (6MWT) objectively
assesses for ILD severity, disease progression, and
response to therapy [37-39]. In a multicenter treat-
ment trial in which the 6MWT was specifically
evaluated in SSc-ILD, the investigators found that
although the distance walked was reproducible, it
correlated only weakly with FVC and Borg
dyspnea index, suggesting that these tests measure
different facets of disease progression [39].
Furthermore, because of significant extrathoracic
variables—and musculoskeletal impairment in
particular—the use of 6MWT as an end point
for clinical trials in CTD-ILD has been disputed.
In clinical practice, however, we find the 6MWT
to be a generally useful test to perform longitudi-
nally. It is relatively inexpensive, easy to perform,
and provides an additional objective measure of
exercise capacity for which to help plot the longi-
tudinal clinical course of a patient.

Thoracic High-Resolution Computed
Tomography

As discussed previously, HRCT imaging yields
valuable information about ILD including the pat-
tern and extent of disease, an assessment of disease
progression, and the evaluation of extraparenchy-
mal abnormalities. In many cases of CTD-ILD, a
specific radiologic pattern (e.g., UIP or NSIP) can
be determined with a high degree of confidence.
This pattern recognition within specific clinical
scenarios may obviate the need for surgical lung
biopsy and provide prognostic information. The
presence of a fibrotic radiographic pattern as evi-
denced by reticular opacities, traction bronchiecta-
sis, and honeycombing is predictive of poor
outcomes in both IIP and RA-ILD [13, 29, 40, 41].
A recent study of 215 subjects with SSc-ILD dem-
onstrated that the HRCT extent of fibrosis and
degree of FVC reduction provide discriminatory
prognostic information [42]. The authors proposed
a subclassification of SSc-ILD as “limited” or
“extensive” based upon the estimation of extent
of fibrosis on HRCT and impairment in FVC. This
simple staging system provided a more accurate

prognostic separation than has been achieved with
any single index in isolation [42].

Management Considerations

It is important to recognize that not all patients
with CTD-ILD require pharmacologic treatment
(see Chap. 14). Radiographic findings of ILD on
HRCT are common, but only a subset of patients
will show clinically significant, progressive dis-
ease. The decision to treat CTD-ILD often rests
upon whether the patient is clinically impaired by
their lung disease, whether it is progressive, and
what comorbid conditions or mitigating factors
exist [43]. Therapy for CTD-ILD is generally
reserved for those patients with clinically signifi-
cant, progressive disease, and this determination
is based upon a constellation of clinical assess-
ment tools that include both subjective and objec-
tive measures of respiratory impairment [43].

The evaluation and management of patients
with CTD-ILD is optimized by effective multi-
disciplinary interactions among pulmonologists
and rheumatologists. In particular, when consid-
ering immunomodulatory therapy options for
CTD-ILD, both intrathoracic and extrathoracic
disease manifestations and degrees of activity
need to be assessed and taken into consideration
when designing a therapeutic regimen. Given the
heterogeneity in disease presentation, the multi-
ple systems that may be affected, and the broad
range of disease severity, coordinated care is
essential. In all cases of CTD-ILD, disease
monitoring, choice of therapy, and ongoing longi-
tudinal assessment and reassessment of a treat-
ment response are complex and are optimized
by effective collaborative care among pulmon-
ologists, rheumatologists, and other health-care
providers.

Summary

Lung disease is a common manifestation of CTD
and is associated with significant morbidity and
mortality. The evaluation of lung disease, and
ILD in particular, in patients with CTD is complex
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because of the heterogeneity of the CTDs and the
varied types and degrees of severity of ILD
encountered and because ILD can be identified at
any point in time in these patients. A thorough—
and multidisciplinary—evaluation is needed
when CTD patients develop ILD or when evalu-
ating ILD patients for the presence of occult
CTD. Determining that ILD is associated with
an established CTD requires the exclusion of
alternative etiologies and thorough assessments
of the clinical features of both the CTD and ILD.
The detection of occult CTD in patients with
so-called “idiopathic” ILD requires careful atten-
tion to the demographic profile, historical clues,
subtle physical examination findings, specific
autoantibody positivity, and radiologic and histo-
pathologic features and can be optimized by a
multidisciplinary approach that includes rheuma-
tologic collaboration. A standardized assessment
with the serial implementation of objective tests
to determine disease severity and evidence of
progression is important for the longitudinal
monitoring of patients with CTD-ILD and helps
guide management considerations.
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Rheumatoid Arthritis
Introduction

Rheumatoid arthritis (RA) is the most common
autoimmune-mediated joint disease affecting
especially small and medium size joints leading
to inflammation of the synovium with destruction
of cartilage and bone [1]. It is also a systemic dis-
order, and the effects of systemic inflammation,
and patients who have severe extraarticular
rheumatoid arthritis disease manifestations have
increased morbidity and are at higher risk of pre-
mature death [2, 3].
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Epidemiology

Rheumatoid arthritis affects approximately 1 %
of the US population and is more common in
persons of FEuropean and Asian ancestry.
Approximately 75 % of patients with RA are
women. Rheumatoid arthritis can affect persons at
any age, with the mean age of onset of about 55
years of age [1, 4]. Extraarticular disease manifes-
tations occur in more than 40 % of patients during
the disease course and include keratoconjunctivi-
tis sicca and rheumatoid nodules [4, 5]. Severe
extraarticular manifestations such as vasculitis,
Felty’s syndrome, glomerulonephritis, pericardi-
tis, pleuritis, scleritis, and interstitial lung disease
(ILD) develop in approximately 15 % of patients
during the course of the disease [4, 5].

Etiology and Pathogenesis

Rheumatoid arthritis is an autoimmune disease,
which is due fundamentally to a loss of self-
immunological tolerance [6]. The causes of the
loss of immunological tolerance are not known;
however, several factors are important in the
disease pathogenesis. Genetic predisposition,
including the presence of HLA-DR4, CTLAS,
PTPN22, and environmental factors, the best
studied of which is smoking, increase the risk of
development of RA [1, 6]. The immune response
is characterized by the development of specific
autoantibodies including rheumatoid factor and
anti-citrullinated protein antibodies (ACPA) [7, 8].
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The immune dysfunction in RA is mediated by
antigen-specific T-cell activation as well as B-cell
and TH17-cell co-stimulation. The result is joint
inflammation and ultimately osteoclastogenesis
with bone and cartilage degradation, and pannus
formation leading to the typical pattern of joint
destruction and erosive disease seen on joint
radiographs [1].

Patients who smoke are at higher risk of devel-
oping extraarticular manifestations including lung
disease [5, 9—11]. In particular, patients who have
HLA-DR4, HLA-B40, HLA-DQB1, and HLA-
B54 and possibly alpha-1 proteinase inhibitor
appear to have an increased likelihood of lung dis-
ease, particularly in the setting of smoking [6, 9,
12]. ACPAs, which are thought to be pathogenetic
in RA, may be found in the lung in patients with
RA, and there is evidence of increased levels of
CD4, CDS, and CD54 T-cells as well as macro-
phages and CD20-positive B-cells in the lung
tissue from patients with RA as well [13-15].
Low levels of interferon gamma and TGF-beta 2
are associated with the presence of fibrosis [16].
It has been speculated that TNF-alpha and inter-
leukin-6 production by macrophages is increased
in patients with RA-related ILD, and the presence
of high proliferative potential colony forming
cells in the peripheral blood has been associated
with RA-related ILD [17, 18].

Clinical and Radiologic Features

Joint involvement in patients with RA is charac-
terized by symmetrical swelling of appendicular
joints, especially the interphalangeal joints, the
metacarpophalangeal joints, the metatarsophalan-
geal joints, and often medium and large joints. In
approximately one-quarter of patients, however,
the disease onset is oligoarticular, often beginning
in the knee.

Extraarticular disease manifestations can occur
at any point during the disease and even occasion-
ally may precede the development of joint disease
[1, 4]. Signs of systemic inflammation include
constitutional symptoms of fatigue, low-grade
fever, weight loss, and elevated levels of inflamma-
tory biomarkers including the C-reactive protein
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and erythrocyte sedimentation rate. Rheumatoid
nodules develop in approximately 30 % of all
patients with RA sometime during the disease
course, typically over pressure areas such as the
elbow [5]. Active RA is associated with anemia of
chronic disease. Chronic neutropenia with spleno-
megaly in the absence of lymphoma occurs in
patients with Felty’s syndrome, typically occurring
in patients with longstanding, seropositive,
nodular, deforming RA. Systemic vasculitis may
present with involvement of small- and medium-
sized vessels of the skin and progressive senso-
rimotor neuropathy with mononeuritis multiplex
and vasculitis of the lower extremities, nailfold
infarcts, leg ulcers, purpura, and digital gangrene
[1, 4, 5].

Pulmonary involvement in RA is frequent,
although not always clinically recognized, and is
one of the leading causes of death in patients with
RA [19, 20]. The most common forms of lung
disease include ILD, constrictive (obliterative)
bronchiolitis, and pleuritis. Pericarditis is the
most frequent cardiac manifestation of rheuma-
toid arthritis, which can present as acute chest
pain and dyspnea with tamponade, and lead to
chronic constrictive pericarditis. Scleritis and
peripheral ulcerative scleritis are severe compli-
cations of RA and typically occur with long-
standing joint disease, which may or may not be
active when the scleritis occurs. Patients with RA
may also develop milder eye manifestations such
as episcleritis, often in the setting of active dis-
ease, or keratoconjunctivitis sicca in the setting
of secondary Sjogren’s syndrome associated with
xerostomia. As well, patients with RA, and espe-
cially those with severe extraarticular RA are at
approximately a twofold increased risk of devel-
oping cardiovascular disease and severe infec-
tions as well as osteoporosis [21-24].

Rheumatoid factor is present in approximately
80 % of patients with RA, although the specific-
ity is low. ACPA occur in approximately 40-50 %
of patients with RA and have a specificity of
90-95 % for the disease [8]. Conventional radio-
graphic examination reveals erosions in patients
with established disease. Erosions and findings
of synovitis may also be detected on magnetic
resonance imaging and ultrasonography.
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Diagnosis

The diagnosis of RA is based on the presence
of characteristic joint swelling and presence of
autoantibodies such as rheumatoid factor and
ACPA. The key diagnostic features of RA include
morning stiffness of greater than 1 h, arthritis of
three or more joint areas, arthritis of the hands,
symmetric arthritis, presence of rheumatoid nod-
ules, presence of autoantibodies, and typical
radiographic changes in the small joints of the
hands and feet [1].

In an effort to facilitate the early diagnosis of
RA, a new classification system has been devel-
oped, which focuses on features at earlier stages of
the disease that are associated with persistent and
erosive disease rather than defining the disease by
its late-stage features such as erosive disease on
radiographs. In the absence of other competing
diagnoses, patients can be classified as having
definite RA based on the confirmed presence of
synovitis in at least one joint, absence of an alterna-
tive diagnosis that better explains the synovitis,
and achievement of a total score of 6 or greater
(of a possible 10) from individual scores in four
domains: number and site of involved joints
(score range, 0-5), serologic abnormality (score
range, 0-3), elevated acute-phase response (score
range, 0-1), and symptom duration (2 levels;
0=symptom duration of less than 6 weeks; 1 =dura-
tion of symptom of greater than 6 weeks) [25].

Treatment

The treatment of RA is directed toward the under-
lying autoimmune disease pathology and guided
by the severity of symptoms and signs [26].
Several quantitative measures of disease activity
which are based on patient and physician global
assessment, presence of joint pain, joint swelling,
a patient reported measure of physical disability,
and acute-phase reactants are used in the formal
assessment of patients with RA. These measures
are summarized as the disease activity score
28 (DAS-28), which includes 28 joint count, as
well as other measures, such as the simplified
disease activity index (SDAI), the clinical disease
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activity index (CDAI), and others. These summary
measures are useful in assessment of disease
severity and in management in practice [26].

In the past decade, important advances in the
understanding of RA and its management and
treatment, including the new classification crite-
ria and better definitions of disease outcome and
remission and the introduction of biologic
response modifying drugs to inhibit the inflam-
matory process have greatly altered the approach
to managing RA [26, 27]. Early diagnosis and
more aggressive management of disease early
and throughout the course of disease using stan-
dard disease assessment tools have resulted in
improvement in function, quality of life, reduc-
tion in co-morbidities, and improved survival.

The goals of therapy for RA are to control the
underlying inflammatory disease, to alleviate
pain, restore quality of life, and preserve inde-
pendence and the ability of patients to function in
their activities of daily living. Prevention of joint
destruction and co-morbidities of disease, includ-
ing heart and lung disease are essential to these
treatment goals.

The primary target of therapy in RA is remis-
sion, which is defined as the absence of signs or
symptoms of inflammatory disease activity. The
initial treatment approach in patients with RA is
directed toward reduction of inflammatory symp-
toms and signs and includes the use of disease mod-
ifying anti-theumatic drugs (DMARD:s), usually
methotrexate, with or without glucocorticosteroids,
supplemented by nonsteroidal anti-inflammatory
agents where helpful. Combinations of conven-
tional DMARDs including hydroxychloroquine,
sulfasalazine, and methotrexate are often used, with
early assessment of response and intensification of
therapy in the first 12 weeks following initiation
of therapy as needed.

Treatment is intensified in patients who have
high disease activity scores by the DAS-28 or
CDAI or other. For patients on monotherapy, treat-
ment can be escalated to triple DMARD therapy
with the addition of sulfasalazine and hydroxy-
chloroquine or the addition of biologic response
modifiers including TNF inhibition, anti-cytokine
therapy, T-cell co-stimulatory blockade, or kinase
inhibition. For patients already taking combined



28

methotrexate and a TNF inhibitor, an alternative
biologic response modifier can be used for persis-
tent active disease [1, 27, 28]. Currently approved
biologic response modifiers for RA include anti
TNF agents (infliximab, adalimumab, etanercept,
certolizumab, golimumab), T-cell costimulatory
factor inhibitor (abatacept), anti-IL1 blocker
(anakinra), anti-IL6 receptor monoclonal antibody
(tocilizumab), Janus kinase inhibitor (tofacitinib)
and anti-CD20-directed therapy (rituximab).

Modern treatment of RA also includes atten-
tion to physical therapy, occupational therapy,
and disease education for both the patient and
their families. It is important to address the pre-
vention of disease and treatment-related side
effects including osteoporosis and cardiovascular
disease, and pursue age-appropriate immuniza-
tions to reduce the likelihood of infections [26].
Treatment of extraarticular disease is directed at
the specific extraarticular disease manifestations
and can include, for example, topical therapies
for dry eyes and dry mouth, and systemic immu-
nosuppression with azathioprine, mycophenolate
mofetil, and/or cyclophosphamide for more severe
disease manifestations including vasculitis, scleri-
tis, and lung disease.

Prognosis

Rheumatoid arthritis is associated with signifi-
cant disability [1]. More than 75 % of patients
with RA are partially disabled, and about 15 % of
patients are completely disabled after a decade
of disease. The disability begins early, with up to
20-30 % of patients disabled within the first
2-3 years of disease. Life expectancy is short-
ened by up to 3-7 years, especially in patients
with extraarticular disease; infections and serious
treatment-related side effects including tumors
and gastrointestinal toxic effects from drugs used
to treat RA further contribute disease morbidity
and premature mortality [2, 4].

Patients who have RA are at 50 % higher risk of
heart attack and more than twofold risk for heart
failure with attendant decreased survivorship.
Patients with RA-related ILD are at more than
twofold increased risk of premature death [1, 2, 4].
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Pulmonary Manifestations
of Rheumatoid Arthritis

Introduction

A broad spectrum of pulmonary manifestations
may be encountered in patients with RA and can
involve any of the intrathoracic compartments
including the lung parenchyma, pleura, airways,
and the pulmonary vasculature (Table 3.1).
Parenchymal lung disease consists of ILD and
rheumatoid lung nodules. Rheumatoid lung nod-
ules can be confused for malignancy. Airway
diseases include cricoarytenoiditis, bronchiecta-
sis, and small airways disease including constric-
tive bronchiolitis which can cause progressive
airflow obstruction. Other forms of intrathoracic
involvement include pleuritis, pleural effusion, and
pulmonary vasculitis. In addition, drug-induced

Table 3.1 Spectrum of pulmonary manifestations in
rheumatoid arthritis

Parenchymal
Usual interstitial pneumonia (UIP)
Nonspecific interstitial pneumonia (NSIP)
Organizing pneumonia (OP)
Lymphoid interstitial pneumonia (LIP)
Diffuse alveolar damage (DAD)
Desquamative interstitial pneumonia (DIP)
Eosinophilic pneumonia (EP)
Overlapping patterns of interstitial pneumonias
Rheumatoid lung nodule
Caplan’s syndrome
Airways
Bronchiectasis
Constrictive bronchiolitis
Follicular bronchiolitis
Cricoarytenoiditis (upper airway obstruction)
Pleural
Pleuritis
Pleural effusion
Empyema
Pulmonary vascular
Vasculitis
Pulmonary hypertension
Others
Drug-induced lung disease
Infections
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lung disease and pulmonary infections are
relatively common in this patient population.

Pulmonary manifestation can be the present-
ing feature of RA, preceding articular manifesta-
tions in 10-20 % of RA patients [16, 29]. Clinical
presentation of pulmonary disease may range
from subclinical abnormalities identified by
radiologic imaging or pulmonary function testing
in the absence of accompanying symptoms to
acute respiratory failure.

Interstitial Lung Disease

ILD is likely the most common pulmonary mani-
festations in RA and has been detected in 7-58 %
of patients using chest imaging and pulmonary
function testing [20, 30-34]. The wide range of
this estimate is, in part, due to differing survey
methods, e.g., chest radiography versus high-
resolution computed tomography (HRCT) scan,
but also on the criteria used to define the disease
and the study population (e.g., stage of RA).
Rheumatoid arthritis-related ILD is more com-
monly encountered in men who are middle-aged
[34, 35]. High rheumatoid factor level, active
joint disease, and smoking are risk factors for
RA-related LD [5, 30, 36-38].

Various underlying histopathologic patterns
may be seen in patients with RA-related ILD.
Most common patterns are usual interstitial
pneumonia (UIP) and nonspecific interstitial pneu-
monia (NSIP) but other patterns including
diffuse alveolar damage (DAD), organizing
pneumonia (OP), lymphocytic interstitial pneu-
monia (LIP), desquamative interstitial pneumo-
nia (DIP), and eosinophilic pneumonia may
also be encountered [29, 38—41]. Distinguishing
these  histopathologic  patterns  generally
requires larger lung specimens as obtained via
surgical lung biopsy rather than bronchoscopic
biopsy. Underlying histopathologic patterns
appear to have prognostic implications. For
example, patients with UIP or DAD have shorter
survival compared to those with NSIP or OP
pattern [29, 39]. However, overlapping histopatho-
logic patterns may be seen on lung biopsy, e.g.,
UIP with OP, in patients with RA-related ILD.
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Fig.3.1 High-resolution computed tomography (HRCT)
scan of a 51-year-old man, ex-smoker, with rheumatoid
arthritis and exertional dyspnea. Asymmetric parenchy-
mal infiltrates are seen characterized by ground-glass
opacities located peripherally, mainly in the left lung.
Bronchoscopic biopsy showed organizing pneumonia

In some patients HRCT findings may suggest
the dominant histologic pattern obviating the
need for a lung biopsy [42].

Clinical features associated with ILD are non-
specific and usually include progressive exertional
dyspnea and non-productive cough [16, 43]. In the
early stages of ILD, patients may not experience
any respiratory symptoms [ 16, 30,43]. Sometimes,
RA-related ILD may present in an acute manner,
resembling acute respiratory distress syndrome. In
such situations, lung biopsy, if performed, usually
reveals DAD [44-46].

Lung auscultation usually reveals inspiratory
crackles over the lung bases [16, 33, 43]. Digital
clubbing is uncommon. With advanced ILD,
signs of respiratory distress and pulmonary
hypertension may be present.

Chest radiography typically reveals bilateral
interstitial infiltrates (reticular or reticulonodular
opacities), more prominent in the lower lobes
[16, 33, 43]. Sometimes the infiltrates may be
patchy and homogeneous (ground-glass or con-
solidative opacities), especially when the under-
lying histopathologic pattern is OP (Fig. 3.1).
High-resolution CT of the chest will provide
a more detailed depiction of parenchymal opaci-
ties which will mostly consist of reticular and
ground-glass opacities, with or without subpleural



Fig. 3.2 HRCT scan of a 67-year-old man, nonsmoker,
with a 6-year history of rheumatoid arthritis and slowly
progressive exertional dyspnea over the preceding 2 years.
Subpleural honeycombing is seen in both lungs, charac-
teristic of usual interstitial pneumonia (UIP) pattern

honeycombing (seen in UIP pattern) (Fig. 3.2)
[39, 47-49]. Radiologic findings on HRCT may
suggest the predominant histopathologic pattern
of underlying ILD but at other times present non-
specific results.

Pulmonary function testing will yield restric-
tive abnormalities similar to other ILDs with
reduced lung volumes and diffusing capacity [16,
33, 43]. A mixed pattern of abnormalities, e.g.,
combined pattern of obstructive and restrictive
changes, may be seen in patients with preexisting
obstructive lung diseases such as chronic obstruc-
tive pulmonary disease or coexisting bronchiolar
disease related to RA [50, 51]. Oxygen desatura-
tion with exercise may be seen but hypoxemia at
rest suggests advanced ILD.

In the majority of patients with RA and evidence
of ILD, lung biopsy is not needed for diagnosis
and management [16, 43, 52]. Bronchoscopy or
surgical lung biopsy may be needed if there are
atypical clinical or radiologic features that suggest
a disorder other than that directly related to RA,
e.g., infection, lymphoproliferative disease, etc.

The decision of whether treat RA-related ILD
or not hinges on multiple factors including the
severity of lung disease and symptoms, evidence
of progression, comorbidities, likelihood of treat-
ment response, potential side effects, and patient
preferences [16, 43]. Most of the treatment data
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in RA-related ILD consists of case series and
other uncontrolled studies [16, 43, 52, 53].

For patients with progressive RA-related ILD,
pharmacologic therapy usually involves cortico-
steroids which produce variable subjective and
objective improvement [16, 33, 43, 54]. Typically,
oral prednisone is used at a dose of 0.5-1.0 mg/
kg/day. Other immunosuppressive agents that
have been reported to be useful include azathio-
prine, cyclophosphamide, hydroxychloroquine,
cyclosporine, mycophenolate mofetil, and tumor
necrosis factor-a (TNF-a) inhibitors [16, 43, 54—
56]. However, TNF-a inhibitors have also been
reported to cause acute progression of RA-related
ILD [57-60]. Rituximab has also been used in
the management of RA-related ILD, with uncer-
tain benefits; like TNF-inhibitors, it has also been
reported to cause pulmonary decompensation in
patients treated with it for cancer [61, 62]. It can-
not be assumed that effective treatment for articu-
lar disease in RA will necessarily be effective in
treating extraarticular manifestations including
RA-related ILD. Methodical studies investigat-
ing the use of pharmacologic therapy in the treat-
ment of RA-related ILD is needed including the
use of novel biologic response modifiers. Lung
transplantation is an option for patients with
advanced RA-related ILD in the absence of
contraindications.

In most patients with RA-related ILD, the
lung disease slowly progresses over a number of
years. The risk of death approximately three
times higher in patients with RA-related ILD
compared to RA patients without ILD [20].
Additionally, acute worsening (“acute exacerba-
tion”) of RA-related ILD has been reported and is
commonly fatal (Fig. 3.3) [44-46].

Rheumatoid Lung Nodules
and Caplan’s Syndrome

Rheumatoid lung nodules are detected by chest
radiography in 1 % of patients with RA whereas
HRCT can detect lung nodules in up to 22 % [31,
63, 64]. The nodules are usually multiple and
well-circumscribed, ranging in size from few
millimeters to several centimeters (Fig. 3.4).
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Fig. 3.3 HRCT scan of a 72-year-old man, ex-smoker,
with a long history of rheumatoid arthritis and interstitial
lung disease (ILD) presenting with acutely worsening
dyspnea over the preceding few days. New ground-glass
opacities are seen superimposed on preexisting ILD char-
acterized by subpleural honeycombing bilaterally likely
representing diffuse alveolar damage superimposed on
UIP pattern. Two weeks later, the patient died of progres-
sive respiratory failure
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Fig. 3.4 HRCT scan of a 51-year-old woman, non-
smoker, with a long history of rheumatoid arthritis and
bilateral lung nodules. Numerous nodules, some cavi-
tated, are seen in both lungs. Transthoracic needle aspira-
tion biopsy confirmed the diagnosis of rheumatoid lung
nodules

Pathologically, rheumatoid lung nodules
appear granulomatous with collections of macro-
phages, lymphocytes, plasma cells, and palisading
epithelioid cells around a necrotic core [38, 40,
41]. Rheumatoid lung nodules are pathologically
identical to subcutaneous nodules and are the
only pulmonary manifestation that is specific for
RA [40].

Rheumatoid pulmonary nodules are detected
radiologically and are usually not associated with
symptoms. Rheumatoid lung nodules need to be
distinguished from malignant and infectious
nodules. In this regard, it should be noted that
rheumatoid lung nodules can demonstrate mild
fluorodeoxyglucose (FDG) uptake on positron
emission tomography (PET) scanning. Trans-
thoracic needle biopsy or bronchoscopic biopsy
and sometimes surgical lung biopsy may be
needed to confirm the diagnosis in cases where
evolution of the lung lesion(s) causes suspicion
regarding the underlying nature.

Rheumatoid lung nodules generally have a
benign course. However, these lung nodules that
are commonly subpleural in location can cavitate
and cause pneumothorax and sometimes a bron-
chopleural fistula or empyema [38, 63, 65-67].

Caplan’s syndrome refers to multiple lung
nodules seen in patients with both RA and pneu-
moconiosis as originally described by Caplan in
1953 [68-72]. It has sometimes been called “rheu-
matoid pneumoconiosis” [68,70]. Pneumoconiosis
may be related to coal, silica, asbestos, or other
inorganic dust exposure. Histopathologically,
findings of necrobiotic nodule are seen with the
additional presence of inorganic dust particles
[40, 68, 73]. In this setting, these nodules can
appear relatively rapidly over a course of weeks
to a few months and often cavitate, resembling
tuberculomas [68, 69]. Most patients with Caplan’s
syndrome are asymptomatic.

Airway Disease

Rheumatoid arthritis can cause several forms of
airway disease including upper airway obstruc-
tion (cricoarytenoiditis), bronchiectasis, and small
airways disease (bronchiolitis) [31, 33, 40, 43].
HRCT can detect signs of airway abnormalities
such as bronchiectasis, air trapping, and bronchial
wall thickening in the majority of patients with
RA [63, 74, 75].

Upper airway obstruction resulting from cri-
coarytenoiditis can be life-threatening [76, 77].
Cricoarytenoiditis results from synovitis of the
cricoarytenoid joint and generally occurs in
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patients with long-standing RA and severe articular
disease [33]. Cricoarytenoid abnormalities can
be seen by laryngoscopy and CT in up to 75 % of
patients with RA but is not associated with symp-
toms in most of these subjects. When cricoaryte-
noiditis is bilateral and severe causing fixed
airflow obstruction, flattening (plateau) is seen in
the inspiratory and expiratory limbs of the flow-
volume loop on pulmonary function testing [78].
Management of cricoarytenoiditis may require
surgical intervention with mobilization of the cri-
coarytenoid joints. In those patients presenting
with acute stridor emergency, tracheostomy may
be needed [79].

Bronchiectasis (permanently dilated bronchi)
has been reported in up to 30 % in patients with
RA [63, 74, 75]. In most of these patients,
relevant respiratory symptoms are absent and
bronchiectasis does not appear to be clinically
significant.

Bronchiolar disease seen in patients with RA
is varied. Perhaps the most serious form of bron-
chiolar disease in this population is constrictive
bronchiolitis (also called obliterative bronchiolitis
or bronchiolitis obliterans). Although uncommon,
constrictive bronchiolitis can gradually progress
resulting in worsening airflow obstruction and
eventually respiratory failure [51, 78, 80-83].
These patients usually present with persistent
exertional dyspnea and cough. Lungs will typi-
cally sound clear to auscultation with no crackles
or wheezes [51, 81]. Pulmonary function testing
reveals evidence of airflow obstruction with air-
trapping and hyperinflation. Airflow obstruction
is irreversible with no response to inhaled bron-
chodilator. Diffusing capacity measurement is
normal or only mildly reduced. High-resolution
CT scan of the chest typically demonstrates a
mosaic pattern with patchy areas of air-trapping
(areas of hypoattenuation) which becomes more
pronounced on expiratory CT imaging (Fig. 3.5)
[81, 84]. Management of constrictive bronchiol-
itis in patients with RA remains difficult because
it generally does not respond to currently avail-
able therapies including, corticosteroids, immu-
nomodulators, macrolides, etc. [80, 81, 85].

Follicular bronchiolitis is another form of
bronchiolar disease that can be seen in patients
with RA [51, 86, 87]. Follicular bronchiolitis is
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Fig. 3.5 HRCT scan of a 35-year-old woman, non-
smoker, with a long history of rheumatoid arthritis and
progressive exertional dyspnea over the preceding several
months. Mosaic pattern in seen in both lungs due to patchy
air trapping. Her FEV1 was 1.84 L (53 % predicted) with
an FEV1/FVC ratio of 57.9 %. Six years later, she under-
went a double lung transplant for progressive obstructive
lung disease. Explant confirmed the diagnosis of constric-
tive bronchiolitis

associated with small nodular opacities in the lung
on HRCT and variable abnormalities on pulmo-
nary function testing [86—88]. In contrast to con-
strictive bronchiolitis, prognosis is relatively good
for patients with follicular bronchiolitis [86—88].

Pulmonary Vascular Disease

Systemic vasculitis can rarely be seen in patients
with RA and involve the pulmonary vasculature
[40, 89]. This vascular involvement can result in
alveolar hemorrhage [90]. Pulmonary hyperten-
sion in patients with RA is usually associated
with advanced ILD but can sometimes be seen
with pulmonary vasculitis in the absence of
parenchymal fibrosis [33, 91, 92].

Pleural Disease

Pleural disease is common in patients with RA
although it is frequently subclinical. On autopsy,
pleural abnormalities can be identified in 38-73 %
of patients [33, 40, 93, 94]. The spectrum of pleu-
ral involvement in RA includes pleuritis, pleural
effusion, empyema, pneumothorax and broncho-
pleural fistula.
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Pleural effusion is more commonly seen in
men with longstanding joint disease and sub-
cutaneous nodules [32, 33, 95]. Most rheuma-
toid pleural effusions are small, unilateral, and
asymptomatic [32, 33, 95, 96]. The pleural fluid
will typically be exudative by biochemical
parameters with a low glucose level (usually
<30 mg/dL) and a high rheumatoid factor titer
[33, 95, 96]. For persistently symptomatic pleu-
ral effusions, treatment with corticosteroids
(e.g., prednisone 10-20 mg/day), other immu-
nosuppressive therapies, as well as nonsteroidal
anti-inflammatory agents has been reported to
be effective [33, 96, 97]. Pleurodesis is rarely
needed in patients with theumatoid pleural effu-
sion [66, 96].

Sometimes, the rheumatoid pleural effusion
may display characteristics of pseudochylotho-
rax (also called chyliform, pseudochylous or
cholesterol pleural effusion) and appear turbid
or milky white with a high cholesterol level (typi-
cally >200 mg/dL) [95, 96, 98]. This is seen in
the setting of a chronic pleural effusion associ-
ated with thickened pleura.

More severe forms of pleural disease are
rare and include spontaneous pneumothorax,
empyema, fibrothorax, and broncho-pleural fis-
tula [33, 66, 95, 96]. Not uncommonly, manage-
ment of these complications involves surgical
maneuvers.

Conclusions

Rheumatoid arthritis can cause a wide spectrum
of intrathoracic manifestations, some of which
can lead to progressive respiratory embarrass-
ment and occasionally death. Appropriate man-
agement of these disease features depends on
establishing their relationship to the underlying
RA, since similar presentations can be seen with
drug-induced diseases and infectious complica-
tions. In addition, management must be tailored
to the individual patient context including sever-
ity of the pulmonary manifestation and comor-
bidities. These situations can be complex and
require a judicious clinical approach.
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Introduction

Scleroderma is a multisystem autoimmune
disease characterized by progressive fibrosis of
the skin and internal organs. The incidence in the
United States and among European countries
ranges between 4 and 19 new cases per million
persons each year, but the prevalence varies
widely, with the last estimate in the US being 276
cases per million [1, 2]. The disease presents in
the fifth or sixth decade of life and more com-
monly among women, with African-Americans
presenting younger than Caucasians [1, 3-5].
Fibrotic lung disease is prevalent with estimates
of 74 % diagnosis at autopsy [6] and interstitial
lung disease (ILD) is now established as the lead-
ing cause of death in scleroderma [7-9].

Risk Factors

Skin thickening is a risk factor for overall
mortality in scleroderma, but there is no associa-
tion between skin involvement and ILD [9, 10].
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Patients with scleroderma-specific autoantibodies,
particularly anti-topoisomerase, anti UI-RNP
(often associated with mixed connective tissue
disease patients), and ANAs with a nucleolar
pattern, anti U3-RNP and anti Th/To, are much
more likely to have significant pulmonary fibrosis
compared to patients with anti-centromere or
anti-RNA polymerase III antibodies [11-13].

Abnormal pulmonary function tests (PFTs)
may be the most helpful risk factors for identi-
fying ILD in scleroderma and thus, PFTs should
be performed at the first evaluation. A low
forced vital capacity (FVC) and/or diffusion
capacity for carbon monoxide (DLco) at presen-
tation or within the first 2 years of scleroderma
[14, 15] predict progressive ILD. Progressive
deterioration of FVC and DLco are also indica-
tive of poor outcomes and development of end-
stage lung disease [16, 17]. Patients with fibrotic
lung disease tend to have more significant
dyspnea at presentation (New York Heart
Association Class III or IV) and have crackles
on lung exam [18]. Other risk factors for pro-
gressive lung fibrosis that have borne out in
cohort studies include male gender [9], African-
American race [19], diffuse disease subtype [4],
digital ulcers [5], the presence of proteinuria
[15], anti-topoisomerase antibody [19], and
shorter disease duration. Smoking has been pre-
viously linked with rapid progression and more
severe restriction in cohorts [20], but many
recent studies have countered this association,
demonstrating equally severe restriction among
nonsmokers [19, 21-23].
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Diagnosis

Exertional dyspnea and cough are common
symptoms of ILD, but because of the high preva-
lence and morbidity and mortality associated
with lung involvement, screening is recom-
mended for all patients with scleroderma by
initial and periodic PFTs regardless of symptoms
[24]. The most sensitive markers of PFTs for
restrictive lung disease are the FVC and the diffu-
sion capacity for carbon monoxide (DLco) [25].
The latter is more sensitive for detection of early
disease [18, 26, 27], although an isolated reduc-
tion of DLco is more commonly associated with
progressive pulmonary vascular disease [28].
However, given the prevalence of concomitant
pulmonary vascular disease, which is also associ-
ated with reduced DLco, the specificity for ILD
is reduced in scleroderma [28]. Given this comor-
bid issue, a FVC%/DLco% ratio of greater than
1.6 is sometimes helpful to determine the pres-
ence of pulmonary hypertension as opposed to
early ILD [8, 29]. Screening is performed bian-
nually and abnormal values are debatable, with
values used in practice and in clinical trials rang-
ing anywhere from FVC <70 % to FVC <80 %
predicted, or utilizing a decrement in FVC by
>10 % [30]. Values for diffusion capacity are
more traditionally considered abnormal when
DLco <80 % predicted or a decrement by >15 %
is noted [31-33]. However, given the variability
seen in PFTs, a more reliable method of diagno-
sis is required, namely computed tomography,
with high resolution imaging.

High-resolution computed tomography (HRCT)
scanning of the chest is much more sensitive than
plain chest radiography or standard computed
tomography [30, 34], and it is considered to be the
gold standard for diagnosing ILD, in scleroderma
and other ILDs. It allows for low sampling rate
with very low radiation dose exposure making
this the ideal noninvasive diagnostic tool [35]. It
correlates well with PFTs and other clinical mark-
ers of function in scleroderma [21, 36]. Early
changes of ILD on HRCT are ground-glass opaci-
ties, followed by interseptal thickening, and reti-
cular or reticulonodular changes [18, 21, 37].
More advanced or fibrotic changes seen on HRCT
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include traction bronchiectasis which is a sign of
architectural distortion, cystic changes, and frank
honeycombing [18, 21] These changes typically
begin at the peripheral, posterior, and basal
lung zones, and progress centrally, anteriorly, and
caudally [18].

The findings of ground-glass opacity (GGO)
had initially been associated with reversible dis-
ease based on several clinicopathologic studies
[38, 39]. However, later studies have questioned
this assertion. GGOs have been more recently
associated with fibrosis, progression of disease,
and lack of response to treatment in other series
[40]. While there is evidence of association
between GGO and alveolar inflammation [21, 41],
this cellularity neither predicts progression of
disease nor response to therapy [41, 42].

Pathogenesis

Diagnosis of ILD is made predominantly on PFTs
and confirmed by HRCT. Surgical lung biopsies
are not routinely pursued unless the presentation or
radiographic appearance is atypical. Pathologically,
surgical biopsies show inflammation and fibrosis, in
the lower lobes more so than the upper lobes, with
rare involvement of the pleura [43]. Focal peri-
bronchial lymphoid hyperplasia and occasional
follicular bronchiolitis can also be seen [43]. While
pathologically it can be indistinguishable from
idiopathic pulmonary fibrosis (IPF), matched
scleroderma patients have milder restriction on
PFTS [43], less breathlessness, hypoxia, and func-
tional impairment [44], and significantly better
survival compared with IPF [45]. Survival remains
between 77 and 86 % at 5 years [16, 45, 46].
While bronchoalveolar lavage (BAL) still
retains a function in research [47], there is no
currently established clinical role for BAL in the
diagnosis of scleroderma fibrotic lung disease
[48]. Confirmation of alveolitis by both BAL and
surgical lung biopsy has been investigated for
diagnostic purposes and notably there is good
correlation with HRCT findings [38, 39]. There
is much conflicting data as to whether BAL cel-
lularity can predict response to therapy or even be
altered with therapy [41, 42]. Therefore, BAL
currently remains a valuable research tool to
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expand our understanding of the inflammatory,
fibrotic, oxidant, and other natures of the lower
respiratory tract.

The vast majority of scleroderma ILD is
nonspecific interstitial pneumonitis (NSIP) [16].
Fibrotic NSIP appears to be more prevalent than
cellular NSIP in the largest published surgical
series [16]. PFTs and survival did not differ
between the NSIP subtypes in that report, nor did
survival differ between NSIP and usual intersti-
tial pneumonitis (UIP) [16]. Therefore, surgical
lung biopsy is not routinely recommended since
the pathological subtype of scleroderma ILD
does not impact survival. Second in prevalence is
UIP, followed by end-stage lung disease. Less
commonly seen are respiratory bronchiolitis-ILD
and centrilobular fibrosis [49]. Survival in sclero-
derma ILD overall is better than in IPF, even
when it is indistinguishable by PFTs, HRCT, or
pathology [44, 50].

Lastly, thoracic malignancy ought to be men-
tioned when discussing scleroderma lung dis-
ease. While 13 % of scleroderma mortality is
attributed to cancer deaths, lung cancer is the
leading cause of cancer in scleroderma and many
of the primary causes are indeed thoracic in etiol-
ogy [51, 52]. Among these, non-small cell carci-
noma of the lung is the most common, but small
cell carcinoma of the lung, lymphoma, breast
cancer, and esophageal cancer are also seen [51].
Lung cancers are strongly associated with
cigarette smoking in scleroderma, related to a
sevenfold risk of malignancy in these patients
[53]. Pulmonary fibrosis in itself however does
not increase the risk for lung cancer [53].

Treatment

The natural history of ILD is quite variable and
stability is the rule for many patients. The deci-
sion to treat should be based on the likelihood
that patients have the potential to respond to the
immunosuppressive agents being used today.
Thus, the presence of more than 20 % of the
lung involved in the HRCT, early disease, and
progression of FVC during serial PFTs is more
helpful than symptoms or the mere presence of
interstitial changes on HRCT [54]. The treatment
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of lung disease is the same in limited and diffuse
disease, and is predicated upon the large trials
that have been completed within the past decade.
The first large study of cyclophosphamide dem-
onstrated a modest yet significant improvement
in FVC compared to placebo without improve-
ment in DLco [55]. In addition to the small
but statistical difference in the FVC, the study
showed improvement in other measures of clini-
cal importance in the cyclophosphamide group.
This difference from the placebo group corre-
lated most closely with more fibrosis on HRCT
as opposed to findings of ground glass or alveoli-
tis on BAL. Another randomized controlled trial
using intravenous cyclophosphamide in combi-
nation with other drug interventions similarly
found a small improvement in FVC (not signifi-
cant) but again without improvement in diffusion
impairment [56]. Cough improved significantly
in the treatment group of the Scleroderma Lung
Study, but this improvement did not correlate
with improvement in FVC [57]. This improve-
ment disappeared after cyclophosphamide was
discontinued. Also in the Scleroderma Lung
Study, fibrotic scores on HRCT stabilized in the
cyclophosphamide group compared with signifi-
cant progression in the placebo group, and these
radiographic changes correlated with PFTs and
dyspnea scores [58, 59]. The addition of cortico-
steroids at varying doses has been studied as
well, but rarely in a controlled fashion and gener-
ally is not used in scleroderma lung disease [56,
60, 61]. Other drugs that are used but have been
studied in only limited settings include azathio-
prine (mostly for maintenance therapy) [56, 62],
and mycophenolate mofetil [63, 64]. A large
ongoing trial comparing mycophenolate mofetil
to cyclophosphamide should be helpful in future
treatment.

Future Directions
in Scleroderma ILD

Future biomarkers for screening and monitoring
scleroderma lung disease may include IL-15 [65]
and plasma homocysteine [66]. More recently, both
serum KL-6 and serum surfactant protein D (SP-D)
have been shown to correlate with fibrotic lung
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scores in scleroderma patients making them
promising biomarkers [67, 68]. Both levels are
elevated in scleroderma patients compared with
healthy controls and correlate progressively with
worsening lung fibrosis. BAL detection of impaired
hepatocyte growth factor and CCL18 may help
detect those at greater risk for ILD [69]. Exhaled
alveolar nitric oxide may be able to detect very
early ILD [70, 71]. Imaging modalities like ultra-
sound can detect thickened interlobular septa and
has the advantage of portability and being free from
exposure to ionizing radiation [72]. Ultrasound
may allow for more frequent imaging and universal
screening. Future interventions that are being inves-
tigated include imatinib [73, 74], N-acetylcysteine
[75, 76], anti-IL-6 receptor antibody [77], and
rituximab [78-80].

The following cases demonstrate some of the
difficulties and challenges in managing patients
with scleroderma and lung disease.

Case Vignette 1: Limited Scleroderma with
Aggressive Interstitial Lung Disease

A 48-year-old Caucasian woman has had
3 years of Raynaud’s and 18 months of
hand swelling, with numbness and tin-
gling. She also had gastroesophageal
reflux disease (GERD) but denied any
shortness of breath or cough. She was
seen by a rheumatologist and found to
have skin thickening limited to her hands
and fingers, a positive anti-topoisomerase
(Scl 70) antibody and had PFTs showing
aFVC% predicted of 70 % and a DLCO%
predicted of 68 %. Chest X-ray report-
edly showed mild atelectasis. HRCT
showed subtle reticulonodular changes
(Fig. 4.1). She was started on nifedipine,
omeprazole, and naproxyn and was
instructed to return in 6 months. At her
return visit, she had new digital ulcers,
increased fatigue, increased hyperpig-
mentation but no change in her limited
skin thickening, but she also had a tendon
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Fig.4.1 HRCT in early scleroderma demonstrates
subtle reticulonodular changes (arrowhead) with
traction bronchiectasis (arrow)

Fig.4.2 HRCT in scleroderma demonstrating the
lung bases are diffusely involved not only with
ground-glass opacities but also with fibrotic
changes as evidenced by cystic honey-combed
changes adjacent to the diaphragm. Traction bron-
chiectasis (arrow) is again appreciated

friction rub on her right Achilles tendon.
Repeat PFTs at this time showed a FVC%
predicted of 63 % and a DLCO% pre-
dicted of 65 %, and the high resolution
CT scan showed typical basilar intersti-
tial fibrosis (Fig. 4.2).

(continued)
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Case Vignette 1 (continued)

Although typically limited cutaneous
scleroderma patients are less likely to
present with or develop ILD compared
with diffuse patients [18], there are several
groups of limited scleroderma who
develop ILD which is indistinguishable
from that seen in diffuse scleroderma.
Patients such as this one who have a anti-
topoisomerase or Scl-70 autoantibody,
early disease and even a tendon friction
rub but who do not have diffuse cutaneous
skin thickening are particularly at risk.
More than 25 % of Scl-70 patients do not
get diffuse skin disease but they can get
severe lung disease similar to other Scl-70
patients. Likewise, limited cutaneous
patients with a nucleolar pattern ANA are
at high risk and these patients should be
carefully followed and screened for ILD.
Only limited cutaneous patients with anti-
centromere antibody are very unlikely to
develop significant ILD, although they
may have some changes on HRCT and
have intermittent aspiration pneumonias
causing other problems.

The pathologic lung changes in limited
disease are identical to what is seen in dif-
fuse disease, with the majority of the
pathologic diagnoses being NSIP, and the
second most frequent being UIP [81].
While lung involvement in limited disease
has traditionally been described as milder
and slower in progression, 40 % of the
patients in the Scleroderma Lung Study
had limited disease. Their PFTs were
equally impaired as the patients with dif-
fuse disease, and they demonstrated similar
response to therapy with even worse fibro-
sis noted within the limited subgroup [82].
Therefore, there are limited cutaneous
scleroderma patients, particularly those
with anti Scl 70 or a nucleolar antibody,
who have severe disease and progression
similar to those with classic diffuse cutane-
ous disease.

Case Vignette 2: End-Stage Pulmonary
Fibrosis

A 58-year-old African-American man
developed Raynaud’s syndrome, swollen
hands and legs, muscle weakness, and
shortness of breath 6 years prior to presen-
tation. Initial evaluation revealed diffuse
scleroderma, positive ANA with a nucleo-
lar pattern, and ILD with restrictive PFTs.
His FVC% predicted was 65 % and his
DLCO% predicted was 55 %. He was
treated with intravenous cyclophospha-
mide for 6 months and then transitioned to
oral mycophenolate. Although initially his
PFTs and HRCT scan stabilized, over the
next 4 years he had slow but persistent pro-
gression of his ILD, and his most recent
FVC% predicted was 45 % and DLCO%
predicted was 25 %. He has recently devel-
oped increasing shortness of breath, has
become oxygen dependent, with com-
plaints of severe cough. His HRCT
(Figs. 4.3 and 4.4) does not reveal signifi-
cant progression in interstitial disease over

Fig.4.3 HRCT images from upper thorax of dif-
fuse scleroderma demonstrate less fibrotic changes
but still some ground-glass opacities (arrow) and
subpleural cystic changes (star). Increased intersti-
tial markings are seen proximally and distally but
sparing the pleural edge

(continued)
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Case Vignette 2 (continued)

Fig.4.4 Fibrotic changes are evident at the bases
of the lungs with mild cardiomegaly. No honey-
combing is seen but traction bronchiectasis is
noted

the past year, but there was some increase
in heart size. An echocardiogram showed a
left ventricular ejection fraction of 60 %,
and a right ventricular systolic pressure of
50 mmHg. He is referred for further evalu-
ation and treatment of his scleroderma
lung disease.

This patient clearly has severe end-stage
lung disease which progressed in spite of
being treated aggressively. It is unlikely
that further immunosuppressive therapy
will have much of a chance to reverse this
process and it may be that the risk of infec-
tion with such drugs outweighs any poten-
tial benefit. He may have developed some
secondary pulmonary hypertension from
his ILD and/or hypoxia, or he could have
some cardiac myofibrosis from his sclero-
derma causing pulmonary venous hyper-
tension. It is not known whether treatment
for the pulmonary hypertension at this
point would be helpful but a right heart
catheterization should be done to determine
the extent and type of pulmonary hyperten-
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sion present. Cardiopulmonary exercise
training with oxygen supplementation may
be helpful in improving his functional
capacity [83]. Importantly, aggressive
treatment of reflux to prevent aspiration
and immunization to prevent infection is
extremely important. Cough is his biggest
problem and is very challenging to treat.
While anti reflux, and antitussive treatment
should be tried, there are no easy answers
for this problem. Common treatments for
palliation of cough in ILD include benzo-
natate, bronchodilators, and opiates. Lung
transplantation has been successfully per-
formed in scleroderma patients [84, 85]
although esophageal reflux and disability
from other multisystem disease may
exclude such patients as this one. The out-
comes in select patients at these centers are
similar to other ILDs [86].

Case Vignette 3: Atypical Lung Problems

A 69-year-old Caucasian woman has had
Raynaud’s syndrome for more than 20
years. She has had GERD for that duration
as well. Over the past several years she has
had several episodes of bronchitis and/or
pneumonias associated with cough and
increasing dyspnea, and this has become
more persistent in the past 6 months. She
was seen by a pulmonologist who noticed
that she had swollen hands and some telan-
giectasia, and PFTs showed mild restric-
tive disease with a FVC of 75 % but a
DLCO of 45 %. A HRCT showed asym-
metric interstitial fibrosis with mild fibrotic
changes in the right upper lobe and lingual
and less involvement of the left lower lobe
with centrilobular fibrosis as well as a
markedly dilated esophagus (Fig. 4.5). An
echocardiogram was normal without any
evidence of pulmonary hypertension. An
anti-centromere antibody was positive and
she was referred for the new diagnosis of

(continued)
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Case Vignette 3 (continued)

Fig. 4.5 HRCT images in scleroderma GERD
show distended esophagus (arrow) equal to the
size of the trachea. Subpleural cysts are seen ante-
riorly bilaterally indicative of interstitial lung
disease

scleroderma with ILD and the question of
whether she should be treated with cyclo-
phosphamide was raised.

This case demonstrates how important
the clinical phenotype is in diagnosing lung
disease in scleroderma. This lady actually
had long standing anti-centromere antibody
without significant scleroderma pulmonary
fibrosis, but she had developed some sec-
ondary fibrotic changes most likely related
to recurrent aspiration and/or prior pneu-
monias. The severe decrease in her DLco
more likely represents her potential for
future pulmonary vasculopathy than reflect-
ing an active fibrotic lung process. One of
the salient features of scleroderma is esoph-
ageal dysmotility and accompanying
GERD [87]. It is debatable whether GERD
is equally prevalent among limited and
diffuse scleroderma subtypes [25, 88], but
it is equally symptomatic and asymptom-

atic among those with and without fibrotic
lung disease [25, 89]. There is no difference
in autoantibodies between scleroderma
patients with and without GERD in large
cohorts [27, 90-92]. While HRCT fibrotic
scores correlate well with frequency of
reflux events, there is no correlation
between extent of fibrosis and presence or
absence of hiatal hernia. GERD, as mea-
sured by manometry, is associated in some
series with both progressive decline in
PFTs and development of parenchymal
abnormalities on HRCT scans typical of
fibrotic lung disease [27]. Once end-stage
lung disease develops, GERD is present in
all scleroderma patients with ILD, regard-
less of symptoms [93]. While GERD is
highly prevalent in scleroderma, not all
patients with GERD develop ILD [25, 89],
suggesting that other features, perhaps
autoantibody phenotypes, have closer asso-
ciations with the development of fibrotic
disease than the presence of GERD.

Screening for GERD can begin with the
HRCT, since esophageal dilatation has a
positive predictive value of 83 % for the
diagnosis of scleroderma [94] and is help-
ful, particularly when attempting to differ-
entiate the cause of ILD [95]. HRCT
evidence of esophageal dilatation has been
associated with reduced DLco but not
fibrotic scores based on one study, and this
may be due to the strong coexistence of
pulmonary vasculopathy and esophageal
disease in limited scleroderma [96].
Although the gold standard of diagnosing
GERD is manometry, this is rarely neces-
sary in scleroderma because the prevalence
of GERD is so high.

The best pathologic description of lung
disease associated with scleroderma GERD
was reported by de Souza et al. [49].
They prospectively evaluated 28 patients
with scleroderma ILD with surgical lung
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Case Vignette 3 (continued)

biopsies as well as radiographic, esopha-
geal, and PFT assessments. They described
centrilobular fibrosis in addition to NSIP
and rarely UIP. Those patients with isolated
centrilobular fibrosis were found to have
foreign bodies and intraluminal baso-
philic content. Centrilobular fibrosis was
associated with esophageal abnormalities,
respiratory symptoms, and moderate lung
restriction.

Treatment for GERD and esophageal
dysmotility is primarily early initiation
and long-term use of proton-pump inhibi-
tors which decrease acid reflux and the
complications of esophageal disease, such
as strictures, Barrett’s esophagus, and ade-
nocarcinoma. Behavioral interventions are
imperative since dysfunctional motility
leads to nonacid reflux as well. Elevation
of the chest and head of the bed, avoiding
laying down for 4 h after eating, and eating
smaller more frequent meals to avoid dis-
tending the stomach and exacerbating
reflux are some of these key measures
[97]. Motility agents may also be neces-
sary. Metoclopromide improves gastric
dysmotility but does not impact esopha-
geal aperistalsis, and the central nervous
system side effects limit its use. Other
medications not approved for use by the
FDA in the US, such as domperidone, are
sometimes used out of compassionate need
[98]. Avoiding offending foods and medi-
cations that impact gastrointestinal motil-
ity are also important. While surgical
procedures for reflux in general have been
very helpful, they are associated with sig-
nificant morbidity and a high rate of
complications particularly in scleroderma
patients [99]. Certainly, when assessing
for lung transplantation, surgical evalua-
tion for gastroesophageal disease in sclero-
derma is warranted given its implications
on post-transplant complications and sur-
vival [100].
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Conclusion

ILD is prevalent in systemic sclerosis and is

associated with

significant morbidity and

mortality. Therefore, it is important to screen
patients annually and to have a low threshold for
diagnostic imaging for confirmation of abnormal
PFTs and symptoms. Treatment is available
today with ongoing large clinical trials to better
define optimal management.
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Case Vignette 1
A 35-year-old woman presented to her primary
care provider with a bilateral, erythematous
hand rash (Fig. 5.1). She also noted painful fis-
sures along the edges of her nail beds that
increased during cold weather. A skin biopsy of
the affected area revealed interface dermatitis.
Over the next 12 months, she developed
proximal muscle weakness and a small joint
inflammatory arthritis. A muscle biopsy
showed perivascular inflammation consistent
with dermatomyositis and she possessed the
anti-Jo-1 autoantibody. The patient improved
over several months after glucocorticoid
therapy which was then tapered and
discontinued. Her muscle weakness recurred

C.Johnson etal.

and she developed dyspnea with exertion.
A high resolution CT (HRCT) scan of the
chest revealed diffuse ground-glass opacities
and pulmonary function tests (PFTs) revealed
mild restriction with a moderate to severely
reduced diffusing capacity of the lung for
carbon monoxide (DLCO). Bronchoscopy
ruled out infection and an open lung biopsy
showed organizing pneumonia (OP).

Prednisone was restarted in combination with
azathioprine. Over the following year, der-
matologic, muscular, and pulmonary symp-
toms improved (Fig. 5.2) and prednisone was
tapered off. The patient remained stable on
low-dose azathioprine.

Fig.5.1 Bilateral erythematous rash of Gottron papules

s

-
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Fig.5.2 Resolution of pulmonary infiltrates with treatment
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Overview

Dermatomyositis (DM) and polymyositis (PM)
are idiopathic inflammatory myopathies (IIMs), a
rare heterogeneous group of acquired autoimmune
muscle disorders that frequently affect the lungs.
DM is a complement-mediated microangiopathy
of muscle where B cells and the late component of
complement are found in the perimysial and
perivascular tissue. Characteristic skin changes,
including Gottron’s papules, occur with muscle
weakness (Fig. 5.1) [1, 2]. PM is a T-cell mediated
disorder also leading to muscle weakness [1]. Skin
findings notwithstanding, both diseases have simi-
lar muscular and extramuscular manifestations. As
a result, for the remainder of the chapter the terms
myositis and [IM will collectively refer to DM and
PM unless otherwise specified.

Patients with myositis typically present with
symmetric proximal muscle weakness pro-
gressing over weeks to months [3]. Although
many classification criteria exist for IIM, those of
Bohan and Peter remain the most clinically
useful [4-7]. The essential elements include
proximal muscle weakness on physical examina-
tion, elevated serum muscle enzymes (CPK), an
abnormal electromyogram (EMG), a muscle
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biopsy consistent with myositis, and (in the case
of DM) characteristic rashes (Table 5.1). Despite
the muscle-focused criteria proposed by Bohan
and Peter, myositis affects multiple organs with
the lung being the most common site of extra-
muscular involvement [8] and a significant
source of morbidity and mortality [9]. Multiple
pulmonary manifestations may occur (Table 5.2);
however, this chapter will focus on interstitial
lung disease (ILD), the most common and devas-
tating pulmonary manifestation in patients with
myositis [10].

Epidemiology

The reported prevalence of myositis-associated
ILD (myositis-ILD) ranges from 5 to 78 % depen-
ding on the population and diagnostic criteria uti-
lized [2, 3, 8-10]. Although the frequency of ILD
is similar in PM and DM, patients with DM-ILD
generally do worse with more frequent severe
treatment-refractory disease [8, 11].

The diagnosis of myositis-ILD has significant
prognostic implications as this complication
portends a poorer survival than in patients with
myositis alone [2, 8]. Overall, however, myositis-
ILD patients respond favorably to treatment with

Table 5.1 Polymyositis/dermatomyositis diagnostic criteria

Bohan and Peter [4, 5]
1. Symmetric myopathic muscle weakness
2. Muscle biopsy with microfiber necrosis, phagocytosis,

regeneration, fiber diameter variation, and inflammatory exudate

3. Elevated serum skeletal muscle enzymes
4. Myopathic electromyographic findings

Dalakas and Hohlfeld [6]
1. Symmetric myopathic muscle weakness
2. Muscle biopsy findings

(a) CD8/MHC-I complexes

(b) MHC-I expression only

(c) Perifasicular, perimysial, or perivascular

infiltrates

3. Elevated serum skeletal muscle enzymes
4. Myopathic electromyographic findings
5. Rash or calcinosis

(a) Present

(b) Absent
Polymyositis Dermatomyositis Polymyositis Dermatomyositis
Definite Probable Definite Probable Definite  Probable Definite  Probable
All 4 criteria  2-3 criteria ~ 3—4 criteria+ DM 2 criteria+ DM 1, 2a, 1, 2b, 1, 2c, 1, 2c,
rash rash 3-4, 5b 3-4,5b 34, 5a 3-4, 5b

Adapted from with permission from Kalluri M, Oddis CV. Pulmonary manifestations of the idiopathic inflammatory

myopathies. Clinics in Chest Medicine. 2010;31(3):501-12
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Table 5.2 Pulmonary manifestations of myositis

Pulmonary parenchyma
ILD

Pneumonia
Drug-induced ILD

Pulmonary vasculature
Pulmonary hypertension

1-, 5-, and 10-year survival rates around 94 %,
90 %, and 87 % respectively [2, 12]. Factors pre-
dicting a poor prognosis include the acute onset
of dyspnea, a pulmonary histology consistent
with usual interstitial pneumonia (UIP), DM with
a clinical microangiopathy or digital infarcts,
clinically amyopathic DM (CADM), and an
initial DLCO and FVC less than 45 and 60 %,
respectively [2].

Clinical Manifestations

Patients typically present with dyspnea with or
without cough but the presentation and course is
highly variable from a mild, subacute, or chronic
course to the rapid onset of acute respiratory
failure necessitating mechanical ventilation.
Further, ILD can precede, occur concomitantly
with, or follow the diagnosis of IIM. As is illus-
trated in Case Vignette 1, ILD may follow
the onset of skin or muscle disease and surveil-
lance for respiratory disease is important even in
the face of improvement of more typical manifes-
tations of disease.

PFTs typically show a restrictive pattern with
areduced total lung capacity (TLC), FVC, FEV,,
and normal or increased FEV,/FVC ratio [2] with
a low DLCO [2].

Radiographic and Histopathologic
Findings

HRCT typically demonstrates reticular ground-
glass opacities without honeycomb changes
(Fig. 5.3) which correspond to a nonspecific
interstitial pneumonia (NSIP) histopathology

Pulmonary capillaritis/diffuse alveolar damage

C.Johnson etal.

Extra-parenchymal

Diaphragm muscle weakness
Intercostal muscle weakness
Pneumothorax

Pneumomediastinum

Dysphagia (aspiration)

Myocarditis (pulmonary edema)
Cardiomyopathy (pulmonary edema)

Fig. 5.3 High-resolution chest CT imaging in a patient
presenting with myositis-associated ILD. CT findings
include diffuse ground-glass opacities

[2, 8]. A honeycombing pattern typical of UIP can
also be seen [8].

Lung biopsy is generally not necessary in the
patient with established myositis since HRCT
findings correlate with open lung biopsy findings
[2]. When lung biopsy is required, a surgical lung
biopsy is preferred over a transbronchial approach
[2]. The most common histologic subtype is
NSIP followed by UIP, diffuse alveolar damage
(DAD), and OP [2, 8].
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Autoantibodies

The presence of autoantibodies recognizing
intracellular antigens correspond to distinct clini-
cal phenotypes in the myositis spectrum and have
important implications in the pathogenesis and
treatment of the disease [3, 13, 14]. Myositis auto-
antibodies fall into two categories: myositis-specific
autoantibodies (MSAs) and myositis-associated
autoantibodies (MAAs) (Table 5.3) [13]. MSAs are
almost exclusively seen in IIM and 60-80 % of
patients with myositis have at least one [3, 14],
while MAAs are more frequently seen in myositis
overlapping with another connective tissue disease
(CTD) [13]. The MSAs seen with myositis-ILD are
discussed next.

Antisynthetase Autoantibodies

The most common MSAs, the antisynthetase
autoantibodies, are directed against the aminoacyl

Table 5.3 Myositis-specific autoantibodies

Target autoantigen
Myositis-specific autoantibody
Anti synthetase autoantibodies

* Anti-Jo-1 Histidyl

e PL-12 Alanyl

» PL-7 Theronyl

» EJ Glycyl

« 0OJ Isoleucyl

* KS Asparaginyl

* Ha Tyrosyl

« Zo Phenylalanyl

Anti-SRP Signal recognition protein
Anti-Mi-2

complex (NuRD)
Anti-p-155/140
1 gamma (TIF1-y)
Anti-SUMO-1
(SUMO-1)
Anti-CADM-140
gene 5 (MDA-5)
Anti-p140
Anti-200/100

Aminoacyl transfer RNA synthetase

Nucleosome remodeling deacetylase
Transcriptional intermediary factor
Small ubiquitin-like modifier 1
Melanoma differentiation-associated

Nuclear matrix protein 2 (NXP2)
3-hydroxy-3methylglutarly-
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transfer RNA synthetases (ARSs) which catalyze
the attachment of amino acids to their cognate
tRNA [3, 13]. To date, antibodies to 8 ARS have
been identified (Table 5.3). Anti-Jo-1 (anti-histidyl
tRNA synthetase) is the most common with a fre-
quency of 20-30 % in PM and DM patients [2, 3,
13, 15]. The non-Jo-1 anti synthetase autoantibod-
ies (Table 5.2) are collectively found in 20 % of IIM
patients [3, 13, 15]. Patients with anti synthetase
antibodies have some or all of the features of
the anti synthetase syndrome which includes fever,
myositis, Raynaud phenomenon, polyarthritis,
“mechanic hands,” and ILD (Table 5.3). Generally,
such patients respond favorably to glucocorticoid
therapy, although relapses are common [3, 13]. In
longitudinal analyses, anti-Jo-1 autoantibody levels
have been shown to correlate with muscle, joint,
pulmonary, and global disease activity [16, 17] and
may be useful for monitoring disease activity
and response to therapy [16, 17]. Although the
presence of one of the eight anti-ARS autoantibod-
ies is generally associated with some or all of
the features of the anti synthetase syndrome, the

Clinical association

Antisynthetase syndrome: myositis,
interstitial lung disease, Raynaud
phenomenon, arthritis, Mechanic’s
hands, fever

Necrotizing myopathy
DM

DM and malignancy
DM
CADM and ILD

DM and ILD
Necrotizing myopathy

coenzyme A reductase

Adapted with permission from Betteridge ZE, Gunawardena H, McHugh NJ. Novel autoantibodies and clinical
phenotypes in adult and juvenile myositis. Arthritis research & therapy. 2011;13(2):209
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myositis subtype (PM vs. DM), CK levels, lung
involvement, and myositis severity may vary
(Table 5.3) [3, 13].

Dermatomyositis-Specific
Autoantibodies

Anti-p-155/140 Autoantibodies

Autoantibodies directed against a 155/140 kDa
doublet corresponding to transcription interme-
diary factor 1-gamma (TIF1-y) (Table 5.3), are
found in up to 20 % of patients with DM and are
associated with an increased risk of cancer-
associated myositis (CAM) [18, 19].

Anti-SUMO-1

Anti-SUMO-1 (small ubiquitin-like modifier 1) is
found in 8 % of patients with DM and is associ-
ated with malignancy and ILD [3, 13].
Interestingly, in one series most patients with
anti-SUMO-1, demonstrated skin manifestations
before myositis and ILD [3, 20].

Anti-MDA5

Clinically amyopathic dermatomyositis (CADM)
is a rare but important myositis subset where
patients have skin findings consistent with DM
without clinically apparent muscle involvement [2].
CADM has been shown to be associated with
acute and rapidly progressive ILD and the
antigenic target has been identified as an RNA
helicase encoded by melanoma differentiation-
associated gene 5 (MDAS) [21]. CADM is dis-
cussed in more detail after Case Vignette 3.

Therapy

There are no randomized controlled trials evalu-
ating the treatment of myositis-ILD. Gluco-
corticoids are the mainstay of empiric therapy and
most patients respond to some degree for a period
of time [1, 8]. Other immunosuppressive therapies
may be used initially in patients with ILD but are
also often required as second-line agents in
patients who fail to respond to glucocorticoids [8].

C.Johnson etal.

Table 5.4 Treatment of myositis-associated interstitial

lung disease

Drug/dosage
Glucocorticoids
Prednisone 1 mg/kg/day

Methylprednisolone

1 g IV X3 days
Cyclophosphamide (CYC)
1-2 mg/kg/day
Calcineurin inhibitors

Cyclosporine 2-5 mg/

Clinical scenario

First line therapy for
myositis-ILD

Acute or refractory
myositis-ILD
Refractory
myositis-ILD

kg/day
Tacrolimus (based on
trough levels)

Rituximab 1 g every other Refractory
week x 2 doses antisynthetase syndrome
Methotrexate 15-25 mg/week Refractory PM/DM;

controversial in ILD
Azathioprine 2-3 mg/kg/day ~ Second-line therapy,
maintenance after CYC
Mycophenolate mofetil
1 g/twice daily
Intravenous immunoglobulin
(VIG)

Adapted with permission from Kalluri M, Oddis CV.
Pulmonary manifestations of the idiopathic inflammatory
myopathies. Clinics in chest medicine. 2010;31(3):
501-12

Steroid sparing agent in
progressive disease
Salvage therapy

A summary of therapies utilized in the treatment
of myositis-ILD is provided in Table 5.4.

Some of the agents used to treat myositis can
also cause ILD. Methotrexate can cause an acute
pneumonitis with fever often within the first year
of use. It is very effective for myositis and can be
used in anti-Jo-1 positive patients with milder,
stable forms of ILD, but it should be avoided if
the lung disease is active [2, 8].

Adjunctive Therapy

Pulmonary rehabilitation (PR) is recommended
as adjunctive therapy for patients with chronic
lung diseases [22, 23]. PR involves exercise
training, behavior modification, and respiratory
therapy and has been shown to improve the six-
minute-walk test (6B MWT) distance and quality
of life in patients with ILD [22, 24].
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Annual influenza and pneumococcal vaccina-
tion based on standard guidelines are recom-
mended to reduce the risk of pulmonary infection
in patients with chronic lung disease and those on
immunosuppressive treatment [25-27].

Oxygen therapy provides symptomatic benefit
to patients with chronic lung diseases and should
be provided to any patient with resting or exer-
tional hypoxemia [28].

Case Vignette 2

A 55-year-old African American woman
who was a varsity college athlete was well
and physically active until 9 months prior
to her clinical evaluation when she noted
dyspnea while shopping. She was admitted
to a hospital and given IV antibiotics for
presumptive pneumonia and an HRCT
showed diffuse ground-glass opacities. Her
dyspnea persisted, and 1 month later she
underwent an open lung biopsy that
revealed UIP. Over the next several months,
her dyspnea worsened and proximal lower
extremity muscle weakness developed to
the degree that she had to use her arms to
pull on the banister as she walked up steps.
She then developed dry eyes and a dry
mouth. On presentation to a tertiary care
ILD clinic approximately 9 months after
symptom onset, she was tachypneic and
tachycardic with a normal oxygen satura-
tion at rest. Her physical examination
revealed dry bibasilar crackles, a loud P2
and bilateral lower extremity edema. Her
manual muscle testing was notable for 4/5
strength of the deltoids and hip flexors but
normal distal muscle strength. Her skin
exam was notable for periungual erythema,
but no Gottron papules or heliotrope rash.
Her PFTs showed severe restriction and a
markedly reduced DLCO. She had a nega-
tive ANA and anti-Jo-1, but the serum
rheumatoid factor was elevated at 122
(nL<80) and she possessed a high titer
positive anti-PL-12 autoantibody. The
patient was treated with pulse intravenous
methylprednisolone followed by a tapering
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dose of oral prednisone as well as azathio-
prine. One year following presentation, the
patient is minimally limited by dyspnea or
muscle weakness, but continues to have
reduced lung volume and DLCO.

Screening

As described in Case Vignette 2, ILD in this case
associated with antisynthetase antibodies, can
precede myositis. Thus, a high index of suspicion
and initial assessment for occult rheumatologic
disease is warranted in patients presenting with
ILD [29], and a search for subtle manifestations
of an underlying CTD such as dermatologic fea-
tures, Raynaud phenomenon, and arthritis should
be considered. In a series of 114 consecutive
patients referred to an ILD clinic, 15 % were diag-
nosed with a new CTD, a significant proportion of
which had myositis [29]. In this series the only
demographic predictor associated with an under-
lying CTD was younger age [29]. Consequently,
we recommend screening for undiagnosed CTD
in patients presenting with ILD to include a thor-
ough review of systems for CTD as well as an
ANA, CK, aldolase, and myositis antibodies [29].

Case Vignette 3

A 42-year-old African American woman
presented to the emergency department with
a 2-month history of muscle weakness and
rash on her hands and back. She noted a new
onset Raynaud phenomenon and a 20-Ib
weight loss. She was tachypneic and hypox-
emic at rest. Pulmonary auscultation,
revealed bilateral crackles and she had pro-
found muscle weakness and ulcerative
lesions on the metacarpophalangeal (MCP)
joints, creases of the palms, elbows, and ear
pinnae. Her HRCT showed diffuse ground-
glass opacities. Initial laboratory studies
revealed a CK of 452, an elevated AST and
ALT with negative hepatitis serologies, an

(continued)
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Case Vignette 3 (continued)

Fig. 5.4 Extensive pneumomediastinum with an
extension to the chest wall

il

Fig. 5.5 Erosive skin lesions on dorsum of hand
characteristic of MDAS phenotype

ANA of 1:40 and a negative anti-Jo-1 and
anti-topoisomerase. Serum immunoprecipi-
tation revealed the presence of the anti-
MDAS autoantibody. She was treated with
pulse methylprednisolone but she developed
pneumomediastinum with an extension into
the soft tissue of the chest and neck (Fig. 5.4).
She was placed on oral glucocorticoids
and azathioprine and discharged. Worsening
dyspnea and skin lesions recurred due to non-
compliance and she was again treated with
pulse methylprednisolone and placed on oral
immunosuppression. She slowly improved
with resolution of the erosive skin lesions
(Fig. 5.5) and improved exercise tolerance.

C.Johnson etal.

MDAS

Originally described in a cohort of Japanese
patients with rapidly progressive ILD in the set-
ting of newly diagnosed CADM [21], MDAS
antibody associated disease has now been
described in a wider range of patients with DM
as Case Vignette 3 illustrates [30]. The clinical
presentation is frequently heralded by the
appearance of cutaneous erosive lesions at the
MCEP joints (Fig. 5.5) along with painful punc-
tate lesions on the palms at the creases of the
fingers. The pulmonary manifestations may
mimic those of the anti synthetase syndrome,
but the autoantigen being targeted is melanoma
differentiation-associated gene 5 which is not in
the tRNA synthetase family. This autoantibody
accounts for approximately 8-13 % of DM
patients in two separate US tertiary referral cen-
ters [30].

Cancer-Associated Myopathy

The association between IIMs and malignancy
has been described for decades with recent large
epidemiologic studies confirming the increased
risk [31].

Epidemiology

The estimated prevalence of malignancy in
patients with myositis is 10-30 % [31]. The vast
majority of cancers are detected after the diagno-
sis of myositis, with the peak incidence within the
first year [31, 32]. Overall for most cancer types,
the risk extends to the first 5 years after diagnosis
before returning to baseline rates [31, 32].

The mean age of onset of CAM is the fifth and
sixth decades of life but the age range varies
widely [31, 32]. CAM occurs in both men and
women with slightly increased risk in men [31].

Adenocarcinoma is the most common, repre-
senting 70 % of associated malignancies [31, 33].
This is driven largely by the significantly increased
risk in patients with DM where adenocarcinomas
predominate. By contrast, hematologic malignan-
cies are the greatest risk among polymyositis
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Table 5.5 Malignancies associated with

inflammatory myopathies

idiopathic

Dermatomyositis Polymyositis
Lung cancer ¢ Non-Hodgkin lymphoma
Ovarian cancer ¢ Lung cancer
Cervical cancer ¢ Bladder cancer

Colorectal cancer
Gastric cancer
Breast cancer
Pancreatic cancer
Lymphoma

patients (Table 5.5) [31, 32]. The epidemiology
varies by race/ethnicity. Adenocarcinoma of
ovary, lung, and gastrointestinal tract predomi-
nate in Western nations, while nasopharyngeal
carcinoma is more common in Southeast Asia,
Southern China, and Northern Africa [31, 34].

As would be expected, 1- and 5-year survival
rates are worse in cancer patients with CAM than
in patients without CAM [31]. In patients with
DM, a simultaneous diagnosis of CAM and DM
results in a more severe disease [31].

Risk Factors

The most significant risk factor is DM [31]. Older
age, male sex, severe muscle weakness, treatment
resistance, skin ulceration or necrosis, periungual
erythema, and the V or shawl sign are all associ-
ated with occult malignancy [31, 33]. By contrast,
the presence of antisynthetase antibodies and
ILD appear to have a protective effect but cases
have been reported [31]; therefore, the presence
of antisynthetase syndrome should not eliminate
screening for malignancy in the appropriate
clinical setting [31]. Similarly patients with
positive MAAs or MSAs develop CAM less
frequently but CAM still occurs [31]. One auto-
antibody anti-p155/140, however, is associated
with a higher frequency of CAM in patients with
dermatomyositis [31, 33].

Pathophysiology

Many theories have been proposed but the exact
mechanism is unknown. The first is that CAM
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represents a paraneoplastic syndrome where the
tumor itself produces some bioactive mediator that
results in an immune response against the skin and
muscle [31]. Others hypothesize a causal role
between immune compromise and tumor develop-
ment [31]. Furthermore, the use of cytotoxic
agents to treat IIMs could induce malignant trans-
formation [31]. Perhaps, a shared environmental
exposure could be both carcinogenic and immuno-
genic [31]. Finally some propose that an immune
response to the tumor itself results in cross-
reactivity with skin and muscle antigens [31, 35].

Screening for Malignancy

Due to unclear consensus guidelines, screening
practices vary by clinician. Some restrict to age
appropriate malignancy screening with additional
studies only if dictated by symptoms [31]. While
others perform more detailed evaluations, includ-
ing computed tomography (CT) scanning, posi-
tron emission tomography (PET) scans, upper
and lower endoscopy, tumor markers, and bone
marrow biopsies, regardless of symptoms [31].

Treatment

Treatment of the underlying malignancy can
result in myositis remission but patients frequently
require treatment with long-term immunosup-
pression even after cancer remission [31, 36].
Additionally, tumor recurrence can result in
recurrent myositis symptoms even after years of
quiescence [31, 36].
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Introduction

Systemic lupus erythematosus (SLE) is a sys-
temic inflammatory disease, characterized sero-
logically by an autoantibody response to nucleic
antigens and clinically by injury and/or malfunc-
tion in any organ system. During their disease
course, up to 50 % of SLE patients will develop
pulmonary manifestations [1]. These include
pleuritis (with or without effusion), inflammatory
and fibrotic forms of interstitial lung disease,
alveolar hemorrhage, shrinking lung syndrome,
pulmonary hypertension, airways disease, and
thromboembolic disease. Table 6.1 summarizes
relevant clinical factors and frequency of the
major pulmonary manifestations of SLE dis-
cussed in this chapter. As with SLE in general, its
pulmonary manifestations are variable, yielding a
heterogeneous clinical phenotype—from mild or
essentially asymptomatic to severe and life-
threatening. Although pulmonary disease is rec-
ognized as a leading cause of death and disability
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in SLE, over time, it has become increasingly
clear that many patients with SLE have subclini-
cal impairment in lung diffusing capacity and/or
respiratory mechanics. The focus of this chapter
will be on the clinical presentation, pathogenesis,
pathology, management, and prognosis of SLE-
associated lung conditions. Although lung cancer
and pulmonary infections occur frequently in
patients with SLE, they are not necessarily
directly attributable to SLE disease activity and,
therefore, will not be discussed here [2].

General

Before we begin the discussion of SLE-related
pulmonary manifestations, we urge the reader to
bear in mind that given the potential for subtle or
subclinical pulmonary manifestations, the het-
erogeneity in clinical phenotype, and the poten-
tial for serious disease, clinicians must keep in
mind a broad differential diagnosis anytime an
SLE patient presents with chest or respiratory
symptoms, and the etiology of those symptoms
can be confidently identified and treated only
through interdisciplinary dialogue/discussion.
Because this chapter covers all the various ways
SLE can affect the respiratory system, we begin
the discussion with a brief overview of anatomy
before moving to a general discussion of present-
ing symptoms. From there, we use a “compart-
ments” approach to discuss how SLE may affect
the vascular, parenchymal, pleural, or airways
compartments of the respiratory system.
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Table 6.1 Type, frequency, and clinical factors associated with specific pulmonary manifestations in systemic lupus

erythematosus (SLE)

Type of pulmonary Estimated
involvement frequency/prevalence
Pleural 30-50 % [56, 57, 69]

Relevant clinical features associated with the specific type
of pulmonary involvement

Positive antinuclear antibody in pleural fluid at a titer of >1:160,

seropositivity for anti-ribonucleoprotein and anti-Sm antibodies,
late-age (>50 years of age) onset of SLE, greater cumulative
damage, and greater disease duration [57, 58]

Pulmonary hypertension 0.5-17.5 % [16]

Adult women, <40 years of age, within first 5 years of SLE disease

onset, seropositivity for anticardiolipin and anti-ribonucleoprotein
antibodies, Raynaud’s phenomenon, rheumatoid factor [18, 21]

Shrinking lung syndrome 0.5-10 % [52, 53]

Greater disease duration, history of pleurisy, seropositivity for

anti-ribonucleoprotein antibody [53]

Interstitial lung disease 1-15 % [38]

Older age at onset of SLE (>50 years old), greater disease

duration (>10 years), sclerodactyly, abnormal nailfold capillaries,
high levels of C-reactive protein, hypocomplementemia, serum
cryoglobulins, lupus erythematosus cells in serum [38, 41-43]

Diffuse alveolar hemorrhage Rare

Presence of nephritis, high disease activity, greater levels of anti-DS

DNA antibody titers, low serum complement C3 levels [30, 70]

Larynx and airways disease Rare, larynx [67, 68]

Rare, airways [71]

Overview of Thoracic Cavity
Anatomy

The pulmonary system, which includes the
airways (trachea, bronchi and bronchioles, and
alveoli), pleural, pulmonary vasculature, and
parenchyma, is housed along with the esophagus,
thymus, lymph nodes, heart, and its major blood
vessels, in the thoracic cavity [3]. The thoracic
cavity is surrounded by an osteocartilaginous
complex (thoracic cage) comprised of thoracic
vertebrae, ribs, sternum, and costal cartilage and
is enveloped by intercostal muscles, nerves, and
vessels; the thoracic cage is separated from the
abdomen by the diaphragm [3]. Certain muscles
that arise from the upper limb and neck (serratus
anterior, pectoral muscles, latissimus dorsi,
scalenes), and attach to the thoracic cage, can
function as accessory muscles of respiration [3].
The larynx, which contains the vocal chords, is
an extrathoracic structure, situated above the tra-
chea, and comprised of small joints and cartilage.
Vocal chord integrity, which can be threatened by
direct involvement of the vocal chords or indirect
damage/disease to structures within the larynx, is
essential to voice quality and respiration. Any of
these structures may be directly or indirectly
affected by SLE.

Not known

Clinical Presentation and Mimicry
of Pulmonary Disease in SLE

Cough, chest pain, and dyspnea are the most fre-
quent respiratory system symptoms in SLE, and
although they are suggestive, they are not specific
for disease within the pulmonary system. In
patients with SLE, cough may be caused by an
airway or lung parenchymal problem, but as in the
general population, it is more often a symptom of
gastrointestinal reflux (GERD) or postnasal drip
[4]. Like patients with other connective tissue dis-
eases, those with SLE are at risk for esophageal
disease, including GERD and dysmotility. They
have been linked with the development and wors-
ening of pulmonary complications including aspi-
ration pneumonitis, aspiration pneumonia, and
progression of interstitial lung disease [5-9].
Patients with SLE may present with SLE-related
laryngeal involvement, such as paradoxical vocal
fold motion, the symptoms of which may be dif-
ficult to distinguish from thoracic pathology.
Patient with SLE can develop chest pain from
musculoskeletal, cardiac, pulmonary, esophageal,
or psychiatric causes. An SLE patient presenting
with chest pain and/or dyspnea should be evalu-
ated for a cardiovascular disease (accelerated ath-
erosclerosis leading to coronary syndromes and/or
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congestive heart failure) given the high frequency
and rate of cardiovascular mortality in this patient
population [10, 11]. In this population, mimics of
cardiovascular chest pain include pleural disease,
esophageal spasm, costochondritis, or sternocla-
vicular arthritis (from SLE disease activity). The
astute clinician will also be on the lookout for
comorbid conditions commonly found in SLE,
such as fibromyalgia or mood disorders (anxiety/
depression) [12—15].

Vascular Compartment
Pulmonary Hypertension

Epidemiology and Clinical Presentation

In various studies, the prevalence of pulmonary
hypertension (PH) in SLE ranges from 0.5 to
17.5 %, depending on the case definition [16]. As
in other CTDs, in SLE there are multiple poten-
tial reasons for PH to develop, so a number of
causes must be carefully considered. Before a
confident diagnosis of SLE-related PH (SLE-PH)
is rendered (i.e., World Health Organization
[WHO] Group 1 or pulmonary arterial hyperten-
sion [PAH]), the causes of WHO Groups 2-5 PH
must be excluded [17]. Patients with SLE may
develop WHO Group 2 PH, from either left ven-
tricular dysfunction or left heart valvular abnor-
malities (related to SLE or not). SLE patients
with significant interstitial lung disease (ILD)
can develop PH from chronic hypoxia (WHO
Group 3 PH), and those with antiphospholipid
syndrome are at risk for developing WHO Group
4 PH (chronic thromboembolic PH or CTEPH).
WHO Group 5 PH includes a number of dispa-
rate entities, including extrinsic compression of
the pulmonary arteries, that are not particularly
germane to SLE patients, but, as in other patients,
these entities must be excluded in the evaluation
of PH in the patient with SLE.

Typically, SLE patients develop PH within 5
years from SLE onset; there is no association
between extrathoracic SLE disease activity and
the development of PH. Most SLE patients with
PH are adult women under the age of 40 years
[18]. Although some patients with SLE-PH are
asymptomatic, most present with one or more

symptoms, including chest pain, shortness of
breath, or cough [19]. Approximately a third of
SLE-PH patients will have pleural effusions, often
associated with high right atrial pressure and right
heart failure [16, 20]. Physical examination may
reveal a prominent pulmonic component and/or
fixed split of the second heart sound, murmurs of
tricuspid or pulmonic regurgitation, a right ven-
tricular heave, a palpable pulsation along the left
sternal border, and, in advanced cases, overt signs
of right heart failure. In a case-control study of
147 SLE patients, Raynaud’s phenomenon and
the presence of anticardiolipin and anti-U1 ribo-
nucleoprotein (RNP) antibodies were predictive
of PH, with odds ratios (ORs) of 3.2, 3.8, and 5.4,
respectively [21]. In another study, investigators
found that rheumatoid factor positivity was sig-
nificantly more likely among SLE patients with
PH compared to those without PH [19].

Pathophysiology

The main mechanisms driving the development of
SLE-PH are believed to be organ-altering autoim-
mune effects directed at the pulmonary vasculature.
Chronic inflammation, immune dysregulation, and
vascular damage and remodeling are contributory.
Rarely, vasculitis or pulmonary venoocclusive
disease (PVOD) leads to SLE-PH [22]. With
the exception of PVOD, the pathologic findings
of SLE-PH include medial hypertrophy, intimal
fibrosis, and, in severe cases, plexiform lesions.

Evaluation, Prognosis, and

Management

Patients suspected to have SLE-PH may undergo
screening evaluation with a transthoracic echo-
cardiogram (TTE); however, TTE is notoriously
inaccurate when the estimated right ventricular
systolic pressure is not significantly elevated or
other signs of right heart stress (e.g., dilation,
impaired systolic function) are absent. Right heart
catheterization (RHC) is needed to definitively
diagnose PH. During RHC, the hemodynamic
definition of PH is made when the mean pulmo-
nary artery pressure is >25 mmHg in the face of a
pulmonary capillary wedge pressure <15 mmHg
[23]. As in patients without SLE, those with
SLE-PH should undergo evaluation for other
causes of PH. A thorough history looking for
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current or past use of anorexigens or illicit
drugs; testing that includes a screening polysom-
nogram to rule out obstructive sleep apnea, chest
computed tomography (CT) angiogram and ven-
tilation perfusion scan to evaluate for acute or
chronic thromboembolic disease, and serologic
testing for human immunodeficiency virus and
chronic liver disease are suggested as part of the
work-up for PH. If the history, physical exam, or
lung function suggests the possibility of ILD, a
high-resolution CT is indicated.

There are no consensus guidelines on the man-
agement of SLE-PH. In double-blind trials, in
which only small numbers of patients (n=16-35)
were enrolled, PH-specific therapy (selective and
nonselective endothelin receptor antagonists or
phosphodiesterase-5 inhibitors) has demonstrated
improvements in clinical and physiologic end
points [16]. Data supporting the use of immuno-
suppressive medications, such as intravenous
cyclophosphamide and glucocorticoids, for
SLE-PH are limited. In certain retrospective
series of small numbers of subjects, investigators
have reported a modest physiologic benefit from
the use of immunosuppression in combination
with vasodilator therapy [24]. In a recent system-
atic review, elevated mean pulmonary artery
pressure, Raynaud’s phenomenon, thrombocyto-
penia, plexiform lesions, infection, thrombosis,
pregnancy, pulmonary vasculitis, and anticardio-
lipin antibodies were associated with decreased
survival among patients with SLE-PH [25].
Overall, SLE-PH has a 75 % 3-year survival [26].

Diffuse Alveolar Hemorrhage

Epidemiology and Clinical Presentation

Diffuse alveolar hemorrhage (DAH) is a rare and
potentially catastrophic pulmonary manifestation
of SLE. In SLE, DAH is the direct consequence of
pulmonary capillaritis, defined pathologically by
neutrophilic infiltration and destruction of vessel
walls [27]. The clinical presentation is often dra-
matic: patients are often ill appearing with dys-
pnea and fever. Because hemoptysis occurs in
only about 30 % of patients with DAH, its absence
far from excludes the diagnosis. Chest imaging is
notable for diffuse, bilateral consolidative or

Fig. 6.1 (a) shows an axial slice from a chest computed
tomography scan from the presented patient at the level of
the azygous vein. The image shows bilateral, patchy
ground glass opacities confirmed by bronchoalveolar
lavage (b) to be due to diffuse alveolar hemorrhage

ground glass opacities (Fig. 6.1a). Depending on
the amount of blood loss, patients may also pres-
ent with falling hematocrit and/or overt anemia.
Nephritis has been reported at the time of DAH
presentation [28]. Notably, DAH can lead to
pathologic changes in the lungs’ terminal airways
(alveoli) that are similar to renal involvement in
SLE; immune complexes in addition to blood may
be found in the alveolar wall in the setting of DAH
[29]. At the time of DAH, high SLE disease activ-
ity, high titers of anti-DS DNA antibodies, and
low complement C3 levels may be found [30].

Management and Prognosis

Catastrophic antiphospholipid antibody syndrome
and overlap with primary vasculitides must be
excluded, because their management differs from
SLE-related DAH. All patients presenting with
DAH should be screened for the presence
of antiphospholipid, anti-glomerular basement
membrane, and antineutrophil cytoplasmic anti-
bodies in addition to serum complement C3, C4,
ANA, and anti-DS DNA. Patients should also be
evaluated for pulmonary infection as a cause of
DAH. Pulse methylprednisolone, 1 g daily for
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Case Vignette 1

Ms. J. is a 30-year-old African-American
woman with long-standing SLE treated with
hydroxychloroquine alone. She was found
to have elevated antiphospholipid antibodies
at the time of SLE diagnosis, but she has no
history of arterial or venous thrombosis. She
presents now to the emergency department
(ED) with 2 days of dyspnea, cough, low-
grade fever to 38 °C, and a vague “twinge”
in her upper chest bilaterally.

A work-up in the ED shows her room air,
resting, peripheral oxygen saturation to be
89 %, and her hematocrit is 30 %, down
from 40 % 2 weeks ago. A chest computed
tomography scan with contrast rules out
acute or chronic pulmonary embolism but
demonstrates bilateral, patchy ground glass
opacities (Fig. 6.1a). Bronchoscopy with
bronchoalveolar lavage (BAL) is performed;
return from sequential BAL aliquots is
progressively more bloody (Fig. 6.1b).

3 days and changed to 1-2 mg/kg/day oral
prednisone over the next few days, is the initial
treatment of DAH. Plasma exchange and cytotoxic
agents may be used as well. Certain investigators
have successfully treated SLE-related DAH with
cyclophosphamide or rituximab [28, 31]. In DAH,
poor prognostic markers include renal insuffi-
ciency, thrombocytopenia, and severity of clinical
presentation (i.e., need for mechanical ventilation)
[28]. Patients may experience recurrent episodes
of DAH; thus, vigilant follow-up is required.

Pulmonary Embolism

Antiphospholipid antibodies (APLAs) are a het-
erogeneous group of autoantibodies that include
anticardiolipin antibodies, lupus anticoagulant,
and anti-glycoprotein-I antibodies. APLAs occur
in around 1/3 of SLE patients [32]. When com-
pared with SLE patients without a lupus antico-
agulant or anticardiolipin antibodies, those with
these antibodies are much more likely (six times

and 2.5 times) to develop deep venous thrombo-
sis (DVT) or pulmonary embolism (PE) [33].
Moreover, lupus anticoagulant positivity is asso-
ciated with a 50 % chance of DVT within 20
years of SLE diagnosis [34]. Interestingly, male
gender is an independent predictor for thrombo-
sis in SLE and, in addition to hypertension, is an
important risk factor for thrombosis, even in the
absence of APLAs [32].

As with the majority of pulmonary emboli,
PE in SLE nearly always results from lower
extremity DVT; intracardiac thrombi are a rare
occurrence in SLE, even among those with APLA
syndrome [35]. In SLE patients presenting with
dyspnea and/or chest pain, particularly if they are
seropositive for APLAs, PE must be part of the
differential diagnosis. Bilateral lower extremity
venous Doppler ultrasound, screen for APLAs,
and CT angiogram should be considered for
further work-up of PE.

Acute Reversible Hypoxemia

In this extremely rare entity, patients with SLE
develop the abrupt onset of potentially profound
hypoxemia. The cause is leuko-aggregation
within pulmonary vessels [36, 37]. Substantially
elevated blood levels of C3a suggest complement
activation that plays a pivotal role. Treatment
includes glucocorticoids and aspirin. Prognosis is
believed to be favorable.

Parenchymal Compartment

Interstitial Lung Disease
and Pneumonitis

Epidemiology

Clinically apparent ILD is far less common in SLE
than in other connective tissue diseases, occurring
in 1-15 % of SLE patients [38]. Although paren-
chymal abnormalities may occur in the setting of
SLE, they are often not the direct consequence of
the autoimmune aspect of the disease [39]. For
example, an SLE patient presenting with radio-
graphic opacities is much more likely to have infec-
tion than fibro/inflammatory parenchymal disease.
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Clinical Presentation and Risk Factors
Patients with SLE-related ILD (SLE-ILD) typi-
cally present with exertional dyspnea and possi-
bly a nonproductive cough. Because dyspnea is
reported in nearly two-thirds of all-comers with
SLE, it may be attributed to causes other than
ILD, thus delaying the diagnosis of ILD until its
later stages [40]. This may, in part, explain why
two-thirds of patients with SLE-ILD have auscul-
tatory crackles on chest examination upon pre-
sentation of ILD [41]. Clubbing and peripheral
cyanosis, signs not infrequently observed in idio-
pathic pulmonary fibrosis, are rarely found in
SLE-ILD [41]. Few predictors of SLE-ILD exist.
Patients with long-standing disease (>10 years of
disease duration), those with Raynaud’s phenom-
enon, seropositivity for anti-(U1) RNP antibod-
ies, sclerodactyly, and abnormal nailfold capillary
loops are associated with radiographic evidence
of ILD [41, 42]. Patients with an older age of
SLE onset (>50 years of age) are significantly
more likely than those with a younger age of
onset to develop ILD [43]. Serologic abnormali-
ties associated with SLE-ILD include a high lev-
els of high-sensitivity C-reactive protein,
cryoglobulins, hypocomplementemia, and serum
lupus erythematosus cells [38].

Evaluation and Diagnosis
The diagnosis of SLE-ILD relies on a combination
of clinical features, chest imaging, histopathology,
and lung physiology. Before rending a diagnosis of
SLE-ILD, it is important to exclude other causes of
ILD including medication-related. Disease-
modifying medications used in SLE such as meth-
otrexate, leflunomide, imuran, tumor necrosis
factor inhibitors, rituximab, cyclophosphamide,
and sulfasalazine have been associated with the
development of ILD. In addition, screening for
environmental or occupational exposures must be
undertaken (e.g., silica, asbestos, beryllium, dust,
mold, bird feathers) [44]. It is also important to
exclude overlapping disorders that may lead to ILD
(sarcoidosis, other connective tissue disorders).
Although a surgical lung biopsy is the gold
standard method to diagnose ILD, it is usually
not performed. The most common histologic
pattern of SLE-ILD is nonspecific interstitial
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pneumonia (NSIP); less common patterns include
organizing pneumonia (OP), lymphoid intersti-
tial pneumonia (LIP), usual interstitial pneumo-
nia (UIP), desquamative interstitial pneumonia
(DIP), and diffuse alveolar damage (DAD) [45].
In lieu of an invasive investigational approach, a
high-resolution chest computed tomography
(HRCT) scan in combination with restrictive
physiology (a reduced forced vital capacity
(FVC), total lung capacity, and/or diffusing
capacity of carbon monoxide (DLCO) on pulmo-
nary function tests (PFTs)) and/or compatible
clinical features can clinch the diagnosis of ILD.
However, clinicians must be vigilant to exclude
ILD mimics such as DAH, drug toxicity conges-
tive heart failure, uremia, or infection.

Management and Prognosis

Treatment for SLE-ILD is based largely on expert
opinion. High-dose oral corticosteroids (1 mg/kg
body weight of oral prednisone, up to 60 mg, or
its equivalent) and a steroid-sparing agent, often
cyclophosphamide (daily oral of 1-2 mg/kg
depending on renal function and age of patient or
intravenous equivalent), are initiated for severe
ILD. Mild to moderate forms of ILD are some-
times treated initially with moderate doses of
corticosteroids with either azathioprine or myco-
phenolate mofetil. Tapering of corticosteroid
therapy is often guided by favorable clinical,
physiologic, and/or radiographic response.

Case Vignette 2

Mrs. D. is a 58-year-old African-American
female, never smoker, with SLE diagnosed
10 years ago. She has no other medical prob-
lems; she takes no medications associated
with the development of pulmonary fibrosis;
she owns no pets; she has no exposures,
including feathers or dusts. Over the last 18
months, she has noticed gradually increas-
ing exertional dyspnea and nonproductive
cough. A slice from a chest computed
tomography scan, shown in Fig. 6.2, con-
firms the presence of pulmonary fibrosis.

(continued)
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Case Vignette 2 (continued)

Fig. 6.2 A slice through the lower lungs from
Mrs. D’s chest computed tomography scan shows
an interesting pattern of lower zone-, peripheral-,
and subpleural-predominant fibrosis

Lupus Pneumonitis and Its Association
with ILD

Lupus pneumonitis (LP) is probably best charac-
terized as an acute interstitial pneumonia (AIP)-
like reaction in a patient with SLE. It is a highly
fatal syndrome characterized by acute onset of
fever, pleuritic chest pain, and tachypnea; up to
50 % mortality rate is seen with this rare condition.
It is often accompanied with auscultatory crackles,
and hemoptysis may rarely occur. Chest imaging
usually reveals bilateral opacities [46]. If alveolar
hemorrhage is found, we prefer the term DAH and
reserve the term LP for cases in which an AIP-like
reaction is the cause of the patient’s acute decom-
pensation. Pneumonitis may be a precursor to
chronic ILD in a subset of patients [46]. In one
case series, 3 of 12 patients with pneumonitis pro-
gressed to chronic ILD, despite treatment with
high-dose corticosteroids. In both LP and SLE-
ILD, immune complexes, lymphocytic aggregates,
and vascular pathology are common [46].

Physiology Impairment: Restrictive
Lung Disease and Shrinking Lung
Syndrome

Restrictive Lung Disease

Epidemiology

PFT abnormalities in SLE are very common
and can occur in patients who are not suspected

to have lung involvement [47, 48]. In a study of
43 SLE patients, 88 % had pulmonary dysfunc-
tion with the most common abnormality being
a reduction in DLCO (72 %), followed by
restrictive (49 %) or obstructive (9 %) patterns
on PFT [48]. In a study of 70 non-smoking
SLE patients, the majority of whom were
asymptomatic with a normal chest radiograph,
67 % had an isolated reduction in DLCO, and
6 % had a restrictive pattern [49]. In another
study of 110 Japanese SLE patients, an abnor-
mal DLCO and restrictive changes were found
in 47 % and 8 % of patients, respectively; only
13 % of patients with PFT abnormalities had
other clinical and/or radiographic evidence for
lung involvement [50].

Shrinking Lung Syndrome

Clinical Presentation

Dyspnea and physiologic restriction, in the
absence of parenchymal disease on chest imag-
ing, are major features of shrinking lung syn-
drome (SLS). In the original report of SLS by
Hoffbrand and colleagues, SLS was character-
ized by unexplained dyspnea, small lung vol-
umes, and restrictive lung physiology, with or
without diaphragmatic elevation, in the absence
of interstitial, alveolar, or vascular pulmonary
disease [51].

Epidemiology and Risk Factors

SLS is often considered a rare manifestation of
SLE, occurring in 0.5 % of patients [52]. In a
recent study of 110 consecutively enrolled SLE
patients systematically evaluated for the presence
of pulmonary involvement, a surprising 10 % of
patients met the definition of SLS [53]. The
higher frequency of SLS compared with prior
reports may in part be due to the fact that in that
study SLE patients were screened with PFTs and
chest imaging for the presence of parenchymal
lung involvement. In this study, greater disease
duration, seropositivity for anti-RNP antibodies,
and a history of pleuritis were independently
associated with SLS in a multivariate analysis
[53]. The exact cause of SLS remains unclear, but
some data suggest progressive impairment in dia-
phragmatic excursion from weakness is the main
contributing factor [54].
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Management

There is limited information on the management
and prognosis of SLS. Corticosteroids (moderate
to high doses), cytotoxic agents, biologic
therapies (rituximab), theophylline, and high-
dose beta-agonists have all been used to success-
fully treat this condition [54].
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throughout exercise only because her
respiratory rate climbs excessively. The
constellation of findings supports a
diagnosis of SLS.

Table 6.2 Results from maximal cardiopulmonary

Case Vignette 3

Ms. P. is a 40-year-old white female with
several years of malar rash, photosensitiv-
ity, Raynaud’s phenomenon, and oral
ulcers who was diagnosed with SLE 2
years ago when recalcitrant cough brought
her to medical attention. Over the last 2
years, she has noticed gradually increasing
exertional dyspnea.

A posteroanterior chest radiograph
showed small lung volumes characteristic
for SLS (Fig. 6.3). A chest computed
tomography scan showed no parenchymal
or pleural abnormalities. Seated, her FVC
is 1.7 L, which is 45 % of the predicted
value based on her age, height, and weight.
Supine, her FVC is 1.2 L, which represents
a 29 % decline from seated. Her maximal
inspiratory pressure (MIP) is only 30 %
of the predicted value. Results from a
maximal cardiopulmonary exercise test are
in Table 6.2. Note the failure in her abil-
ity to recruit tidal volume (Vt) as the test
progresses; minute ventilation increases

Fig. 6.3 Posteroanterior chest radiograph reveals
small lung volumes

exercise test showing inability to recruit (i.e.,
increase) tidal volume (Vt) as test progresses

Work VE Vit RR
Time (W) (L/min) (mL) (breaths/min)
1:00 0 10.6 493 22
2:00 0 8.4 542 16
3:00 0 8.8 459 19

Start exercise

4:00 5 19.9 634 31

5:00 10 21.3 590 36

6:00 15 17.2 509 34

7:00 20 232 504 46

8:00 25 23.9 519 46

9:00 30 30.0 528 57

This is a hallmark of restrictive pulmonary physi-
ology, but can be most profound in cases of respi-
ratory muscle weakness

VE minute ventilation, L/min liters per minute, mL
milliliters, RR respiratory rate

Pleural Compartment

Epidemiology and Clinical
Presentation

Pleuritis (with or without pleural -effusion)
is the most common SLE-related pulmonary
manifestation and part of the classification criteria
for SLE [55]. In large observational cohorts from
Europe and Canada, nearly a third of prospec-
tively followed SLE patients developed clinically
identifiable pleuritis, whereas up to 2/3 will
have involvement at autopsy [24, 56, 57]. Disease
duration, late age of diagnosis of SLE (after age
50 years), greater cumulative damage, and con-
comitant seropositivity for anti-RNP and anti-Sm
antibodies are factors that increased the risk of
pleuritis by nearly twofold [57, 58]. Pleuritic chest
pain is the most common symptom, but patients
may also report cough, dyspnea, and fever.



6 Pulmonary Manifestations of Systemic Lupus Erythematosus (SLE) 69

Evaluation, Prognosis,
and Management

A pleural rub may be heard on physical examina-
tion, and chest imaging may reveal pleural
effusion(s). Pleural effusions are often bilateral
and small; rarely, effusions from SLE disease
activity involve more than 2/3 of the lung fields
[24]. Before diagnosing SLE-related pleuritis,
other causes of a pleural effusion in SLE, such as
cardiac or renal failure, must be excluded [59].
A thoracentesis and/or pleural biopsy is not nec-
essary to diagnose an effusion and are rarely per-
formed. These procedures may be performed
when there is a concern for infection, blood in the
pleural space, or malignancy.

The majority of SLE-related pleural effusions
are not life-threatening and respond favorably to
treatment with nonsteroidal anti-inflammatory
drugs, for mild or asymptomatic effusions, and/or
oral corticosteroids at a dose of 20-40 mg daily,
for moderate to severe effusions [60]. Treatment
can be discontinued in 3—-4 weeks depending on
clinical response. Pleurodesis may be considered
in refractory, treatment-resistant cases [61].

Airways Compartment and Larynx

Large and/or small airways may be affected by
SLE. Bronchiectasis can be seen in SLE, but is
often an incidental finding on chest imaging; its
clinical significance in this population is not
known [62]. Inflammatory (e.g., lymphocytic)
bronchiolitis may occur. Obliterative bronchiol-
itis (OB) is an uncommon manifestation of SLE
that presents with cough and dyspnea. It is asso-
ciated with severe, often progressive, airways
obstruction (a reduced ratio of forced expiratory
volume in 1 s to FVC), air trapping (that is often
nicely accentuated on expiratory imaging), but
usually a normal DLCO on PFT [63, 64].
Although various agents have been tried, no regi-
men has been proved effective [65, 66]. Borrowing
from the lung transplantation literature, clinicians
often prescribe OB patients macrolide antibiot-
ics, because of their putative anti-inflammatory
and perhaps antifibrotic effects.

Laryngeal involvement is an uncommon
manifestation of SLE, often presenting with
hoarseness and dyspnea. In a review of 97 SLE
patients with laryngeal involvement, there were
various pathologic changes found, from mild
ulcerations to subglottic stenosis, but laryngeal
edema and vocal chord paralysis were more fre-
quently observed, at a rate of 28 % and 11 %,
respectively [67]. It results from varying levels
of upper airway mucosal inflammation and is
responsive to treatment with oral corticosteroids.
In rare circumstances, mucosal inflammation is
accompanied by edema and can lead to airway
obstruction [68].

How to Approach the Evaluation
of a Patient with SLE Who Presents
with Dyspnea

In any patient with SLE who presents with a
respiratory complaint, particularly dyspnea,
infection must be excluded. The concern for
infection is heightened further in the dyspneic
patient who is receiving chronic immunomodula-
tory therapy. It should be recognized that patients
on glucocorticoids alone, or in combination with
an immunomodulatory agent, may not manifest
classic symptoms of infection, so a high index of
suspicion for infection by typical (bacteria) and
atypical (Mycobacteria, fungi, Pneumocystis)
agents must be maintained. Bronchoscopy should
be considered in any patient on immune-
suppressing drugs who is found to have opacities
on chest imaging. Besides confirming or ruling
out pulmonary infection, as demonstrated in the
representative case discussed, findings at bron-
choscopy may prove useful for identifying the
true cause of a patient’s symptoms (e.g., DAH). If
infection is confidently ruled out, consideration
is given to other potential etiologies for dyspnea;
top on the list, particularly in an SLE patient with
risk factors for thromboembolism (e.g., hyperco-
agulable state or history of thromboembolism), is
PE. In the appropriate scenario, a CT angiogram,
with or without a lower extremity venous duplex
with Doppler ultrasound, can be useful for con-
firming or ruling out thromboembolic disease.
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The added benefit to performing CT angiogram
is that it shows the lung parenchyma as well as
the vasculature. However, because of the intrave-
nous contrast given and the technique-mandated
lower lung volumes used for a CT angiogram, the
lung parenchyma will be more radiodense than
on a high-resolution CT scan; this can make dis-
cerning whether ground glass opacities are pres-
ent or not quite challenging. Depending on
the acuity of symptoms, PFTs and an assessment
of peripheral oxygen saturation (SpO,) during
exertion may add important information that
can be used to help direct the evaluation. The
DLCO may be elevated in DAH and reduced in
the setting of interstitial lung disease or PH.
Pulmonary vascular disease should be consid-
ered—and its presence assessed—in any patient
with otherwise unexplained dyspnea or exertion-
induced oxygen desaturation (SpO, decline>4
from resting value, even if nadir during exertion
remains >90 %).

The SLE Patient Without Respiratory
Complaints and the One with Known
SLE-Related Pulmonary
Complications

There are no data to guide the practitioner on
whether and how to evaluate an SLE patient who
has no respiratory complaints. Mild abnormali-
ties on spirometry and/or diffusion capacity test-
ing are common in asymptomatic SLE patients;
most often, these abnormalities remain stable
over time. It is our practice to use imaging and
other testing as appropriate for the clinical sce-
nario and not to “screen” asymptomatic SLE
patients. However, patients should have a chest
radiograph before the start of a disease-modifying
medication, particularly before methotrexate is
initiated, to rule out any underlying preexisting
parenchymal disease. Our approach to following
the patient with known SLE-related pulmonary
complications varies depending on the particular
complication present. For example, we routinely
evaluate patients with SLE-ILD every 34
months in clinic with spirometry, DLCO, and an
assessment of their functional status and exertion-
related oxygen requirements.

S. Mittoo and J.J. Swigris

Concluding Remarks

Pulmonary involvement is common during the
disease course of SLE and can involve any part of
the respiratory tract. It is important to identify the
underlying etiology when pulmonary involve-
ment occurs; clinicians need to particularly be
vigilant in excluding other etiologies, such as
infections, before attributing the manifestation
to SLE. Being mindful of the clinical context,
including the serologic profile of the patient, may
help support the diagnosis of specific SLE-related
pulmonary manifestations. Management of pul-
monary manifestations is based largely on clinical
experience and case series; studies in large cohorts
and/or clinical trials are needed to establish effec-
tive therapies for pulmonary disease in SLE.
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DM Dermatomyositis
FEV1  Forced expiratory volume in 1 second
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MCTD Mixed connective tissue disease
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PFT Pulmonary function testing

PH Pulmonary hypertension
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PVOD  Pulmonary veno-occlusive disease

RA Rheumatoid arthritis

SLE Systemic lupus erythematosus

SSc Systemic sclerosis, scleroderma

TLC Total lung capacity
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Introduction

Mixed connective tissue disease (MCTD) is
defined by the combined presence of Ul ribonu-
cleoprotein autoantibodies and clinical features
including Raynaud’s phenomenon, “puffy”
hands, sclerodactyly, arthralgias/arthritis, pleuri-
tis, pericarditis, myositis, esophageal dysmotil-
ity, renal disease, pulmonary hypertension, and
interstitial lung disease (ILD) [1]. The most com-
mon clinical manifestations at disease onset are
Raynaud’s phenomenon, arthralgias, swollen
hands, sausage-like appearance of the fingers,
and muscle weakness. They appear in 90 % of
patients and usually develop insidiously [2]. This
disease has been reported in children and in
adults over the age of 80 years, although it is
more common in women in the third decade of
life [3]. The prevalence of MCTD is unknown,
but most studies suggest an overall prevalence of
approximately 3—10/100,000, with juvenile-onset
presentations accounting for nearly a quarter of
these cases [4-6].

Controversy persists on whether this disease is
actually a distinct disorder or represents an over-
lap between systemic sclerosis (scleroderma,
SSc), polymyositis/dermatomyositis (PM/DM),
rheumatoid arthritis (RA), and systemic lupus
erythematosus (SLE). This is due to the difficulty
in distinguishing MCTD patients from SLE, SSc,
PM/DM, and RA and because many patients who
have anti-Ul RNP antibodies often eventually
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Table 7.1 Pleuropulmonary manifestations associated
with mixed connective tissue disease (MCTD)

e Aspiration pneumonia/pneumonitis

¢ Diaphragmatic dysfunction

» Diffuse alveolar hemorrhage

* Interstitial lung disease (ILD)
— Nonspecific interstitial pneumonia
— Organizing pneumonia
— Usual interstitial pneumonia

e Malignancy

* Obstructive airways disease
— Bronchiolitis
— Bronchiectasis

* Pleural effusion

e Pleurisy

* Pneumothorax

¢ Pulmonary arterial hypertension (PAH)
* Pulmonary edema

* Pulmonary infections

* Pulmonary vasculitis

¢ Respiratory muscle weakness

* Thromboembolic disease

satisfy the criteria for SLE, SSc, PM/DM, and/or
RA during their clinical course [7, 8].
Respiratory complications of MCTD are now
accepted as a major feature of MCTD (Table 7.1)
and are associated with the highest morbidity and
mortality in MCTD. Pulmonary features are an inte-
gral part of two of the four proposed classification
criteria for MCTD (Table 7.2) [9-12] and have a
reported prevalence as high as 90 % [3, 13—15]. The
two most prevalent pulmonary complications in
MCTD are pulmonary hypertension (PH) and ILD.

Interstitial Lung Disease

Although ILD can be found in most adult MCTD
patients depending upon methods used for detec-
tion, the majority of patients are asymptomatic.
Nevertheless, the presence of dyspnea, cough,
tachycardia, and bibasilar crackles is often asso-
ciated with active ILD [16].

Although ILD also occurs in patients with
juvenile-onset MCTD, it is usually less com-
mon and less severe. In a study of 24 patients
with juvenile-onset MCTD, ILD was identified
in only 25 % and the median extent of ILD in
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the parenchyma was only 2.0 %. Radiographic
findings did not seem to be associated with PFT
results or disease duration. In this study, patients
tended to have fine fibrosis and had an absence of
a honeycomb pattern. There was also no evidence
of airways disease and only minor pleural disease
noted by HRCT scan [4].

In studies of adult patients from tertiary referral
centers, abnormal PFTs showing predominantly a
restrictive pattern have been reported in up to
90 % of patients with MCTD [2, 3, 5, 17]. The
most common PFT abnormality is a reduction in
the carbon monoxide diffusing capacity (DLCO),
followed by a reduction of FEV1 and TLC (total
lung capacity). A reduction in DLCO has been
shown to be the most sensitive test for predicting
the presence of ILD on HRCT. However, the
overall correlation of pulmonary function with
radiographic appearance is poor [16].

The most common chest imaging abnormality
in MCTD is an interstitial pattern [18, 19]. On
HRCT, the reported frequencies of abnormali-
ties consistent with pulmonary fibrosis range
from O to 20 %, while the frequency of ground-
glass attenuation varies between 12 and 100 %
[16, 19, 20]. Abnormalities on HRCT in patients
with MCTD-ILD have been primarily character-
ized by the presence of ground-glass attenua-
tion, interlobular septal and nonseptal linear
opacities, and subpleural micronodules, all with
a peripheral and lower lobe predominance [16,
19-21] (Fig. 7.1). The pattern on HRCT is most
consistent with NSIP similar to that found in
patients with SSc or PM/DM [6]. In a small
retrospective study [19] that compared MCTD
patients with other CTD patients, the frequency
of ground-glass opacity in MCTD was signifi-
cantly lower; the frequency of honeycombing
was lower than in SSc, but higher than in
PM/DM.

There is little published regarding the histol-
ogy of ILD in MCTD, although it is believed that
the major lung injury patterns include nonspe-
cific interstitial pneumonia and usual interstitial
pneumonia [20, 22-24]. Alveolar septal infiltra-
tion by lymphocytes and plasma cells, as well as
the deposition of type III collagen, has been
described [25, 26].
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Table 7.2 Proposed criteria for mixed connective tissue diagnosis

Major criteria

Minor criteria

Sharp [11] 1. Myositis 1. Alopecia
2. Pulmonary involvement 2. Leukopenia
a. DLCO<70 % 3. Anemia
b. PH 4. Pleuritis
c. PAH on biopsy 5. Pericarditis
3. Raynaud’s phenomenon 6. Arthritis
4. Esophageal hypomotility = 7. Trigeminal neuropathy
5. Swollen hands 8. Malar rash
6. Anti-ENA >1:10,000 9. Thrombocytopenia
with (+) anti-U1 RNP 10. Mild myositis
and (-) anti-Smith 11. History of swollen hands
Alarcon- Anti-RNP titer >1:1,600 1. Edema in hands
Segovia [12] 2. Synovitis
3. Myositis
4. Raynaud’s phenomenon
5. Acrosclerosis
Kasukawa [10] 1. Raynaud’s phenomenon 1. SLE-like symptoms

Kahn [9]

2. Swollen fingers or hands
3. Anti-RNP (+)

1. High-titer anti-Ul RNP
corresponding to speckled
ANA titer >1:2,000

2. Raynaud’s phenomenon

Case Vignette

N

. Polyarthritis

. Lymphadenopathy

. Facial erythema

. Pericarditis or pleuritis

. Leuko-thrombocytopenia
Sc-like findings

. Sclerodactyly

T LnNo A0 o

c. Esophageal hypomotility
or dilatation

PM-like findings

a. Muscle weakness

b. Elevated muscle enzymes
c. Myogenic pattern on EMG

Synovitis
Myositis
Swollen fingers

. Pulmonary fibrosis, restrictive
PFTs, or decreased DLCO

75

Requirement for diagnosis

Inclusion:

1. Four major
criteria+anti-Ul
RNP > 1:4,000 or

2. Two major criteria from
criteria 1 and 2 and 3+2
minor criteria+anti-Ul
RNP titer of at least
1:1,000

Exclusion:

+Anti-Smith antibody

Major criteria +at least three

minor criteria (one of which

must be either synovitis or

myositis)

(+) Anti-U1 RNP+ 1 other
major criteria+ 1 more of the
minor criteria in at least two
of the three disease
categories

Both major criteria and at
least two of the three minor
criteria

A 57-year-old white female presented with 3
years of nonproductive cough and progressive
shortness of breath and dyspnea on exertion
with activities of daily living. Her exercise tol-
erance is also limited by a concomitant myopa-
thy. She had 10 years of Raynaud’s phenomenon
that has been complicated by digital ulcers.
She also described recent episodes of near-syn-
cope. She has had no overt syncope. She denied
any chest pain. She had occasional palpita-
tions. She denied PND, orthopnea, or lower
extremity edema. Her past medical history is

significant for severe gastroesophageal reflux
disease and review of systems was also notable
for significant sicca symptoms.

Pertinent physical examination findings
included a heart rate of 97 beats per minute,
respiratory rate 20 breaths per minute, blood
pressure 101/60 mmHg, and oxygen saturation
88 % on room air. She had dry mucous mem-
branes. She had elevated jugular venous dis-
tention. There were bilateral crackles on chest
auscultation. Cardiac examination revealed a
grade II/VI systolic murmur consistent with

(continued)



Case Vignette (continued)

tricuspid regurgitation and an increased P2.
Extremities were notable for sclerodactyly with
visible Raynaud’s phenomenon at ambient tem-
perature and the presence of digital pitted scars.
She also had mild lower extremity edema.
Musculoskeletal examination was unremarkable.
She had grade 4-/5 proximal muscle strength.

Laboratory evaluation revealed an ANA
>1:2,560 (speckled); ENA panel was notable
for RNP >8.0 Al and SSA 3.1 AL CPK was 547
and aldolase was 10.7. PM-1 (PM-Scl) antibody
was positive. Her NT-BNP was 723 pg/mL.

Pulmonary function testing (PFT) was nota-
ble for FVC, 1.53 L (43 % predicted); forced
expiratory volume in 1 second (FEV1), 1.36 L
(49 % predicted); FEV1/FVC, 89 %; and diffu-
sion, 26 % predicted consistent with severe
restriction. FVC% predicted/DLCO% predicted
was 1.6. She walked 332 m (59 % predicted) in
6 min. Her lowest oxygen saturation was 90 %
despite 2 L of oxygen. She had an abnormal car-
diovascular response to exercise with drop in
diastolic blood pressure from 73 to 58 mmHg.

High-resolution chest computed tomogra-
phy (HRCT) revealed bilateral ground-glass
opacities, intralobular interstitial thickening,
and traction bronchiectasis in an NSIP pattern.
She also had significant esophageal dilatation
(Fig. 7.1). Echocardiogram (Fig. 7.2) revealed a
pericardial effusion as well as evidence of a
pressure-overloaded right ventricle. The right
atrium and right ventricle were dilated, and the
peak right ventricular systolic pressure was esti-
mated at 100 mmHg. Right heart catheteriza-
tion revealed an RA 17 mmHg, mean PAP
54 mmHg, pulmonary capillary wedge pressure
(PCWP) 13 mmHg, CI 1.9 L/min/m?, and PVR
12 Wood units.

The patient was diagnosed with MCTD, ful-
filling all four proposed criteria (Table 7.2), as
well as ILD and severe pulmonary hyperten-
sion felt to be “out of proportion” to her ILD
and likely due to pulmonary arterial hyperten-
sion (PAH). Severe gastroesophageal reflux
was also felt to be a significant contributor to
her pulmonary complaints, and treatment of
GERD was optimized with twice daily PPI
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Fig. 7.1 High-resolution CT images of patient with
MCTD and ILD. Note massive esophageal dilatation, basi-
lar and peripheral predominance of reticulation, and
ground-glass opacification with an absence of honeycomb-
ing. There is also the presence of traction bronchiectasis

and bedtime H2 blocker. She was also treated
with corticosteroids and oral cyclophospha-
mide for ILD, as well as with combination
therapy with a PDES inhibitor, ERA, and
inhaled prostanoids for severe PAH. This ther-
apeutic regimen resulted in a modest improve-
ment in her pulmonary function, exercise
tolerance, and hemodynamics over the course
of the following year.

(continued)
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Case Vignette (continued)

i
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Fig. 7.2 Echocardiographic images of an MCTD
patient with severe PAH. Upper left is a parasternal long
axis and upper right is a parasternal short axis. Both
views show evidence of a pericardial effusion (arrows)
as well as evidence of a pressure-overloaded right ven-
tricle; note septal flattening with a D-shaped left ven-
tricle on the parasternal axis view. Lower left corner is

The pathologic mechanisms that trigger ILD
in MCTD remain unknown. It is likely that
alveolar macrophages and CDS8-positive T cells
play a major role. Bronchoalveolar lavage stud-
ies in patients with MCTD-ILD have consistently
shown a neutrophilic predominance [27, 28]. Total
cell counts and CD8-positive lymphocyte counts
have also been shown to correlate negatively with
DLCO [27]. Elevated eosinophils and CD4-
positive lymphocytes and low CD71-positive alve-
olar macrophages have also been reported [27, 28].

Although a causal relationship between esoph-
ageal and pulmonary involvement remains
unproven, there is a strong association between
esophageal dysfunction and ILD in patients with
MCTD. In a study of 50 consecutive patients with
MCTD esophageal dilatation, gastroesophageal
reflux and esophageal motor impairment were
each found to be highly prevalent; moreover, the
presence of interstitial changes on HRCT was
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Tricuspid regurgitati'o'n doppler
Peak systolic PAP = 100mmHg
Mean systolic PAP = 58mmHg

an apical four-chamber view revealing a dilated right
atrium and ventricle with Doppler evidence of tricuspid
regurgitation. Lower right is the conventional Doppler
of the tricuspid regurgitant jet, which was measured to
reveal a peak right ventricular systolic pulmonary artery
pressure of 100 mmHg and an estimated mean systolic
pulmonary artery pressure of 58 mmHg

Table 7.3 Risk factors for severe fibrosis/ILD

* Advanced age
* Early disease

Esophageal dilatation

Esophageal motor dysfunction
Fulfillment of all four MCTD criteria sets
¢ Worse baseline functional status

* Worse baseline lung function

significantly higher among patients with esopha-
geal dilatation (Fig. 7.1) and among patients with
severe esophageal motor dysfunction [21].
Severe lung fibrosis is common in MCTD, has
an impact on pulmonary function and overall
physical capacity, and is associated with increased
mortality. Risk factors for severe fibrosis
(Table 7.3) include advanced age, presence of ILD
early in disease, worse baseline lung function/
functional status, and esophageal dysfunction.
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Patients with severe ILD also were more likely to
fulfill all MCTD criteria sets [6, 21].

Outcomes in MCTD-ILD are not always pre-
dictable, although more than 20 % of patients
will go on to become hypoxemic [3], 30 % will
develop significant fibrosis despite therapy [16],
and the presence of ILD increases the risk of
death [6]. In a Norwegian cohort of 126
MCTD patients, the overall mortality was 7.9 %
for ILD patients compared with 3.3 % mortality
in patients who had a normal HRCT over a mean
follow-up period of 4.2 years. Patients with
severe fibrosis had a 20.8 % mortality and the
death rate for patients with baseline HRCT
abnormalities was 12.3 % [6].

There are also no prospective randomized
controlled trials in MCTD-ILD. Retrospective
reports and small case series suggest improve-
ment with corticosteroids, alone or with the addi-
tion of cyclophosphamide or mycophenolate
mofetil, with reported resolution (in some
patients) of symptoms, crackles, radiographic,
and PFT abnormalities. In a case series that
included 96 patients with MCTD-ILD patients
[16], 46.9 % of patients responded well to 2 mg/
kg/day corticosteroids, whereas 53.1 % of
patients required combination of corticosteroids
and cyclophosphamide. However, 30 % of
patients went on to develop mild pulmonary
fibrosis with one patient eventually developing
subpleural honeycomb changes.

Pulmonary Hypertension

Pulmonary hypertension in the setting of MCTD
may be due to a number of causes (Table 7.4)
including obliteration of the pulmonary arterioles
as seen in PAH, pulmonary veno-occlusive dis-
ease (PVOD), recurrent thromboembolic disease,
pulmonary vasculitis, parenchymal lung disease
(ILD), left ventricular dysfunction, valvular heart
disease, or myocarditis; often, it is multifactorial.
PH is considered to be the most serious, often
fatal, complication of MCTD [5, 29-32].

PAH defined as a mean pulmonary arterial
pressure greater than 25 mmHg in the absence of
elevation of the pulmonary capillary wedge pres-
sure (PCWP <15 mmHg) is a significant cause of
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Table 7.4 Causes of pulmonary hypertension in MCTD

» Chronic thromboembolism

» Diaphragmatic dysfunction

« ILD

e Left ventricular diastolic dysfunction

e Left ventricular systolic dysfunction

¢ Myocarditis

« PAH

* Pulmonary vasculitis

* Pulmonary veno-occlusive disease

¢ Valvular heart disease (Libman-Sacks endocarditis)

morbidity and is responsible for ~50 % of deaths
among patients with MCTD [3, 33].

It has been suggested that the more pro-
nounced inflammation, endothelial dysfunction,
and dysregulated angiogenesis seen in patients
with MCTD-PAH may partially explain the
worse prognosis as compared to patients with
idiopathic pulmonary arterial hypertension
(IPAH). From a histological standpoint, the pul-
monary vascular lesions in PAH complicating
MCTD demonstrate intimal hyperplasia, smooth
muscle cell hypertrophy medial thickening,
plexogenic lesions, and in situ thrombosis [25],
which is nearly indistinguishable from those
present in IPAH. These lesions result in increased
pulmonary vascular resistance that ultimately
leads to right ventricular failure and eventually
to death.

Estimates of the prevalence of PAH in MCTD
have varied widely based on the definition of pul-
monary hypertension and the method of diagno-
sis and have been reported to range from 25 to
75 % [3, 34].

Risk factors for the development of PAH in
MCTD (Table 7.5) include long disease duration;
more severe inflammation as evidenced by high
serum levels of IL-6; severe overall organ
involvement; Raynaud’s phenomenon; progres-
sive decline in diffusion capacity; the presence of
high-titer anti-UIRNP, anti-p2-glycoprotein I
antibodies, anti-cardiolipin antibodies, anti-
endothelial cell antibodies, and von Willebrand
factor antigen; and high serum levels of thrombo-
modulin [30, 33, 35, 36].

The symptoms of PAH are often nonspecific
and physical findings may be absent in early
disease. Using Doppler echocardiography as a
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Table 7.5 Risk factors for PAH in MCTD
* Anti-cardiolipin antibodies

* Anti-endothelial antibodies

* Anti-p2 glycoprotein I antibodies

* Elevated B-type natriuretic peptide

* High serum IL-6 levels

¢ High serum thrombomodulin levels

* High serum von Willebrand factor antigen levels
» High-titer anti-Ul RNP

* Long-standing disease

* More severe overall organ involvement
* Progressive decline in diffusion capacity
¢ Raynaud’s phenomenon

screening tool, investigators found a significant
number (13.3 %) of scleroderma and MCTD
patients with an elevated estimated right ventricular
systolic pressure consistent with undiagnosed
PAH. Many of these patients had Doppler echo-
cardiographic evidence of RV dysfunction, an
abnormally low DLCO, and decreased exercise
tolerance suggestive of advanced disease. These
data support the use of Doppler echocardio-
graphic evaluation of MCTD patients irrespective
of symptoms in order to detect patients who may
need further evaluation, close surveillance, and/or
treatment for underlying PAH [37].

In a large international registry, it was found
that MCTD patients with PAH had better hemo-
dynamic and more favorable echocardiographic
findings compared to IPAH patients, but a higher
prevalence of pericardial effusion (Fig. 7.2).
They also were found to have higher levels of
B-type natriuretic peptide and a lower DLCO.
One-year survival and discharge from hospital-
ization were lower in patients with MCTD and
PAH when compared to patients with SLE, SSc,
or RA with PAH [38].

There have been no trials specifically address-
ing the therapy of MCTD-associated PAH.
Approach to therapy for MCTD-associated PAH
includes the use of anticoagulation, oxygen,
diuretics, and pulmonary vasodilators including
the phosphodiesterase type 5 inhibitors, end-
othelin receptor antagonists, and prostanoids.
Treatment strategies are largely extrapolated
from studies of scleroderma spectrum disease
patients and IPAH patients as only small numbers

of MCTD patients have been enrolled in pivotal
trials [39, 40]. Two caveats are that vasodilator
therapy with high-dose calcium channel blockers
may not be effective as patients with MCTD are
unlikely to demonstrate an acute vasodilator
response during hemodynamic testing [41], and
anticoagulation is controversial due to the possi-
bility of increased risk of bleeding in patients
who may have gastrointestinal sources of hemor-
rhage, e.g., mucosal telangiectasias.

There are also no randomized controlled trials
evaluating the efficacy of immunosuppressive
therapy for the treatment of MCTD-PAH.
Nevertheless, there are reports of some patients
with MCTD who have demonstrated a positive
response to immunosuppressive therapy, further
suggesting that inflammation and autoimmunity
may play major roles in the pathogenesis of
MCTD-PAH [42, 43]. The immunosuppressive
regimen and duration of therapy varies signifi-
cantly between reported cases; patients who were
responsive to immunotherapy tended to have a
less advanced functional class (New York Heart
Association I or IT) and less severe hemodynamic
impairment (cardiac index >3.1 L/min/m?) [43].

In the modern PAH treatment era, the 1- and
3-year survival rates for MCTD-PAH are 83 %
and 66 %, respectively [44], whereas historically
the median survival from the onset of PAH was
4.4 years [31]. This suggests that patients with
MCTD-PAH may be less responsive to modern
PAH therapies when compared with IPAH
patients. This is likely due to the systemic nature
of MCTD with multiple comorbidities and a
heightened inflammatory state contributing to the
pathogenesis of PAH in these patients. Age, sex,
mixed venous oxygen saturation, cardiac index,
and WHO functional class have each been identi-
fied as independent prognostic factors in patients
with MCTD-PAH and may be useful in making
treatment decisions [43, 44].

Pleural Manifestations
Pleural manifestations of MCTD are common.

The overall incidence of pleural effusion and
pleuritic chest pain in MCTD has been estimated
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Table 7.6 Recommended cardiopulmonary screening in MCTD

MCTD population and frequency
Baseline and annual in all MCTD patients
Baseline and annual in all MCTD patients

* Every 3-4 months in symptomatic patients or those at high risk
for severe fibrosis (Table 7.3)

Test

Echocardiogram .
Spirometry .
Lung volumes .
Diffusion capacity .

Baseline and annual in all MCTD patients
Baseline and annual in all MCTD patients

* Every 3-4 months in symptomatic patients or those at high risk
for severe fibrosis (Table 7.3)

MVYV, MIP/MEP, sitting and supine spirometry
HRCT .

Baseline in patients with restriction and myositis
Baseline in all MCTD patients

* Repeat as needed for worsening symptoms/pulmonary function

Right heart catheterization .

PRVSP on echocardiogram >40 mmHg or evidence of right

ventricular pressure/volume overload or dysfunction
* FVC%/DLCO% >1.6
* Isolated diffusion <40 %

* Symptomatic and at high risk for pulmonary hypertension
(Table 7.5)

Ventilation/perfusion scan .
Six-minute walk test (with oximetry) .

Pulmonary hypertension demonstrated by right heart catheterization
Baseline and annual in all MCTD patients

* Every 3—4 months in patients with PAH or ILD

BNP or NT-BNP .

to be as high as 50 % and 40 %, respectively, and
can occasionally be the presenting symptom of
MCTD [3, 45]. Pleural effusions are frequently
exudative in nature and often are self-limited.

Alveolar Hemorrhage

There are case reports of patients who have
MCTD presenting with alveolar hemorrhage
[46, 47]. The etiology of alveolar hemorrhage
in MCTD is unclear, although it is presumably
similar in etiology to that seen in SLE and may
involve immune complex deposition and be
responsive to aggressive immunosuppressive
therapy with or without plasma exchange.

Conclusions

Pleuropulmonary manifestations are major fea-
tures of MCTD, particularly PAH and ILD, which
contribute significantly to morbidity and mortal-
ity. Our recommended pulmonary screening
in MCTD patients is outlined in Table 7.6.
Unfortunately there is a paucity of data in regard

Pulmonary hypertension demonstrated by right heart catheterization

to epidemiology, pathogenesis, and treatment,
and inferences must be made from other forms
of CTD, primarily SSc. The pleuropulmonary
manifestations of MCTD should be the focus of
future research.
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Introduction

Sjogren’s syndrome (SS) is a chronic systemic
inflammatory syndrome whose hallmark is exo-
crine gland dysfunction due to lymphocytic infil-
tration. Its etiology is unknown. Although the
most common symptoms are dryness of the eyes
and mouth, any organ in the body may be affected
during the disease course [1, 2]. When it occurs by
itself, it is called primary Sjogren’s syndrome
(pSYS); if it occurs in association with another sys-
temic autoimmune disease (e.g., rheumatoid
arthritis, systemic lupus erythematosus, or sys-
temic sclerosis) it is called secondary Sjogren’s
syndrome. The name of the syndrome honors a
Swedish ophthalmologist, Henrik Sjogren, who
wrote his doctoral thesis on keratoconjunctivitis
sicca in 1933 although Johann Mikulicz described
parotid and lacrimal gland hypertrophy with
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inflammatory cell infiltrates in 1888 and Henri
Gougerot, a French dermatologist, described three
cases of salivary gland atrophy associated with
dryness of the eyes, mouth, and vagina in 1925 [3].

Epidemiology

The prevalence of SS worldwide ranges from 0.1
to 4.8 % depending on the location and the clas-
sification criteria used [4]. It affects women more
commonly than men (9:1). Disease onset is pre-
dominantly in middle age with approximately
15 % developing prior to age 35 and 15 % after
age 70 [1]. pSS in the pediatric population is
uncommon and tends to be mild [5].

Classification Criteria

Over the past 50 years, more than ten different
classification or diagnostic criteria for SS have
been published. The American and European
Consensus group (AECQG) criteria published in
2002 (Table 8.1) are used frequently in clinical
trials and epidemiologic studies but have both
strengths and limitations (reviewed in [6]). The
newest classification criteria published in 2012
(Table 8.2) were proposed by expert consensus
by the American College of Rheumatology
(ACR) Sjogren’s International Collaborative
Clinical Alliance (SICCA) which are based on
objective criteria and have a sensitivity of 93 %
and specificity of 95 % [7].
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Table 8.1 2002 American-European Consensus Group
(AECG) criteria, revised international classification crite-
ria for Sjogren’s syndrome

1. Ocular symptoms: a positive response to at least one
of the following questions:

(a) Have you had daily, persistent, troublesome dry
eyes for more than 3 months?

(b) Do you have a recurrent sensation of sand or
gravel in the eyes?

(c) Do you use tear substitutes more than three times
a day?

2. Oral symptoms: a positive response to at least one of
the following questions:

(a) Have you had a daily feeling of dry mouth for
more than 3 months?

(b) Have you had recurrently or persistently swollen
salivary glands as an adult?

(c) Do you frequently drink liquids to aid in
swallowing dry food?

3. Ocular signs: that is, objective evidence of ocular
involvement defined as a positive result for at least
one of the following two tests:

(a) Schirmer test performed without anesthesia
(<5 mm wetting in 5 min)

(b) Rose Bengal score or other ocular dye score
(>4 according to van Bijsterveld’s scoring
system)

4. Histopathology: In minor salivary glands (obtained
through normal-appearing mucosa) focal lymphocytic
sialoadenitis, evaluated by an expert histopathologist,
with a focus score >1, defined as a number of
lymphocytic foci (which are adjacent to normal-
appearing mucous acini and contain more than 50
lymphocytes) per 4 mm? of glandular tissue

5. Salivary gland involvement: objective evidence of
salivary gland involvement defined by a positive result
for at least one of the following diagnostic tests:

(a) Unstimulated whole salivary flow (<1.5 mL in
15 min)

(b) Parotid sialography showing the presence of
diffuse sialectasias (punctuate, cavitary, or
destructive pattern), without evidence of
obstruction in the major ducts

(c) Salivary scintigraphy showing delayed uptake,
reduced concentration, and/or delayed excretion
of tracer

6. Autoantibodies: the presence in the serum of the
following autoantibodies:

(a) Antibodies to Ro (SSA) or La (SSB) antigens or both

Revised rules for classification

For primary SS

In patients without any potentially associated disease,

primary SS may be defined as follows:

(a) The presence of any four of the six items is
indicative of primary SS, as long as either item
IV or Vlis positive

(b) The presence of any three of the four objective
criteria items (that is, items III, IV, V, VI)
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For secondary SS

In patients with a potentially associated disease (for
instance, another well-defined connective tissue disease),
the presence of item I or item II plus any two from
among items III, IV, and V may be considered as
indicative of secondary SS.

Exclusion criteria: Past head and neck radiation treatment,
hepatitis C infection, acquired immunodeficiency disease
syndrome (AIDS), preexisting lymphoma, sarcoidosis, graft
versus host disease, use of anticholinergic drugs.

Used with permission from Vitali C, Bombardieri S,
Jonsson R, Moutsopoulos HM, Alexander EL, Carsons
SE, Daniels TE, Fox PC, Fox RI, Kassan SS, Pillemer SR,
Talal N, Weisman MH; European Study Group on
Classification ~ Criteria for Sjogren’s  Syndrome.
Classification criteria for Sjogren’s syndrome: a revised
version of the European criteria proposed by the
American-European Consensus Group. Ann Rheum Dis.
2002 Jun;61(6):554-8

Table 8.2 2012 classification criteria from the Sjogren’s
International Collaborative Clinical Alliance (SICCA)*

1. Positive serum anti-SSA/Ro and/or anti-SSB/La or
(positive rheumatoid factor and ANA titer >1:320)

2. Labial salivary gland biopsy exhibiting focal lymphocytic
sialadenitis with a focus score >1 focus/4 mm?

3. Keratoconjunctivitis sicca with ocular staining >3
(assuming that individual is not currently using daily
eye drops for glaucoma and has not had corneal
surgery or cosmetic eyelid surgery in the last 5 years)

Prior diagnosis of any of the following conditions would
exclude participation in SS studies or therapeutic trials
because of overlapping clinical features or interference
with criteria tests: history of head and neck radiation treat-
ment, hepatitis C infection, AIDS, sarcoidosis, amyloido-
sis, graft versus host disease, and IgG4-related disease
Used with permission from Shiboski SC et al. American
College of Rheumatology Classification Criteria for
Sjogren’s syndrome: a data-driven, expert consensus
approach in the Sjogren’s International Collaborative
Clinical Alliance Cohort. Arthritis Care Research 2012;
64:475-487

“Patient is considered to have SS if at least two of the three
objective features are met

Clinical Manifestations

Glandular Manifestations

The characteristic symptoms of SS are dry eyes
(keratoconjunctivitis sicca) and dry mouth

(xerostomia) related to progressive lymphocytic
infiltration in exocrine glands seen in up to 93 %
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and 87 % of patients, respectively [2, 8].
Approximately 30 % of patients have disease
limited to sicca symptoms with the remainder
developing extraglandular manifestations [1].
Ocular symptoms include a foreign body sensa-
tion, grittiness, or irritation in the eyes. There is
an increased incidence of dental caries, gingivi-
tis, and oral candidiasis. The parotid or other sali-
vary glands may swell up. Symptoms of dryness
may also affect the skin, oropharynx, and other
mucosal membranes such as the vagina resulting
in dyspareunia.

Non-visceral Manifestations

Constitutional symptoms including chronic
fatigue, low grade fever, and myalgias are com-
mon. Joint complaints, which may precede the
onset of sicca symptoms, are seen in 50-75 % of
patients [9]. Arthralgias are most frequent, but
polyarticular symmetric synovitis which is non-
erosive may also be seen. Fibromyalgia and
chronic pain commonly accompany Sjogren’s
syndrome. Depression is present in 50 % of
patients and is one of the key predictors of poor
function, along with pain [10].

Skin manifestations include dry scaly skin,
flat purpura associated with hypergammaglobu-
linemia and palpable purpura associated with
cryoglobulinemia, and cutaneous vasculitis [11].
Raynaud’s phenomenon may be seen in 15-50 %
of patients and is typically not associated with
digital ulcerations [9]. Vasculitis may manifest as
localized cutaneous vasculitis or as a systemic
necrotizing vasculitis involving small- and
medium-sized arteries affecting major organs.
Patients with vasculitis are more likely to have
joint involvement, Raynaud’s phenomenon,
peripheral neuropathy, renal involvement, and
Sjogren’s-associated autoantibodies [11].

Hematologic manifestations including leuko-
penia, autoimmune hemolytic anemia, and
thrombocytopenia may be observed in SS and
may develop prior to sicca symptoms [12].

Visceral Manifestations
(Non-pulmonary)

Renal disease in pSS manifests primarily with
interstitial nephritis with or without renal tubular
acidosis; distal tubular acidosis is most commonly
observed [13, 14]. Untreated renal tubular acidosis
may lead to nephrolithiasis, nephrocalcinosis, and
compromised renal function. Glomerulonephritis
is less commonly seen and is associated with a
decreased C4 [13]. Interstitial cystitis has been
described.

Neurologic manifestations of SS may affect
the central, peripheral, and/or autonomic nervous
system [15]. Sensory, sensorimotor, and small
fiber neuropathies are most commonly observed.
Cranial neuropathies affecting the trigeminal,
optic, and cochlear nerves may also be seen.
Mononeuritis multiplex is rare [16]. A wide vari-
ety of central nervous system manifestations have
been described including focal motor or sensory
deficits, aphasia, seizures, encephalopathy, asep-
tic meningitis, cognitive dysfunction, transverse
myelitis, and multiple sclerosis-like disease [17].

Gastrointestinal manifestations include dyspha-
gia from dryness of the pharynx and esophageal
dysmotility and reflux. Chronic atrophic gastritis
and lymphocytic infiltration may be seen on gastric
biopsies. Acute or chronic pancreatitis is rare. There
is an increased incidence of autoimmune liver
diseases including primary biliary cirrhosis and
autoimmune hepatitis in patients with pSS [18].

Acute pericarditis is uncommon, but echocar-
diography may show evidence of thickened pericar-
dium indicative of asymptomatic involvement as
well as valvular regurgitation [19]. Pulmonary
hypertension may be observed but is also rare [20].
Impaired autonomic response to orthostasis and
sympathetic failure is seen in patients with pSS [21].

Patients with SS have an increased occurrence
of organ-specific autoimmune diseases including
autoimmune thyroid disease (e.g., Hashimoto’s
thyroiditis and Graves disease), celiac disease,
primary biliary cirrhosis, and autoimmune liver
disease [22].
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Diagnostic Tests

No single blood test or test of oral or ocular
involvement is sufficiently sensitive and specific
enough to definitively establish a diagnosis of SS.
A combination of symptoms, objective signs, and
laboratory tests is needed. The differential diag-
nosis of SS is shown in Table 8.3.

Ocular testing includes the Schirmer tear test,
Rose Bengal staining of the corneal epithelium,
and tear film breakup time. The Schirmer test
evaluates tear secretion by the lacrimal gland.
The end of a piece of filter paper 30 mm in length
is placed under the lower lid with the remainder
of the paper hanging below. After 5 min the wet-
ting length of the paper is measured; if there is
<5 mm wetting after 5 min, this is indicative of
decreased tear production. This is not a specific
test as many conditions may decrease tear pro-
duction. Rose Bengal staining consists of a slit
lamp examination of the cornea following topical
administration of the stain demonstrating dam-
aged epithelium, punctuate, or filamentary kerati-
tis. Finally, a drop of fluorescein is placed in the
eye and the time from the last blink to the devel-
opment of non-fluorescent areas in the tear film is
measured [23].

There are numerous measures of salivary
involvement. Sialometry measures salivary flow
rate but is nonspecific. Sialography is a radio-
graphic method of assessing the anatomic
changes in the salivary duct system. Scintigraphy
allows functional assessment of salivary glands
following injection of technetium 99 pertechne-
tate; while it is sensitive, it is not specific [23].

Table 8.3 Differential diagnosis of Sjogren’s syndrome
Sarcoidosis

Lipoproteinemias (type II, IV, V)

Hypertriglyceridemia

Diabetes mellitus

Amyloidosis

Chronic graft versus host disease

Viral infections: HIV, HTLV-1, hepatitis C
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Finally, minor salivary gland biopsy is the cor-
nerstone for diagnosis. In a recent systematic
review, the sensitivity ranged from 64 to 94 %
and specificity from 61 to 100 % [24]. Minor sali-
vary gland biopsy has been used to help establish
the underlying disease process in asymptomatic
patients presenting with interstitial lung disease
(ILD) suggesting that Sjogren’s may be subclini-
cal in some patients [25].

The most common autoantibodies seen in
patients with pSS are anti-SSA and anti-SSB
antibodies occurring in 40-75 % and 25-50 %,
respectively. These antibodies are associated
with earlier disease onset, longer disease dura-
tion, and female gender. Other autoantibodies
observed in SS include antinuclear antibodies
(usually speckled pattern on immunofluores-
cence) and rheumatoid factor. Cryoglobulins are
found in 10-15 % of patients with SS and have
been associated with more severe disease, an
increased risk of developing non-Hodgkin’s lym-
phoma (NHL), and higher risk for SS-related
death. The number of antibodies correlates with
the total number of extraglandular manifesta-
tions, with anti-SSA being the strongest predictor
of extraglandular manifestations. In contrast,
10-20 % of patients may be seronegative, usually
experiencing milder clinical disease [26].
Hypocomplementemia may be observed and is
closely associated with systemic expression and
adverse outcomes [27].

Anti-centromere antibodies identify a small
unique subset of SS patients characterized by
high prevalence of Raynaud’s phenomenon, and
dysphagia with lower prevalence of dry eyes and
anti-SSA and anti-SSB antibodies. This subset
has a high risk of NHL [28]. Anti-mitochondrial
antibodies can be seen in a subset of patients with
SS who are at increased risk for primary biliary
cirrhosis. In addition, anti-smooth muscle and
anti-liver kidney microsomal antibodies charac-
terize a subset of SS patients prone to developing
autoimmune hepatitis. Finally, antibodies directed
against carbonic anhydrase have been associated
with renal manifestations in SS, particularly renal
tubular acidosis [29].
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Pulmonary Manifestations

In patients with pSS, there is a wide variety of
possible pulmonary complications. These range
from airway diseases, to ILD and malignancies.
The true prevalence of pulmonary disease in pSS
patients is unclear. Studies have reported a preva-
lence of 11-80 %; the large variability is due to
how the pulmonary disease was defined, location
of the study, and criteria for SS used [1, 8, 30—
37]. Kelly et al. evaluated 100 pSS patients in
England and demonstrated that within 6 months
of diagnosis 43 % of pSS patients had pulmonary
symptoms with 24 % having abnormalities in
pulmonary function [33, 34]. These patients were
followed longitudinally and at 34 months 9 %
had developed pleuropulmonary disease [6] and
at 10 years there were no new cases of pulmonary
fibrosis [2].

Several different factors have been identified
as possible risk factors for developing pulmonary
disease in pSS. Consistently, disease duration,
increasing age, and male gender have been shown
to predispose to developing lung disease [1, 35].
Yazisiz et al. showed that male gender, smokers,
Raynaud’s phenomenon, and multiple serologic
markers including positive ANA, rheumatoid
factor, anti-La, anti-Ro, and hypergammaglobu-
linemia correlated with an increased risk of pul-
monary disease [37].

Interstitial Lung Disease

ILD is the most common pulmonary manifesta-
tion of pSS [38, 39], with up to 61 % of patients
with lung disease having evidence for ILD. The
most common CT findings in pSS patients with
ILD are cysts, ground-glass opacities, interlobu-
lar septal and interstitial thickening, and honey-
comb change [39, 40]. Pulmonary function
tests (PFTs) generally show a restrictive pattern
with decreased forced vital capacity (FVC)
and total lung capacity (TLC), and impairment in
gas exchange as evidenced by a low diffusion
capacity for carbon monoxide (DLCO). Varying

histological patterns of interstitial pneumonia
have been described in pSS patients including
nonspecific interstitial pneumonia (NSIP), orga-
nizing pneumonia with and without bronchiolitis
obliterans, usual interstitial pneumonia (UIP),
lymphocytic interstitial pneumonitis (LIP), and
diffuse amyloidosis [41].

NSIP appears to be the most common pattern
associated with pSS. Ito et al. reported that 61 %
of pSS patients with lung disease had evidence of
NSIP with most of those being the fibrosing form
(95 %) as opposed to the cellular form [38]. A CT
pattern consistent with NSIP (although how this
was determined was not described in the manu-
script) had a 94 % positive predictive value for a
pathologic diagnosis of NSIP [38].

LIP, although not as common as NSIP, is an
ILD that is unique to SS patients. CT findings
include ground-glass opacities, interlobular
septal thickening, and thin-walled cysts [42].
On histology there is interstitial infiltration
of small polyclonal lymphocytes, as well as
plasma cells and reactive follicles [42, 43]. It
has been hypothesized that LIP can transform
to lymphoma; however, in the one large case
series in the literature, there was no evidence
for this [44].

In pSS patients with ILD, the prognosis is usu-
ally good. Most patients improve with treatment
or remain stable over several years. The 5-year
survival rate for NSIP in pSS patients has been
reported at 83 % [38], although other reports
have been less favorable [41]. report a mortality
rate of 39 % in pSS patients with ILD [38] with
nearly half of the deaths being from ILD.
Evidence of fibrosis either with an increased
fibrotic score [45] or by evidence of microscopic
honeycomb change [38] increases the mortality
associated with pSS-ILD.

Airways Disease and Nodular
Pulmonary Amyloidosis

Airway Disease

Airways disease in pSS can occur in isolation or
in combination with ILD [46]. It is thought that
airway disease is due to dessication or “sicca”
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Case Vignette 1

Forty-seven-year-old Caucasian male presents
with dyspnea and dry cough in the setting of a
7-year history of pSS manifested by sicca
symptoms, diffuse arthralgias, and anti-Ro anti-
bodies. He had an initial high-resolution CT
scan (HRCT) which demonstrated diffuse
ground-glass opacities, consolidations, inter-
lobular septal thickening, and traction bronchi-
ectasis (Fig. 8.la). Surgical lung biopsy
demonstrated patchy organizing pneumonia,
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desquamated intra-alveolar cells, and mild
fibrotic changes with early microscopic honey-
comb change. He was treated with prednisone
and azathioprine for 5 years and then switched
to hydroxychloroquine. His pulmonary symp-
toms and pulmonary function remained stable
over time. Repeat imaging 8 years later demon-
strated a decrease in ground-glass opacities and
consolidation, with a mild increase in fibrotic
changes and traction bronchiectasis (Fig. 8.1b).

Fig. 8.1 (a, b) Initial HRCT demonstrating diffuse
ground-glass opacities, consolidations, interlobular
septal thickening, and traction bronchiectasis. (c, d)

HRCT 8 years later demonstrating marked improve-
ment in ground-glass opacities, with increased fibrotic
changes and traction bronchiectasis

symptoms of the main airways, as well as a peri-
bronchiolar lymphoid infiltrate and follicular
bronchiolitis [47-50]. Most patients present with
a dry cough [50]; however, rarely some patients
will develop severe airway disease characterized

by chronic bronchorrhea, recurrent sinusitis, and
respiratory failure [48]. Obstructive lung disease
in pSS patients appears to be more common in
current and former smokers than in patients who
have never smoked [51].
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The most common findings on pulmonary
function testing are reductions in the mid-
expiratory flow rates (MEF25 and MEF50) [52],
and a reduction in forced expiratory volume in 1
second (FEV)). Papiris et al. demonstrated that in
a group of 61 pSS patients, the FEV,; was lower
than a control group [50]. In an 11-year follow-up
study in Sweden, pSS patients demonstrated an
increase in vital capacity (VC) and TLC over time,
with a concomitant decrease in FEV,, FEV, to VC
ratio, and DLCO [51]. Indices of hyperinflation,
mainly elevation in the residual volume to TLC
ratio, have also been demonstrated [53]. Up to
60 % of pSS patients will have bronchial hyperre-
activity in response to methacholine challenge [54,
55]; however, the obstructive lung disease often
does not respond to bronchodilator challenge [50].

Abnormal chest radiographs (CXR) are seen
in 78 % of pSS patients [50] and Taouli et al.
found that 54 % of pSS patients had evidence
of large and/or small airway abnormalities on
CT scan [56]. The most common findings on
CT scan are bronchial wall thickening, bronchi-
ectasis, centrilobular nodules, mosaic perfusion,
air trapping, and bullae [48, 50, 51, 56]. Mandl
et al. in their longitudinal analysis did not see
any correlation between CT scan findings and
lung function [51]. Histopathology in pSS
patients with obstructive lung disease usually
demonstrates a peribronchiolar lymphocytic
infiltrate, lymphocytic bronchiolitis, or follicular
bronchiolitis [48-50].

Nodular Pulmonary Amyloidosis

A rare pulmonary finding in pSS is nodular pul-
monary amyloidosis. In most case reports and
series, it presents as multiple nodules, often as an
incidental finding [57, 58]. There is one case
report of a solitary nodule in a pSS patient being
amyloidosis [59]. This is usually limited to the
lung with no other systemic findings of amyloi-
dosis [57, 58]. In a case series of five patients in
Korea, the most common findings on CT scan are
multiple nodules, 3-24 mm in size with irregular
borders and often with calcifications. The nod-
ules are often accompanied by thin-walled cysts
[60]. The nodules can show intense uptake on
F-18 fluorodeoxyglucose positron emission

tomography (FDG-PET) [61]. No specific therapy
has been shown to be needed with nodular amy-
loidosis, and no progression or complications
have been reported in the literature.

Malignancy

In a recent meta-analysis, pSS has been shown to
carry an overall increased risk of malignancy of
53 %, and in particular NHL and thyroid cancer
[62]. In the lung, pSS can be associated with

Case Vignette 2

Sixty-four-year-old woman with a 20-year
history of anti-SSA-positive pSS presents
with years of progressive dyspnea, dry
cough, and wheezing. She is a former
smoker. PFTs reveal an obstructive pattern
with an FVC of 2.44 L (81 % of predicted),
FEV, of 148 L (67 % of predicted), an
FEV,/FVC of 61 %, TLC 4.62 L (95 % of
predicted), residual volume 2.13 L (114 %
of predicted), and a DLCO of 10.6 mL/
mmHg/min (59 % of predicted). HRCT
shows mild centrilobular nodules, bronchi-
ectasis, and air trapping on expiratory
images (Fig. 8.2). She was treated with
bronchodilators, oral prednisone, and
hydroxychloroquine with improvement in
her symptoms and radiology.

lv ; J
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Fig.8.2 HRCT demonstrating very mild changes
with centrilobular nodules and bronchiectasis
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extranodal marginal zone B-cell lymphoma of
the mucosa-associated (MALT) or bronchus-
associated lymphoid tissue (BALT) type. These
can have a very nonspecific pattern on radiology
with nodular, peribronchovascular, alveolar, or
interstitial changes. These pulmonary lympho-
mas can often mimic ILD on radiology, which
suggests that there should be a lower threshold of
surgical biopsy in patients with pSS and chest
radiographic abnormalities [63-65]. These are
often treated with chemotherapy or rituximab
[64]. Other forms of lung cancer such as adeno-
carcinoma [66] and small cell lung carcinoma
[67] have been reported in pSS patients, but are
not as common as lymphoma.

Treatment

Oral dryness is treated symptomatically using
sugar-free lemon candies, frequent sips of water,
and saliva substitute sprays. Frequent follow-up
with a dentist is recommended to address dental
caries and periodontal disease. Oral cholinergic
agonists (e.g., pilocarpine and cevimeline) may
be used to increase saliva production. Ocular dry-
ness is initially treated with preservative-free
teardrops and ocular lubricating ointments.
Cyclosporin eye drops are used for more severe
symptoms [68]. Nonsteroidal anti-inflammatory
drugs may help alleviate mild musculoskeletal
symptoms. Hydroxychloroquine is used to treat
oral dryness, arthralgias, myalgias, and fatigue
[69] although small clinical trials have shown
little benefit [68].

For major organ involvement, corticosteroids
and immunosuppressive medications are used
although evidence-based recommendations are
lacking. For peripheral neuropathies, antidepres-
sants and gabapentin are frequently used fol-
lowed by intravenous immunoglobulins in
refractory cases. For central nervous system
involvement and vasculitis, corticosteroids and
cyclophosphamide have been used. Rituximab
appears to be a promising new treatment for
cryoglobulinemia and vasculitis.

Treatment of ILD is typically with corticoste-
roids and/or other immunosuppressants including

T.R. Luckhardt and B.J. Fessler

Case Vignette 3

Sixty-seven-year-old Caucasian female
presents with a 3-year history of progres-
sive dyspnea, dry cough, and recurrent
pneumonias. She has had sicca symptoms
and Raynaud’s phenomenon for 30 years.
She had been diagnosed with Sjogren’s
syndrome by her dentist 30 years earlier
but had never sought treatment. PFTs
revealed a restrictive pattern with a TLC of
343 L (61 % of predicted) and severe
impairment in gas exchange with a DLCO
of 36 % of predicted. HRCT revealed
multi-lobar consolidations and ground-
glass opacities with a few thin-walled cysts
(Fig. 8.3). Because of the 30-year history
of suspected Sjogren’s syndrome and con-
cern for possible pulmonary lymphoma,
the patient underwent surgical lung biopsy
which revealed adenocarcinoma in situ
with evidence of invasion. After surgery,
the patient had progressive respiratory fail-
ure and passed away without treatment.

Fig.8.3 HRCT revealing multi-lobar consolidations
and ground-glass opacities with a thin-walled cyst

azathioprine and cyclophosphamide [45]. There
are no clinical trials of treatment in pSS-
associated ILD. In our pSS-ILD population,
patients with clinically significant disease or evi-
dence of progressive disease are usually treated
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with azathioprine or mycophenolate mofetil
either alone or in combination with corticoste-
roids. Organizing pneumonia and LIP are often
more responsive to corticosteroids alone [43, 44,
70]. There are recent reports of successful treat-
ment of ILD associated with pSS with rituximab
[71, 72].

The mainstay of treatment of airways disease
is to treat the underlying pSS. Inhaled bronchodi-
lators and corticosteroids have not been studied
in this group of patients, but may be useful.
Follicular bronchiolitis usually responds well to
steroids and other immunosuppressive agents
such as azathioprine [48, 73]. There are also case
reports of successful treatment with macrolide
therapy [48, 74] and rituximab [75].

Conclusion

SS is a chronic systemic autoimmune disease of
unknown etiology with a wide spectrum of clini-
cal manifestations. A diagnosis is established
based on a combination of signs, symptoms,
and autoantibodies. Pulmonary involvement is
common and may present prior to development
of sicca symptoms or autoantibodies. Studies of
novel therapeutic agents are needed.
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Introduction

Sarcoidosis is a systemic disease of unknown
etiology with protean clinical manifestations.
Because of the systemic nature of the disease, the
wide range of symptoms and manifestations, and
the need for immunosuppression, rheumatologists
are frequently central in the diagnosis, assessment,
and management of individuals with sarcoidosis.

The diagnosis of sarcoidosis generally
requires clinicoradiological findings that are sup-
ported by the demonstration of noncaseating
granulomas on histopathology and the exclusion
of other disorders known to cause granulomatous
disease [1, 2]. However, granulomatous inflam-
mation is a nonspecific immune reaction that can
be triggered by a wide range of causes. Therefore,
the evaluation and management of sarcoidosis
requires a healthy dose of skepticism about the
accuracy of the diagnosis.

The clinical course of sarcoidosis is markedly
heterogeneous; those with acute or asymptomatic
presentations have a high likelihood of spontane-
ous resolution, whereas individuals with indolent
presentations are more likely to have persistent
disease. Other strong predictors of the long-term
outcome include the pattern of organ involve-
ment, need for treatment, and race/ethnicity.

K.B. Highland, M.D., M.S.C.R. * D.A. Culver, D.O. (<)
Respiratory Institute, Cleveland Clinic, Desk A90,
9500 Euclid Avenue, Cleveland, OH 44195, USA
e-mail: culverd@ccf.org

For example, multiple studies suggest that
sarcoidosis is more common and more severe in
blacks [3-10]. The overall mortality from sar-
coidosis ranges from 1 to 5 % [2], most com-
monly due to respiratory failure [8, 11]. Although
any organ can be affected by sarcoidosis, the
respiratory system is affected in more than 90 %
of cases and will be the focus of this chapter [10].

Epidemiology

Sarcoidosis occurs throughout the world, affect-
ing all ethnic and racial groups [2]. The true prev-
alence and incidence of sarcoidosis are probably
underestimated since asymptomatic individuals
may not be included in epidemiologic studies, or
true sarcoidosis cases may be misclassified in
countries where there is a high prevalence of
mycobacterial diseases. In countries with histori-
cal population-based mass chest radiographic
screening programs, approximately 50 % of the
diagnosed sarcoidosis cases were made in asymp-
tomatic individuals [12]. An autopsy study in
Northeast Ohio suggested that prevalence of sar-
coidosis may be underestimated by up to tenfold
[13]. Therefore, the majority of published inci-
dence and prevalence estimates account only for
sarcoidosis that is clinically overt, not all possible
sarcoidosis.

Sarcoidosis is most commonly diagnosed
before the age of 50 with a peak incidence in the
third decade of life; it is slightly more common in
females [2, 14]. Sarcoidosis in females can also
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occur frequently after the age of 50 [14-16]. The
annual incidence of sarcoidosis in the Black
Women’s Health Study, a prospective cohort
comprising 59,000 black females in the United
States, was 71/100,000 with a peak of 92/100,000
in women ages 40-49 [17]. In a survey from a
health maintenance organization in the Detroit,
Michigan area, the age-adjusted incidence rates
were 10.9/100,000 in whites and 35.5/100,000 in
blacks, based on diagnosis during usual health
care [7]. Worldwide prevalence estimates range
from less than 1/100,000 population in the United
Kingdom to 102/100,000 in Sweden [18].
Besides susceptibility, race and ethnicity also
influence disease phenotype, with blacks far
more likely to exhibit chronic disease, multiple
organ involvement, and higher morbidity [2, 18].

Pathophysiology

The exact cause of sarcoidosis is unknown. It
most likely develops when a genetically suscep-
tible host is exposed to an exogenous (likely
inhaled) agent. Evidence for the importance of
environmental factors comes from epidemiologic
studies of disease incidence patterns, reports of
case clusters in small populations, transmission
by organ transplantation, and the worldwide
reproducibility of intradermal granulomatous
reactions only in sarcoidosis subjects following
injection of sarcoidosis lymph node homogenate
(the Kveim-Siltzbach test) [19]. There may also
be exposures that modify the risk of developing
sarcoidosis but do not directly trigger the disease
[20, 21]. Examples of positive risk modifiers
include woodsmoke, rural residence, photocopier
toner, pesticides, and bioaerosols [22-25]. A
strong negative risk modifier is a history of smok-
ing (odds ratio 0.65) [23].

As reviewed previously, the epidemiologic
data are consistent with the possibility that sar-
coidosis could be caused by an infectious agent.
Despite those data, multiple attempts to culture
an organism that might cause sarcoidosis have
failed. Using molecular techniques, there is now
mounting evidence that immune responses to
mycobacteria may trigger sarcoidosis [26, 27].
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For example, cellular immune responses to the
mycobacterial catalase antigen (KatG) are found
in most sarcoidosis patients, and the responses
are dependent on HLA type, similar to human
disease [28]. KatG protein may be found in gran-
ulomas from sarcoidosis patients, but not those
with other inflammatory diseases [26]. In support
of the hypothesis that viable (poorly pathogenic)
nontuberculous mycobacteria are the agents
causing sarcoidosis, two small open-label studies
suggested that treatment with concomitant levo-
floxacin, ethambutol, azithromycin, and rifampin
for 8 weeks was substantially effective for refrac-
tory cutaneous and pulmonary sarcoidosis [29, 30].
An alternative hypothesis holds that sarcoidosis
is triggered by persistence of certain mycobacte-
rial antigens in the context of heightened innate
immune responses mediated by serum amyloid A
protein [31].

Propionibacteria species have also been pro-
mulgated as a possible etiologic agent, based on
culture of the organism from sarcoidosis granulo-
mas and its ability to trigger granuloma forma-
tion in an animal model of sarcoidosis [32].
However, there are also data suggesting that
Propionibacterium is not capable of inducing cel-
lular immune responses, at least in American sar-
coidosis patients [33]. It is possible that there
may be more than one etiologic agent that causes
sarcoidosis, depending on geographic location,
host immunity, and genetic background [34].
Regardless of the specific etiology, it seems likely
that development of a sarcoidosis reaction to a
triggering antigen depends on a combination of
genetic polymorphisms, the status of the host
immune system, and the exposure itself.

Besides a relevant exposure, genetic polymor-
phisms modulate both susceptibility and pheno-
type of sarcoidosis [35]. A registry-based study
of 210 affected twin pairs in Denmark and
Finland documented an 80-fold increased sus-
ceptibility risk for monozygotic twins versus
population controls, compared to only a seven-
fold increased chance in dizygotic pairs [36].
Heritable risk for sarcoidosis has also been dem-
onstrated in other populations [37, 38]. HLA
genes governing the expression of the type II
major histocompatibility complex (MHC) on



9 Pulmonary Manifestations of Sarcoidosis

antigen-presenting cells are the most consistently
documented genetic risk factors [35, 39].
A review of the genetic loci associated with
sarcoidosis is beyond the scope of this chapter
but has been discussed recently [40].

Diagnosis

The diagnosis of sarcoidosis requires careful
assessment of all the relevant data—there is no
single test that “rules in” or “rules out” sarcoid-
osis [34, 41]. Since there are many causes of
granulomatous inflammation, the diagnosis is
never certain. Instead, labeling a patient’s syn-
drome as “sarcoidosis” implies that the likeli-
hood of finding an alternate diagnosis is so low
that further testing is not warranted [42]. Thus,
diagnosis inherently involves the use of clinical
judgment. Factors that are inconsistent or unusual
for sarcoidosis should be weighed carefully.
Sometimes, an individual patient must be man-
aged as “provisional sarcoidosis” to allow time to
help define the diagnosis more clearly.

Presentation

The presenting symptoms depend on the organs
involved. In acute presentations, which are more
common in Caucasian populations [2], the most
common complaints include periarticular inflam-
mation or arthritis of the ankles, fevers, weight
loss, and fatigue; fewer than half of patients have
concomitant erythema nodosum, which tends to
be more frequent in women [43]. Frequently,
patients with acute presentations may recall an
antecedent event, such as a viral syndrome or a
noxious exposure.

When sarcoidosis presentations are more
indolent, the symptoms are dominated by the
pattern of organ involvement. Nonproductive
cough, exertional dyspnea, wheezing, and chest
discomfort are all common in pulmonary sar-
coidosis. The cough in sarcoidosis is commonly
exacerbated by exposure to dusts, cold air, or
other irritants, making differentiation from
asthma difficult at times. The chest discomfort is
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usually described as a non-remitting mid-sternal
dull ache or pressure that is not associated with
exertion. It is not related to the size of thoracic
lymph nodes [44]. When the presentation is dom-
inated by pulmonary symptoms, the diagnosis
required an average of five physician visits in one
epidemiologic survey, probably since the symp-
toms were misattributed to asthma or other causes
[45]. Arthralgias involving multiple joints are
also frequently present, though true polyarthritis
is very unusual [46].

When sarcoidosis is suspected, the history
should probe for unexplained past medical events
that may have been due to sarcoidosis. The most
common of these include renal lithiasis, Bell’s
palsy, unexplained uveitis, and lymphocytic
(viral) meningitis. Occasionally, patients may
carry prior diagnoses of inflammatory bowel dis-
ease, multiple sclerosis, fibromyalgia, or inflam-
matory arthritis that actually represent prior
manifestations of sarcoidosis if the clinical sce-
nario and pathology are carefully examined.

Examination

The physical exam is useful to identify potential
biopsy sites and characterize organ involvement.
Peripheral lymphadenopathy is present in up to
15-33 % of patients [2, 47]; epitrochlear and
supraclavicular lymph nodes may be easily
accessible biopsy targets [47]. The lymph nodes
in sarcoidosis are not typically tender, hard, or
ulcerating.

Cutaneous sarcoidosis is present in approxi-
mately 20 % of patients [10]. The granulomas of
cutaneous sarcoidosis have a predilection to
involve tattoos, scars, and needle tracks.
Subcutaneous nodules, sometimes painful, can
frequently be found along tendon sheaths in the
upper and lower extremities. Other physical
examination findings that may be sought include
lacrimal or parotid enlargement, organomegaly,
upper airways mucosal involvement (Fig. 9.1),
and auscultatory features of cardiopulmonary dis-
ease. Digital clubbing and/or rales are extremely
rare in sarcoidosis—alternative diagnoses should
be aggressively sought if they are present.
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Fig. 9.1 Nasal sarcoidosis with pearl-colored mucosal
nodules. Erythema, friability, and crusting are also fre-
quently seen

Clinical and Laboratory Features

The likelihood of sarcoidosis is influenced by a
variety of clinical features (Table 9.1) [48]. The
items listed on the right side of the table are unex-
pected or rare—when present, the diagnostician
should be cautious about conferring a label of
sarcoidosis. In particular, a careful exposure his-
tory is important to exclude sarcoidosis mimics
such as chronic beryllium disease or hypersensi-
tivity pneumonitis [49].

There is no currently available blood test that
is either sensitive or specific enough to diagnose
sarcoidosis.  Angiotensin-converting enzyme
(ACE), which is released by epithelioid histio-
cytes in granulomas and by pulmonary endothe-
lial cells, loosely reflects the overall total
granuloma burden in the body [50]. Previously,
ACE was proposed as a useful diagnostic tool,
but it may be elevated in a number of other condi-
tions, including certain infections, alcoholic liver
disease, and other conditions [51, 52]. In a series
of 1,941 patients with sarcoidosis, 1,575 healthy
controls, and 1,355 patients with other diseases,
the diagnostic sensitivity of an elevated serum
ACE was 57 %, the specificity 90 %, and positive
predictive value 90 %, but negative predictive

K.B. Highland and D.A. Culver

Table 9.1 Selected features influencing the likelihood of
sarcoidosis

More likely Less likely

¢ African-American ¢ Age <18
or Northern e Age >50 in males
European * Smoking

* Female * Exposure to metal dusts,

¢ Symmetric bilateral
hilar adenopathy .

bioaerosols, organic antigens
History of exposure to

¢ Asymptomatic tuberculosis
presentation * History of recurrent
 Peripheral blood infections
lymphopenia * Hypogammaglobulinemia

¢ BAL lymphocytes ¢
>15 % and/or BAL

Systemic disease capable
of inducing granulomatous

CD4/CDS ratio >3.5 reactions
e Multisystem Malignancy

involvement Inflammatory bowel disease
* Elevated serum ACE Immunodeficiency

BAL bronchoalveolar lavage, ACE angiotensin-converting
enzyme

Adapted with permission from Judson MA. The diagnosis
of sarcoidosis. Clin Chest Med. 2008; 29:415-427, viii

value was only 60 % [50]. In a second study of 128
sarcoidosis patients and 208 control subjects, the
sensitivity of ACE for sarcoidosis was only 58 %,
and specificity was 84 %, but these increased sig-
nificantly if only patients with clinically active sar-
coidosis were evaluated [53]. A common genetic
polymorphism also modulates ACE level and
function, further confounding the interpretation of
the test [54]. Elevations more than twofold the
upper limits of normal are thought to be more
specific. Nonetheless, ACE is currently viewed as
only supportive evidence for sarcoidosis, but can-
not be used in isolation to confirm the diagnosis.

Other blood tests, such as erythrocyte sedimen-
tation rate (ESR), C-reactive protein (CRP),
soluble interleukin 2 receptor, chitotriosidase,
lysozyme, and a variety of cytokines may be
abnormally elevated in sarcoidosis [55-57].
However, none of these markers is sufficiently sen-
sitive or specific for confident diagnostic distinc-
tion between sarcoidosis and other inflammatory
diseases. As a management tool, ESR and CRP are
simultaneously so insensitive and nonspecific that
their measurement is just as likely to lead to confu-
sion as to be helpful. On the other hand, hypergam-
maglobulinemia and peripheral lymphopenia
occur more than 50 % of the time [58, 59].
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Fig.9.2 Chest radiograph demonstrating classic bilateral
hilar lymph node enlargement

Diagnostic Strategy

In most cases, a biopsy is required to confirm the
diagnosis. However, in a few situations, a confi-
dent diagnosis can be reached on clinical grounds
only, provided there are no evident alternative
explanations for the findings. These situations
include:

» Lofgren’s syndrome (bilateral hilar lymphade-
nopathy, erythema nodosum, usually periar-
ticular ankle inflammation, and usually
constitutional symptoms)

* Isolated bilateral hilar lymphadenopathy in an
asymptomatic patient

e Heerfordt’s syndrome (uveoparotid fever—
uveitis, parotid swelling, usually constitu-
tional symptoms, often facial nerve palsy)

* Gallium uptake in the panda (parotid, lacrimal
glands)-lambda (right paratracheal and bihilar
lymph node) pattern
A common scenario is isolated bilateral lymph

node enlargement seen on chest X-ray (CXR) in

an asymptomatic or minimally symptomatic
patient (Fig. 9.2). Many of these individuals will
also have had chest computed tomography (CT),
which often uncovers other abnormalities, such
as mediastinal lymph node enlargement or paren-
chymal lesions. However, for diagnostic decision-

making, the CXR alone can be used to make a

confident diagnosis. In a seminal study,
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Winterbauer et al. reviewed the chest radiograph
in 99 patients with sarcoidosis, 212 patients with
lymphoma, 500 patients with lung cancer, and
1,201 patients with extrathoracic malignancies
[60]. Among the patients with isolated bilateral
hilar lymphadenopathy, all patients had sarcoid-
osis except those who had either obvious extra-
thoracic tumor on physical exam or significant
symptoms due to undiagnosed malignancy. One
calculation suggested that approximately 1,833
patients with isolated bilateral hilar adenopathy
would require mediastinoscopy to uncover each
single patient with an alternative (non-
sarcoidosis) diagnosis [61].

For most patients, a biopsy site should be
identified after a complete physical exam and
basic laboratory testing. In general, a reasonable
biopsy target can be identified without resorting
to advanced imaging techniques such as
18-fluorodeoxyglucose positron emission tomog-
raphy (FDG-PET). In difficult cases, however,
FDG-PET can identify unsuspected foci of
inflammation. In a retrospective review of FDG-
PET scans in 137 patients, biopsy sites were
identified only by FDG-PET scan in 15 % of
patients [62]. Frequently, the FDG-avid lymph
nodes are barely discernible by standard CT
scanning and may be deemed not to be techni-
cally enlarged. PET scan appears to be a more
sensitive tool than 67-gallium imaging [63].

Since the lungs and intrathoracic lymph nodes
are most commonly involved, most diagnoses of
sarcoidosis are made by sampling within the
chest. In A Case Control Etiologic Study of
Sarcoidosis (ACCESS), a multicenter epidemio-
logic study of 736 incident sarcoidosis cases in
the United States, an intrathoracic location was
the site of the biopsy in 74 % of the subjects [64].
Two-thirds of the biopsies were bronchoscopic,
and the remaining 1/3 were obtained by medias-
tinoscopy. More recently, however, endobron-
chial ultrasound-guided transbronchial needle
aspiration (EBUS-TBNA) has emerged as a
sensitive tool to diagnose sarcoidosis and can
replace mediastinoscopy in many cases. A recent
meta-analysis estimated the accuracy of EBUS-
TBNA in patients suspected of sarcoidosis to
be 79 %, with a minimal complication rate [65].
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The sensitivity of EBUS-TBNA to confirm
sarcoidosis ranges from 83 to 93 %, with 100 %
specificity [66, 67]. EBUS-TBNA is more conve-
nient and, in some settings, more cost-effective
than mediastinoscopy.

Other bronchoscopic techniques are also
useful, including transbronchial forceps biopsy
(approximately 70 % sensitive) [67], blind trans-
bronchial needle aspirate of the lymph nodes
(sensitivity approximately 70 %) [68], and endo-
bronchial mucosal biopsy (sensitivity 30-50 %)
[69]. Combining multiple sampling modalities
increases the diagnostic yield by 20-30 % [70,
71]. Bronchoalveolar lavage (BAL) with exami-
nation of lymphocyte populations (CD4/CD8
ratio) may be useful to support the diagnosis.
Differential cell count of the leukocytes in the
BAL demonstrating more than 15 % lympho-
cytes is 90 % sensitive for the diagnosis of sar-
coidosis, although the specificity is low [72].
Specificity is improved with higher proportions
of lymphocytes or when the CD4/CD8 ratio is
more than >3.5 [72]. The American Thoracic
Society recommends routine assessment of cell
count and targeted assessment of CD4/CD8 ratio
in patients with interstitial lung disease who have
bronchoscopy [73].

Sarcoidosis granulomas are comprised of well-
formed clusters of epithelioid histiocytes, often
harboring multinucleate giant cells that are sur-
rounded by an outer rim of T lymphocytes
(Fig. 9.3). Collagen and some fibroblasts may sur-
round the granuloma, and a few B lymphocytes
may be found in the granuloma. Pathologic evalu-
ation should include stains and cultures for myco-
bacteria and fungi, which can occasionally cause
non-necrotizing granulomas. Sarcoidosis granulo-
mas frequently exhibit focal necrosis [74], but it is
rarely widespread or suppurative. Pathologic fea-
tures that may be useful in the diagnosis are listed
in Table 9.2. Sarcoidal granulomas may contain a
variety of inclusion bodies, all of which are non-
specific. These include calcium bodies (Schaumann
bodies, which are made up of calcium carbonate
but may contain birefringent calcium oxalate crys-
tals), asteroid bodies within multinucleate giant
cells, and Hamazaki-Wesenberg bodies (which
may resemble fungal yeast forms).

Fig. 9.3 Well-formed granuloma typically seen in sar-
coidosis. The granuloma is comprised of a core of epithe-
lioid histiocytes and multinucleated giant cells surrounded
by a few lymphocytes. There is little inflammation in the
adjacent lung. (Courtesy of Carol Farver, M.D.)

Table 9.2 Pathologic features of sarcoidosis granulomas

Favor sarcoidosis Favor alternate diagnosis
Morphologic descriptors
Well formed or compact Loosely formed

Non-necrotizing, or
minimal central necrosis

Widespread necrosis

Polarizable material®
Palisading architectural
arrangement of histiocytes
Substantial granulocytes
(polymorphonuclear cells or
eosinophils)

Naked granulomas

(<25 % of granuloma
diameter comprised of
inflammatory cells other
than histiocytes)?

Perigranuloma features

Circumferential
hyalinization

Fibromyxoid plugs in the
alveolar ducts (organizing
pneumonia reaction)

Granuloma confluence  Substantial non-granulomatous
inflammatory cell infiltrates
(i.e., alveolitis or bronchitis)
Nearby granuloma trigger

(tumor, foreign body)
Granuloma distribution

Lungs: perilymphatic Lungs: bronchocentric only,

(bronchocentric, random, intraparenchymal
intralobular septae, only
pleural)

Lymph nodes: confluent Lymph nodes: scattered or few
and widespread

aMay be seen in nontuberculous mycobacterial infections
"Excluding calcium bodies (e.g., Schaumann bodies—
see text)
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Extrapulmonary sarcoidosis may be diag-
nosed either by biopsy of the affected organ or by
inferring its involvement when the diagnosis of
sarcoidosis is already well established. Inferential
diagnosis of other organ involvement entails doc-
umenting consistent imaging or other testing
findings in the affected organ and some “reason-
ably aggressive” exclusion of other causes for the
observed abnormalities. This approach, in turn,
implies a crucial role for clinical judgment about
how much testing is needed to exclude other
causes for symptoms or organ dysfunction. For
example, cardiac sarcoidosis is inferred when
imaging features are consistent with granuloma-
tous myocarditis (e.g., patchy mid-myocardial
delayed enhancement in a patient without coro-
nary artery disease), and the diagnosis of extra-
cardiac sarcoidosis was previously established.
In some situations, bronchoscopy with BAL may
be useful, even in patients with relatively unre-
markable CXRs. For example, in a study of 61
Japanese patients with uveitis suspicious for sar-
coidosis but no CXR abnormality, the yield of
bronchoscopy was 62 % [75].

When possible, it has been suggested to estab-
lish involvement of a second organ in all patients
with suspected sarcoidosis in order to improve
specificity of the diagnosis [2, 34]. For example,
a liver biopsy demonstrating granulomatous hep-
atitis could represent sarcoidosis, but the process
may be confined to the liver—in that case, it
would be consistent with idiopathic granuloma-
tous hepatitis, a relatively benign condition with
a good prognosis [76]. In the skin, it is not
uncommon to have isolated granulomatous reac-
tions to foreign bodies or debris, which cannot be
labeled as sarcoidosis unless a second organ is
also involved. From a practical standpoint, biop-
sying a second organ is rarely necessary; imaging
or examination is usually sufficient.

A common scenario is isolated pulmonary
sarcoidosis, since there are no non-pulmonary
organs affected by sarcoidosis in more than
one-quarter of patients. In the ACCESS cohort,
approximately 50 % of the patients had only
pulmonary involvement at the time of diagnosis,
implying that establishing the diagnosis by docu-
menting two-organ involvement is not always
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Fig. 9.4 Granuloma due to a foreign body reaction. In
this case, silicone from leaking breast implants entered

the lung, causing a pulmonary granulomatous reaction.
(Courtesy of Andrea Arrossi, M.D.)

necessary or even possible [10]. However, when
diagnosing isolated pulmonary sarcoidosis, a
variety of alternative causes for granulomatous
inflammation should be carefully considered.
Salient masqueraders include:

* Granulomatous infections (especially endemic

fungi)

» Hypersensitivity pneumonitis

e Chronic beryllium disease

¢ Granulomatous reactions (foreign bodies, par-

ticulates, tumors) (Fig. 9.4)

Systemic granulomatous reactions can occur
in several diseases that may be confused with sar-
coidosis. For example, patients with dysregulated
immune responses such as common variable
immune deficiency (CVID) may exhibit multior-
gan granulomatous inflammation [77]. The gran-
ulomas in CVID tend to be less compact than in
sarcoidosis (Fig. 9.5), and there are often also
nonspecific inflammatory cell infiltrates in
affected tissues. Some patients, but not all, have a
history of recurring infections. Other clues to the
diagnosis are a history of (multiple) autoimmune
syndromes and the presence of splenomegaly.
Since hypergammaglobulinemia is expected in
sarcoidosis, any low serum immunoglobulin
level or absent serological response to immuniza-
tions may confirm the diagnosis. Controlling the
inflammation may require immunosuppressive
medication in combination with immune globu-
lin replacement therapy.



Fig. 9.5 Poorly formed (loose) granuloma in a patient
with chronic variable immune deficiency. Besides the
granuloma, the alveolar septae are widened by chronic
inflammatory cells, mainly lymphocytes. (Courtesy of
Carol Farver, M.D.)

Another second multisystem granulomatous
disorder is an extremely rare entity known as
granulomatous lesions of undetermined signifi-
cance (GLUS), a syndrome characterized by
fever; granulomas in the liver, bone marrow,
spleen, and peripheral lymph nodes; and a ten-
dency not to cause end-stage organ failure [78]. It
is thought to differ from usual sarcoidosis because
(1) the lung is never involved; (2) the serum ACE
level is normal; (3) when done, the Kveim—
Siltzbach test is negative; and (4) it does not
cause hypercalcemia [79]. A third multisystem
granulomatous disorder is Blau syndrome, a very
rare disorder caused by autosomal dominant
mutations in the CARDI15/NOD2 gene [80].
Characteristically, Blau syndrome causes uveitis,
symmetric polyarticular arthritis, and granuloma-
tous dermatitis.

Sarcoidosis Effects
on the Respiratory System

Parenchymal Lung Disease

Pulmonary involvement is seen in 90-95 % of
patients at the time of diagnosis; symptoms are
present in approximately half of individuals with
radiographic evidence of pulmonary involvement
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[2, 10]. Even when extrapulmonary manifesta-
tions dominate the clinical presentation, the lungs
are usually involved on at least a histologic level
[75, 81]. When present, infiltrates have a predi-
lection for the mid- and upper lung zones. The
most common parenchymal findings are reticulo-
nodular infiltrates, but alveolar infiltrates, con-
solidation, perihilar conglomerate masses, and
larger nodules may also be seen. The degree of
reticulonodular infiltrates correlates most closely
with the response to treatment [82].

Chest CT scanning can show more specific
signs of sarcoidosis and can identify enlarged
lymph nodes more readily, but it is not always
necessary for the diagnosis of uncomplicated
pulmonary sarcoidosis. For example, CT scan-
ning in a patient with typical bihilar lymphade-
nopathy on CXR or a presentation consistent
with Lofgren’s syndrome will be extremely
unlikely to identify an alternate diagnosis. For
routine follow-up of pulmonary sarcoidosis,
chest CT scanning is widely overused—the main
indication for chest CT scanning in established
pulmonary sarcoidosis is when a superimposed
complication or coexistent alternate diagnosis is
suspected. Complications of sarcoidosis, such as
pulmonary fibrosis, bullae, mycetomas, bronchi-
ectasis, and architectural distortion, are seen
more readily on CT than CXR [83].

Characteristic features on chest CT include
mediastinal or hilar adenopathy, micronodular
infiltrates, and bronchial wall thickening
(Fig. 9.6). Less common CT features include
reticulations, peribronchial or subpleural ground-
glass opacities, consolidation, macronodules, and
pleural effusions. Rarely, honeycombing may
occur. It should be noted that the Scadding sys-
tem for prognostication (Table 9.3) refers to the
posterior-anterior chest radiograph, not to what-
ever can be seen on chest CT [84].

Pulmonary function tests (PFTs) are recom-
mended at the time of diagnosis to establish a
baseline, even in individuals without pulmonary
symptoms [2]. Forced viral capacity (FVC) is the
most reproducible test, but the single-breath dif-
fusing capacity for carbon monoxide (DLCO)
provides additional complementary clinical
information [85]. Abnormal PFTs are found in
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Fig. 9.6 Classic computed tomography (CT) findings in
pulmonary sarcoidosis. There are innumerable small
poorly circumscribed nodules found predominantly in the
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mid- and upper lung zones. The nodules are typically
found in a lymphatic distribution, along the bronchovas-
cular bundles and the pleural surfaces

Table 9.3 Scadding chest radiograph staging system

Likelihood of CXR
remission at 5-year

Stage  Description Frequency (%) after diagnosis (%)
I Bilateral hilar lymphadenopathy with or without ~ 40-67 80-90
right paratracheal lymphadenopathy
11 Lymphadenopathy + parenchymal infiltrates 20-40 50-65
11 Parenchymal infiltrates alone 10-20 20-30
v Pulmonary fibrosis 0-10 0

approximately 20 % of patients with Scadding
stage I radiographs, whereas 40-80 % of those
with more advanced radiographic stages have
abnormal values [86]. Although restrictive physi-
ology is widely assumed to be typical for sarcoid-
osis, obstructive lung disease is seen as often. At
the time of diagnosis, it is present in up to 63 % of
patients [87, 88]. Similarly, bronchial hyperre-
sponsiveness documented by bronchoprovoca-
tion testing is present in 21-58 % of subjects,
regardless of chronicity or radiographic stage [89,
90]. Other tests of pulmonary physiology, such as
the 6-min walk test, total body plethysmography,
cardiopulmonary exercise testing, or measure-
ments of respiratory muscle strength, can be con-
sidered in the appropriate clinical context [91].
The minimal clinically important difference
for PFTs in sarcoidosis is unknown. In general,
most patients with worsening sarcoidosis will not

demonstrate conventionally defined deterioration
of >10-15 % of FVC prior to seeking treatment,
so that a consistent decline of 5-10 %, along with
worsening symptoms or radiographic changes,
may be sufficient to escalate treatment [85]. It is
also important to carefully identify what mecha-
nism is causing symptoms determining treatment.
For example, muscle weakness, as assessed by
quadriceps peak torque, hamstrings peak torque,
peak inspiratory force, or hand grip, is prevalent
in sarcoidosis patients [92]. The reductions of
muscle strength correlate with lower 6-min walk
distances, more dyspnea, and worse quality of
life [93]. These may in turn be effects of obesity
or myopathy related to corticosteroid administra-
tion. In one study, the dose of steroids was
inversely correlated with the quadriceps peak
torque, suggesting that subclinical steroid myop-
athy is a contributor to the symptoms [93].
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Upper Respiratory Tract Sarcoidosis

Sarcoidosis of the upper respiratory tract (SURT)
is an underappreciated manifestation of sarcoid-
osis and may be present in the nose, sinuses, lar-
ynx, oral cavity, or ear. The estimated incidence
of sinonasal involvement is between 1 and 6.8 %
[10, 94-96], with laryngeal involvement in less
than 1 % [97]. SURT appears to be more com-
mon in African-American and female patients
and those with lupus pernio [95]. It can be a pre-
senting manifestation of sarcoidosis, although
there is often a substantial delay in the diagnosis
of SURT. Nasal congestion is the most common
symptom, but crusting, anosmia, and hoarseness
may also occur. Erythematous nodules can often
be identified on the turbinates and septum
(Fig. 9.1). Destruction of the nasal sinuses, sad-
dle nose deformity, and septal perforation are
features of more chronic disease.

Because laryngeal involvement could be poten-
tially life-threatening, clinicians should consider
fiber-optic laryngoscopy for significant laryngeal
symptoms [98, 99]. Some patients may respond to
topical or intralesional corticosteroids [99],
although the majority of patients require more
aggressive systemic corticosteroids or immunosup-
pressive medications to control the disease [94, 95].
Sinus surgery should be reserved as a procedure of
last resort for severe SURT that has failed aggres-
sive medical management, as there is increased risk
of nasal septal perforation and recurrence of dis-
ease after surgical intervention [100, 101]. Patients
with SURT have a lower likelihood of remission
compared to sarcoidosis patients without upper
respiratory tract involvement [95, 102].

Endobronchial Sarcoidosis

As mentioned previously, sarcoidosis granulo-
mas tend to cluster along the bronchovascular
bundle and in the vicinity of the airways. When
the granulomatous airways inflammation is clini-
cally overt, it is associated with increased respi-
ratory symptoms and higher mortality [103].
Endobronchial disease typically manifests as an
obstructive ventilatory defect, although pulmonary
function testing may also be normal [104, 105].

Fig.9.7 Airways mucosal involvement from sarcoidosis
in the trachea. This appearance has been termed “pebbly
mural” or “cobblestoning”

Bronchiolar involvement from sarcoidosis can
occasionally occur in early sarcoidosis without
pulmonary parenchymal involvement, leading to
radiologic and physiologic air trapping that cor-
relates with evidence of small airways disease
and airways hyperreactivity on pulmonary func-
tion testing [106]. However, airways obstruction
is far more common in patients with advanced
parenchymal disease, probably due to the overall
granuloma burden, as well as the presence of
architectural airways distortion from peribron-
chiolar fibrosis [107, 108]. Significant endolumi-
nal narrowing from bronchostenosis is rare,
occurring in fewer than 1 % of patients [104].
The most common endobronchial abnormali-
ties include erythema and/or mucosal thickening.
As the airways disease progresses, the mucosa
may demonstrate waxy yellow mucosa nodules,
cobblestoning, and friability (Fig. 9.7). Although
diffuse airways narrowing can lead to near total
obstruction of the airways, greater than two-thirds
of patients have multiple stenotic sites [104]. The
most common clinical features are cough and air-
ways hyperreactivity [89]. Wheezing, squeaks,
and stridor are less common and, when focal,
should prompt bronchoscopic examination or ded-
icated airways imaging to evaluate whether there
is a mechanical obstruction that can be treated
with interventional bronchoscopic modalities.
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Fig. 9.8 (a—c) Sarcoidosis can cause pulmonary hyper-
tension through a variety of mechanisms, but it tends to be
more common than in idiopathic pulmonary fibrosis
due to the distribution of the granulomas in the broncho-
vascular bundle where the pulmonary arteries are located
(a, circle) as well as adjacent to the veins, which run

Pulmonary Hypertension

The prevalence of sarcoidosis-associated pulmo-
nary hypertension (SAPH) ranges from 1 to 28 %,
depending on how pulmonary hypertension is
defined, the technique used for detection, and the
population studied [109-111]. It may be as high
as 75 % in patients awaiting lung transplantation
[112]. Generally, the mean pulmonary artery pres-
sure is modestly elevated, but severe pulmonary
hypertension with cor pulmonale and systemic
level PA pressures may also occur [111, 113].
Right heart catheterization is necessary to confirm
suspected SAPH, since elevated pulmonary pres-
sures are frequently due to pulmonary venous
hypertension from cardiac sarcoidosis or other
causes of elevated left heart filling pressures such
as hypertensive heart disease [114]. The presence
of SAPH is a predictor of significant morbidity
and lower survival, particularly when the right
atrial pressure is elevated (>15 mmHg) [114, 115].
Therefore, under the current organ allocation sys-
tem for lung transplantation, added priority has
been given to those patients with sarcoidosis who
suffer from pulmonary hypertension.

The mechanism of SAPH is multifactorial,
leading to its inclusion in World Health
Organization Group 5 (miscellaneous causes).
A key factor responsible for the high prevalence
of SAPH in sarcoidosis is that the anatomic loca-
tion of sarcoidosis granulomas tends to favor a
perivascular distribution, leading to direct as well

through the intralobular septae (a, /ine). The sarcoidosis
granulomas may cause a destructive arteriopathy (b),
eroding through the vascular wall. When the granuloma
burden is high, there is often direct physical occlusion
of the vasculature (c¢), where the pulmonary vein is
compressed

as indirect effects on the pulmonary arterioles and
veins (Fig. 9.8a—c) [116]. Many patients also
develop pulmonary hypertension from hypox-
emic vasoconstriction and progressive loss of the
vascular bed in patients with severe fibrosis [116,
117]. However, the lung parenchyma is normal in
a small subset (10 %) of patients [117]. Other
mechanisms may include obstructive sleep apnea,
which is common in patients with sarcoidosis,
occlusion of the pulmonary vasculature by granu-
lomatous vasculitis, pulmonary veno-occlusive
disease, and external compression from lymph-
adenopathy [116]. Patients with sarcoidosis are
also at increased risk for thromboembolism [118],
which can occasionally lead to chronic thrombo-
embolic pulmonary hypertension. Rarely, porto-
pulmonary hypertension can occur in individuals
with sarcoidosis-associated cirrhosis.

A high index of suspicion is necessary to iden-
tify patients with sarcoidosis who have pulmo-
nary hypertension. Patients with SAPH are more
likely to have advanced radiographic disease
and more impaired lung volumes, although
patients with preserved lung function and no pul-
monary fibrosis have also been reported [119].
Patients with a diffusion capacity <60 % pre-
dicted, those requiring supplemental oxygen, and
those with oxygen desaturation <90 % on 6-min
walk testing have a relatively high likelihood of
having pulmonary hypertension [112, 119].

Although there are reports of successful rever-
sal of SAPH with corticosteroids, most patients
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do not respond to immunosuppressive therapies
[112, 120]. The usefulness of specific pulmonary
hypertension therapies in SAPH is relatively
understudied. A single randomized, double-blind
placebo-controlled trial showed improvements in
pulmonary hemodynamics but not in 6-min walk
distance at 16 weeks for those treated with bosen-
tan but not placebo [121]. Other small case series
and uncontrolled trials have reported variably
positive results [111, 122, 123].

Pleural Sarcoidosis

The major forms of pleural involvement in sar-
coidosis are pleural effusions, pneumothorax,
and pleural thickening, although pleural nodules,
hydropneumothorax, trapped lung, pleural calci-
fication, hemothorax, and chylothorax have also
been described [124—-127]. The reported inci-
dence of pleural effusions ranges from 0.7 to
10 %, with most studies supporting a prevalence
of 1-2 % [124, 128-130]. The effusion is typi-
cally a paucicellular, lymphocyte-predominant
exudate, with a pleural/serum protein ratio more
consistently in the exudative range than the
serum: pleural fluid lactate dehydrogenase (LDH)
criteria. The more predominant protein elevation
suggests that the pathogenesis of sarcoid-related
pleural effusions is more likely to be a conse-
quence of increased capillary permeability rather
than of pleural space inflammation [130]. Pleural
effusions are more likely to occur in CXR stage 2
disease but the majority resolve spontaneously in
1-3 months [124, 130]. With the progression of
parenchymal disease, the prevalence of pleural
effusions decreases, while the prevalence of pleu-
ral thickening and pneumothorax increases [124].

Mycetoma

Advanced fibrocystic pulmonary sarcoidosis is
the main risk factor for the development of myce-
tomas (typically aspergillomas). The true preva-
lence of mycetomas in sarcoidosis is unknown,
but has ranged from 2.7 % in unselected cohorts

Fig. 9.9 Monod’s (crescent) sign due to a mycetoma in
the left upper lobe in a patient with fibrobullous
sarcoidosis

to a high of 44 % in groups with advanced lung
disease [131-133].

Mycetomas most commonly occur in the upper
lobes, can affect both lungs equally, and can pres-
ent as single or multiple lesions [134]. The classic
radiographic appearance is that of a round, mobile
mass topped by a clear crescent which separates
the mass from the wall of the cavity (crescent
sign—Fig. 9.9). In the presence of a crescent sign
and a positive serum precipitin test, the diagnosis
of aspergilloma can be confidently made without
resorting to cultures or invasive testing [135].
Invasive fungal infection or dissemination of the
infection, even in the setting of immune modulat-
ing therapy, is very rare [136, 137].

Most patients are asymptomatic. In a minority
of individuals, hemoptysis may occur, ranging
from scanty blood-streaked sputum to massive
hemoptysis that results in variable amounts of
hemoptysis with risk for mortality from asphyxia-
tion. The risk for hemoptysis does not correlate
with the size of the mycetoma [134]; however,
once bleeding starts, the mortality rate from the
episode ranges from 5 to 26 % [132, 134, 138].
Surgical resection is the only known definitive
therapy but it is associated with high perioperative
morbidity and mortality [134]. Bronchial artery
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embolization may be a temporizing measure.
Pharmacologic treatment options are limited.
Direct, CT-guided, intracavitary instillation of
antifungal agents has been studied and shown to
be effective in small case series [134, 139-141].

Other Considerations
Pulmonary Embolism

Epidemiologic surveys in the United States and in
England have suggested that the risk of pulmo-
nary embolism (PE) in patients with sarcoidosis
is more than twofold greater than the risk of PE in
the general population, regardless of gender, race,
or age [118, 142]. One potential explanation for a
heightened risk of thrombosis may be due
to increased procoagulant activity that has
been demonstrated in the BAL fluid of patients
[143]. Other effects of chronic inflammation, or
decreased mobility due to complications of severe
sarcoidosis, may also account for the elevated
thrombotic risk. In sarcoidosis patients with
worsening respiratory status, PE should be con-
sidered as a potential explanation.

Sleep Apnea

Patients with sarcoidosis are at increased risk for
sleep apnea, possibly due to factors such as ste-
roid use, neurosarcoidosis, or upper airways
obstruction. In a single-center prospective study,
sleep apnea was identified in 17 % of patients
when screening consisted solely of the Epworth
Sleepiness Scale, followed by polysomnography
in those with a high screening score [144]. In that
cohort, the only independent risk factor for the
presence of sleep apnea was lupus pernio [144].
Similar to the general population, obstructive
sleep apnea occurs more commonly in males, but
in the sarcoidosis population, it is relatively fre-
quent in females as well [144]. Excessive daytime
sleepiness and fatigue are very common in sar-
coidosis cohorts, but are only partially explained
by the presence of sleep apnea [145, 146].
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Fig. 9.10 Bronchogenic malignancy (adenocarcinoma)
causing a local granulomatous reaction in the overlying
airways mucosa that was initially mistaken for sarcoidosis
when only granulomas were identified on a superficial
(endobronchial) biopsy

Malignancy

Sarcoidosis has been reported to occur in patients
preceding, concurrent with, or after the diagnosis
of cancer. Whether the incidence of sarcoidosis
after a diagnosis of cancer is truly elevated above
the population expected norms is unclear, since
many oncologic patients are subjected to aggres-
sive follow-up testing that may reveal clinically
unimportant sarcoidosis.

A local sarcoid-like reaction has also been
known to occur in patients with cancer (Fig. 9.10).
Therefore, it is important to consider the clinical
situation carefully when making the diagnosis of
sarcoidosis. For example, in one series,
sarcoidosis-like reactions were estimated to
occur in 0.5-1.1 % of cancers when FDG-PET
scanning was used as the primary tool for ascer-
tainment [147].

A frequent clinical question, especially when
considering use of some types of immunosup-
pressive medications, is whether sarcoidosis
increases the likelihood of subsequent malig-
nancy. A population-based survey in Britain
identified a relative risk ratio of 1.65 for develop-
ment of cancer in sarcoidosis patients compared
to controls over a 4-year time frame, but the risk
was driven almost entirely by excess non-
melanoma skin cancer [148]. An older Danish
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cohort from the 1960s suggested that lung cancer
and lymphoma occurred 3 and 11 times more
commonly than expected, but the estimates may
be skewed by small numbers [149]. A separate
cohort from Sweden suggested a doubling of
overall risk, especially within the first decade
after the diagnosis of sarcoidosis [150].

Management
Natural History and Prognosis

Although sarcoidosis is usually regarded as a
benign disease, it can lead to death; historical
estimates, largely from referral centers, estimated
a 1-5 % attributable mortality risk [2]. The mor-
tality rate for sarcoidosis patients in a British
population survey from 1991 to 2003 was 5 and
7 % at 3 years and 5 years, respectively, com-
pared to age- and gender-matched controls for
whom mortality was 2 and 4 % [151]. An analy-
sis of age-adjusted sarcoidosis mortality based on
death certificates suggested that it has increased
51 % in women and 30 % in men in the United
States in the last two decades from 1988 to 2007
[152]. In the United States and Europe, progres-
sive pulmonary fibrosis leading to respiratory
failure is the most common cause of death, fol-
lowed by advanced myocardial or neurologic
involvement [2]. In Japan, cardiac sarcoidosis is
the leading cause of death [153].

The morbidity of sarcoidosis is frequently
overlooked, perhaps due to the widespread
perception that it is a spontaneously resolving
disease and does not progress inexorably like
idiopathic pulmonary fibrosis. However, at least
1/3 of those with sarcoidosis will develop
persistent symptoms and organ damage [6, 154].
Since sarcoidosis tends to affect individuals
in the prime years of life, the impact on employ-
ability, family structures, and comorbid diseases
that develop from sarcoidosis or its therapies
can be considerable. Preventing and ameliorat-
ing these outcomes are obvious goals of
treatment, but these goals are complicated by
the variable phenotypes and natural history of
sarcoidosis.
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Advanced pulmonary sarcoidosis develops
in no more than 5-10 % of all sarcoidosis
patients, generally over 1-2 decades [132, 155].
Nonetheless, most of the known prognostic factors
for bothersome disease are apparent within 2 years
of diagnosis [156—158]. While no specific risk fac-
tors for the development of advanced pulmonary
disease have been identified, numerous factors for
progressive and/or chronic disease have been
defined. In the US ACCESS study, which was
skewed to include a high proportion of patients
with pulmonary sarcoidosis, the only independent
variables predicting a requirement for ongoing
therapy at 2 years after diagnosis were higher dys-
pnea scores and a requirement for therapy within
the first 6 months [159]. Although sarcoidosis that
is progressive or chronic does not always eventu-
ate in end-stage disease, it is clear that those phe-
notypes are markers for those who will develop
end-stage disease. For example, in a survey of 500
patients from ten tertiary centers specialized in
treating the most severe patients, only 57 % of
patients with persistent disease required any therapy
at 5 years after the diagnosis [160]. Therefore, cur-
rently, decisions about prognosis and management
must necessarily rely on the surrogate phenotypes
of chronic or progressive sarcoidosis.

The Scadding chest radiographic (CXR) pat-
tern is a widely used tool for predicting the over-
all likelihood for resolution at the 5-year time
point after diagnosis [84]. A Spanish study of
209 patients demonstrated that the presence of
parenchymal involvement and lack of lymphade-
nopathy at the time of diagnosis were indepen-
dently associated with persistent disease at 2
years, even after adjustment for other possible
prognostic variables [158]. Long-term studies
utilizing CT (computed tomography) of the chest
to determine potentially reversible lesions have
been conducted. They showed that cystic spaces
and architectural changes of the lung parenchyma
are irreversible with or without treatment [161].
However, it is important to note that some patients
with substantial pulmonary fibrosis have normal
lung function or require no therapy [162, 163].
Therefore, the radiographic features of sarcoid-
osis must be interpreted in the context of longitu-
dinal follow-up and symptoms.
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Effect of Therapy on Natural History

Most authors do not believe that early treatment
of sarcoidosis, regardless of Scadding stage or
other putative prognostic features, necessarily
results in a higher likelihood of spontaneous
remission or substantially improved medium-
term outcomes [164]. For most organs, including
the lung, there does not seem to be a worse out-
come when initiation of therapy is deferred [165].
As previously stated, a requirement for early
institution of systemic therapy correlates with a
worse prognosis, but it is unclear whether that
observation is due to the severity of the disease or
an adverse effect of treatment. In a cohort of
Swedish patients with Léfgren’s syndrome, 80 %
of HLA-DRB1*03 negative patients treated with
steroids had disease persistence at 2 years versus
only 37 % of untreated patients [166]. Similarly,
in a series of primarily African-American
patients, those individuals who received steroids
to control their disease had a 74 % likelihood of
relapse when therapy was tapered [167].

Indications for Treatment

There are two broad indications for treatment:
significant organ dysfunction, especially when a
poor outcome is likely, and substantial impair-
ment of quality of life due to symptoms caused
by granulomatous inflammation. For the lungs,
outcome is likely to be worse when sarcoidosis is
chronic, when there is fibrosis, when the patient
is dyspneic, and when there is progressive dete-
rioration of the PFTs [102, 158, 159, 162].
Management of extrapulmonary sarcoidosis is
beyond the scope of this chapter, but as a general
rule, the prognosis is worse when more organs
are involved, so that the treatment approach is
typically more aggressive when pulmonary dis-
ease is combined with extrapulmonary disease.

Therapy

Inhaled corticosteroids (ICS) have a limited role
in the management of symptomatic pulmonary
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sarcoidosis. Both budesonide and fluticasone
have been studied for symptomatic pulmonary
sarcoidosis, with most trials indicating little ben-
efit on either PFTs or need for escalation of ther-
apy [168—173]. Based on the currently available
data, the main role of ICS appears to be for treat-
ment of cough or bronchospasm.

Figure 9.11 presents a suggested algorithm for
the management of pulmonary sarcoidosis. Due
to the expectation of spontaneous resolution and
the fact that many patients can be managed
chronically with low daily doses [132, 174], cor-
ticosteroids are still generally accepted as the
first-line approach for systemic treatment of sar-
coidosis. However, the steroid-centric approach
has been challenged for failing to sufficiently rec-
ognize the burden of steroid toxicities that occur
in clinical practice [175].

There have been no prospective, randomized
studies to determine the optimal dose, duration of
therapy, or rate of tapering for glucocorticoids
[176]. Most experts initiate therapy with predni-
sone 20—40 mg daily [176-178]. The benefits of
corticosteroids (CS) on pulmonary disease are
best established for chest radiographic
improvement [179]. In contrast, there are data
suggesting that the use of steroids may actually
cause deterioration rather than improvement of
quality of life [180].

For pulmonary sarcoidosis, the maximum
improvement usually occurs within 3—4 weeks,
and tapering to a maintenance dose can be
accomplished in 1-3 months [165, 176, 181-
184]. The dose of steroids should be tapered to
the minimum level that will reasonably control
symptoms and disease progression. The goal
dose for maintenance therapy must be individu-
alized for each patient but also must consider
the likelihood of spontaneous remission. In one
institution, 65 % of patients with chronic sar-
coidosis were successfully maintained on 10 mg
or less of prednisone daily [174]. As mentioned
previously, serological markers such as ESR or
ACE are not generally useful for adjustment of
therapy. Some authors have suggested treatment
can be discontinued after 6 months, whereas
others have noted that relapse is less common
when treatment is continued for at least 1 year
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Diagnosis
Sarcoidosis \
Mild symptoms Severe symptoms
Prednisone 20-30
Observe Worse mg/day x 3-4 weeks
Stable lnad!qua\
Improve Good response response No response
\ Taper prednisone " N
to <10 mg/day Add immune Reconsider
Observe Observation modulator* reversibility
vs treat
Good response Poor response
Unsuccessful Successful -
Add immune Continue with Trial of second Reversible
modulator* appropriate Immune disease
Consider temporary monitoring modulator
increase in
prednisone
Maintain for
6-12 months Consider
T methotrexate
vs infliximab
Successful
Complete
prednisone taper
*Current options include - methotrexate, azathioprine, lefl ide, and mycophenolate

Fig.9.11 Algorithm for management of pulmonary sar-
coidosis. Other organs may require differing intensities or
durations of therapy. The modern corticosteroid doses and
time to initiate tapering are less aggressive than in the

[165, 182]. Attempts to taper corticosteroids off
should account for the chronicity of the disease,
its severity, and the risk-benefit ratio of the
extant treatment.

The side effect profile of steroids may limit
their use in individual patients. The most common
toxicities include weight gain, worsening of dia-
betes, and osteoporosis. In a randomized US trial,
the median weight gain after 6 months of steroid
therapy was 24 Ib (11 kg) [185]. In contrast, the
median weight gain after 12 months in the ste-
roid-treated arm of a British steroid trial was only
3.6 kg [186]. For chronic treatment, Johns et al.
reported that 24 % of patients gained 9 kg or more
and 8 % of patients developed new diabetes [132].
Obviously, the risks of these toxicities must be
considered individually for each patient.

past. (Used with permission from Lazar CA, Culver DA.
Treatment of sarcoidosis. Semin Respir Crit Care Med.
2010; 31:501-18.)

Steroid-Sparing Agents

A range of alternative therapies are available for
patients with inadequate responses to or excessive
toxicities from corticosteroids. There are no pro-
spective head-to-head comparisons of any of these
agents, but methotrexate (MTX) is probably the
most commonly advocated steroid-sparing medi-
cation [178]. A recent two-center study retrospec-
tively compared the effectiveness of MTX versus
azathioprine (AZA) for second-line treatment of
pulmonary sarcoidosis [187]. Both agents were
similarly effective for reduction of prednisone
dose, which decreased by an average of 6.3 mg/
day/year of MTX/AZA use, and for improvement
of forced vital capacity (+95 mL/year) [187].
Infectious complications were more common in
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the AZA group, but otherwise the medications
were tolerated similarly well [187].

In a double-blind, placebo-controlled trial
comparing MTX to placebo in patients with
acute pulmonary sarcoidosis on corticosteroids,
MTX was well tolerated and exerted a significant
steroid-sparing effect [185]. Up to 6 months may
be needed prior to evidence of a benefit after
starting MTX [188]. For sarcoidosis the typical
dose is 10-20 mg orally once a week [189, 190].
Serious toxicities of MTX include hepatotoxic-
ity, pneumonitis, and cytopenias. Common side
effects include nausea, diarrhea, fatigue, rash,
and headache, which are often temporally related
to the weekly dose and may resolve by adminis-
tration of the next dose. Risk for most of these
side effects can be mitigated by supplementation
with folic acid of 1-2 mg/day. The World
Association of  Sarcoidosis and  Other
Granulomatous Disorders guideline provides
suggestions for monitoring and dosing MTX in
sarcoidosis [191]. Some highlights of that guide-
line are that routine liver biopsies are not recom-
mended and that MTX is deemed to be very safe
for long-term use, even in patients with hepatic
sarcoidosis [191].

AZA, a lymphocyte inhibitor, is theoretically
attractive for sarcoidosis given the necessity of
CD4+ lymphocyte-mediated immune activation
to maintain the sarcoidosis granuloma. Despite
its widespread use, there are no prospective con-
trolled trials of AZA in sarcoidosis. The typical
dose for sarcoidosis is 2-2.5 g/day in divided
doses. Another antilymphocyte agent, lefluno-
mide, has been evaluated in two retrospective
series involving a total of 108 patients [192, 193].
Those reports suggested that leflunomide is
effective for stabilizing lung function and may
improve extrapulmonary disease in chronic sar-
coidosis refractory to corticosteroids and MTX.
It was also able to allow reduction in prednisone
from a median dose of 10 to 0 mg/day [192].
Leflunomide appears to be more effective when
used in combination with MTX [192].

A number of other agents have been used in
pulmonary sarcoidosis. The antimalarial agent,
chloroquine, was studied in a single randomized
placebo-controlled trial of eighteen patients with
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refractory pulmonary sarcoidosis [194]. Chronic
chloroquine use slowed deterioration of forced
expiratory volume in 1 s (51 mL/year versus
196 mL/year) and reduced the frequency of
relapses [194]. Some other medications that are
frequently considered but for which there is little
evidence of benefit for pulmonary sarcoidosis
include mycophenolate, cyclophosphamide, tha-
lidomide, rituximab, hydroxychloroquine, and
pentoxifylline. In some cases, these options have
not been well studied yet.

Biologic Anti-TNF Agents

Tumor necrosis factor (TNF) is critical for main-
tenance of granulomas in experimental models
[195, 196]. Biologic TNF antagonists have been
increasingly used for third-line therapy of pulmo-
nary sarcoidosis, generally when patients have
failed at least one steroid-sparing medication.
A randomized, double-blind, placebo-controlled
trial of 138 subjects demonstrated effectiveness
of infliximab in chronic treatment-requiring pul-
monary disease [197]. In that trial, the mean FVC
increased by 2.5 % compared to placebo. Patients
with FVC <70 %, higher dyspnea scores, and
reticulonodular changes on CXR were more
likely to respond [82, 197]. Although the magni-
tude of the FVC change has been criticized as
small, the effects in the more severe group were
similar to those reported in controlled trials of
corticosteroids in untreated patients.

Benefits from adalimumab have also been
reported, mainly in uncontrolled series [198-200].
However, its effect is less rapid and less robust than
infliximab. When given for sarcoidosis, many
experts administer a loading dose, similar to that for
Crohn’s disease, starting with 160 mg, followed by
80 mg 2 weeks later, and then 40 mg either weekly
or every other week. Potential toxicities from use of
TNF antagonists include infection, especially atyp-
ical reactivation syndromes from granulomatous
organisms, risks of malignancy, and worsening of
cardiomyopathy. Given the toxicity concerns and
expense of TNF antagonists, their use is generally
reserved for patients with moderate to severe
disease who are failing conventional therapy.
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Lung Transplantation

Patients with sarcoidosis make up 3.5 % of the
total population of patients listed for transplanta-
tion [201]. According to the 2012 official report
from the registry of the International Society for
Heart & Lung Transplantation, 2.5 % of the
patients who receive lung transplants and 1.6 %
of the patients who receive heart-lung transplants
have sarcoidosis, making it the seventh leading
cause for lung transplantation [202]. Compared
to the overall lung transplant population in the
United States, patients with sarcoidosis are more
likely to be younger (45.8+8.8 years versus
48.9+12.3 years; p<0.001), female, and African-
American [203]. These characteristics mirror the
population that is affected by sarcoidosis in the
United States.

Intermediate and long-term survival is similar
to the reported overall worldwide lung transplant
survival data [115, 203-205]. However, mortality
in the first year after transplantation is higher in
those with sarcoidosis. It is unclear whether the
increased early mortality is due to complications
such as SAPH and aspergilloma, preexisting
immunosuppression, the presence of extrapulmo-
nary sarcoidosis, or other factors.

Sarcoidosis can recur in the allograft, although
the clinical implications are usually very modest
[206, 207]. Sarcoidosis is estimated to recur in
approximately one-half to two-thirds of lung
allografts, as early as 14 days after transplanta-
tion [208]. The estimated average time to recur-
rence is 15 months [207]. Interestingly
transmission of sarcoidosis from donor to recipi-
ent is also described [209].

Calcium Metabolism and Bone
Health in Sarcoidosis

Patients with sarcoidosis are at risk for osteopo-
rosis due to chronic inflammation, granuloma-
derived osteoclast-stimulating factor, direct
stimulation of osteoclasts by excessive levels of
1,25-dihydroxyvitamin D, and the pervasive use
of glucocorticoid therapy [210]. Bone loss can be
further exacerbated by limited mobility in
patients with poor exercise tolerance due to
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compromised pulmonary function and in those
with darker skin color.

Hypercalciuria and hypercalcemia are present
in 3—11 % and 7-20 % of patients, respectively
[211]. Renal lithiasis occurs in up to 5 % of
patients [212]. Deranged calcium metabolism is
the only “organ” manifestation that occurs more
frequently in white than black patients [10].
Although most patients with sarcoidosis have
low to very low levels of the inactive form of
vitamin D (25-hydroxy vitamin D, vit D-25),
most have normal or elevated levels of the active
form of vitamin D (vit D-1,25), likely a result of
the conversion of vit D-25 to vit D-1,25 by the
enzyme la-hydroxylase contained in the sarcoid
granuloma [210, 213]. Macrophages that make
up sarcoid granulomas also have been reported to
produce vit D-1,25, and the cytokines TNF-a and
INF-y seen in inflammation further amplify its
production [214]. Therefore, serum levels of both
vitamin D-25 and vitamin D-1,25 should be mea-
sured before starting vitamin D supplementation.
Patients with low vitamin D-25, but normal vita-
min D-1,25, do not need supplementation and
may be at risk of developing symptomatic hyper-
calcemia with supplementation [215]. In patients
with a 24-h urine calcium higher than 250 mg,
avoidance of exogenous vitamin D and calcium
supplementation has been recommended [215].
It is also widely promulgated among patient
advocacy groups that high-dose vitamin D
supplementation may provoke flares of sarcoid-
osis although there are little data to confirm this
association.

Using the smallest dose of glucocorticoid for
the shortest duration possible is an important
strategy to minimize osteoporosis  risk.
Bisphosphonate therapy has been shown to suc-
cessfully prevent osteoporosis in corticosteroid-
treated sarcoidosis patients [216]. Therefore, all
patients with sarcoidosis beginning glucocorti-
coids with an expected duration of at least 3
months should be evaluated and counseled for
other risk factors for osteoporosis, and bone den-
sity should be measured. In postmenopausal
women and men over the age of 50 years, the risk
of fracture should be determined using the FRAX
tool [217], and low-risk patients on glucocorti-
coids >7.5 mg/daily or those in a medium- or
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high-risk FRAX category should be considered
for bisphosphonate therapy. Patients in a high-
risk category alternatively could be considered
for teriparatide. Premenopausal women or men
less than 50 should be evaluated for a preexisting
fragility fracture as the FRAX is not valid in this
patient population. Premenopausal women that
are not of childbearing potential or men <50
years with a prevalent fragility fracture should be
started on a bisphosphonate if they are treated
with any dose of glucocorticoids for at least 1
month. Women of childbearing potential should
be started on a bisphosphonate if there is a
planned prednisone dose of at least 7.5 mg daily
for at least 3 months. There is no consensus for
women of childbearing potential with less than 3
months of glucocorticoid duration, and there are
no data to inform treatment recommendations for
premenopausal women or men <50 years without
a fragility fracture [218].

Conclusion

Sarcoidosis is a multisystem disease, implying
that diagnosis and management often entail a
team approach. Attempts to compartmentalize
patients with sarcoidosis into separate organ sys-
tems are likely to lead to mistakes in pattern rec-
ognition and fragmentation of therapeutic
priorities. Collaboration between rheumatolo-
gists and pulmonologists can facilitate compre-
hensive care of patients with sarcoidosis.

When managing patients with sarcoidosis, it
is important to confirm the diagnosis and assess
which aspects of the patient’s symptoms relate
to active sarcoidosis. A number of conse-
quences of sarcoidosis, such as sleep apnea and
pulmonary hypertension, may be more impor-
tant contributors to morbidity than is active
granulomatous inflammation. Therapy should
be tailored to each patient, considering the
expected disease course, the patient’s comor-
bidities, and the impact of the sarcoidosis on
either organ function or quality of life. In gen-
eral, steroid-sparing therapies should be insti-
tuted with increasing alacrity as the burden of
poor prognostic features, steroid toxicities, and
chronicity of disease mounts.

Case Vignette

A 49-year-old female was evaluated for a
3-month history of fatigue, cough, arthral-
gias involving the hands and ankles and
mild exertional dyspnea. Her past medical
history was remarkable only for a history of
diet-controlled diabetes, depression, and
obesity. She had a single episode of renal
lithiasis 5 years previously. She was a never
smoker, and she drank alcohol only on
social occasions several times a year. She
worked as a claims processor for an insur-
ance company. There were no relevant
exposures except for an indoor hot tub that
she used regularly during the cooler months.
She did not notice worsening respiratory
symptoms after using the hot tub.

Her physical exam was unremarkable,
with no evidence of peripheral lymph node
enlargement, normal cardiopulmonary
exam, normal abdominal exam, and no
joint abnormalities. Her complete meta-
bolic panel, complete blood count, thyroid-
stimulating hormone, rheumatoid factor,
ESR, and CRP level were all within normal
limits. Here ANA was weakly positive
(1:80 titer) in a speckled pattern, but her
extractable nuclear antigen panel was nega-
tive. Her 25-OH-vitamin D level was 17 ng/
mL. A chest radiograph showed bilateral
hilar prominence and mid-lung zone pre-
dominant infiltrates (Fig. 9.12). Ultrasound-
guided  bronchoscopic  transbronchial
needle aspiration of the enlarged lymph
nodes revealed granulomatous inflamma-
tion; a transbronchial biopsy also demon-
strated  well-formed  non-necrotizing
granulomas in the bronchiolar mucosa.
Special stains and cultures were negative.
A diagnosis of sarcoidosis was conferred.

Discussion

As mentioned previously, the management
of sarcoidosis requires careful consideration
of the accuracy of the diagnosis, assessment
of the extent of organ involvement, and
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Case Vignette (continued)

Fig. 9.12 Posteroanterior chest radiograph dem-
onstrating bilateral reticulonodular infiltrates pre-
dominantly in the mid-lung zones. There is also
bilateral hilar lymph node enlargement

determination of the goals of therapeutic
intervention. In this case, there were some
features that should lead to reconsideration
of the diagnosis. The history of hot tub
exposure suggests an alternate potential
cause for granulomatous pulmonary inflam-
mation—i.e., “hot tub lung,” caused by a
hypersensitivity reaction to inhaled nontu-
berculous mycobacteria. Finding granulo-
matous inflammation without obvious
infectious triggers on needle aspirate speci-
mens from intrathoracic lymph nodes does
not conclusively establish a diagnosis of
sarcoidosis, since lymph node granulomas
can be reactive from several diseases that
affect the lung parenchyma, including
hypersensitivity pneumonitis. However, the
diagnosis of sarcoidosis was secured in this
case by the addition of transbronchial biop-
sies, which were typical of sarcoidosis. In
the case of hot tub lung, granulomas would
be expected to be less well formed, with
more interstitial infiltrates and also with
more substantial neutrophilic inflammation.
Establishing the diagnosis required careful
discussion between the bronchoscopist, the
pulmonologist, and the pathologist.

The assessment of sarcoidosis in this
case included a complete ophthalmologic
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exam, PFTs, and a 24-h urine calcium
measurement, given the history of renal
lithiasis. The 24-urine calcium excretion
was 393 mg/day (normal 100-250 mg/day).
The PFTs showed mild obstruction without
a bronchodilator response (FEV1 74 % pre-
dicted). Consultation with a rheumatology
colleague was requested to evaluate the
cause of the arthralgias, the significance of
the elevated ANA, and to assist with man-
agement of the calcium derangements. The
rheumatologist found no evidence of an
alternate explanation for the arthralgias and
no features to establish a diagnosis of a con-
nective tissue disorder related to the ele-
vated ANA. Further laboratory testing
ordered by the rheumatologist demon-
strated an elevated 1,25 dihydroxyvitamin
D level (86 pg/mL) and evidence of osteo-
porosis at the hip (7-score —2.7).

The management of sarcoidosis in this
case required collaboration between the
considerations of how aggressively to treat
the lungs and the arthralgias, the manage-
ment of the calcium metabolism issues,
and the comorbidities of the patient.
Importantly, the patient was adamant about
avoiding potential toxicities of oral cortico-
steroids but was also so severely affected by
the arthralgias that her daily activities were
hampered. After discussion, she was treated
with a combination of high-dose inhaled
budesonide (1,600 mcg/day) and oral
hydroxychloroquine (400 mg/day). An oral
bisphosphonate agent was started without
supplemental calcium or exogenous vita-
min D. After 4 weeks, her cough was sub-
stantially improved, but her pulmonary
function testing remained unchanged. Her
repeat 24-h urine calcium level was 218
mg/day. Her 1,25 dihydroxyvitamin D level
was now 62 pg/mL, with a 25-OH-vitamin
D level of 15 ng/mL. Her arthralgias were
moderately improved, to the degree that
they no longer interfered with her quality of
life. Her rheumatologist started low-dose
vitamin D and calcium supplementation,

(continued)
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Case Vignette (continued)

with careful follow-up to ensure that the
hydroxychloroquine was maintaining con-
trol of her deranged vitamin D metabolism.
A discussion with the patient led to a deci-
sion not to escalate therapy just for the pur-
pose of trying to normalize her lung function
and chest radiograph. Rather, it was deter-
mined that serial observation of pulmonary
symptoms and PFTs would be sufficient to
manage her pulmonary sarcoidosis. Of
note, she was successfully managed with-
out any measurements of serum ACE or
other putative serological markers of dis-
ease activity.

In this case, it is clear that multiple com-
peting priorities, including the patient’s
own preferences, needed to be considered
for management of sarcoidosis. Ongoing
longitudinal collaboration between the
pulmonologist and rheumatologist will
be necessary to provide comprehensive
care for this individual.
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Introduction

The term “pulmonary vasculitis” has been used
in different ways. Primarily, it refers simply to
inflammation of the walls of vessels of any size in
the lower respiratory tract. The term is, however,
also used for the systemic vasculitis syndromes
that commonly or predominantly present with
involvement of the respiratory tract, such as the
vasculitis syndromes associated with antineutro-
phil cytoplasmic antibodies (ANCA). Pulmonary
vasculitis is usually associated with a systemic
disorder caused by a variety of immunologic
mechanisms. In the context of a vasculitis syn-
drome, the lungs and lower airways can be
affected by three major pathologic processes: (1)
inflammatory cell infiltration and necrosis of the
pulmonary parenchyma; (2) inflammation of the
tracheobronchial tree often leading to stenoses;
and (3) pulmonary capillaritis causing diffuse
alveolar hemorrhage (DAH). Beyond capillaritis,
inflammation of vessels of different sizes in the
lung, including pulmonary arteries, veins, and
bronchial arteries, are comparably rare manifes-
tations of some unique vasculitis syndromes.
Clinicians should also remember that not all
respiratory symptoms occurring in patients
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with vasculitis are caused by inflammation of
pulmonary vessels or the underlying vasculitis
syndrome, infection being the most important
alternative diagnosis. This chapter reviews the
pulmonary manifestations of the various vasculi-
tis syndromes using the recently revised Chapel
Hill Consensus definitions and nomenclature [1].

Pulmonary Manifestations of Small
Vessel Vasculitis

ANCA-Associated Vasculitis

Microscopic polyangiitis (MPA), granulomatosis
with polyangiitis (Wegener’s; GPA), and eosino-
philic granulomatosis with polyangiitis (Churg—
Strauss; EGPA) are the three primary systemic
small vessel vasculitis syndromes with promi-
nent respiratory tract involvement [1]. In contrast
to the other forms of vasculitis with predilections
for larger vessels, most patients with active MPA
and GPA as well as the majority of patients with
active EGPA have ANCA. MPA and GPA will
be discussed together as the same diagnostic
and therapeutic principles apply. EGPA will be
covered separately.

Microscopic Polyangiitis
and Granulomatosis with Polyangiitis

MPA is defined as necrotizing vasculitis with few
or no immune deposits, affecting small vessels
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including capillaries, venules, or arterioles
(polyangiitis). Necrotizing arteritis involving small-
and medium-sized arteries may be present.
Necrotizing glomerulonephritis is very common;
pulmonary capillaritis resulting in alveolar hemor-
rhage occurs frequently [1]. GPA is characterized
by necrotizing granulomatous inflammation involv-
ing the respiratory tract and necrotizing vasculitis
affecting small- to medium-sized vessels. The most
commonly affected vessels are capillaries, venules,
arterioles, and arteries, but the wall of the aorta can
also be affected by necrotizing granulomatous
inflammation [1]. For these reasons the term “poly-
angiitis” is used for these syndromes [1]. It is the
necrotizing granulomatous inflammation that sets
GPA apart from MPA. The diagnosis of GPA
depends on the presence of clinical, pathologic, or
radiographic evidence or surrogates of granuloma-
tous inflammation. The vasculitis of MPA is indis-
tinguishable from that of GPA, and there may be
substantial overlap between the syndromes. For
these reasons, the therapeutic approach to patients
with GPA and MPA is governed by the same prin-
ciples, and most clinical studies and therapeutic tri-
als have combined both diseases.

The following paragraphs will focus on respi-
ratory manifestations of MPA and GPA other than
pulmonary capillaritis. Other organ manifesta-
tions will be covered briefly as they pertain to
general treatment decisions. The pulmonary cap-
illaritis of MPA and GPA will be discussed in
more detail in the section on DAH.

The pathognomonic histopathologic features of
GPA include neutrophilic microabscesses, fibri-
noid necrosis, palisading histiocytes, and giant
cells forming a granulomatous inflammation pat-
tern that is often referred to as “geographic necro-
sis” [2]. Focal vasculitis, thrombosis, and fibrous
obliteration of vascular lumina may be seen in
areas affected by this type of inflammation which
affects predominantly the upper respiratory tract
and lungs, but may involve any organ. Atypical
and rare histopathologic features of GPA include
organizing pneumonia, bronchocentric inflamma-
tion, and occasionally a marked number of eosino-
phils in the inflammatory infiltrates [3].
Tracheobronchial inflammation, often represent-
ing unique treatment challenges, is another feature
of GPA not shared with MPA [4, 5].

U. Specks

The etiology of MPA and GPA remains unknown.
A multifactorial genetic predisposition for the
development of ANCA-associated vasculitis seems
to be required [6, 7]. Environmental triggers such as
exposure to silica and more commonly infections
appear to be linked to the onset of the disease as
well as to relapses by initiating and perpetuating an
inflammatory environment that leads to the produc-
tion of ANCA, which in turn appear instrumental
for the development of capillaritis [8].

Greater than 90 % of patients with GPA are
Caucasian. The clinical presentation of GPA var-
ies from subacute nonspecific respiratory illness
to rapidly progressive alveolar hemorrhage syn-
drome. The majority of disease manifestations of
GPA affecting the upper and lower respiratory
tract are caused by the necrotizing granuloma-
tous inflammation. Ear, nose, and throat symp-
toms affect more than 85 % of patients [9]. These
may include rhinorrhea, purulent or bloody nasal
discharge, nasal mucosal drying and crust forma-
tion, epistaxis, and serous otitis media. Deep
facial pain from paranasal sinus involvement,
nasal septal perforation, and ulceration of the
vomer are important signs. Staphylococcus
aureus is frequently detected in the nose and
sinuses and has been linked to relapses of the dis-
ease [10]. Aphthous lesions of the nasal and oral
mucosa and inflammation and destruction of the
nasal cartilage lead to a “saddle-nose deformity.”
Ulcerated lesions of the larynx and trachea are
present in 30 % of untreated cases [4]. These may
cause hemoptysis.

The diagnostic evaluation of patients sus-
pected of having GPA or MPA should include
screening for all possible organ manifestations
and treatment toxicities and then be adjusted
based on patient-specific symptoms. Measurement
of nonspecific markers of inflammation including
erythrocyte sedimentation rate and C-reactive
protein, complete blood count, serum chemistry
panel, urine analysis, and microscopy and testing
for ANCA and chest imaging constitutes the core
of diagnostic screening. Pulmonary function test-
ing should be performed if the patient has any
respiratory symptoms or chest roentgenographic
abnormalities.

Respiratory symptoms such as cough, hemop-
tysis, dyspnea, stridor, or chest wall pain are
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usually associated with roentgenographic abnor-
malities, but roentgenographic abnormalities
may be asymptomatic [11]. Lung nodules or
mass lesions which may or may not cavitate, can
be singular, but are usually multiple and bilateral.
They can range in size from a few millimeters to
several centimeters. Alveolar infiltrates should
prompt consideration of DAH even in the absence
of hemoptysis (see discussion later in this chap-
ter). Unusual manifestations include lymphade-
nopathy, lobar consolidation, and large pleural
effusions. Tracheobronchial lesions are common,
may be asymptomatic, and only detectable by
bronchoscopy. When airway stenoses occur,
symptoms that can be mistaken for asthma
include stridor or localized wheezes. Pulmonary
function testing including inspiratory and
expiratory flow-volume loops may provide
important clues to the presence of airway narrow-
ing. Bronchoscopic inspection of the tracheo-
bronchial tree is recommended for patients with
unexplained respiratory symptoms, abnormali-
ties on pulmonary function test results, or radio-
graphic abnormalities [5, 12].

MPA with MPO-ANCA can occasionally be
associated with lung fibrosis, predominantly of
the usual interstitial pneumonia (UIP) and some-
times of the nonspecific interstitial pneumonitis
(NSIP) variety [13]. The causal relationship
between the interstitial lung disease and MPA
remains unclear. In most instances the lung fibro-
sis precedes the development of vasculitis or is
detected at the time of first vasculitis disease
manifestations. In such patients the MPA disease
manifestations respond to immunosuppressive
therapy as expected, whereas the lung fibrosis
generally does not.

Treatment of MPA and GPA follows several
general principles. First is the distinction of dis-
ease categories based on disease severity. Second
is the separation of treatment phases into a remis-
sion induction phase, followed by a remission
maintenance phase. Third is the distinction
between symptoms caused by damage from the
disease itself or treatment and those attributable
to active inflammation. Lastly, all therapeutic
interventions need to be paired with adjunctive
measures aimed at minimizing treatment toxici-
ties, or designed to repair damage.
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To stratify remission induction therapy,
patients’ disease activity is categorized as “lim-
ited or non-severe disease” or “severe disease.”
“Severe disease” is either life-threatening or
threatening an affected organ with irreversible
loss of function. This includes alveolar hemor-
rhage, glomerulonephritis, eye involvement
(except mere episcleritis), and nervous system
involvement including sensorineural hearing
loss. “Limited or non-severe disease” includes
essentially all patients with disease activity that
does not qualify as “severe” by our definitions.
The term “limited disease” used in the United
States comprises what European investigators
have referred to as ‘“early-systemic disease” as
well as “localized disease.” Even though this sep-
aration is not based on well-defined biological
distinctions, most disease manifestations leading
to the categorization as ‘“‘severe disease” are
caused by capillaritis. In contrast, most symp-
toms leading to the classification as “limited or
non-severe” disease are the result of necrotizing
granulomatous inflammation. Patients with lim-
ited GPA have a more protracted disease course,
a greater likelihood of experiencing a disease
relapse following a period of remission, and a
higher prevalence of destructive upper respira-
tory tract disorders (e.g., saddle-nose deformity).

Therapy for MPA and GPA follows similar
principles and is based on randomized controlled
trial results. Methotrexate (MTX) given once a
week at a dose of up to 25 mg in combination
with daily oral prednisone is considered the stan-
dard of care for patients with non-severe GPA
[14]. For remission induction in severe GPA and
MPA, CYC at a dose of 2 mg/kg/day in combina-
tion with prednisone has been the standard of
care until recently [9, 15]. Rituximab (RTX) has
now been proven to be an effective and safe alter-
native for CYC, and for patients presenting with
a severe disease relapse RTX was shown to be
superior to CYC [16, 17].

Once remission has been induced and the
prednisone taper is well under way, CYC should
be switched to either azathioprine (AZA, pre-
ferred in patients with renal involvement and any
degree of renal insufficiency) or MTX [18]. MTX
and AZA are equivalent for remission mainte-
nance, whereas another randomized controlled
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trial showed that mycophenolate mofetil (MMF)
is not as effective as AZA for remission mainte-
nance [19]. Thus, the use of MMF for remission
maintenance can only be supported for patients
who have failed MTX and AZA, or who have
contraindications for both agents. The Wegener’s
Granulomatosis Etanercept trial (WGET), in
which MTX was used for remission maintenance,
confirmed that long-term remission remains an
elusive goal for many patients, as remission was
maintained in less than half of the patients [20].
The RTX in ANCA-associated Vasculitis (RAVE)
trial showed that a single 4-week infusion series
of RTX was as effective as 18 months of
conventional cytotoxic therapy with CYC fol-
lowed by AZA, even though patients in the RTX
treatment arm of that trial received no further
therapy following the original infusion therapy
[17]. Several recent studies including the RAVE
trial have shown that PR3-ANCA (versus MPO-
ANCA), the diagnosis of GPA (versus MPA), and
relapsing disease (versus new diagnosis) repre-
sent risk factors for subsequent relapses even
when patients are maintained on AZA for main-
tenance therapy [17, 21, 22].

Large airway involvement in GPA may call
for specialized management beyond standard
immunosuppression [5]. Subglottic stenosis is
often addressed with dilation procedures paired
with local injection of long-acting glucocorti-
coids with or without mitomycin C [23]. Stenosis
of the large airways may require bronchoscopic
interventions, including dilation by rigid bron-
choscope, YAG-laser treatment, and the place-
ment of silicone airway stents, or balloon
dilations which can be performed with the flexi-
ble bronchoscope [5]. Tracheobronchial infec-
tions, like nose or sinus infections, are thought to
play a role in the pathogenesis of the disease by
promoting relapses. For this reason, it is advis-
able to provide antimicrobial therapy based on
culture and susceptibility results from bronchial
washings. The application of topical glucocorti-
coids may spare patients with tracheobronchial
involvement from ongoing oral glucocorticoid
therapy. Lastly, pneumocystis jerovecii pneumo-
nia is a well recognized and potentially fatal
complication of immunosuppressive therapy for
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GPA that can easily be prevented [24].
Pneumocystis pneumonia prophylaxis is recom-
mended for all patients with GPA receiving any
kind of immunosuppression including being
B-cell depleted after RTX therapy [25].

Eosinophilic Granulomatosis
with Polyangiitis (Churg-Strauss)

The Chapel Hill Consensus defines EGPA as
“eosinophil-rich and granulomatous inflamma-
tion involving the respiratory, and necrotizing
vasculitis affecting small to medium-sized ves-
sels, and associated with asthma and eosino-
philia” [1]. EGPA is included among the
ANCA-associated vasculitides, but only 40-70 %
of patients with active EGPA have detectable
ANCA prior to treatment. If ANCA is detectable
it is usually of the P-ANCA/MPO-ANCA type
[26, 27]. EGPA is primarily distinguished from
GPA and MPA by a high prevalence of asthma
and peripheral blood and tissue eosinophilia.
Three distinct disease phases which may not
always follow in sequence have been described
for the disease [28]. A prodromal allergic phase
with asthma may last for a number of years. The
eosinophilic phase with prominent peripheral
and tissue eosinophilia may also last a number of
years, and the manifestations may remit and
recur over this time period. The differential diag-
nosis for patients in this phase of the disease
includes parasitic infection and chronic eosino-
philic pneumonia. The vasculitic phase consist-
ing of systemic vasculitis may be life-threatening.
This is usually the last phase and may be masked
or prevented by glucocorticoid therapy used for
the management of earlier phases. Asthma usu-
ally predates the vasculitic phase by a mean of 7
years (range 0-61). “Formes frustes” of EGPA
have also been described with eosinophilic vas-
culitis and/or eosinophilic granulomas in isolated
organs without evidence of systemic disease [29].

Pulmonary parenchymal involvement in the
form of transient alveolar-type infiltrates occurs
in 38 % of patients. These have a predominantly
peripheral distribution and are indistinguishable
from infiltrates seen in chronic eosinophilic
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pneumonia [26]. Nodular lesions are rare in
EGPA. In contrast to GPA and MPA, alveolar
hemorrhage is exceedingly rare (<5 % of cases).
Renal involvement in EGPA is less prominent
than in GPA or MPA and does not generally lead
to renal failure [30]. In contrast, peripheral nerve
involvement, typically in the form of mononeuri-
tis multiplex, is more frequent [26, 27, 31]. Skin,
heart, central nervous system, and abdominal vis-
cera may also be involved.

The classic histopathologic picture consists of
necrotizing vasculitis, eosinophilic tissue infiltra-
tion, and extravascular granulomas. However, not
all features are found in every case, and they are
not pathognomonic of the condition. Particularly
the finding of a “Churg—Strauss granuloma” on
skin biopsy should not be confused with the diag-
nosis of EGPA. This type of necrotizing extravas-
cular granuloma may be seen in EGPA as well as
in other systemic autoimmune diseases including
GPA and rheumatoid arthritis. Recent studies
suggest that a more vasculitic disease phenotype
is associated with the presence of ANCA, but this
was not confirmed by all studies. There remains
substantial overlap of organ manifestations
between patients with EGPA who are ANCA
positive and those who are ANCA negative
[26, 27, 31].

Several case studies and limited population-
based incidence estimates have indicated that
leukotriene receptor blocking agents may lead to
unmasking of vasculitic symptoms in asthmatics,
by allowing dose reductions or discontinuation of
oral glucocorticoid therapy. There is currently no
evidence suggesting that these agents directly
cause the disease or need to be avoided in EGPA.

The overall mortality of EGPA is lower
than that of GPA or MPA and not significantly
different from the normal population [26].
Most reported deaths are secondary to cardiac
involvement [31].

Systemic glucocorticoids remain the mainstay
of therapy. There are no randomized controlled
trials that provide clear guidance. Treatment
approaches following the principles applied to
the management of ANCA-associated vasculitis
have been adopted for EGPA. Accordingly, CYC
should be added to glucocorticoids for remission
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induction in all patients with disease manifesta-
tions that threaten the patient’s life or the func-
tion of a vital organ, i.e., particularly those with
central- or peripheral nerve involvement, glomer-
ulonephritis, heart involvement, or alveolar hem-
orrhage [32]. MTX, AZA, and MMF have all
been used as glucocorticoid-sparing agents in
less severe disease and for remission mainte-
nance. Refractory disease, and disease dominated
by difficult-to-control eosinophilic inflammation,
has been reported to respond to interferon-alpha
therapy, and more recently anti-interleukin-5
therapy [33, 34]. RTX has also been used suc-
cessfully in EGPA, particularly ANCA-positive
patients with renal disease, but the data are still
scarce, and it cannot be recommended to use
RTX instead of CYC for patients with severe
EGPA [35].

IgA Vasculitis (Henoch-Schénlein)

IgA vasculitis is an immune-complex-mediated
disease characterized by IgA1-dominant immune
deposits affecting predominantly capillaries,
venules, and arterioles leading to acute purpura,
arthritis, colicky abdominal pain, and nephritis.
Proliferative and necrotizing glomerulonephritis
is usually mild. Immunofluorescence microscopy
shows large deposits of IgA in the skin and kid-
ney. IgA vasculitis is more common in children
(mean age of patients, 17 years), but adults can
also be affected. The triad of purpura, arthritis,
and abdominal pain is present in approximately
80 % of patients. Joint involvement affecting the
large joints is typically monoarticular and tran-
sient causing pain that is out of proportion to the
objective evidence of synovitis. Peritonitis and
melena are common.

Pulmonary manifestations of IgA vasculitis
are rare. Only 36 cases have been reported to date,
and capillaritis has been documented histopatho-
logically only in a minority of them. As in the skin
and glomeruli, IgA deposits along the pulmonary
capillary walls are pathognomonic for the disease.
Half of the patients with IgA vasculitis associated
DAH required mechanical ventilation and almost
a third of the reported patients died [36].



128

Cryoglobulinemic Vasculitis

Cryoglobulinemic vasculitis is characterized by
circulating cryoglobulins and their deposits in
small vessels including capillaries, venules, and
arterioles. Half of all cases are linked to Hepatitis
C Virus infection [37]. Compared to skin, periph-
eral nerve, and renal involvement, capillaritis of
the lung leading to DAH is rare (3 %), but associ-
ated with a high mortality (80 %) [37]. RTX is
now the preferred immunosuppressive agent for
cryoglobulinemic vasculitis [38].

Hypocomplementemic Urticarial
Vasculitis (Anti-C1q Vasculitis)

Another rare small vessel vasculitis is hypocom-
plementemic urticarial vasculitis (HUV). HUV is
characterized by urticaria, hypocomplemente-
mia, anti-Clq antibodies, and vasculitis of small
vessels [1]. Signs and symptoms consist of fever,
arthralgias, arthritis, angioedema, uveitis,
episcleritis, abdominal pain, glomerulonephritis,
and seizures occurring at variable frequencies
and combinations. The reported pulmonary com-
plications of HUV are not directly caused by vas-
culitis. Obstructive pulmonary disease, often
severe, occurs in up to 66 % patients [39]. Its
immunologic etiology remains unclear, and can-
not always be related to smoking.

Pulmonary Manifestations
of Medium-Sized Vessel Vasculitis

Classic Polyarteritis Nodosa

Polyarteritis nodosa (PAN) is not associated with
ANCA and does not affect capillaries. Therefore,
it does not cause glomerulonephritis or alveolar
hemorrhage. However, case reports of classic
PAN affecting the bronchial or bronchiolar arter-
ies have been reported as the cause of occasional
lung hemorrhage. Most cases of classic PAN
diagnosed today are associated with viral infec-
tions, specifically hepatitis B and C. Consequently,
antiviral therapy plays a prominent role in the

U. Specks

management of such cases in addition to immu-
nosuppression [40]. In contrast to MPA, classic
PAN rarely relapses.

Pulmonary Manifestations of Large
Vessel Vasculitis

Giant Cell Arteritis

Giant cell arteritis (GCA) represents a general-
ized inflammatory disorder involving large- and
medium-sized arteries. GCA is the most common
form of vasculitis in elderly patients of the
Northern hemisphere. Granulomatous inflamma-
tion of vessel walls can be found in 60 % of tem-
poral artery biopsy specimens, and the aorta may
also be affected possibly leading to thoracic aor-
tic aneurysms in the elderly.

Respiratory symptoms have been reported in
up to 25 % of patients, but are usually mild and of
little consequence. However, respiratory symp-
toms can sometimes be the initial presentation of
GCA. Therefore, GCA should be considered in
elderly patients presenting with new onset of
cough, hoarseness, or throat pain without other
identifiable cause [41]. An elevated sedimenta-
tion rate may lead to the correct diagnosis, and
cough, hoarseness, and throat pain usually
resolve promptly with glucocorticoid therapy.
Pleural effusion or multinodular pulmonary
lesions associated with GCA have also been
reported on rare occasions raising questions
about a possible overlap with GPA since the latter
may also involve the temporal arteries. Therapy
of GCA continues to be based on the use of glu-
cocorticoids without proven alternative. The
glucocorticoid-sparing role of MTX for GCA
remains controversial.

Takayasu'’s Arteritis

Takayasu’s arteritis (TA) is a large vessel vasculi-
tis affecting predominantly the aorta and its major
branches in young patients most commonly
affecting women [1]. It is not limited to patients
of Asian descent. Constitutional symptoms, low
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grade fever, and arthralgias are often early disease
manifestations. More characteristic features of
this chronically relapsing disease include variable
pulses of the extremities and claudication of
affected vascular territories. Renovascular hyper-
tension, pulmonary hypertension, and ischemia
of affected organs can be disabling.

The pulmonary manifestations are caused by a
unique arteriopathy affecting the large- and
medium-sized pulmonary vessels. Pulmonary
artery stenoses and occlusion as well as pulmo-
nary hypertension can occur in up to half of all
patients as a result of progressive defects in the
outer media of the arteries and ingrowth of gran-
ulation tissue-like capillaries associated with
thickened intima and subendothelial smooth
muscle proliferation. The inflammatory infiltrate
of the vessel wall consists of lymphocytes,
plasma cells, and giant cells. The involvement of
pulmonary arteries which is often asymptomatic
can be detectable by conventional angiography,
perfusion scan, magnetic resonance angiography,
or PET scanning [42]. Chest roentgenograms are
usually normal, but computed tomography may
show areas of low attenuation as a result of
regional hypoperfusion, subpleural reticulo-
linear changes, and pleural thickening. Fistulas
can form between pulmonary artery branches and
bronchial arteries. Nonspecific inflammatory
interstitial lung disease has also been reported.

Therapy for TA relies on immunosuppres-
sion with glucocorticoids and MTX [43].
Unfortunately, many patients relapse when the
glucocorticoid dose is reduced below 15 mg daily.
Antitumor necrosis factor-alpha agents may also
be useful. Vascular bypass procedures may restore
perfusion to areas affected by severe arterial ste-
noses, but the results are only temporary [44].

Behget’s Disease

Behcet’s disease (BD) is a rare chronically relaps-
ing systemic inflammatory disorder characterized
by aphthous oral ulcers and at least two or more
of the following: aphthous genital ulcers, uveitis,
cutaneous nodules or pustules, or meningoen-
cephalitis [1]. The reported prevalence varies
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widely between different ethnic groups, for
instance 1:16,000 in Japan but 1:200,000 in the
United States. The disease is associated with the
major histocompatibility complex antigen HLA-
B51. The mean age of patients at the onset of BD
is 35 years, and men are predominantly affected.
Respiratory manifestations of BD consist of
cough, hemoptysis, chest pain, and dyspnea [45].
The vasculitis of BD is immune-complex medi-
ated, and may affect vessels of all sizes.
Secondary thrombosis with major venous occlu-
sion can occur. Anticoagulation may not be effec-
tive for prevention of thrombosis, but aspirin
80 mg/day has been advocated. Destruction of
the elastic lamina of pulmonary arteries causing
aneurysm formation, secondary erosion of bron-
chi, and arterial-bronchial fistulae may result in
massive hemoptysis, which can be fatal.
Computed tomography or magnetic resonance
angiography is recommended for detection of
pulmonary artery aneurysms. Recurrent pneumo-
nia, organizing pneumonia, and bronchial
obstruction resulting from mucosal inflammation
have also been described.

Therapy of the underlying disease consists
of immunosuppression. Prednisone alone may
not be sufficient to control the vasculitis. The
addition of other drugs, such as colchicine, chlo-
rambucil, MTX, cyclosporin, or AZA, is recom-
mended. The use of biologic agents, in particular
anti-TNF agents and RTX, has also been reported
recently. The addition of AZA or CYC to gluco-
corticoids may result in resolution of pulmonary
aneurysms. Anticoagulation should be avoided
once pulmonary artery aneurysms have been
identified, but coil embolization of identified
aneurysms may prevent fatal hemorrhage. The
prognosis of pulmonary involvement overall
remains poor. About one third of patients die
within 2 years of developing pulmonary involve-
ment, most from fatal pulmonary hemorrhage.

Secondary Vasculitis
Infectious processes, particularly infections with

Aspergillus and Mucor species, invade vascular
structures and produce secondary vasculitis. Certain



130

drugs and chemicals can induce a systemic vasculitis
picture that mimics MPA. Other uncommon second-
ary vasculitic entities include benign lymphocytic
angiitis and granulomatosis, bronchocentric granulo-
matosis, and necrotizing sarcoid angiitis.

Clinical Approach to DAH

Diffuse hemorrhage into the alveolar spaces is
often referred to as DAH syndrome. The clinical
course of DAH is unpredictable and, therefore,
should always be considered potentially life-
threatening. Patients usually seek care because of
nonspecific symptoms, including dyspnea,
cough, and possibly fever. Diffuse alveolar filling
defects on chest roentgenogram are usually
found, and anemia and hypoxemia may be prom-
inent at the time of presentation. Hemoptysis is
common, but DAH should be considered in the
differential diagnostic evaluation of any patient
with alveolar infiltrates on chest roentgenogram
even in the absence of hemoptysis. DAH can
result from a variety of underlying or associated
conditions that cause a disruption of the alveolar-
capillary basement membrane integrity including
immunological inflammatory conditions causing
immune-complex deposition or capillaritis (e.g.,
anti-GBM disease (Goodpasture’s), systemic
lupus erythematosus (SLE), ANCA-associated
vasculitis), direct chemical/toxic injury (e.g.,
from toxic or chemical inhalation, abciximab
use, all-trans-retinoic acid, trimellitic anhydride,
or smoked crack cocaine), physical trauma (e.g.,
pulmonary contusion), and increased vascular
pressure within the capillaries (e.g., mitral steno-
sis or severe left ventricular failure) (Table 10.1).
Pulmonary alveolar hemorrhage can also be
associated with thrombocytopenia (<50,000
cells/pL), other abnormal coagulation variables,
renal failure (creatinine concentration, >2.5 mg/
dL), and occasionally with a history of heavy
smoking. Only the vasculitis syndromes giving
rise to DAH will be discussed here.
Bronchoalveolar lavage (BAL) is the best diag-
nostic modality to confirm the presence of DAH.
Progressively more bloody return indicates alveo-
lar origin of active bleeding. A positive iron stain
in more than 20 % of all alveolar macrophages
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Table 10.1 Causes of diffuse alveolar hemorrhage

Immune-mediated capillaritis and vasculitis
Pauci-immune small vessel vasculitides
Microscopic polyangiitis
Granulomatosis with polyangiitis (Wegener’s)
Eosinophilic granulomatosis with polyangiitis
(Churg—Strauss)
Idiopathic pauci-immune pulmonary capillaritis
Drug-induced ANCA-associated vasculitis
Immune-complex-mediated disease
Systemic lupus erythematosus (rarely other
collagen vascular diseases)
Antiphospholipid syndrome
IgA vasculitis (Henoch—Schonlein)
Cryoglobulinemic vasculitis
Anti-glomerular basement membrane disease
Drug-induced immune-complex-mediated vasculitis

Immune mediated without capillaritis
Anti-glomerular basement membrane disease
Celiac disease (Lane-Hamilton syndrome)
Idiopathic pulmonary hemosiderosis

Nonimmune mediated
Mitral valve disease
Coagulopathy (anticoagulation, thrombocytopenia,
renal failure)?
Diffuse alveolar damage
Chest trauma (pulmonary contusion)
Other rare causes

*Usually requires “second hit” such as pulmonary inflam-
mation or inhalational injury

recovered by BAL is indicative of DAH, even in
the absence of ongoing active bleeding. In patients
with an established diagnosis of vasculitis, BAL
should be performed in any patient with new alve-
olar infiltrates to differentiate infection, DAH, and
other inflammatory infiltrates such as eosinophilic
pneumonia. Once DAH is established the addi-
tional diagnostic approach is aimed at the rapid
identification of the underlying cause and at
prompt implementation of appropriate therapy.

History and physical examination can provide
important first clues about the specific etiology of
DAH. Exposure to inhalational toxins including tri-
mellitic anhydride or pyromellitic dianhydrate, drug
abuse such as crack cocaine abuse, and smoking
should be identified. The past medical history may
reveal comorbidities that can cause DAH, including
mitral stenosis, coagulation disorders, recent bone
marrow or hematopoietic stem cell transplantation,
preexisting autoimmune disorders, and therapeutic
drugs. The initial physical exam findings may also
point towards a specific systemic autoimmune dis-
ease as cause of the DAH.
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Laboratory testing performed during an evalu-
ation of DAH should assess the acuity, progres-
sion, or stability of the disease process, uncover
potential other organ involvement, and help to
identify a specific underlying cause. Thus, initial
laboratory testing should consist of a complete
blood count, metabolic panel, urine analysis, and
microscopy, and determine the current coagula-
tion status (APTT, INR). Baseline markers of
inflammation (erythrocyte sedimentation rate
and C-reactive protein) are helpful to monitor
subsequent responses to therapy. Specific autoan-
tibody testing for a potential underlying systemic
disease process should also be initiated promptly,
including testing for ANCA, anti-GBM antibod-
ies, antinuclear antibodies, anti-double-stranded
DNA antibodies, and antiphospholipid antibod-
ies, as well as determination of cryoglobulins,
complement, and creatinine kinase levels.

A lung biopsy is not always necessary to obtain
a specific diagnosis for a DAH syndrome. Factors
deserving careful consideration before perform-
ing a biopsy include the risks of the biopsy proce-
dure, the likelihood of obtaining a diagnostic
piece of tissue, the likelihood of the biopsy find-
ings to alter the therapeutic approach, and the
risks associated with the chosen therapy. Most
lung biopsies obtained from patients with DAH
will show either pulmonary capillaritis or a “bland
histology” in which the pulmonary architecture is
well preserved and inflammatory changes are
minimal. The histopathologic diagnosis of pulmo-
nary capillaritis requires the findings of alveolar
wall infiltration with inflammatory cells centered
on capillary walls and small veins and fibrinoid
necrosis of alveolar and vessel walls. The inflam-
matory cells are usually neutrophils, but can be
eosinophils or monocytes. Leukocytoclasis, a
phenomenon describing pyknotic cells and
nuclear fragments from neutrophils associated
with cell apoptosis, is also an important feature of
capillaritis. Capillaritis usually causes and may
culminate in the destruction of the underlying
lung architecture. Capillaritis needs to be distin-
guished from the predominant intra-alveolar neu-
trophilic infiltration associated with active
infections and from mere neutrophil margination
related to surgical trauma.
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Most of the syndromes associated with pulmo-
nary capillaritis leading to DAH have been dis-
cussed in the previous sections of this chapter. The
subsequent paragraphs will describe a few unique
syndromes or conditions that may also be associ-
ated with DAH and variable degrees of capillaritis.

ANCA-Associated Vasculitis and DAH

MPA and GPA combined represent the most
common causes of pulmonary capillaritis.
Alveolar hemorrhage caused by capillaritis in the
setting of MPA or GPA may be subtle or rapidly
progressive. Its course is unpredictable and this
condition should always be considered life-
threatening or severe disease regardless of how
well maintained oxygenation may be at the time
of presentation. The presence of renal disease,
the requirement of mechanical ventilation, and
advanced age have all been identified as factors
portending a worse prognosis [46—48]. Early
implementation of definitive therapy is crucial,
and the application of 1-3 daily doses of 1 g of
methyl-prednisolone intravenously is considered
standard prior to implementation of additional
standard therapy for severe disease. The RAVE
trial had shown that patients with severe GPA or
MPA with DAH achieve the same outcomes as all
other patients with severe GPA or MPA [16].
However, patients requiring mechanical ventila-
tion because of their DAH were excluded from
participation in the trial.

For some patients with GPA and MPA the
combination of glucocorticoids and CYC or RTX
may not be sufficient to induce a remission
quickly. Plasma exchange (PLEX) has been
advocated for early consideration in patients who
present with DAH as well as for those presenting
with rapidly progressive glomerulonephritis and
renal failure. The MEPEX (Methyl-prednisolone
versus Plasma Exchange) trial compared three
pulses of intravenous methyl-prednisolone to 2
weeks of PLEX (7x60 mL/kg) in addition to
standard therapy for severe disease (oral predni-
sone and CYC) in 156 patients who presented
with a serum creatinine level of 5.5 mg/dL
or greater [49]. Even though this trial showed
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significantly better patient and renal survival at 6
months, there was no long-term advantage of
PLEX and there were too few patients with DAH
to allow a subset analysis. Only one single-center
cohort study focusing on MPA with DAH in 20
patients admitted to an intensive care unit
described 100 % survival of these patients when
PLEX was added to standard immunosuppressive
therapy [50]. The role of PLEX in severe AAV is
currently undergoing further investigation. If
DAH is uncontrolled despite aggressive immuno-
suppressive therapy and PLEX, the endobron-
chial application of recombinant-activated factor
VII may be considered as salvage therapy. In
patients who survive DAH caused by MPA or
GPA, lung function usually recovers well.

Idiopathic Pauci-lmmune Pulmonary
Capillaritis

This rare condition is by definition not a systemic
form of vasculitis [51]. This isolated pulmonary
capillaritis of unknown etiology is histopatho-
logically indistinguishable from the pauci-
immune capillaritis seen in ANCA-associated
vasculitis. No specific autoantibodies have been
identified in these patients. This disorder repre-
sents a diagnosis of exclusion, and these patients
are best treated with an immunosuppressive regi-
men that follows the guidelines for severe MPA.

Anti-glomerular Basement
Membrane Antibody Disease
(Goodpasture Syndrome)

Anti-glomerular basement membrane antibody
disease (anti-GBM disease) or Goodpasture syn-
drome is a rare autoimmune disease caused by
autoantibodies directed against the NC1-domain
of the alpha-3 chain of basement membrane col-
lagen type IV. This epitope is only accessible for
autoantibodies in the basement membranes of kid-
neys and lungs. DAH occurs in about half of
patients with anti-GBM disease and requires an
additional inhalational injury, particularly smok-
ing, to render the antigen accessible for the autoan-
tibodies and for the development of the pulmonary
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disease manifestation. Anti-GBM disease rarely
causes isolated alveolar hemorrhage in the absence
of renal disease. Even though patients usually have
serum anti-GBM autoantibodies, the diagnosis of
anti-GBM disease cannot be established without
histopathologic documentation of linear immuno-
globulin G deposits along the basement mem-
branes in lung or kidney. Whether anti-GBM
disease represents a true vasculitis is a matter of
definition. As the glomerulus is a capillary struc-
ture, its inflammation by definition represents a
form of capillaritis. This is the main reason for the
inclusion of anti-GBM disease in the nomencla-
ture and definitions of the Chapel Hill classifica-
tion. Yet, the prominent histopathologic finding in
the lung of patients with anti-GBM disease is the
“bland histopathology,” whereas capillaritis repre-
sents a secondary histopathologic feature that has
also been described in some patients [52]. Early
implementation of immunosuppressive therapy in
conjunction with PLEX is the key to a favorable
outcome in patients with anti-GBM disease [53].
Lung function usually recovers fully from anti-
GBM disease, but chronic renal failure is common
and defines the overall outcome of the disease.

SLE and Other Collagen Vascular
Disorders

DAH as a result of immune-complex-mediated
pulmonary capillaritis is a rare but usually severe
complication of SLE. The onset of DAH in
patients with SLE is usually abrupt, but hardly
ever the first sign of the disease. The disease pre-
sentation is usually rapidly progressive with pul-
monary infiltrates and fever, mimicking infection,
and hemoptysis may be absent. Consequently, the
differentiation of DAH from infection in SLE usu-
ally requires a diagnostic BAL. Mechanical ventilation,
infection, and CYC therapy were reported as neg-
ative prognostic factors in one report. The reported
mortality of DAH in SLE varies between 0 and
90 % [54-56]. Treatment consists of glucocorti-
coids and CYC. The use of PLEX has been sug-
gested, but its benefit remains unproven.
Respiratory complications are very common
in most other types of collagen vascular or connec-
tive tissue disorders. Yet, pulmonary capillaritis
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presenting as DAH is rare. Isolated cases have
been reported with polymyositis, rheumatoid
arthritis, and mixed connective tissue disease.
Consequently, serologic testing performed as
part of an evaluation of DAH should include
studies aimed at the identification of these poten-
tial underlying disease entities.

Antiphospholipid Syndrome

DAH resulting from capillaritis can also be a rare
complication of primary antiphospholipid syn-
drome (APS). Other respiratory complications
include pulmonary embolism and infarction, pul-
monary microthrombosis, and pulmonary arterial
thrombosis with secondary pulmonary hyperten-
sion, all resulting from the hypercoagulability
characterizing this disorder. However, primary
pulmonary hypertension as well as adult respira-
tory distress syndrome can also occur.

The clinical presentation of DAH in primary
APS is nonspecific and consists of cough, dys-
pnea, fever, and bilateral pulmonary infiltrates.
As DAH can also occur in the context of adult
respiratory distress syndrome, and hemoptysis is
absent in over half of the reported patients with
APS and DAH, BAL should be performed early
to establish the diagnosis. Tissue necrosis from
microthrombosis as well as pulmonary capillari-
tis has been implicated as causes of DAH in APS.
The capillaritis of APS is immune-complex medi-
ated. The coexistence of thrombosis and capillari-
tis with DAH represents a therapeutic dilemma,
as anticoagulation may need to be interrupted to
control the hemorrhage, and patients often require
placement of an inferior vena cava filter. The larg-
est single-center report comprising 17 patients
and review of 24 cases published in the literature
indicates a high mortality of about 40 % despite
aggressive immunosuppressive therapy [57].
Glucocorticoid therapy alone is usually ineffec-
tive, as is monotherapy with agents like AZA or
MMF. PLEX in addition to immunosuppressive
therapy is often considered, but its efficacy
remains questionable in patients with APS and
DAH. Best results were obtained with cyclophos-
phamide or RTX, sometimes in combination.
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Case Vignette: 20-Year-Old Young Man with
Granulomatosis with Polyangiitis (GPA,
Wegener's)

Five months prior to presentation at the
emergency room of a tertiary care center,
this young man had developed maxillary
sinusitis, unresponsive to broad spectrum
antibiotics. This lingered until he experi-
enced significant worsening of sinusitis
symptoms 3 months later. At that time he
also developed epistaxis prompting an
evaluation by an allergist. A couple of
weeks later he developed acute left-sided
hearing loss, night sweats, and migratory
large joint arthralgias. By this time he had
already lost 10 Ib of weight due to malaise
and lack of appetite. Four months after the
onset of first symptoms he was hospitalized
at a local rural hospital, where he was
found to have dry cough, bilateral episcle-
ritis, lower extremity palpable purpura, and
nodular lesions on chest roentgenogram. A
rheumatology evaluation at the local hospi-
tal led to testing for ANCA, and a nasal
biopsy was obtained. Renal function and
urinary sediment were normal. The ANCA
test was positive for C-ANCA and PR3-
ANCA, and the nasal biopsy reportedly
showed “granulomas.” The patient was
treated for 3 days with intravenous methyl-
prednisolone and dismissed on oral predni-
sone 40 mg twice daily to be tapered to
30 mg daily over the course of the next 3
weeks. He was scheduled for initiation of
RTX infusions 375 mg/m? as an outpatient.
Scheduling difficulties led to a delay in ini-
tiation of the infusions. Three weeks later,
while on prednisone 30 mg daily he had
noted significant worsening of symptoms
consisting of cough and malaise.

At this time he presented to the emer-
gency room of a tertiary referral center
with cough, malaise, and bilateral alveolar
infiltrates on chest roentgenogram
(Fig. 10.1a). He denied hemoptysis. The
patient’s room air oxygenation was 93 %,
respiratory rate 20 per minute, temperature

(continued)
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Fig. 10.1 (a) Chest roentgenogram of 20-year-old
man with recently diagnosed granulomatosis with
polyangiitis (GPA) presenting with diffuse alveolar
hemorrhage. (b) Computed tomography of the chest
obtained 1 day later shows diffuse alveolar infil-
trates respecting the lobar plains (white triangles),
nodular lesions distinguishing GPA from MPA

36.6 °C, pulse 78 beats per minute, blood
pressure 114/64. Physical examination of
eyes, ears, nose, heart, and lungs was unre-
markable. Hemoglobin was 11.0 g/dL, white
blood count 23.3x10°L, platelet count
405 x 10°/L, and lymphocyte and CD4 count
are normal. An electrolyte panel and urinaly-
sis and microscopy were normal. The patient’s
only medications consisted of prednisone and
trimethoprim-sulfamethoxazole for pneumo-
cystis pneumonia prophylaxis. The patient
was dismissed from the emergency room for
further outpatient evaluation by rheumatology
the next day. A CT scan of the chest is obtained
(Fig. 10.1b) and after consultation with a pul-
monologist a bronchoscopy with BAL is per-
formed. This shows progressively bloody
return indicative of alveolar hemorrhage. Over
the next several hours the patient’s respiratory
status worsens, hemoglobin drops to 8.8 g/dL,
and patient is admitted to the medical inten-
sive care unit and requires mechanical ventila-
tion. His course is complicated by the
development of bilateral pneumothoraces
requiring bilateral chest tube placement.
Methyl-prednisolone is given at a dose of 1 g/
day for 3 days, and one dose of RTX, 375 mg/
m?, is given, followed 48 h later by eight

(thick white arrow), and prominent peribronchial
inflammation (thin white arrows) frequently seen in
GPA. (c) Follow-up chest roentgenogram obtained
14 days later shows resolution of diffuse alveolar
infiltrates caused by hemorrhage, but nodular
lesions and peribronchial inflammation are still
detectable on this imaging study

daily sessions of PLEX. Ten days after
admission to the intensive care unit he is
transferred to the general ward where the
second chest tube is removed (Fig. 10.1c).
Following completion of PLEX, he receives
completion of the RTX course (the remain-
ing three once weekly doses). Following
recovery he completes the taper of the pred-
nisone dose to complete discontinuation
before month 6. He has not relapsed over
the course of the last 3 years. However, he
has been retreated once with RTX without

glucocorticoids following reconstitution
of B-cells and recurrence of PR3-ANCA
positivity.

This case offers the following teaching and
discussion points:

¢ The development of symptoms and disease
manifestations is quite typical in this
patient. Despite this, the diagnosis of GPA
is often delayed.

* Glucocorticoids alone can only temporize
and do not control this systemic disease
process very well at doses below 60 mg
daily without prompt implementation of
definitive therapy.

¢ Even though the combination of ENT dis-
ease with pulmonary nodules could be

(continued)
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interpreted as “non-severe” disease allow-
ing the choice of MTX in combination with
glucocorticoids as first remission induction
regimen, the severe constitutional symp-
toms (night sweats and weight loss) and the
presence of palpable purpura suggest a rap-
idly progressive disease process with
developing features of capillaritis. The pro-
vided information does not allow the dis-
tinction between conductive or
sensorineural hearing loss, and we don’t
know whether the eye inflammation was
merely episcleritis or early scleritis.
Sensorineural hearing loss and scleritis are
clearly severe disease manifestations. The
classification as severe disease for treat-
ment purposes made at the outside hospital
is certainly appropriate. For a newly diag-
nosed patient with severe GPA, cyclophos-
phamide or RTX is equally effective.
However, in this young man who wanted to
preserve his fertility, RTX is the preferred
choice for that reason.

* Without prompt implementation of defini-
tive therapy, the disease progresses, and in
this case DAH developed.

* DAH presents without hemoptysis in a
large proportion of patients, and the
absence of hemoptysis should not dis-
suade from suspecting it, particularly in a
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Introduction

Pulmonary hypertension (PH) is a chronic dis-
ease of the pulmonary vasculature characterized
by pulmonary vascular remodeling; leading to
increased pulmonary vascular resistance (PVR)
that ultimately causes right ventricular dysfunc-
tion, failure, and death [1]. PH can develop in
association with many different diseases and can
result from processes that primarily affect sys-
tems distinct from the pulmonary vasculature,
such as the heart, lung parenchyma, liver, and
kidneys, in addition to processes that affect the
pulmonary vasculature directly, such as thrombo-
embolism [2]. Patients with connective tissue
disease are at particularly high risk for the devel-
opment of PH not only related to the involvement
of the aforementioned organ systems, but also to
the possibility of direct pulmonary vascular
involvement in the absence of thromboembolism,
known as pulmonary arterial hypertension (PAH)
[3]. The presence of PH in any form is nearly
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uniformly associated with increased morbidity
and mortality. Unfortunately, patients with CTD-
associated PH have variable response to therapy
and tend to have poorer survival compared to PH
patients without CTD. The reasons for the
increased risk of development of PH, attenuated
response to therapy, and poorer outcomes are
poorly understood.

Definition and Classification
of Pulmonary Hypertension

According to the most recent consensus guidelines,
pulmonary hypertension is defined hemodynami-
cally as a mean pulmonary artery pressure (mPAP)
greater than or equal to 25 mmHg [2].
Thus, right heart catheterization (RHC) is required
to diagnose PH as mPAPs cannot be directly mea-
sured by echocardiography. In hemodynamic
terms, PH is often divided into pre-capillary and
post-capillary disease based upon measurements;
namely, if the PVR is greater than 3 Wood units
and the pulmonary capillary wedge pressure
(PCWP) is less than or equal to 15 mmHg, pre-
capillary PH is present. If the PCWP is greater
than 15 mmHg, post-capillary PH is present. This
results from elevated left atrial pressures passively
transmitted backwards into the pulmonary veins
and arteries, leading to an elevated PAP with nor-
mal PVR and transpulmonary gradient (TPG,
TPG=mPAP-PCWP, normal <12) [4]. So-called
“mixed-PH” or “reactive PH” refers to mixed pre-
and post-capillary PH in which chronic elevation
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Table 11.1 Clinical
hypertension

classification of pulmonary

1. Pulmonary arterial hypertension (PAH)
(a) Idiopathic PAH (IPAH)
(b) Heritable
(c) Drug-and toxin-induced
(d) Associated with (APAH)
— Connective tissue disease
— HIV infection
— Portal hypertension
— Congenital heart disease
— Schistosomiasis
1. Pulmonary veno-occlusive disease, pulmonary
capillary hemangiomatosis
Persistent pulmonary hypertension of the newborn
2. Pulmonary hypertension owing to left heart disease
(a) Systolic dysfunction
(b) Diastolic dysfunction
(c) Valvular disease

3. Pulmonary hypertension owing to lung diseases and/
or hypoxia

(a) Chronic obstructive lung disease
(b) Interstitial lung disease

(c) Other pulmonary diseases with mixed restrictive
and obstructive patterns

(d) Sleep disordered breathing

(e) Alveolar hypoventilation

(f) Chronic exposure to high altitude
(g) Developmental abnormalities

4. Chronic thromboembolic pulmonary hypertension
(CTEPH)

5. Pulmonary hypertension with unclear multifactorial
mechanisms

(a) Hematologic disorders, chronic hemolytic anemias
(b) Systemic disorders

(c) Metabolic disorders

(d) Others

of the pulmonary venous pressure leads to pulmo-
nary arterial vasoconstriction with pulmonary
vascular remodeling [5]. Current guidelines fur-
ther refine this classification and incorporate
hemodynamic criteria with clinical and associated
characteristics (Table 11.1).

Distinguishing between the various forms of
PH is imperative to properly diagnose and treat
the disease and to appropriately risk-stratify
patients. The initial classification schema
included only two groups: primary pulmonary
hypertension and secondary pulmonary hyper-
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tension [6]. However, this schema and
terminology has been abandoned in favor of the
current classification system. As shown in
Table 11.1, PH is divided into five groups,
referred to as World Health Organization groups
(WHO). PAH (WHO Group 1 disease) is defined
hemodynamically by a mPAP greater than or equal
to 25 mmHg with a PCWP less than or equal to
15 mmHg in the absence of chronic thromboem-
bolic disease or other chronic respiratory disease.
Included within this group is idiopathic PAH
(IPAH), which was formerly known as primary
pulmonary hypertension, and associated pulmonary
arterial hypertension (APAH), which includes
PAH related to CTD. Identifying Group I disease
is particularly important as most of the current
therapies for PH are approved only for use in this
patient population [2, 7]. Group IV disease, PH
related to chronic thrombotic or embolic disease,
is also imperative to diagnose given the possibil-
ity of a surgical cure [8, 9]. Similarly, proper
classification into the other WHO groups informs
treatment strategies and management [10].
Because CTD in general can affect multiple
organ systems, PH related to CTD can be associ-
ated with any of the five WHO groups (Fig. 11.1)
[3, 11-18]. The most common CTDs associated
with PH are listed in the figure and include
mixed connective tissue disease (MCTD), poly-
myositis/dermatomyositis (PM/DM), rheuma-
toid arthritis (RA), Sjogren syndrome (SS),
systemic lupus erythematosus (SLE), and sys-
temic sclerosis (SSc). The risk of development
of PH of any form varies by underlying CTD; the
risk of PAH in particular seems to be higher in
certain CTDs such as SSc. Thus, recommenda-
tions for screening for PH in CTD vary by CTD.
Further, the evaluation of patients with suspected
CTD-PAH can slightly differ from evaluation for
other forms of PAH. For instance, since patients
with CTD-PAH rarely demonstrate a significant
response to acute vasodilator testing during RHC
and are even less likely to demonstrate a sus-
tained response to calcium channel blocker ther-
apy, routine acute vasodilator challenges during
RHC are not recommended [2]. Similarly, treat-
ment recommendations and treatment response
also depend in part upon the underlying CTD.
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Inflammatory/
Multifactorial
SLE
SSc

Thrombotic
SLE
SSc

Left Heart

Disease
SSc
SLE
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Respiratory
Disease

Fig.11.1 Types of pulmonary hypertension in various connective tissue diseases

In general, the presence of PH complicating any
of these CTDs is associated with a poorer prog-
nosis [12, 19-23].

Pathophysiology and Pathobiology

The pathophysiology and pathobiology of pul-
monary hypertension remain poorly understood.
Further, there appears to be significant differ-
ences in the pathobiology of PAH compared to
most other forms of PH, with notable distinctions
between PAH and PH related to lung disease, for
example [24-26]. However, given the substantial
overlap between proposed mechanisms for CTD,
ILD, and PAH, there may be commonality in the
pathobiology that could be informative for thera-
peutic strategies [27].

PAH develops as a consequence of progres-
sive remodeling of the small-to-medium sized
pulmonary vasculature. Plexiform lesions, medial
hypertrophy with muscularization of the arteri-
oles, concentric intimal proliferation, and in situ

thrombosis are the pathologic hallmarks of the
disease (Fig. 11.2) [28]. While the exact mecha-
nisms of this remodeling remain unclear, multi-
ple factors are thought to be involved [2, 25].
Functionally, there is an imbalance between
vasoactive mediators such as thromboxane A2
and endothelin-1 and vasodilatory factors such as
prostaglandins and nitric oxide in the vascular
endothelium. Pulmonary artery vasoconstriction
ensues in tandem with cellular proliferation;
increased shear stress on the vasculature propa-
gates endothelial injury. With this, sympathetic
activity and hypoxemia follow, leading to further
pulmonary vasoconstriction and eventually in
situ thrombosis. These changes in the pulmonary
vasculature cause a progressive increase in PVR
and right ventricular afterload. Compensatory
mechanisms in the right ventricle (RV) initially
maintain cardiac function, however, in the face of
prolonged increased afterload, the RV decom-
pensates and cardiac failure ensues.

Genetic factors contribute to not only the pre-
disposition to the development of PAH but also
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Vascular remodeling
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Fig.11.2 Pulmonary vascular remodeling in CTD-PAH.
This schematic features inflammatory mediators, cells,
and mechanisms involved in the pulmonary vascular
remodeling of SSc-PAH. Vascular changes affect all three
layers (intima, media, and adventitia) of the pulmonary
vessel and involve endothelial cell (EC) apoptosis, EC
activation with increased expression of cell adhesion mol-
ecules, and inflammatory cell recruitment leading to ves-
sel obliteration. A number of circulating auto-antibodies
including classic autoantibodies, such as anti-centromere,
anti-topoisomerase 1, anti-RNA-polymerase III, anti-
fibrillarin (U3 small nucleolar ribonucleoprotein [RNP]),
anti-Th/To, and antipolymyositis/scleroderma (PM/Scl),
and more recently anti-fibrillarin 1, anti-matrix metallo-
proteinases (MMP) 1-3, anti-novel antigen(nag)-2 (non-
steroidal anti-inflammatory drug-activated gene), and
evidence that anti-fibroblast (Fb) antibodies, anti-EC anti-
bodies (AECA), and anti-platelet derived growth factor
(PDGF) receptor antibodies might exert a pathogenic role.

may contribute to the progression of disease and
disease severity. Specific mutations in the trans-
forming growth factor-f (TGF-P) superfamily,
involved in regulation of fibrosis and angiogene-
sis, have been described in PAH patients.
Mutations of the bone morphogenic protein type
II receptor (BMPR2) gene are highly prevalent in
patients with the familial/hereditary form of
PAH; a smaller proportion of patients without the
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An increasing number of candidate genes have been
reported to be associated with SSc in different cohorts,
including, among others, a variant in the promoter of che-
mokine (C-C motif) ligand 2 (monocytes chemotactic
protein-1) (CCL2 [MCP-1]), two variants in cluster of dif-
ferentiation 19 (CD 19), a promoter and coding polymor-
phism in tumor necrosis factor (TNF)-a, a variant in the
promoter of IL-1a gene, a three-single-nucleotide poly-
morphism (SNP) haplotype in IL-10, a polymorphism in
the connective tissue growth factor (CTGF) promoter
region, the interferon regulatory factor 5 (IRF5) rs2004640
GT substitution, and the signal transducer and activator of
transcription 4 (STAT4) rs 7574865 single nucleotide
polymorphism. SMC smooth muscle cell. (Used with per-
mission from Le Pavec J, Humbert M, Mouthon L,
Hassoun PM. Systemic sclerosis-associated pulmonary
arterial hypertension. Am J Respir Crit Care Med 2010;
181[12]: 1285-93)

familial/hereditary form of PAH also demon-
strate mutations in this gene [29]. Other TGF-
pathways are associated with PAH; mutations in
the type I TGF-p receptor, activin A receptor
type-1I like-1 (ALK-1), are found in patients with
hereditary hemorrhagic telangiectasias who
develop PAH [30]. Other more rare mutations in
the downstream mediators of BMPR2 signaling
have also been described [31]. In general, these
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mutations in the BMPR2 pathway lead to loss of
function or reduced expression [32]. While
mechanistic studies of BMPR2 mutations show
that these mutations are permissive but not neces-
sary for the development of PAH, the genetic data
to date suggest a role for BMPR?2 in the mainte-
nance of the pulmonary vasculature. Interestingly,
there are limited data demonstrating mutations in
the TGF-p pathway in PAH related to CTD. Two
small studies failed to show BMPR2 mutations in
cohorts of patients with SSc-PAH and CTD-PAH
[33, 34]. However, another study reported an
association between a mutation in endoglin, a
glycoprotein present on vascular endothelium
that is part of the TGF-f superfamily, and risk of
PAH in a cohort of SSc patients with and without
PAH [35]. Still, this association remains to be
recapitulated in other cohorts and highlights the
potential differences in pathogenesis and patho-
biology between various forms of PAH.
Inflammation and autoimmunity are thought to
play a central role in the development of PAH,
both in the IPAH and in CTD-PAH [36, 37]. In
human PAH, plexiform lesions have been found
to contain macrophages, T lymphocytes, B lym-
phocytes, and dendritic cells [38]. Tertiary lym-
phoid follicles containing these cells have recently
been identified in patients with IPAH, located
adjacent to remodeled pulmonary arteries [39].
Circulating factors, including inflammatory medi-
ators, such as macrophage inflammatory protein-1
o, interleukin (IL)-1, IL-6, and P-selectin are
increased in IPAH. Involvement of inflammatory
cells is also a prominent feature of pulmonary
vascular remodeling in CTD-PAH [40].
Autoimmunity and subsequent immune dys-
regulation may lead to activation of pathogenic
autoreactive B cells and T cells and thus may be
involved in the pathobiology of PAH and in par-
ticular, CTD-PAH. In SSc in particular, a num-
ber of specific autoantibodies are found,
including anti-centromere, anti-topoisomerase 1,
anti-RNA-polymerase III, anti-fibrillarin (U3
small nucleolar ribonucleoprotein), anti-Th/
To, and anti-polymyositis/scleroderma; these
autoantibodies typically correlate strongly
with particular clinical phenotypes including
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the presence of various forms of PH [41].
More recently, anti-fibrillarin 1, anti-matrix
metalloproteinases 1-3, anti-novel antigen 2, and
anti-fibroblast antibodies have been identified
[42]. Anti-fibroblast antibodies, thought to be
important mediators of fibroblast activation and
thus collagen synthesis that contributes to vascu-
lar remodeling, have been found in the serum of
both SSc-PAH and IPAH patients [43]. Anti-
endothelial cell antibodies (AECA) and antibod-
ies to fibrin-bound tissue plasminogen activator
are also present in patients with SSc-PAH.
AECA have been shown to activate endothelial
cells, induce the expression of adhesion mole-
cules, and trigger apoptosis; thus these antibod-
ies may be implicated in the pathogenesis of
PAH [44]. In a recent study, antibodies to angio-
tensin I type 1(AT1R) receptor and endothelin-1
type A (ET1R) receptors were found to be sig-
nificantly elevated in the serum of patients with
SSc when compared to other CTDs such as RA
and SS; these levels were highest in patients with
SSc-PAH and were strongly associated with risk
of death [45]. Further, the authors showed AT 1R
and ETIR antibodies initiated canonic signaling
mediated by ERK1/2 in vitro using microvascu-
lar endothelial cells, suggesting a potential link
between autoimmunity, endothelial injury, and
fibrosis and thus, a role in PAH pathogenesis.
Taken together, these data support a role for
autoimmunity in the development of PAH and
may explain the higher prevalence of PAH in
CTDs in general.

The pathobiology of other forms of pulmo-
nary hypertension (non-PAH pulmonary hyper-
tension) is less well characterized than for PAH.
Patients with Group 2 PH (PH due to left heart
disease) can have either passive PH (due solely
to increased pressure downstream of the pulmo-
nary arteries) or reactive/mixed PH (due to a
combination of increased downstream pressure
and structural and/or functional abnormalities of
the pulmonary vasculature) [4]. Pathologically,
pulmonary veins are enlarged, dilated, and thick-
ened with pulmonary capillary dilatation, inter-
stitial edema, alveolar hemorrhage, and enlarged
lymphatics. Distal pulmonary arteries can show
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evidence of medial hypertrophy, smooth muscle
cell proliferation, and eccentric intimal lesions,
without the classic plexiform lesions. Chronic
elevation of pulmonary venous pressures leads
to excessive production and accumulation of col-
lagen IV in the extracellular matrix that leads to
structural changes in the pulmonary vasculature
from the capillaries to the arterioles and arteries
[46]. Patients with CTD may be particularly
prone to developing Group 2 PH due to high
prevalence of diastolic or non-systolic dysfunc-
tion of the left ventricle; additionally, valvular
disorders, particularly affecting the mitral valve,
may also be present in certain CTDs and lead to
increased pulmonary venous pressures [3].

Group 3 PH can result from several entities,
including obstructive lung disease, restrictive
lung disease, neuromuscular disease, or obstruc-
tive sleep apnea. Within this category, PH
related to restrictive lung disease from intersti-
tial lung disease is most commonly encountered
clinically. While vascular obliteration related to
parenchymal destruction can contribute to the
development of PH in ILD, this mechanism is
not thought to be sufficient to cause PH. While
hypoxia clearly contributes to the development
of PH related to ILD, there is a growing interest
in commonalities in pathobiology between PH
and ILD, and in particular, SSc related ILD
(SSc-ILD), that may explain the frequent co-
presentation of these two entities [27].
Endothelial apoptosis possibly due to circulat-
ing AECA and anti-fibrillarin antibodies repre-
sent the initial insult in the pathogenesis of SSc
[47]. This process is followed by inflammation
and dysregulated angiogenesis initially that ulti-
mately progresses to obliterative vasculopathy
with intimal proliferation. The same factors that
lead to fibrosis in the vasculature may be influ-
encing fibrosis in the interstitium, mediated by
several pathways including the TGF-§ super-
family, and factors such as the CXC chemo-
kines, platelet-derived growth factor, and
angiotensin II, among others [48—50]. Whether
or not endothelial injury in SSc predisposes
these patients to a higher risk of development of
PH-ILD compared to other forms of ILD
remains to be determined [51].
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Characteristics of PH by CTD Type
Scleroderma

SSc is a heterogeneous disorder characterized by
endothelial dysfunction, fibroblast dysregulation,
and immune system abnormalities that lead to
progressive fibrosis of the skin and internal
organs [42]. Genetic and environmental factors in
the setting of immune dysregulation are thought
to contribute to host susceptibility [23]. More
accurate estimates of the incidence and preva-
lence of SSc have resulted from the use of a stan-
dard classification system [52]. These estimates
vary by geographic location, suggesting a role for
environmental factors in the disease pathogenesis
[53, 54]. For instance, the prevalence of SSc
ranges from 30 to 70 cases per million in Europe
and Japan to approximately 240 per million in the
United States [55-58]. Incidence also varies by
geographic location; the highest rates occur in
the United States with approximately 19 cases
per million per year.

Typically classified as limited or diffuse based
upon extent of skin involvement, SSc of both
subtypes can involve multiple organs, such as the
heart, lungs, kidneys, and gastrointestinal tract
[53]. Pulmonary hypertension in SSc may result
from PAH, left heart disease, lung disease,
chronic thromboembolic disease, and renal dis-
ease and thus fall into any of the five WHO clas-
sification groups of PH. In addition, various
forms of PAH can develop in patients with SSc.
In an autopsy series, Dorfmuller and colleagues
described pulmonary veno-occlusive disease-like
changes in the pulmonary venules and veins in
75 % of CTD patients with clinically diagnosed
PAH [40]. While technically not PVOD, the
authors surmised that these changes in the pul-
monary veins of SSc patients may lead to similar
responses to pulmonary vasodilator therapy as in
PVOD. The classification (i.e., limited vs. dif-
fuse) along with extended antibody profile have
been associated with certain types of PH within
the WHO group schema.

PAH occurs in about 8-14 % of patients
with SSc when the diagnosis is based upon RHC
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Table 11.2 Clinical risk factors for the development of
PAH in SSc

Limited SSc

Late age of onset of SSc

Duration of SSc¢

Post-menopausal time period

Raynaud phenomenon

Number of telangiectasia

Severe digital ulcers

Decreased DLq

FVC/DLo>1.6

Increased NT-proBNP

Antibody profile (anti-centromere, anti-U3 RNP)
Increasing RVSP >2 mmHg/year

[59, 60]. Higher estimates of PAH (up to 45 % in
certain series) have overestimated the prevalence
because the diagnosis has relied upon echocar-
diography and not RHC [61-64]. While echocar-
diography can be useful to suggest the presence
of PH and to identify potential etiologies of PH
(e.g., valvular disease, left ventricular dysfunc-
tion, congenital heart disease), echocardiogra-
phy cannot establish the diagnosis of PH due to
the inaccuracy of the Doppler signal in assessing
true right ventricular systolic pressure and the
frequent inability to obtain an adequate Doppler
signal, particularly in CTD patients [65-67]. In a
recent study of SSc patients who were at risk of
developing PH based upon clinical characteris-
tics including echocardiography findings, less
than two-thirds of patients had RHC-confirmed
PAH; around 15 % had Group II PH and 20 %
had Group III PH [68]. However, despite the
potential for over-diagnosis of PAH based upon
the limitations of echocardiography; SSc-PAH is
still likely to be under-recognized and under-
diagnosed as suggested by the lower than
expected prevalence of SSc-PAH in PH regis-
tries [69-71].

Risk factors for the development of PAH in
SSc patients are varied and range from immuta-
ble patient characteristics to SSc-specific fea-
tures to cardiopulmonary manifestations of
developing  pulmonary  vascular  disease
(Table 11.2). Typically, PAH develops in women
more frequently than men with SSc, however,
men have poorer outcomes with a nearly fourfold
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increased risk of death [72]. Race may influence
disease severity as blacks with SSc-PAH have
poorer functional capacity, RV function, and
more severe hemodynamics at diagnosis than
whites [73]. Age also influences the risk of PAH.
As shown by Schachna and colleagues, the risk
of PAH increased over 20 % with every 10 years
of age at onset of SSc and when dichotomized at
60 years of age, there was twofold increased risk
of development of PAH for late onset rather than
younger onset of SSc [74]. There may be effect
modification between gender and age with
respect to the risk of development of PAH; post-
menopausal changes in estrogen levels may abro-
gate its cardioprotective effects and thus be linked
to increased risk of development of PAH amongst
older women [75, 76]. Duration of SSc has also
been associated with risk of PAH [77].

SSc type may also be associated with risk of
PAH. While historically, PAH has been associ-
ated with limited cutaneous SSc (1cSSc), more
recent epidemiologic studies from France have
suggested that patients with diffuse cutaneous
SSc (deSSc) may have a higher likelihood of
developing PAH [59, 78, 79]. Still, these associa-
tions may be biased by the low prevalence overall
of incident cases (only 8 total PAH cases out of
374 SSc patients followed for 3 years) and per-
haps by differences in the overall prevalence of
SSc by disease type since 1cSSc is three to five
times more prevalent than dcSSc in Western
Europe [80]. Other disease-specific features of
SSc that can be associated with the development
of PAH include severe digital ischemia and
higher number of telangiectasias [81, 82].

Decline in pulmonary function as assessed by
pulmonary function testing has also been associ-
ated with the risk of development of PAH. Isolated
decreases in diffusing capacity of carbon monox-
ide (DLCO) in1cSSc patients portends an increased
risk of PAH; a retrospective study identified
patients with SSc-PAH had significantly reduced
DLCO almost 5 years prior to establishing the
diagnosis of PAH [81]. Other parameters, such as
a forced vital capacity (FVC) to DLCO ratio of
greater than 1.6 and a DLCO to alveolar volume
(VA) ratio of less than 70 % have been demon-
strated to predict the presence of PAH [81, 83].
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Screening and Early Detection

Because SSc patients are at high risk of develop-
ing PAH, routine screening for this disease has
been recommended by several medical societies
[2, 84]. However, the frequency of screening,
type of test selected, and patient characteristics
vary by screening program. Since some of the
recommendations include patient symptoms as
an indicator for screening, these programs actu-
ally represent early detection algorithms rather
than true screening programs [85]. However,
employing early detection algorithms can effec-
tively identify patients with PAH earlier in the
disease course [59, 86]. When compared to a
cohort of patients identified with PAH in routine
practice, employment of an algorithm based
upon echocardiographic findings (tricuspid
regurgitant (TR) jet velocity >2.5 m/s) in combi-
nation with patient symptoms identified patients
with less severe hemodynamic disease and less
severe symptoms. Survival was also significantly
better in this small cohort of patients compared
to those who underwent routine clinical evalua-
tion [86]. However, reliance solely upon echo-
cardiography as a screening tool has significant
limitations, with both high false positive and
false negative rates [87]. Incorporation of other
tools, such as symptoms, PFTs, and serum bio-
markers such as N-terminal pro-brain natriuretic
peptide (NT-proBNP) may potentially enhance
the effectiveness of early detection strategies
[59, 83]. A recent multinational study employed
a two-step algorithm incorporating PFT param-
eters, serum biomarkers, clinical characteristics
(presence of telangiectasias), and EKG findings
to generate a risk score to determine the need for
echocardiography [88]. Subsequent findings on
echocardiography (right atrial enlargement, TR
jet >2.5 m/s) in combination with Step 1 score
determined the need for RHC. Using this algo-
rithm, the false negative rate for PAH was 4 %
compared to nearly 30 % false negative rate
when employing the FEuropean Society of
Cardiology/European  Respiratory  Society
guidelines for screening in this population [87].
A recent consensus statement on the screening
and early detection of PAH in CTD endorsed this
algorithm for SSc patients with DLCO <60 %
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predicted and >3 years duration of SSc (from
first non-Raynaud’s symptom) while recom-
mending yearly PFTs and echocardiography in
all SSc patients [89].

Outcomes

Outcomes in SSc-PAH are poor. While a recent
study from the multicenter observational
PHAROS cohort reports improved overall sur-
vival in the SSc-PAH population with 3 year sur-
vival of 75 %, other modern era cohort studies
have reported 3-year survival less than 60 % [17,
60, 70, 72, 90-93]. The improved survival in the
PHAROS registry may reflect inclusion of
patients with less severe disease as more than half
of the subjects had NYHA functional class I or IT
disease at enrollment. Prior studies have also
demonstrated that survival remains worse in SSc-
PAH than in patients with the idiopathic form of
PAH, despite seemingly less severe hemody-
namic perturbations at diagnosis [91, 94].
However, as recent research has shown, tradi-
tional measures of hemodynamic derangements
in PAH (e.g., RAP and CO) may not be the best
metrics to assess disease severity or outcomes in
SSc-PAH [93]. For example, in one cohort study
of SSc-PAH and IPAH patients, NT-proBNP lev-
els were significantly higher in the SSc-PAH
population despite less severe hemodynamic
impairment; this difference persisted when con-
trolling for potential confounders such as age and
renal function [95]. Since NT-proBNP is released
from the ventricles in response to increased wall
stress, the observation suggested that responses
to increased afterload on the RV may differ
between SSc-PAH and IPAH. In line with this,
recent physiologic studies have shown depressed
RV function for a similar afterload in SSc-PAH
compared to IPAH [96, 97]. Using pressure-
volume measurements in the RV, Tedford and
colleagues demonstrated significantly lower con-
tractility in SSc-PAH compared to IPAH patients,
despite similar pulmonary vascular resistive and
pulsatile loading characteristics as assessed by
resistance-compliance relationships and arterial
elastance measures [97]. These findings suggest
intrinsic RV dysfunction may contribute to the
clinical differences in presentation and outcomes
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Table 11.3 Predictors of survival in PAH-SSc

Male gender*

Age?

NYHA functional class at diagnosis*
Increased NT-proBNP

Right atrial pressure®

Mean pulmonary artery pressure®
Cardiac index

Stroke volume index

Pulmonary vascular resistance
Renal function

#Variable association with survival in PAH-SSc

noted between SSc-PAH and IPAH. Table 11.3
shows predictors of outcomes in patients with
SSc-PAH.

PH Related to ILD in SSc

SSc patients can also develop PH related to ILD.
However, there are few data describing the preva-
lence of PH in SSc-ILD. While the presence of
ILD in SSc in the absence of PH portends a poor
prognosis, survival is even worse in SSc patients
with combined ILD and PH [12, 23, 70, 98]. In a
cohort of 59 SSc-PH patients, 20 of whom had
significant ILD (defined as a TLC <60 % pre-
dicted or TLC between 60 and 70 % predicted
combined with moderate to severe fibrosis on
high resolution CT of the chest), survival was
significantly worse in the SSc-ILD cohort with
1-, 2-, and 3-year survival rates of 82 %, 49 %,
and 39 % compared to 87 %, 79 %, and 64 % in
the PH alone group, respectively (p<0.01) [12].
Presence of ILD portended a fivefold increased
risk of death compared to PAH. Similar 3-year
survival rates (47 %) were noted in another cohort
of 47 SSc-PH-ILD patients [98].

Mixed Connective Tissue Disease

Patients with MCTD have clinical features of
several connective tissue diseases including SSc,
SLE, rheumatoid arthritis, and polymyositis.
Symptoms include polyarthritis, myositis, sclero-
dactyly, Raynaud’s phenomenon, esophageal
dysmotility; less commonly serositis, rash, telan-
giectasias, and pigmentation abnormalities can
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be found. The characteristic laboratory feature is
presence of antibodies to uridine-rich (U1) RNP
polypeptides. While several diagnostic classifica-
tion schemas for this disease have been proposed,
all require the presence of U1-RNP antibodies
[99]. These U1-RNP antibodies are also impli-
cated in the pathogenesis of PAH by inducing
endothelial cell activation and damage, perhaps
in association with AECA [100, 101].

While renal involvement in MCTD is less
common than with SLE or SSc, lung involvement
may be more common than either entity [102—
104]. Lung disease in MCTD can manifest as
parenchymal disease, pulmonary vascular dis-
ease, or both [15, 21]. In one single center series
of 201 subjects with MCTD, over 50 % of
patients had ILD; whereas nearly 24 % were
reported to have PAH. However, this is likely an
over-estimate of the prevalence of PAH given that
the diagnosis was established by echocardiogra-
phy using a non-standard definition of PH (right
ventricular systolic pressure estimate greater than
25 mmHg). Further, the proportion of patients
with PH-ILD in this study was not reported.
Other cohort studies have provided estimates of
the prevalence of PAH in MCTD ranging from
19 % to as high as 50 %; however, some of these
studies were either single-center studies or
defined PAH based upon echocardiographic find-
ings alone [103, 105, 106]. A recent study from a
Norwegian prospective registry of patients with
MCTD suggested a much lower prevalence of
PAH, with only 5/147 patients with PH and just
2/147 with PAH [15]. However, since this was an
observational study without a specific screening
protocol for PH, this is likely an underestimate of
the prevalence of PH and PAH. For example, while
all patients underwent a screening echo at the time
of enrollment, only 64 % of patients underwent a
repeat echo during a mean follow-up period of
nearly 6 years. Thus, it is likely that incident
cases were missed during the study follow-up.
Therefore, a reliable estimate of both PAH and
PH-ILD in MCTD remains to be defined.

Another potential contributor to pulmonary
vascular disease may be more common in MCTD
than SSc. In the prior study by Gunnarsson and
colleagues, the authors report a remarkably high
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proportion of patients who develop thrombosis,
both arterial (6.4 %) and venous (19.9 %) [107].
Whether these patients with venous thrombosis
developed chronic thromboembolic disease and
PH is unknown. Interestingly, anti-endothelial
cell and anti-cardiolipin antibodies were fre-
quently found in patients who developed throm-
botic events, suggesting a possible common
pathway for pulmonary vascular disease. This
finding alone reinforces the importance of a thor-
ough evaluation for chronic PE in MCTD patients
with possible PH.

The REVEAL registry included 52 patients
with MCTD-PAH and thus has added to our
understanding of the particular characteristics of
this disease [17]. These patients tended to be
younger at enrollment than SSc-PAH patients
(49.4+16.1 vs. 61.8+11.1 years, respectively).
While there was no difference in gender distribu-
tion between MCTD-PAH and SSc-PAH, a
higher proportion of MCTD-PAH patients were
black and Hispanic. Serum biomarkers such as
brain natriuretic peptide and creatinine were both
significantly lower in the MCTD-PAH group
compared to the SSc-PAH group. Interestingly,
while there were no differences in spirometry or
lung volume measurements between these
groups, diffusion capacity for carbon monoxide
(DLCO) was significantly higher in the MCTD-
PAH group. On echocardiography, MCTD-PAH
patients had less evidence of left ventricular sys-
tolic dysfunction; invasive hemodynamics did
not significantly differ between groups, except
for right atrial pressure that tended to be lower in
the MCTD-PAH cohort.

Screening and Early Detection

In the REVEAL registry, nearly 70 % of patients
with MCTD-PAH had functional class III symp-
toms at the time of diagnosis, highlighting the
delay in diagnosis in this patient population [17].
A recent consensus statement suggests that
MCTD patients with features of SSc should
undergo the same screening protocol as patients
with SSc alone to potentially mitigate the delay
in diagnosis of PAH [89]. Whether this strategy
will be effective in the early detection of PH in
this population remains to be determined.
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Outcomes

PAH is likely the most common cause of death in
patients with MCTD. In a cluster analysis that
divided patients into three groups based upon
clinical features and antibody profiles, patients
with either “PAH” (defined by echocardiogra-
phy) or predominantly vascular involvement
(thrombosis) had significantly poorer survival
than the group with predominantly ILD and the
group with predominantly articular manifesta-
tions [107]. PAH was the most common cause of
death in both the vascular cohort (72 %) and in
the overall cohort (50 %). Two recent cohort
studies have reported outcomes in RHC-proven
MCTD-PAH. In a national registry from the
United Kingdom, survival in MCTD-PAH
(n=28) was similar to the survival observed in
the SSc-PAH cohort (n=259), at 1 year (83 % vs.
77 %) but perhaps better at 3 years (66 % vs.
47 %) [70]. In the REVEAL registry, 1-year sur-
vival did not differ between MCTD-PAH and
SSc-PAH (88 % vs. 82 %) [17]. However, when
compared to other forms of CTD-PAH, such as
SLE-PAH, survival was worse in the MCTD-
PAH cohorts in both studies.

Systemic Lupus Erythematous

SLE is also a multisystem disease that can affect
the lungs and lead to several forms of pulmonary
vascular disease including PH-ILD, PAH, and
CTEPH. In addition, PH can result from SLE-
associated cardiomyopathy or from renal failure
requiring hemodialysis and placement of arterio-
venous fistulas [108]. Thus, PH in SLE can also
be classified in any of the five PH categories
(Fig. 11.1).

Prevalence estimates of PH in SLE vary
widely, from 0.0005 to 14 % of patients [19, 109—
118]. Much of this variance in estimates can be
attributed to the definition of PH and the method
of detection employed. For example, three of the
studies that employed RHC to diagnose PH uti-
lized non-standard definitions of PH (mPAP
>30 mmHg (one study) and mPAP >40 mmHg
(two studies)) [19, 109, 110]. Furthermore, since
screening protocols for PH are not recommended
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based upon the relative rarity of PH in the SLE
population, only symptomatic patients undergo
evaluation for PH. Thus, while it appears that the
prevalence of PH in SLE is lower than that in
other CTDs such as SSc and MCTD, the true
prevalence may be significantly higher.

Patients who develop the disease tend to be
young (average age around 30 at diagnosis) and
often have Raynaud’s phenomenon. On average,
patients have SLE for nearly 5 years prior to the
development of PAH [119]. Risk factors for the
development of PAH related to SLE are not well
described, but one retrospective cohort study that
used echo to define PH (defined as a RVSP
>35 mmHg) found that blacks were more likely
to have PH. Further, patients with longer disease
duration, peripheral nervous system involvement,
and with pericarditis were more likely to have PH
[118]. The authors also found patients with anti-
smooth muscle antibodies and anticardiolipin
antibodies were more likely to develop PH.

Outcomes

As expected, outcomes in SLE patients with PH
are worse than for those without PH. While prior
studies reported median survival for SLE-PAH
patients ranging from 2 to 3 years, a more recent
cohort study from the United Kingdom reported
a 3-year survival of 75 % [19, 70, 113, 120]. PAH
also appears to be a common cause of death in
several cohorts from Korea and China, however,
it is a rare cause of death in North American and
European cohorts [121, 122]. These differences
between cohorts suggest possible ethnic differ-
ences in the impact of PH on outcomes in SLE
but remain to be confirmed or explained. In a
recent systematic review of factors associated
with outcomes in SLE-PAH, Johnson and col-
leagues found both PH-specific and SLE-specific
parameters predicted survival [117]. Higher
mPAP at diagnosis was associated with poorer
outcomes. Vascular manifestations of SLE in par-
ticular, such as Raynaud’s phenomenon, pulmo-
nary vasculitis, thrombosis, thrombocytopenia,
and presence of anti-cardiolipin antibodies, por-
tended a poorer prognosis. Interestingly, neither
lupus disease activity nor nephritis was associ-
ated with poorer outcomes.
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Sjogren Syndrome

Sjogren syndrome (SS) is a chronic inflammatory
disease characterized by lymphocytic infiltration
of exocrine glands and extra-glandular tissues.
The disease can present as primary disease or in
association with other CTDs like RA or SSc. Up
to 0.4 % of the general population has SS; the
vast majority are women in the fourth and fifth
decades of life [123]. While the sicca syndrome
(xerophthalmia and/or keratoconjunctivits sicca
and xerostomia) is most commonly present in
patients with SS, extra-glandular involvement of
the lungs is common, typically manifesting as
ILD. Various types of ILD have been described
in SS, including lymphocytic interstitial pneu-
monia, non-specific interstitial pneumonitis,
usual interstitial pneumonitis, and organizing
pneumonia [124].

In contrast, PAH is rare in SS; in fact, only 43
known cases of RHC-confirmed SS-PAH are
reported in the literature. Relatively large cohort
studies have estimated the prevalence of PH
around 20 %, however, neither study distin-
guished between PH related to ILD and PAH and
RHC was not used to establish the diagnosis [22,
125]. Thus, the true prevalence remains unknown.
However, in the largest case series of patients
with SS associated PH Launay and colleagues
describe characteristics of patients with this dis-
ease, noting that these patients were more likely
to have Raynaud’s phenomenon, vasculitis, and
ILD [14]. Antibody profiles suggested associa-
tions with anti-Ro and RNP antibodies; hyper-
gammaglobulinemia was also noted to be more
frequent in SS patients with PAH. Survival in this
cohort was poor with 1- and 3-year survival at
73 % and 66 % respectively, similar to survival
seen in patients with PAH-SSc.

Rheumatoid Arthritis

Rheumatoid arthritis (RA) is an autoimmune dis-
ease characterized by a symmetric, inflammatory
polyarthritis that leads to joint destruction. RA is
more prevalent than most other CTDs occur-
ring in 40 out of 100,000 persons in the US.
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Women in the US have a nearly 4 % lifetime risk
of developing RA [126]. Extra-articular disease
affects multiple organs including the skin, eyes,
hematologic system, and kidneys; importantly,
cardiopulmonary involvement is common. There
is a high risk of coronary artery disease, myocar-
dial infarction, heart failure, and sudden death
compared to age-matched persons without RA
[127]. Pulmonary manifestations include intersti-
tial lung disease, rheumatoid nodules, airways
disease with bronchiolitis obliterans and organiz-
ing pneumonia. Additionally, pleural disease
with effusion, empyema, bronchopleural fistula,
or pyopneumothorax is fairly common, occurring
in up to 20 % of patients [128]. Lung disease may
also result from disease-modifying antirheumatic
drugs, with complications such as pneumonitis,
fibrosis, obliterative bronchiolitis, infection, and
bronchospasm, amongst others [129].
Pulmonary hypertension in RA has been
reported in association with left heart disease,
interstitial lung disease, and chronic thromboem-
bolic disease [130, 131]. Isolated pulmonary
hypertension, that is, PH in the absence of overt
left heart disease, ILD, and chronic thromboem-
bolic disease, has been infrequently reported in
the literature [132-142]. In these case reports,
PH has been attributed to pulmonary vasculitis
[132, 135, 136, 138], hyperviscosity syndromes
[134], and PAH [133, 137]. In a few of these
studies, RHC was performed, confirming the
diagnosis of PAH. Further, lung tissue obtained
either by biopsy or at autopsy in these patients
demonstrated some classic features of PAH,
including intimal proliferation, medial hypertro-
phy, and even plexiform lesions in the small pul-
monary arterioles [132, 135, 137]. In the UK
registry, only 12 RA-PAH patients were identi-
fied while in the REVEAL registry, 28 cases of
RHC-proven RA-PAH were included [17, 70].
When compared to patients with SSc-PAH in the
REVEAL cohort, RA-PAH patients tended to be
younger (54+15.8 vs. 61.8+11.1 years).
Raynaud’s phenomenon was less likely to be
present (3.6 % vs. 32.6 % of the cohort); renal
insufficiency was less frequent, and BNP levels
were significantly lower. Functional class at
baseline, 6 min walk distance, and hemodynam-
ics were similar between RA-PAH and SSc-PAH
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patients. Similar to the findings seen in the
MCTD-PAH cohort in the REVEAL registry,
while spirometry and lung volumes were similar
when compared to SSc-PAH, diffusing capacity
was higher in the RA-PAH cohort. Survival in the
RA-PAH cohort was significantly better than the
SSc-PAH cohort with 1-year survival at 96 % vs.
82 % in the SSc-PAH cohort (p-value=0.01).

Polymyositis/Dermatomyositis

Polymyositis (PM) and dermatomyositis (DM)
are idiopathic inflammatory myopathies that are
characterized by proximal muscle weakness. DM
has characteristic skin manifestations though clin-
ical features of both DM and PM vary among
affected individuals. The estimated prevalence of
these diseases varies from 5 to 22 per 100,000
persons with an annual incidence of 2 per 100,000
[143, 144]. PM/DM are both multisystem disor-
ders with the potential to affect the heart, GI tract,
and lungs; there is also an increased rate of malig-
nancy, particularly with DM [145]. The most
common pulmonary manifestation of PM/DM is
interstitial lung disease, occurring in about 10 %
of patients, though respiratory symptoms such as
dyspnea and orthopnea can also arise from muscle
weakness affecting the diaphragm [146].
Pulmonary hypertension appears to be a rare
complication of PM/DM and if present, may be
related to underlying ILD [18]. In the UK regis-
try, only seven patients (2 % of the entire CTD-
PAH cohort) with PM/DM-PAH were identified;
there were no cases of PM/DM-PAH in the
REVEAL registry [17, 70]. No clinical demo-
graphic or hemodynamic characteristics of these
patients were reported in the UK registry; how-
ever, the 1- and 3-year survival was 100 % for
these patients, suggesting better outcomes for
PM/DM-PAH compared to other CTD-PAH.

Treatment

With improved understanding of PAH, novel
therapies targeting select pathways in the puta-
tive pathogenesis have been developed. These
therapies focus on the chronically impaired
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endothelial function that affects pulmonary
vascular tone and remodeling. Further, recent
studies identifying aberrant proliferation of endo-
thelial and smooth muscle cells and increased
secretion of growth factors have drawn investiga-
tors to compare PAH to a neoplastic process and
have paved the way for trials of antineoplastic
agents in PAH [147-151].

Randomized clinical trials of novel therapeu-
tics for PAH have included patients with various
forms of CTD-PAH, although the majority of
patients enrolled likely have SSc (Table 11.4).
Sub-group analyses in the CTD-PAH cohorts of
these studies have only been intermittently
reported [152-156]. Given the differences in
demographic and hemodynamic characteristics
between CTD-PAH types, the results from these
clinical trials are unlikely to be generalizable to
all forms of CTD-PAH and thus should be inter-
preted with caution in most cases. Still, the PAH
therapies discussed next are commonly used in
all forms of CTD-PAH although the evidence
base for diseases other than SSc is minimal.

General Measures

Despite a lack of specific data for PAH of any
form, consensus guidelines recommend the use
of supplemental oxygen in patients who are
hypoxic (peripheral oxygen saturation <90 %) at
rest or with exercise, largely based upon extrapo-
lation of data from chronic obstructive lung dis-
ease [2, 157, 158]. In addition, diuretics are
recommended for the management of volume
overload and for right heart failure. Digoxin may
also be useful for the management of refractory
right heart failure complicated by atrial arrhyth-
mias. Exercise, and in particular, pulmonary
rehabilitation, may also be beneficial as demon-
strated in a clinical trial of prescribed exercise in
a population of patients with IPAH [159]. In this
study, both quality of life and exercise capacity as
assessed by the 6MWT were significantly
improved in patients who completed a specific
exercise program, with rather large effect sizes.
Similar results were demonstrated in a smaller
observational study of CTD-PAH [160].

Table 11.4 Inclusion of CTD-PAH patients in pivotal
trials of PAH therapy

CTD-PAH
(n, overall Type of CTD
%) (n, % CTD)
Epoprostenol 111 1cSSc: 77 (69 %)
(100 %) dcSSc: 14 (13 %)
Others: 20 (18 %)
Oral treprostinil 110 (19 %) NR
Oral treprostinil add-on 92 (26 %) NR
SC treprostinil 90 (19 %)  1cSSc: 20
(22 %)
dcSSc: 25
(28 %)
SLE: 25 (28 %)
MCTD: 17
(19 %)
Overlap: 3 (3 %)
Inhaled treprostinil 77 (33 %) NR
Inhaled iloprost (AIR) 35(17 %) NR
Inhaled NR NR
iloprost+bosentan
Beraprost 13 (10 %) NR
Vardenafil 20 30 %) NR
(EVOLUTION)
Tadalafil (PHIRST) 95 (29 %) NR
Sildenafil +epoprostenol 55 (21 %)  SSc: 31 (56 %)
(PACES) SLE: 14 (25 %)
Other: 10
(18 %)
Sildenafil (SUPER) 84 (30 %)  SSc: 50 (60 %)*
SLE: 19 (23 %)
MCTD: 8 (10 %)
SjS: 4 (5 %)
RA: 1 (1 %)
Bosentan (EARLY) 33 (18 %)  SSc: 15 (46 %)
SLE: 11 (6 %)
MCTD: 3 (9 %)
SjS: 1 (3 %)
Other: 1 (3 %)
Bosentan (Study 66 (27 %)  SSc: 52 (78 %)
351+BREATHE) SLE: 8 (12 %)
Overlap: 4 (6 %)
UCTD: 2 (3 %)
Bosentan +epoprostenol 6 (18 %) SSc: 5 (83 %)
(BREATHE-2) SLE: 1 (17 %)
Ambrisentan (ARIES 136 (35 %) NR
1+ ARIES 2)

Sitaxsentan (STRIDE-1) 42 (24 %)  SSc: 19 (45 %)
SLE: 15 (36 %)
MCTD: 7

(17 %)
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Anticoagulation

Anticoagulation is recommended in the treatment
of TPAH based primarily upon retrospective,
observational data showing improved survival in
patients on warfarin therapy [2]. However, no
such data exists for CTD-PAH. Despite the poten-
tial for increased risk of gastrointestinal bleeding
due to vascular ectasias that may be common in
certain forms of CTD, the current guidelines rec-
ommend therapy with oral anticoagulation in
those without contraindications, particularly in
those patients with more advanced disease who
are receiving continuous intravenous therapy.

Immunosuppression

As discussed previously, inflammatory and
immunological mechanisms are likely involved
in the pathogenesis of both CTD and PAH. Given
this potential commonality in pathobiology, anti-
inflammatory agents have been employed in vari-
ous types of CTD-PAH. However, there are no
randomized clinical trials in patients with CTD-
PAH to support its use in this patient population.
Still, several case series have suggested efficacy
in certain populations within CTD-PAH. In the
report by Jais and colleagues, 23 patients with
either SLE- or MCTD-associated PAH were
treated with combination therapy including
cyclophosphamide and glucocorticoids; nearly
half of the SLE-PAH and MCTD-PAH patients
demonstrated clinical improvement in functional
capacity and hemodynamics [161]. However, the
6 SSc-PAH patients included in the cohort did
not demonstrate response to immunosuppression.
Still, these patients did experience improvement
in these parameters once PAH-specific therapy
was initiated. Other investigators have reported
improvements in functional capacity, hemody-
namics, and in certain cases, in expected survival,
with immunosuppressant therapy [162-164].
Randomized clinical trials are needed to better
understand the role of immunosuppressant ther-
apy in patients with CTD-PAH, and in particular,
in SSc-PAH in whom disease is often refractory
to such interventions.
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Prostaglandins

Prostacyclin is an endogenous vasodilator that
inhibits platelet aggregation via activation of
cyclic adenosine monophosphate. Exogenous
prostanoids increase production of prostacyclins
which in turn restores the balance between vaso-
constrictors such as thromboxane A2 and vasodi-
lators. The synthetic prostacyclin epoprostenol
was the first drug approved for therapy for PAH
and to date, remains the only therapy that has
been shown to improve survival in a randomized
clinical trial of PAH patients [165]. Epoprostenol
has also been studied in patients with SSc-PAH
[166]. However, while there were statistically
significant improvements in exercise capacity
and hemodynamics, no survival benefit was
found. Still, this medication is considered the
most efficacious for the treatment of PAH and
thus, is used in patients with severe disease.

There are several important factors related to
drug delivery and side effects that must be care-
fully considered prior to initiation of intravenous
epoprostenol. Since the half-life of this medica-
tion is only 2-3 min, it must be delivered via con-
tinuous infusion through a tunneled catheter.
Further, IV epoprostenol is only stable at room
temperature for 8 h and thus must be kept cold to
maintain its integrity. Recently, a room
temperature stable formulation was approved for
commercial use. Side effects are common and
include headache, jaw pain, nausea, diarrhea, leg
pain, heel pain, and flushing. Systemic hypoten-
sion is also common. These side effects can be
dose-limiting in certain patients. Several reports
of pulmonary edema in patients with SSc-PAH
who were treated both acutely and chronically
with prostaglandin derivatives raise the suspicion
of occult pulmonary veno-occlusive disease and
highlight the risks of therapy in these patients
[167, 168].

Use of IV epoprostenol in patients with CTD-
PAH seems to vary from use in IPAH patients.
A recent study reporting the 15-year experience
at the University of Michigan found that signifi-
cantly fewer SSc-PAH patients received IV pros-
tacyclins compared to IPAH patients in the cohort
(38.5 % vs. 55.3 %, p=0.02) despite nearly 80 %
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of the SSc cohort demonstrating severe PAH
(WHO functional class III/IV) [94]. We have a
similar experience at our center, with less than
45 % of class III/IV SSc-PAH patients on IV
prostacyclin therapy. This is in part related to
patient factors including limited manual dexterity
in our SSc population due to sclerodactyly and
digital ulcers (DU); historically, the need for the
use of cold packs also precipitated Raynaud’s
exacerbations and contributed to lower utilization
in this patient population. However, this rate of
use in severe PAH patients parallels use across
the United States as shown in the REVEAL reg-
istry, where only 43 % of patients (all PAH types)
who died were receiving IV prostacyclin therapy
at the time of death [169].

There are several other formulations of pros-
tacyclin analogues that are currently available
for use in the treatment of PAH and have been
studied in CTD-PAH. Iloprost is formulated in
both intravenous and inhaled versions, though
only the inhaled form is approved for therapy of
PAH in the USA. IV iloprost has been studied in
CTD patients without PAH for treatment of
peripheral vascular complications and shown to
improve exercise capacity and hemodynamics
compared to baseline values; however no spe-
cific data exist in patients with CTD-PAH [170,
171]. Studies of inhaled iloprost in various forms
of PAH, including CTD-PAH, have demon-
strated significant improvements in functional
class, exercise capacity, and hemodynamics
compared to placebo [172].

Treprostinil is another prostacyclin analogue
that is chemically stable at room temperature and
is available in IV, subcutaneous (SC) and inhaled
forms; trials with an oral form of treprostinil are
currently underway. Similar to IV epoprostenol,
IV treprostinil must be delivered via a central
catheter and continuous infusion pump. The SC
formulation is also delivered via continuous infu-
sion, but through a needle placed in the subcuta-
neous space. Ninety patients with various types
of CTD-associated PAH were included in the
large randomized clinical trial of SC treprostinil
(Table 11.4). The response in this subset, as
reported by Oudiz and colleagues, suggested
clinical efficacy, with improvements in dyspnea
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scores, functional capacity, and hemodynamics,
though the change in 6 MWD between treatment
and placebo groups was of marginal statistical
significance (25 m, p=0.055) [153]. Although
patients with CTD-PAH were included in the
TRIUMPH study investigating the addition of
inhaled treprostinil to bosentan or sildenafil and
significant improvement in functional capacity
was found, no subgroup analyses on CTD-PAH
patients were reported [173].

Endothelin Receptor Antagonists

Endothelin-1 (ET-1) is a potent vasoconstrictor
that regulates vascular tone and cell proliferation
in the pulmonary vasculature; perturbations in
ET-1 balance are thought to contribute to the
pathogenesis of PAH [174]. Further, ET-1 also
may have a role in the pathogenesis of SSc con-
tributing to vascular damage and fibrosis as prior
studies have identified relationships between
ET-1 levels and disease severity [175]. Thus,
ET-1 remains an attractive target for therapy in
CTD-PAH and SSc-PAH in particular.
Endothelin receptor antagonists (ERA) block
ET receptors on vascular smooth muscle thereby
promoting vasorelaxation in the pulmonary vas-
culature. Bosentan, a dual competitive ET
receptor antagonist, was the first agent devel-
oped in this class. In the BREATHE-1 study, sig-
nificant improvements in functional class,
6MWD, time to clinical worsening (TTCW),
and hemodynamics were found in PAH subjects
receiving bosentan compared to placebo. Almost
a third of these subjects in this trial had CTD-
PAH. In a subgroup analysis of this study, CTD-
PAH patients, most of whom had SSc-PAH, did
not exhibit a significant improvement in 6MWD;
however, subjects in the treatment arm were less
likely to experience deterioration. These find-
ings were similar to observations from our expe-
rience with initial therapy with bosentan; when
compared to IPAH patients, SSc-PAH patients
had less robust response to therapy with no
change in FC, poorer survival, and a higher inci-
dence of side effects [176]. However, in a multi-
center observational study of initial therapy with
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bosentan in a cohort of 53 CTD-PAH patients
(80 % with SSc-PAH), after 48 weeks of therapy,
a larger proportion of patients experienced an
improvement in FC than a decline (27 % vs.
16 %), but the majority experiencing no change
in FC (57 %) [156]. Further, 1-year survival was
92 %; improved when compared to historical
controls, however, no improvement in health-
related quality of life was noted. In a sub-group
analysis of randomized clinical trials of bosentan
in which CTD-PAH subjects were included,
trends towards improvement in 6MWD and
improved survival compared to historical con-
trols were found [154]. However, this cohort
included patients with various forms of CTD-
PAH and thus may not accurately reflect the
experience of a particular group within the CTD
population. Bosentan has also been studied in
the management of Raynaud’s and digital ulcers
(DU), but a recent meta-analysis suggests that
while the number of new DU are reduced in SSc
patients on bosentan, there is no effect on heal-
ing of existing DU [177]. Thus, bosentan therapy
seems to stabilize and in some cases, improve
symptoms and functional capacity in patients
with CTD-PAH, but may not improve quality of
life or other vascular complications of CTD such
as DU. There may also be improvement in 1-year
outcomes compared to historical controls, but
this has not been evaluated in a prospective, ran-
domized study.

Ambrisentan is another ERA with a high
selectivity for ETA vs. ETB receptors (>4,000-
fold). This selectively may target the vasocon-
strictive effects of endothelin while preserving
the vasodilatory action that is mediated by ETB
receptors, however, the clinical relevance of this
degree of selectivity is unknown. In large, ran-
domized, double-masked, placebo-controlled
clinical trials of PAH, patients receiving ambris-
entan demonstrated significant improvement in
6MWD and a significant reduction in TTCW
[178]. In the CTD-PAH subgroup, initially there
was improvement in 6MWD, but by the end of
the study at 24 weeks, no differences compared to
baseline were found. In the long-term extension
study, 124 of the 383 subjects (32 %) included
had CTD-PAH, however, the type of CTD was
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not reported [179]. In this observational study,
1- and 2-year survival for CTD-PAH patients was
91 % and 83 % respectively; however, since
nearly 20 % of subjects were on combination
therapy with other PAH-specific medications at 2
years, the long-term effects of ambrisentan alone
cannot be determined accurately. In another
observational study that included 40 CTD-PAH
patients who were either treatment-naive or on
background therapy with other PAH-specific
medications, no significant improvement in
6MWD was noted after 24 weeks of therapy with
ambrisentan. Still, in each of these studies,
ambrisentan was well tolerated; however, nearly
33 % of patients experienced worsening lower
extremity edema with initiation of therapy.

Macitentan is a tissue-targeting ERA that has
been shown in vivo to remain active in local tis-
sue environments leading to longer functional
half-life than other ERAs [180]. A recent ran-
domized, double blind, placebo controlled trial of
macitentan at 3 and 10 mg demonstrated a sig-
nificantly reduced risk of morbidity/mortality
compared to placebo with 45 % reduction in the
10 mg group with a 30 % reduction in the 3 mg
group [181]. In this study, 30.5 % of PAH patients
had CTD-related disease; however, no data on
specific effects in this population have been
published to date. Macitentan was well tolerated,
with no difference in lower extremity edema
between the placebo and treatment arms.

Side effects with ERA are common and
include peripheral edema, headache, dyspnea,
upper respiratory tract infection, nasal conges-
tion, fatigue, and nausea. ERAs may also cause
hepatotoxicity. However, due to differences in
formulation between bosentan, ambrisentan, and
macitentan, there is no increased risk of liver dys-
function over placebo with ambrisentan and
macitentan and thus, monthly monitoring for
hepatotoxicity is not required for these agents,
but is for bosentan [182]. Further, decreases in
hemoglobin can occur and require monitoring.
ERAs are teratogenic and thus pregnancy is a for-
mal contraindication; further, due to drug—drug
interactions, estrogen/progesterone contracep-
tion is not a reliable form of contraception in the
presence of bosentan.
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Phosphodiesterase Inhibitors

Phosphodiesterase type 5 inhibitors (PDESI)
inhibit the degradation of cyclic guanosine mono-
phosphate (cGMP), a second messenger released
by soluble guanylate cyclase (sGC) in response
to nitric oxide (NO) stimulation. NO is a potent
vasodilator that also inhibits platelet aggregation
and vascular smooth muscle cell proliferation;
deficiency of NO is thought to be an integral part
of the pathogenesis of PAH [183]. By slowing the
breakdown of ¢cGMP, PDESI enhance vascular
smooth muscle cell dilation.

The expression and activity of PDES is con-
siderably elevated in the lung and pulmonary
vascular smooth muscle cells and is thus an
attractive therapeutic target for treatment of
PAH. Several agents initially used to treat erec-
tive dysfunction have been studied as therapy for
PAH. Sildenafil was the first agent studied in a
large, randomized clinical trial of PAH. In the
SUPER study, subjects were randomized to 20,
40, or 80 mg of sildenafil three times a day or
placebo [184]. Compared to placebo, there was a
significant improvement in the primary outcome
(6MWD) at all doses at the end of the 12-week
study. Secondary outcomes, such as hemody-
namics, also demonstrated significant improve-
ment between groups, but no significant
differences in dyspnea or TTCW were noted
between groups. A sub-group analysis of CTD-
PAH subjects in the SUPER study showed statis-
tically significant improvements in 6 MWD with
the 20 and 40 mg doses (42 m, 95 % CI 20-64 m,
p<0.01 and 36 m, 95 %CI 14-58, p<0.01,
respectively) [156]. In addition, functional class
improved with each dose, but a higher proportion
of patients in the 40 and 80 mg dose groups
experienced improvement compared to the
20 mg group (40 % and 42 % vs. 29 %, respec-
tively). Hemodynamic improvements with all
treatment doses were also noted. Based upon the
conglomeration of data, the FDA approved dose
of sildenafil for the treatment of PAH is 20 mg
TID, though some clinicians advocate higher
doses in practice.

Tadalafil is another PDESI that has been
studied for the treatment of PAH. Tadalafil has a

distinct chemical structure compared to sildenafil
that leads to differences in selectivity for the
PDES enzyme and in its pharmacokinetics [185].
Since tadalafil has a 17.5 h half-life, it can be
administered once daily. In the PHIRST study, a
double-blind, placebo-controlled trial of once
daily tadalafil in either treatment naive or patients
on stable bosentan therapy, significant improve-
ment in 6MWD was noted at the highest dose
studied (40 mg daily) [186]. Further, improved
TTCW and quality of life in the treatment arm
was noted, though there was no significant
improvement in functional class or in dyspnea. In
CTD-PAH subjects, there was a dose-dependent
improvement in 6 MWD, with a placebo-adjusted
improvement of 49 m (95 %CI 15-83) in the
40 mg group compared to placebo.

In general, PDESI are well tolerated. Common
side effects include flushing, headache, nasal
congestion, myalgias, and gastrointestinal upset.
Given some homology between PDE5 and PDE6
which is predominantly in the retina and integral
in the phototransduction cascade, there is a
potential for visual side effects, including light
sensitivity, blue-greenish or blurred vision.
Importantly, a recent study in patients on chronic
therapy with PDESI reported that sildenafil is
well tolerated from an ocular perspective [187].
The authors’ practice is to have patients undergo
evaluation by an ophthalmologist prior to initia-
tion of PDESI therapy and then follow up on a
yearly basis while on therapy to monitor for
potential ocular problems.

Riociguat is a sGC stimulator that sensi-
tizes sGC to low levels of bioavailable NO and
leads to increased cGMP synthesis through
NO-independent mechanisms [188]. This mech-
anism of action offers a potential benefit over
PDESI since PDESI depends upon bioavailability
of NO and NO is relatively deficient in PAH
[189]. Thus, sGC stimulation by riociguat may
be more effective in increasing NO
bioavailability.

Two recent studies of riociguat in PH have
been completed, one in PAH and one in CTEPH.
PATENT-1 investigated the efficacy and safety of
riociguat in PAH patients who were either treat-
ment naive or on background therapy with another
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PAH-specific medication [190]. The primary out-
come of change in 6MWD at 12 weeks was met,
with a 36 m improvement in the treatment group
compared to placebo (95 % CI 20-52 m, p<0.01).
Interestingly, significant improvements in 6 MWD
of nearly similar magnitude were noted in both
treatment naive patients and in those on back-
ground therapy. Statistically significant improve-
ments in secondary outcomes, including
functional class, TTCW, quality of life, dyspnea,
NT-proBNP, and hemodynamics were also found.
No data regarding efficacy in CTD-PAH subjects,
who comprised 25 % of the study cohort, has been
published to date. Side effects were generally
mild and riociguat had a favorable safety profile.

Combination Therapy

Given the potential for synergistic effects
between the available PAH therapies that target
separate pathways involved in the pathogenesis
of the disease, combination of therapies from dif-
ferent classes commonly occurs in clinical prac-
tice, though the evidence base for this practice is
limited. As discussed previously, several thera-
pies have been studied in clinical trials that
enrolled a proportion of subjects on background
PAH therapy with an agent from a different class
than the drug of interest. Several on-going trials
are examining the efficacy of combination ther-
apy, including COMPASS (sildenafil and bosen-
tan) and AMBITION (tadalafil and ambrisentan).
In addition, there is an on-going investigator-
initiated observational study of tadalafil and
ambrisentan in treatment naive SSc-PAH patients,
which is nearing completion (clinicaltrials.gov
identifier NCT(01042158). Other completed stud-
ies examining the impact of combination therapy
have demonstrated mixedresults. In BREATHE-2,
a study of adding bosentan or placebo to IV epo-
prostenol failed to achieve the primary endpoint
of improvement in total pulmonary resistance on
RHC and in secondary endpoints such as
improvement in 6MWD [191]. Interestingly, the
authors attribute the lack of clinical response in
this study to a higher proportion of SSc-PAH
patients in the treatment arm citing less robust
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response to therapy in general in the SSc-PAH
population. In PACES, where subjects on IV epo-
prostenol therapy were randomized to sildenafil
80 mg TID or placebo, there were significant
improvements in exercise capacity, TTCW, qual-
ity of life, and hemodynamics. However, only
17 % of the cohort had CTD-PAH and thus, no
conclusions regarding the efficacy of this combi-
nation in this population can be drawn.

At our center, we have found poorer response
to combination therapy in SSc-PAH compared to
IPAH patients [192]. Although the addition of
sildenafil to bosentan monotherapy improved
functional class and 6MWD in IPAH subjects, no
such effect was found in the SSc-PAH subjects.
Furthermore, there were significantly more side
effects in the SSc-PAH group, including hepato-
toxicity. Drug—drug interactions have been
described between bosentan and sildenafil and
may be of clinical significance, particularly in the
SSc-PAH population [193].

Novel Therapies

Recent insights into the pathobiology of PAH
that emphasize the aberrant proliferation of endo-
thelial and smooth muscle cells have led investi-
gators to study anti-neoplastic agents that target
these processes. In experimental models of PH,
inhibition of proliferation and increased apopto-
sis of smooth muscle cells with the addition of
various tyrosine kinase inhibitors (TKI) improved
hemodynamics, reversed vascular remodeling,
and improved survival [194, 195]. Several case
reports of the TKI imatinib, a dual platelet-
derived growth factor and vascular endothelial
growth factor inhibitor, suggested utility in
patients with PAH, including one patient with
SS-PAH and one with PVOD [150, 196-199].
However, several large clinical trials of imatinib
demonstrated mixed results and ultimately, the
drug was not approved for use in PAH [148, 149].
In addition, the TKI dasatinib has recently been
reported to induce PAH [200]. This is thought to
be related to the wide-ranging targets of dasat-
inib, including Src kinase, that may be implicated
in the development of PAH [201].
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A multi-center study of the anti-neoplastic
agent, rituximab, in PAH-SSc patients is ongo-
ing. Rituximab is a chimeric monoclonal anti-
body against the B-cell surface protein CD20.
Based upon pre-clinical data suggesting integral
involvement of B-cells in SSc pathogenesis and
in PAH pathogenesis, a Phase II clinical trial for
the evaluation of rituximab in SSc-PAH was initi-
ated and currently enrolling subjects [202]. The
primary outcome of this trial is change in PVR at
24 weeks.

PH-Specific Therapy in PH-ILD-CTD

As discussed previously, patients with CTD often
develop PH related to concomitant ILD and this
may be more common in SSc compared to other
CTDs. While treatment of PH-ILD with PAH-
specific medications is appealing from a thera-
peutics standpoint, differences in the mechanism
of development of PH in the presence vs. absence
of ILD may influence the response to specific
pulmonary vasodilator therapy. Hypoxic vaso-
constriction, one of the predominant mechanisms
of development of PH in ILD, is also an impor-
tant regulator of ventilation perfusion (VQ)
matching in the presence of parenchymal lung
disease. Currently, all commercially available
PAH medications work by causing pulmonary
vascular dilation; thus, it is highly likely that
addition of such medications would worsen VQ
matching by releasing appropriate hypoxic vaso-
constriction. Still, given the high prevalence of
pulmonary vascular disease in SSc, there may be
a population of patients with some degree of ILD
who will respond to PAH-specific therapy
(Fig. 11.3). Unfortunately, identification of these
patients is challenging.

Several investigators have reported their expe-
rience with off-label use of PAH-specific thera-
pies in SSc patients with PH-ILD. Le Pavec and
colleagues recently reviewed the response to
PAH-specific therapy in 70 SSc patients with
PH-ILD who were treated with various PAH-
specific therapies [203]. After a mean follow up
of 7.7 years, there were no changes in functional
class, GBMWD, or hemodynamics when compared
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Treatment
Efficacy

Fig. 11.3 Contributors to pulmonary hypertension in
CTD and response to pulmonary vasodilator therapy.
While clinically pulmonary hypertension in CTD is com-
monly attributed to either pulmonary vascular disease or
parenchymal lung disease, typically, there are compo-
nents of both contributing to elevated pulmonary pres-
sures as demonstrated in this figure. Efficacy of pulmonary
vasodilator therapy seems to be greatest in patients with
predominantly pulmonary vascular disease, however, the
“threshold” proportion of parenchymal lung involvement
(represented here by the red lines) for which efficacy of
these therapies can be demonstrated remains to be
determined

to baseline values. One-, 2-, and 3-year survival
rates were 71 %, 39 %, and 29 % respectively. In
multivariable analyses, worsening of oxygen-
ation with initiation of therapy and deterioration
of renal function were associated with risk of
death. There are few studies examining the
response to PAH-specific therapies in PH-related
to other forms of CTD.

Lung Transplantation in CTD-Related
Pulmonary Hypertension

Many centers consider CTD to be relative contra-
indication to lung transplantation due to concerns
about gastroesophageal reflux leading to bronchi-
olitis obliterans syndrome, renal impairment
complicating management of immunosuppres-
sive and antimicrobial agents commonly
employed post-transplantation that are often
nephrotoxic, and extrapulmonary organ involve-
ment. Based upon these concerns, less than 2 %
of all lung transplantation worldwide between
1995 and 2010 occurred in patients with underly-
ing CTD [204]. However, as shown by several
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investigators, outcomes for CTD patients do not
appear to be significantly different from patients
with either IPAH or ILD in isolation [205-207].
Thus, lung transplantation should be considered
for patients with severe PH who are failing
therapy.

Response to Therapy in CTD-PAH

In general, clinical trials of PAH-specific thera-
pies for the treatment of PAH have shown a
blunted response in CTD-PAH, and in particular,
SSc-PAH. For instance, a systematic review of
treatment effect of PAH therapies in CTD-PAH
using data from the pivotal clinical trials of these
agents demonstrated a non-significant improve-
ment in exercise capacity in the CTD population
with smaller effect size estimates [208].
However, the presence of comorbidities and con-
founding factors in CTD-PAH may limit the
interpretation of the currently employed out-
come measures for clinical trials of therapeutics
in PAH. As shown in Table 11.5, several CTD-
specific factors may influence the measures of
response to therapy, including concomitant ILD,
left ventricular diastolic dysfunction, musculo-
skeletal disease, and gastrointestinal disease. In
an attempt to mitigate these limitations of out-
come measures in CTD-PAH trials, a Delphi
consensus study convening experts from multi-
ple subspecialties involved in the care of patients
with SSc and PAH recommended a set of core
outcome measures be utilized in clinical trials of
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SSc-PAH therapies; these measures encompassed
domains such as cardiopulmonary hemodynam-
ics, exercise testing, dyspnea, medication adher-
ence, quality of life, and survival [209]. Recent
expert opinion has suggested using TTCW as a
primary outcome measure with focus on disease-
specific measurement of clinical worsening (i.e.,
distinguishing between CTD-related and PAH-
related clinical worsening) and stratifying
patients by disease type and functional class at
randomization [210].

Conclusions and Future Directions

Pulmonary hypertension commonly complicates
CTD and is invariably associated with high mor-
bidity and mortality. Unfortunately, despite
heightened awareness for this entity in CTD
patients, PH is often under-recognized in CTD.
Further, while specific pulmonary vasodilator
therapy has been shown to improve symptoms,
quality of life, and survival in other forms of
PAH, the response to therapy has been attenuated
in patients with CTD-associated disease in gen-
eral. However, currently employed markers of
disease severity and outcome measures are inad-
equate for CTD-related PH and thus, identifica-
tion and validation of measures relevant to
CTD-associated  disease is  imperative.
Additionally, therapies targeting pathways spe-
cific to CTD are currently under investigation and
may provide directed therapy for this devastating
complication of CTD.

Table 11.5 Disease-specific considerations in CTD-associated PH

Domain Tool
Hemodynamics RHC, Echo
Exercise testing 6MWD

Dyspnea Borg dyspnea
Adherence with therapy Adverse events
Pharmacodynamics Bioavailability
Quality of life SF-36/CAMPHOR
Global state Survival

Application to CTD-PAH

Group II and III disease confound assessment
Musculoskeletal disease/deconditioning
Non-PAH causes for dyspnea (ILD, anemia, etc.)
Concomitant medications for CTD may interact
Different due to GI motility, malabsorption
Extra-pulmonary involvement affects QOL
Poorer survival overall compared to IPAH

Adapted with permission from Denton CP, Avouac J, Behrens F, Furst DE, Foeldvari I, Humbert M, et al. Systemic
sclerosis-associated pulmonary hypertension: why disease-specific composite endpoints are needed. Arthritis Res Ther

2011;13(3):114
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Introduction

Among the many challenges facing rheumatic
patients, infection continues to play an important
role in clinical outcomes. The interplay between
altered host defense mechanisms and powerful
immunomodulatory drugs puts rheumatic patients
at risk for serious infections, which can lead to
hospitalization, morbidity, or even mortality.
This is especially true of respiratory infections,
and clinicians must be diligent in their evaluation
and management of rheumatic patients who present
with symptoms suggestive of respiratory disease.

Epidemiology

Multiple studies have examined the association
between rheumatic disease and risk of infection,
but the evidence is strongest in patients with
inflammatory arthritis. One large prospective
study of patients newly diagnosed with inflam-
matory polyarthritis estimated their risk of infec-
tion to be at least 2.5 times higher than the general
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population [1]. The risk was even higher for
respiratory tract infections, with inflammatory
polyarthritis patients being 3.5 times more likely
(95 % CI 2.3-5.4) to develop a respiratory tract
infection than the general population.

A frequently cited retrospective matched
cohort study of rheumatoid arthritis (RA) patients
cared for at the Mayo Clinic spanning nearly 40
years also showed increased risks of infection.
After controlling for multiple risk factors, includ-
ing corticosteroid use, the researchers found that
RA patients were 1.7 times (95 % CI 1.4-2.0)
more likely to have objectively diagnosed infec-
tion than patients without RA from the same
population. They were also 1.7 times (95 % CI
1.5-2.0) more likely to develop pneumonia [2].

Unfortunately, the increased risk of infection
among rheumatic patients contributes to their
increased mortality rate. In a prospective study of
1,000 RA patients over 10 years, overall mortality
was significantly higher in RA patients compared to
controls (352 deaths among RA patients versus 221
deaths among controls). Deaths from infectious dis-
eases, especially respiratory infections, were sig-
nificantly more common in patients with RA [3].

Pathogenesis

The pathogenesis of infection in rheumatic
patients is thought to depend primarily on under-
lying impaired host defenses and on the effects of
immunomodulatory drugs. Although certain
abnormalities in the immune system of rheumatic
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patients are well described, such as complement
deficiency and other mechanisms in systemic
lupus erythematosus (SLE) [4], much remains to
be elucidated in our understanding of the patho-
genesis of rheumatic diseases [5]. In addition to
immune system abnormalities, structural abnor-
malities attributable to rheumatic disease may
also predispose to infection. Chronic lung disease
and rheumatoid nodules, among other risk fac-
tors, were predictors of infection in RA patients
in a multivariate model [6]. Additionally, envi-
ronmental factors that may contribute to the
development of rheumatic diseases can also lead
to an increased risk of infection. One study of
twins demonstrated an increased risk of develop-
ing RA and increased RA severity among patients
who smoked [7]. Tobacco use is also a known
risk factor for respiratory infection.

The numerous medications used to treat rheu-
matic diseases can be broadly categorized as cor-
ticosteroids, disease-modifying antirheumatic
drugs (DMARD:s), and biologic agents. Although
many of these medications have clear immuno-
modulatory effects, the evidence supporting an
association between their use and infection is
often conflicting. A recent meta-analysis of infec-
tion risk in RA patients taking glucocorticoids
showed no increased risk in randomized trials
[8], but observational evidence consistently sup-
ports an association between infection and corti-
costeroid use [6]. In one large observational study
of 16,788 rheumatic patients, for example, the
risk of hospitalization for pneumonia increased
with prednisone use and prednisone dose [9].
Given these findings, we consider rheumatic
patients taking any immunomodulatory drugs to
be at increased risk of infection.

The infection risk varies by drug, however.
The most commonly used DMARD, methotrex-
ate, has antiproliferative effects on lymphocytes.
Although numerous case reports have docu-
mented opportunistic infections in rheumatic
patients taking low-dose methotrexate, large
cohort studies have failed to demonstrate a con-
sistently increased risk of infection in patients
taking it [10]. Cyclophosphamide use was associ-
ated with the highest risk of infection among tra-
ditional DMARDs, with a relative risk of 3.26
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(95 % CI 2.28-4.67) in a large case control study
of RA patients treated between 1980 and 2003. In
the same study, azathioprine was associated with
a moderately increased relative risk of 1.52 (95 %
CI 1.18-1.97), but antimalarial agents, lefluno-
mide, sulfasalazine, cyclosporine, and others
were not [11]. Among the DMARD:s, this obser-
vational data confirms that clinicians must be
especially wary of infection with cyclophospha-
mide and azathioprine. However, it is our prac-
tice to watch closely for signs of infection and to
consider opportunistic infections in patients tak-
ing other DMARD:s as well.

We generally regard patients taking biologic
agents as being at higher risk of infection than
those taking DMARDs, based on both animal
models and accumulating case series of unusual
infections occurring in these patients. Tumor
necrosis factor-alpha (TNF-o) antagonists are the
most commonly used biologic agents in rheu-
matic patients. TNF-a is important for granuloma
formation and maintenance and has been shown
to be important for protection against numerous
pathogens, including Mycobacterium tuberculo-
sis and others. Currently approved TNF-a antag-
onists include adalimumab, certolizumab,
etanercept, golimumab, and infliximab. A fre-
quently referenced meta-analysis of patients tak-
ing TNF-a antagonists showed evidence of an
increased risk of serious infections requiring hos-
pitalization. For RA patients started on TNF-a
antagonists, the number needed to harm for seri-
ous infections was 59 (95 % CI, 39-125) in a
3—12-month period of treatment [12].

It is important to note, however, that there con-
tinues to be considerable debate about the risk of
infection associated with TNF-a antagonists [13].
In several studies, there was no significant
increased risk of serious infection requiring hos-
pitalization between patients being treated with
TNF-o antagonists and those receiving treatment
with glucocorticoids [9], methotrexate [14], or
other DMARDs [15, 16]. However, several stud-
ies did find increased rates of serious infection
requiring hospitalization within the first 3-6 months
of starting TNF-a antagonist therapy compared to
patients taking DMARDs [17, 18]. Additionally, it
appears that not all TNF-o antagonists are alike.
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In particular, infliximab has been associated with
a greater risk of infection than etanercept [19,
20]. The evidence for increased infectious com-
plications in patients taking rituximab, a different
class of biologic agent that depletes B cells, is
also mixed [21, 22]. Numerous case reports, how-
ever, have described hepatitis B virus (HBV)
reactivation in patients taking rituximab [23]. For
practical purposes, we recommend that any
patient taking biologic agent be considered to be
at increased risk of infection, particularly for fun-
gal and mycobacterial infections.

Screening and Prophylaxis
for Infections

Given concerns about increased infection risks,
clinicians should carefully screen patients prior
to initiating immunomodulatory drugs. The
American College of Rheumatology recom-
mends screening for HBV and hepatitis C virus
(HCV) in high-risk patients prior to starting leflu-
nomide and methotrexate [24]. Additionally, all
patients should be screened for latent tuberculo-
sis infection (LTBI), HBV, and HCV prior to ini-
tiation of TNF-a antagonists [25].

Screening for LTBI can be accomplished
using either traditional tuberculin skin testing
(TST) or newer interferon-y release assays
(IGRAs) such as QuantiFERON®-TB Gold
(Cellestis Ltd, Victoria, Australia) [26]. IGRAs
are generally preferred for patients who have pre-
viously received bacillus Calmette—Guérin
(BCG) vaccination or who are unlikely to return
for TST reading. Patients with positive LTBI
screening results should be evaluated for clinical
signs of active disease and have a chest X-ray to
evaluate for active tuberculosis disease (TB). If
the chest X-ray is unrevealing, they should
receive treatment for LTBI with 9 months of
daily isoniazid or with the recently approved
12-week regimen of weekly isoniazid and rifa-
pentine [27, 28]. Ideally, LTBI treatment should
be completed prior to initiating treatment with
TNF-a antagonists, but many clinicians initiate
TNF-o antagonists after several months of LTBI
treatment.
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Additionally, clinicians should ask about
activities conferring higher risk for opportunistic
infections prior to initiating biologics.
Specifically, activities that increase the risk of
Histoplasma exposure should be elucidated,
including spelunking, cleaning poultry houses,
demolition, and others. If any of these high-risk
activities are reported, a chest X-ray is appropri-
ate for screening. If the chest X-ray shows evi-
dence of histoplasmosis or there is clinical
evidence to support a diagnosis of histoplasmosis
during the 2 years preceding biologic therapy, we
recommend treating patients with prophylactic
itraconazole for at least 3 months prior to and at
least 1 year after initiating biologics [29]. If prac-
ticing in a region endemic for coccidioidomyco-
sis (Arizona, New Mexico, central and southern
California, or southern Texas), clinicians should
obtain anti-coccidioidal antibody serologies and
a chest X-ray prior to starting biologics. If either
the serologies or chest X-ray shows evidence of
coccidioidomycosis or if the patient has a past
history of coccidioidomycosis (now resolved),
we recommend treating patients taking biologics
with prophylactic fluconazole for at least 6-12
months. It is important to note, however, that
there is considerable debate about how best to
manage patients on biologics with asymptomatic
coccidioidomycosis, but a suggested manage-
ment algorithm was recently published [30].

In addition to the prophylactic measures
described previously, vaccination is an important
intervention for patients receiving treatment for
rheumatic disease (Table 12.1). Influenza vaccine
is recommended for patients receiving hydroxy-
chloroquine or minocycline. Both influenza and
pneumococcal vaccines are recommended for
patients receiving sulfasalazine. Influenza, pneu-
mococcal, and hepatitis B vaccines are recom-
mended for patients receiving leflunomide,
methotrexate, or biologic agents. Live vaccines
(including herpes zoster and measles, mumps,
and rubella vaccines) should be avoided in
patients receiving biologic agents. Of note, recent
recommendations from the American College of
Rheumatology recommend that patients should
receive the herpes zoster vaccine before begin-
ning biologic agents [31]. While there is not
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Table 12.1 Recommendations for vaccinations in patients with RA starting or currently taking DMARD:s or biologic
agents

Pneumococcal® Influenza® Hepatitis B¢ Live attenuated vaccinations
Before initiating therapy
DMARD monotherapy? X X X X
Combination DMARDs X X X X
All biologics® X X X X
While already taking therapy
DMARD monotherapy X X X X
Combination DMARDs X X X X
All biologics X X X Not recommended

Adapted with permission from Singh JA, Furst DE, Bharat A, Curtis JR, Kavanaugh AF, Kremer JM, et al. 2012 update
of the 2008 American College of Rheumatology recommendations for the use of disease-modifying antirheumatic drugs
and biologic agents in the treatment of rheumatoid arthritis. Arthritis Care Res (Hoboken) 2012 May;64(5):625-639
X =recommend vaccination when indicated (based on age and risk)

2The Centers for Disease Control and Prevention also recommends a one-time pneumococcal revaccination after 5 years
for persons with chronic conditions such as RA. For persons ages >65 years, one-time revaccination is recommended

if they were vaccinated >5 years previously and were age <65 years at the time of the primary vaccination

®Intramuscular

¢If hepatitis risk factors are present (e.g., intravenous drug abuse, multiple sex partners in the previous 6 months, health-

care personnel)

¢DMARD:s include hydroxychloroquine, leflunomide, methotrexate, minocycline, and sulfasalazine
¢Biologics include TNF-a antagonists (adalimumab, certolizumab pegol, etanercept, golimumab, and infliximab) and

other agents (abatacept, rituximab, and tocilizumab)

definitive data to guide this practice, we
recommend that it be administered at least 30
days before beginning biologic therapy. For select
patients already taking biologic agents, it may be
reasonable to hold the biologic agent for a period
of time, administer the herpes zoster vaccine, and
then reinitiate biologic therapy 30 days later.
Additionally, patients receiving moderate- and
high-dose glucocorticoids should receive pro-
phylaxis for Pneumocystis pneumonia (PCP).
While consensus guidelines are lacking, we rec-
ommend PCP prophylaxis with trimethoprim—
sulfamethoxazole (at least one double-strength
tablet three times weekly) to patients who are
taking glucocorticoids equivalent to at least 20
mg of prednisone for at least 1 month or to those
taking glucocorticoids in combination with
another immunosuppressive drug such as a
TNF-o antagonist. Patients who are taking both
methotrexate and trimethoprim—sulfamethoxa-
zole (TMP-SMX) are at increased risk of metho-
trexate toxicity, but methotrexate is generally
well tolerated in patients receiving prophylactic
doses (rather than twice daily treatment doses) of

TMP-SMX. There is some concern that patients
with SLE may be more likely to have allergic
reactions to sulfonamide-containing antibiotics.
This concern has prompted some clinicians to
use atovaquone rather than TMP-SMX for PCP
prophylaxis in SLE patients [32], but it remains
our practice to use TMP-SMX in SLE patients
without a known TMP-SMX allergy.

Clinical Syndromes

Pulmonary infections account for an important
portion of infections in rheumatic patients, and
they are a major driver of hospitalization, mor-
bidity, and mortality. In one study, 21-25 % of all
infections in different cohorts of SLE patients
were pulmonary infections [33]. Numerous pul-
monary infections have been reported in rheu-
matic patients, but we will focus on two broad
syndromes: pneumonia—the most commonly
encountered pulmonary infection—and TB,
which is an important consideration in patients
taking TNF-a antagonists.
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Fig. 12.1 Bilateral empyemas in a 57-year-old woman
with RA being treated with methotrexate. Coronal com-
puted tomography (CT) images (left: lung windows; right:
soft tissue windows) demonstrated bilateral empyemas

Pneumonia

All rheumatic patients deserve special attention
when they present with symptoms suggestive of
pneumonia, especially those taking biologic
agents. Typical signs and symptoms of pneumo-
nia may be absent or attenuated, and imaging
studies may be falsely negative. Patients with
suspected pneumonia should be evaluated and
treated for common bacterial pathogens, includ-
ing Streptococcus pneumoniae, Mycoplasma
pneumoniae, Haemophilus influenzae, Chlamydia
pneumoniae, and Legionella spp. In 2011, the US
Food and Drug Administration (FDA) added a
black box warning to TNF-a antagonists for
Legionella pneumonia. Between 1999 and 2010,
80 cases of Legionella pneumonia and four
deaths in patients taking TNF-a antagonists were
reported to the FDA’s adverse events reporting
system (AERS) [34].

For rheumatic patients with community-
acquired pneumonia, we generally initiate treat-
ment with either a respiratory fluoroquinolone
(e.g., levofloxacin or moxifloxacin) or a beta-
lactam in addition to an advanced-generation
macrolide (e.g., azithromycin). For hospitalized
rheumatic patients with healthcare-associated or
hospital-acquired pneumonia, initial antibiotic
coverage should be broadened to include nosoco-
mial pathogens including methicillin-resistant

¢

(white arrows) and multiple cavitary lung nodules consis-
tent with rheumatoid nodules (black arrow). Diagnostic
thoracentesis and microbial cultures confirmed bilateral
Staphylococcus aureus pyogenic empyemas

Staphylococcus aureus (MRSA) and
Pseudomonas aeruginosa (Fig. 12.1). Typical
regimens include a combination of three antibiot-
ics as follows: (1) piperacillin—tazobactam, an
antipseudomonal cephalosporin (e.g., ceftazi-
dime or cefepime), or an antipseudomonal car-
bapenem (e.g., imipenem or meropenem), (2)
vancomycin, and (3) an antipseudomonal fluoro-
quinolone (e.g., levofloxacin or ciprofloxacin) or
an aminoglycoside. Complete antibiotic recom-
mendations are available from the Infectious
Diseases Society of America [35, 36].
Uncommon pathogens must also be consid-
ered, especially given the growing body of obser-
vational evidence linking biologic agent use with
bacterial, fungal, and viral pneumonias. Multiple
cases of fungal pneumonia have been reported to
the AERS. In response to 240 reported cases of
histoplasmosis [37], the FDA added a black box
warning to TNF-a antagonists for pulmonary and
disseminated histoplasmosis (Figs. 12.2 and
12.3), coccidioidomycosis, and blastomycosis
[38]. The risk of developing histoplasmosis
appears to be higher with infliximab than etaner-
cept [19]. In rheumatic patients with newly diag-
nosed histoplasmosis, antifungal therapy should
be initiated promptly—usually with itraconazole
or amphotericin B in consultation with an infec-
tious diseases specialist. We also recommend
stopping TNF-a antagonists in these patients if
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Fig. 12.2 Disseminated histoplasmosis in a 37-year-old
woman with SLE being treated with rituximab. Axial CT
images showed new diffuse miliary nodules, which were
felt to be consistent with reactivation of histoplasmosis.

Fig. 12.3 Reactivation histoplasmosis in a 50-year-old
with RA being treated with methotrexate. Axial and coro-
nal CT images showed cavitary lesions (bold black

possible, at least until the clinical infection is
under control, and careful observation for signs
of an immune reconstitution inflammatory syn-
drome (IRIS) following discontinuation of the
TNF-a antagonist, which has been reported in
case studies [29].

There are limited data regarding coccidioido-
mycosis in patients treated with biologics or
DMARDs from two clinics in Arizona between
2007 and 2009. Of the 44 patients who developed
coccidioidomycosis while under treatment for
rheumatic disease, 29 developed pulmonary

The diagnosis was made initially by urinary Histoplasma

antigen testing and then confirmed by positive Histoplasma
serologies

arrows) with surrounding parenchymal nodular opacities
in the right upper lobe. Transbronchial biopsy findings
were consistent with histoplasmosis

infection, 9 developed disseminated disease, and
6 developed asymptomatic positive coccidioidal
serologies. In addition to beginning treatment
with antifungal therapy, the majority stopped
immunomodulatory therapy initially but were
later able to resume it [39]. We recommend that
rheumatic patients who are diagnosed with coc-
cidioidomycosis pneumonia discontinue immu-
nomodulatory therapy if possible and receive
treatment with antifungal medication (typically
fluconazole) in consultation with an infectious
diseases specialist.
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PCP was reported to the AERS in 84 patients
taking infliximab, 49 of whom had RA, between
1998 and 2003. Many patients were also taking
other immunosuppressants, including glucocorti-
coids. The mean time between infliximab infu-
sion and onset of pneumonia symptoms was 21
days, and 23 patients died [40]. A case control
study of 21 patients on infliximab who were diag-
nosed with PCP in Japan found an increased risk
of PCP in patients older than 65, taking 6 mg or
more of prednisolone, or with coexisting pulmo-
nary disease [41]. Additionally, fatal PCP was
reported in an RA patient treated with rituximab
[42]. Based on this evidence, we recommend that
PCP be considered in rheumatic patients who
develop pneumonia, particularly those in whom
hypoxia is a prominent clinical feature, and that
treatment with TMP-SMX be initiated promptly
when clinical suspicion is high. Adjunctive corti-
costeroids should be initiated for moderate to
severe disease [43]. Bronchoscopy is superior to
induced sputum for confirmation of the diagno-
sis. Other fungal pathogens must also be consid-
ered, as multiple cases of Cryptococcus and
Aspergillus pneumonia in patients taking bio-
logic agents have been reported [19].

Viral pneumonia has also been reported as a
severe complication in patients taking TNF-o
antagonists [44]. The risk of herpes simplex virus
(HSV) infections may be increased in rheumatic
patients in general [9], and an increased risk of
HSYV infection has been suggested in large obser-
vational studies of rheumatic patients taking
TNF-a antagonists [45]. Reactivation of varicella
zoster virus (VZV) is common in patients taking
TNF-o antagonists, and severe VZV pneumonia
was reported in a patient with psoriatic arthritis
taking etanercept [46].

Several common clinical scenarios deserve
special mention. Because rheumatic patients are
more likely to develop interstitial lung disease
(ILD) than the general population, clinicians are
often forced to determine whether worsened
respiratory symptoms represent an ILD flare or
an infectious process. Similarly, patients with
connective tissue disease who develop lung
involvement often present with symptoms and
radiographic findings that could also suggest an
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underlying infectious process. Because the
radiographic and clinical findings associated with
ILD and connective tissue disease with lung
involvement are similar to those found in a vari-
ety of infections, we recommend that clinicians
maintain a high index of suspicion for infection,
especially for fungal infections, tuberculosis, and
other uncommon pathogens. Noninvasive diag-
nostic studies such as B-glucan (to evaluate for
PCP and fungal infections) and specific serologic
or urine markers (to evaluate for histoplasmosis,
coccidioidomycosis, and blastomycosis) can be
extremely valuable. Induced sputum or early
bronchoscopy with lavage can often differentiate
infectious disease from ILD flares with minimal
risk. In challenging cases, we utilize a multidisci-
plinary approach involving careful review of
imaging studies with a radiologist, discussion
with an infectious diseases specialist, and consul-
tation with a pulmonologist.

Tuberculosis

There appears to be an increased risk of TB reac-
tivation in patients with rheumatic disease taking
TNF-o antagonists and possibly among rheu-
matic patients in general (Fig. 12.4). In one study
of patients in Spain prior to the widespread use of
TNF-o antagonists, the incidence risk ratio of
pulmonary TB in patients with RA compared to
the general population was 3.68 (95 % CI 2.36—
5.92) [47]. In a separate prospective study con-
ducted before widespread use of TNF-a
antagonists, however, the risk of TB among RA
patients was not increased compared to the gen-
eral population [48].

The risk of developing TB is increased in
patients taking TNF-o antagonists, presumably
due to the importance of TNF-a for granuloma
formation and maintenance described earlier. In a
study of patients in Korea, the risk ratio of TB in
RA patients not taking TNF-o antagonists was
8.9 (95 % CI 4.6-17.2) and 30.1 in those taking
infliximab [49]. Reactivation of LTBI is the most
common etiology among patients in the United
States, but development of primary TB must also
be considered—especially in patients with risk
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Fig. 12.4 Reactivation TB in a 29-year-old woman with
RA being treated with methotrexate. Chest X-ray (postero-
anterior view) and axial CT images showed multifocal
bilateral parenchymal opacities with tree-in bud nodularity,

factors for recent TB exposure. The risk of
extrapulmonary TB appears to be higher in
patients taking TNF-o antagonists than in mem-
bers of the general population.

In a study of 112,300 patients with RA, 386
cases of TB occurred after RA treatment. The
relative risk of developing TB in RA patients
who received treatment with biologic agents
compared to RA patients who did not receive
any biologics or DMARDs was 1.5 (95 % 1.1-
1.9) [50]. The incidence of TB was 2.57 (95 %
1.89-3.26) per 1,000 person-years among
patients treated with TNF-a antagonists. 73 %
of these patients developed pulmonary TB, and
the median time to presentation of TB was 17
weeks (range 1-71 weeks) from the first pre-
scription of infliximab and 79 weeks (range
3-168 weeks) from the first prescription of etan-
ercept. Interestingly, the risk of developing TB
was lower in patients taking corticosteroids con-
currently. A recent meta-analysis also found dif-
ferences between TNF-a antagonists—the risk
of TB was 3—4 times higher for infliximab and
adalimumab than for etanercept [51]. Similar to
these findings, the median time to presentation

evidence of cavitation in the superior segment of the right
lower lobe (bold black arrows), and transbronchial spread
of infection. Induced sputum examination and culture con-
firmed infection with Mycobacterium tuberculosis

of TB was 5.5 months for infliximab,
13.4 months for etanercept, and 18.5 months for
adalimumab. Sixty-two percent of cases were
extrapulmonary TB.

The diagnosis of TB can be particularly diffi-
cult in patients taking TNF-o antagonists.
Immunosuppressive therapies can increase the
risk of false-negative TSTs and chest X-rays, and
they may predispose patients to more rapid pro-
gression of disease. For this reason, we recom-
mend referral to an infectious diseases specialist
when clinical suspicion for TB is high and the
diagnosis is not easily confirmed. Further efforts
to obtain a microbiologic diagnosis with culture
(biopsy, bronchoscopy, and other modalities) are
often undertaken, but the diagnosis must some-
times be made based on clinical data in the
absence of confirmation by culture. When TB is
diagnosed, multidrug therapy based on the
patient’s drug-susceptibility pattern and exposure
history should be initiated, and TNF-oa antago-
nists should be discontinued if possible.
Notably, there have been reports of an IRIS-like
reaction after stopping TNF-a antagonists in
rheumatic patients with newly diagnosed TB [52].
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The optimal strategy for managing the small
subset of patients who must continue TNF-o
antagonists while receiving TB treatment remains
unclear, but a recent case report from Japan
describes a patient with severe RA who was suc-
cessfully treated for TB with only a brief cessa-
tion of her infliximab during the first several
months of TB treatment [53]. Numerous other
pathogens have been reported to cause granulo-
matous infection in patients taking TNF-o antag-
onists—including non-tuberculosis mycobacteria
(NTM), Candida, Histoplasma, Cryptococcus,
Candida, Coccidioides, Blastomyces, Aspergillus,
and others [19]. As with tuberculosis, severe and
rapidly progressive cases of these mycobacterial
and fungal infections have been reported.

Because of the association between bronchi-
ectasis and NTM disease, rheumatic patients with
bronchiectasis require careful evaluation prior to
the initiation of biologic agents. Although bron-
chiectasis is not an absolute contraindication to
treatment with biologics, sputum culture and
review of past sputum culture results should be
performed prior to beginning therapy. NTM dis-
ease often requires prolonged treatment with
multidrug regimens and is likely to be more dif-
ficult to treat in patients taking TNF-a antago-
nists. The small subset of patients with active
NTM disease who must continue treatment with
TNF-a antagonists should only do so if they are
also receiving adequate treatment for their NTM
disease [54].

Summary

Pulmonary infections are an important threat to
rheumatic patients. Clinicians can reduce the risk
of serious infections by ensuring that patients
receive careful screening and appropriate vacci-
nations prior to initiating immunomodulatory
therapy. The management of rheumatic patients
who present with signs and symptoms of pulmo-
nary infection should involve consideration of
common and uncommon pathogens. This is espe-
cially true for patients taking biologic agents,
which increase the risk of TB and other less com-
monly encountered infections.
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Introduction

Lung transplantation has been a viable treatment
option for patients with connective tissue dis-
ease (CTD)-associated respiratory failure for
several decades [1]. In 2006, CTD was put
forth as an indication for lung transplant by the
International Society of Heart and Lung
Transplantation (ISHLT) [2]. Despite this,
CTD is an infrequent indication for lung trans-
plantation with only 488 CTD patients (1.3 %
of all reported lung transplants) transplanted
between 1995 and 2012 [3]. The scarce volume
of CTD lung transplants is likely due to the
extrapulmonary manifestations of multisystem
disease precluding candidacy. In this chapter,
we discuss the general background regarding
lung transplantation as well as indications,
contraindications, outcomes, and referral rec-
ommendations for lung transplant consider-
ation in CTD patients.
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Lung Transplantation Overview

Lung transplantation dates to the early 1960s with
36 transplants performed between 1963 and 1974
[4]. Uniformly poor results were noted with only
three patients living more than 1 month and the lon-
gest living 10 months. The major causes of death
were respiratory failure due to rejection, infection,
or bronchial disruption [5-7]. The first successful
lung transplantation occurred with the advent of
cyclosporine in 1981 as part of a heart-lung block
for pulmonary vascular disease [8, 9]. The first suc-
cessful single lung transplant (SLT) was reported in
1986 in a patient with idiopathic pulmonary fibro-
sis (IPF) [10]. Overall, SLT remains the predomi-
nant surgical therapy for advanced pulmonary
fibrosis, although the percent of double lung trans-
plants (DLTs) performed annually for this diagno-
sis has increased to 54 % in 2011 [3]. The most
common indication for lung transplantation
remains emphysema (34 %) followed by IPF
(24 %), cystic fibrosis (17 %), alpha-1 antitrypsin-
deficient emphysema (5.8 %), other forms of pul-
monary fibrosis (3.7 %), and idiopathic pulmonary
arterial hypertension (IPAH) (3.1 %). However,
from 2001 to 2011, the percentage of recipients
with emphysema decreased from 40 to 30 %, and
the percentage of transplants for interstitial lung
disease (ILD) increased from 17 to 29 % [3].
Much controversy continues to revolve around the
optimal procedure (single vs. double lung) in patients
receiving lung transplants [11-14]. The current sur-
gical approaches and principles of postoperative
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Fig. 13.1 Adult single vs. double lung transplantation
survival outcomes. International Society of Lung
Transplant Registry adult lung transplant recipient
Kaplan—Meier survival, stratified by procedure type
(transplants: January 1994-June 2011). Includes condi-
tional median survival for the subset of recipients who
were alive 1 year after transplantation (Used with permis-

management are outside the scope of this chapter
[15, 16]. SLT procedures have the advantage of
shorter operative times, providing organs to two
rather than a single recipient, and have been shown
to provide excellent outcomes to patients with
emphysema and idiopathic pulmonary fibrosis [4,
13, 17-19]. Patients with suppurative lung disease
such as cystic fibrosis or bronchiectasis, those with
pulmonary hypertension, and patients younger
than 50 years of age preferably receive a DLT.
Recent data suggests improved long-term out-
comes in transplant recipients treated with DLT vs.
SLT (Fig. 13.1) [3, 11, 12, 14, 20]. In fact, data
from 2006 to 2008 indicate bilateral lung transplan-
tations accounted for two-thirds of all lung transplant
procedures in the United States [21]. Despite
these findings, this information is limited by the
lack of prospective data collection, adjustment
for influencing variables, and lack of randomiza-
tion to ensure comparable treatment groups. As
such, clear recommendations require further
study.

Long-term results of lung transplantation are
limited by significant complications which impair
survival. Data from the Registry of the ISHLT sug-
gests 79 % 1-year, 53 % 5-year, and 31 % 10-year

8 9

10 11 12 13 14 15 16 17
Years

sion from Yusen RD, Christie JD, Edwards LB,
Kucheryavaya AY, Benden C, Dipchand Al et al. The
Registry of the International Society for Heart and Lung
Transplantation: Thirtieth Adult Lung and Heart-Lung
Transplant Report—2013; Focus Theme: Age. The
Journal of Heart and Lung Transplantation. 2013;
32(10):965-78)

survival for all recipients [3]. While emphysema
patients enjoy the greatest survival advantage in
the first year after lung transplantation, they have
the lowest survival rate at 15 years (Fig. 13.2) [3].
Low perioperative complication rates and the
advanced age of many chronic obstructive pulmo-
nary disease (COPD) patients may contribute to
this finding. Conditional median survival for those
patients surviving 1 year are greatest for patients
with cystic fibrosis (10.5 years) and pulmonary
hypertension (10 years) compared to those with
ILD (7 years) [3]. This is also likely a reflection of
patient age. The most frequent causes of late death
include chronic allograft rejection (obliterative
bronchiolitis or bronchiolitis obliterans syndrome
(BOS)), infection, and malignancy [3, 22].
Long-term data evaluating health-related qual-
ity of life (HRQL) and health status after lung
transplantation is now available. Seven-year
follow-up of SLT and DLT COPD patients using
the St. George’s Respiratory Questionnaire
(SGRQ) revealed persistent improvement from
pre-transplant values [23]. However, the mean
absolute values of the SGRQ were greater in DLT
patients, especially 4 years after transplantation
[23]. In addition, while all three domains of
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Fig. 13.2 Adult lung transplant survival stratified by
recipient diagnosis. Kaplan—-Meier survival by diagnosis
obtained from the International Society of Heart and Lung
Transplantation Registry (transplants: January 1990-June
2011). AIATD ol-antitrypsin deficiency-associated
chronic obstructive pulmonary disease (COPD); COPD
non-A1ATD-associated COPD; CF bronchiectasis associ-
ated with cystic fibrosis (CF); ILD interstitial lung dis-
ease, which includes idiopathic pulmonary fibrosis (IPF);

the SGRQ improved in DLT recipients, the
respiratory symptom domain lacked significant
change in SLT patients. Improved long-term
HRQL after DLT compared to SLT for COPD
was implied [23, 24]. Rodrigue et al. adminis-
tered both the SF-36 and the Transplant Specific
Frequency Questionnaire (TSFQ) to lung trans-
plant recipients [25]. After a mean follow-up of 2
years, significant improvement in 7 of 8 subscales
of the SF-36 was noted but remained below that
of the general population [25]. Three- to five-year
posttransplant survivors reported more frequent
affective, neurocognitive, and physical appear-
ance issues. Similar findings have been described
[26] in a group of 10-year survivors and are likely
due to the chronic use of immunosuppressive
medications, transplant comorbidities, and the
development of BOS in long-term survivors.

Organ Allocation
At the time of transplant, lung allocation is based

on geographic location of the donor, blood type,
donor-recipient size matching, the presence of

7 8 9 10 11 12 13
Years

and /PAH idiopathic pulmonary arterial hypertension
(Used with permission from Yusen RD, Christie JD,
Edwards LB, Kucheryavaya AY, Benden C, Dipchand Al,
et al. The Registry of the International Society for Heart
and Lung Transplantation: Thirtieth Adult Lung and
Heart-Lung Transplant Report—2013; Focus Theme:
Age. The Journal of Heart and Lung Transplantation.
2013;32(10):965-78)

human leukocyte antigen (HLA) antibodies
directed against the donor allograft, surgical eval-
uation of the allograft, and the lung allocation
score (LAS) [27].

In May 2005, the LAS was implemented in
the United States for potential recipients greater
than 12 years of age to create an allocation sys-
tem that focuses on the use of objective data for
the allocation of lungs based on medical urgency
[27]. The LAS is based on a formula derived
from risk factors associated with mortality while
on the wait list and after transplantation, to deter-
mine a “transplant benefit” formula. The normal-
ized LAS ranges from 0 to 100 with a higher
score associated with a greater severity of illness.
A lung review board was also implemented to
provide an exception to patients when the listing
center feels the LAS does not adequately reflect
the severity of patient illness [28]. Four groups
were devised for use in the LAS based on physi-
ologic and statistical similarities. These include
group A (obstructive lung disease), group B
(pulmonary arterial hypertension, PAH), group C
(cystic fibrosis), and group D (pulmonary
fibrosis) [27]. Patients with CTD fall into group
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B if their primary cause for respiratory failure is
PAH or group D if they have ILD. These group-
ings are the best approximation of CTD-related
disease behavior with the understanding that the
number of variables for study in this patient
group was too small to accurately predict out-
comes [27]. A new revision of the LAS based on
more recent data has been approved for imple-
mentation by the UNOS board of directors [29].

Indications for Lung
Transplantation in CTD

The primary cause of death in patients with pro-
gressive systemic sclerosis (SSc) is end-stage
lung disease related to PAH and/or ILD (nonspe-
cific interstitial pneumonitis (NSIP) and/or usual
interstitial pneumonitis (UIP)) [30]. Pulmonary
arterial hypertension, ILD, obliterative bronchi-
olitis, or lymphocytic interstitial pneumonitis
may also develop in patients with other CTDs
including mixed connective tissue disease
(MCTD), polymyositis/dermatomyositis (PM/
DM), systemic lupus erythematosus (SLE),
Sjogren syndrome, anti-synthetase syndrome, or
rheumatoid arthritis (RA). Despite appropriate
immunosuppressive management, pulmonary
disease progression resulting in respiratory fail-
ure will occur in 9-12 % of patients leading to
lung transplant consideration to improve patient
prognosis [30-32]. Given the significant morbid-
ity and mortality associated with lung transplan-
tation, careful patient selection is crucial to
optimize outcome [2]. A summary of potential
selection criteria is presented in Table 13.1.

General Selection Criteria

Candidates for lung transplantation should have
end-stage pulmonary disease that is nonrespon-
sive to maximal medical management, have no
other serious major organ system dysfunction or
active systemic disease, have no active extrapul-
monary infection, have the ability to ambulate
and participate in pulmonary rehabilitation, have
strong social support systems, have no evidence
of malignancy for at least 2-5 years, have no sub-

R. Hadley and K.M. Chan

stance addiction (including tobacco use) for at
least 6 months, and have no untreatable psychiat-
ric condition that would compromise compliance
or the ability to “cope” with high-stress situations
[2]. These criteria are usually designated as
“absolute” contraindications, whereas several
“relative” contraindications are transplant center
dependent (Table 13.1).

Older recipients have a significantly worse
survival [3]. The most recent update by the
Pulmonary Scientific Council of the ISHLT sug-
gests a potential upper limit for recipient age of
65 years; however, the number of recipients at or
over this age limit in the United States has
increased to 19 % in 2008, likely a reflection of
the increasing number of recipients with fibrotic
lung disease [2, 21]. A body mass index (BMI) of
<17 or >30 kg/m? has been associated with greater
90-day mortality [33, 34]. Kanasky et al
described a mortality rate three times higher in
lung recipients with a BMI >30 kg/m? [35].
Therefore, these criteria may be considered con-
traindications to transplantation. Severe osteopo-
rosis should also be considered prior to transplant
listing as it is common in patients with end-stage
lung disease [36]. Accelerated bone loss as well
as atraumatic fractures are associated with lung
transplantation [37, 38] which may lead to long-
term complications. Mechanical ventilation; pro-
longed extracorporeal life support; colonization
with antibiotic resistant bacteria, fungi, or atypi-
cal mycobacteria; and other medical conditions
including previous coronary artery bypass graft-
ing or diabetes mellitus are additional relative
contraindications for lung transplant listing [2].
Severe gastroesophageal reflux (GER) or esopha-
geal dysmotility is also a relative contraindication
to the transplant procedure and is not uncommon
in patients with CTD; however, aggressive medi-
cal management or surgical correction before or
after the transplant procedure has been utilized to
promote good medium-term outcomes [39, 40].

While these guidelines apply to all patients
considered for lung transplant referral, disease-
specific criteria exist for patients with IPF and
IPAH [2] (Table 13.1). Since definitive criteria
for lung transplant referral has not been pub-
lished for patients with CTD, IPF and IPAH
criteria are extrapolated to this patient group.
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Table 13.1 General and disease-specific guidelines for lung transplant referral

Guidelines for lung transplant referral

General selection criteria Disease-specific considerations

¢ Indications * Fibrotic lung disease

— Respiratory failure refractory to maximal — UIP histopathology

medical treatment

* Absolute contraindications — Honeycombing on HRCT

— Inability to comply with complex medical — FVC <70 % or DLCO <40 %
regimen

— Ongoing substance addiction (within 6 months) — 15 % decrease in DLCO over 6 months
including tobacco or prescription drugs

— Malignancy within 2-5 years (other than -
squamous and basal skin tumors or BAC)

— Untreatable, severe organ dysfunction (e.g.,
kidney, liver, heart)

10 % or greater decrease in FVC over 6 months

Decrease in pulse oximetry below 88 % over 6-MWT

— HIV or chronic, active hepatitis B or C -

— Abnormal thoracic anatomy (as determined by -
transplant surgeon)

PAH or cor pulmonale in addition to ILD
Hospitalization for respiratory failure

— Untreatable psychiatric disease * Pulmonary arterial hypertension

— Bed bound or profound debility — Any SSc-associated PAH

— Absent psychosocial support system — NYHA class II or IV functional class despite therapy
* Relative contraindications — CI <2 L/min/m?

— Severe esophageal/stomach dysmotility or GER — Right atrial pressure >15 mmHg
— Age>65 -
— Poor functional status -

Rapidly progressive disease

Low (<350 m) or worsening 6-MWT

Signs of RV failure

ILD in addition to PAH

Connective tissue disease relative contraindications
— Colonization with resistant infectious -

— Severe coronary artery disease -
— Severe osteoporosis -
— Body mass index >30 or <17 .
Active extrapulmonary CTD not thought to respond to

organisms typical posttransplant immunosuppression
— Steroid dose >20 mg of prednisone or — SSc severe skin disease of the thorax
equivalent

— Critical or unstable condition (including -
mechanical ventilation or ECLS)

Digital ulceration or necrosis

BAC bronchioloalveolar carcinoma, H/V human immunodeficiency virus, CTD connective tissue disease, SSc sys-
temic sclerosis, GER gastroesophageal reflux, ECLS extracorporeal life support, UIP usual interstitial pneumonia,
SSc systemic sclerosis, /LD interstitial lung disease, DLCO diffusion capacity for carbon monoxide (CO), FVC
forced vital capacity, 6-MWT 6 min walk test, PAH pulmonary arterial hypertension, NYHA New York Heart
Association, CI cardiac index, RV right ventricle, FEVI forced expiratory volume within 1 s, HRCT high-resolution
computed tomography. Data from references [2, 87]

CTD-Specific Referral Considerations

Although any CTD can disable the pulmonary
system to the point of needing a lung transplant,
SSc is the most common indication for CTD-
related lung transplantation in the United States,
accounting for 75 % of all CTD procedures
between January 1, 2006, and August 31, 2012
(Table 13.2) [41].

Pulmonary arterial hypertension is the princi-
pal indication for lung transplantation in CTD
(50 %) [41]. Despite the advent of vasoactive
agents targeting the pulmonary vessels, PAH
related to CTD has a worse prognosis than IPAH
with a 5-year survival of 42 % in the modern treat-
ment era [42, 43]. This poor outcome may be
driven by the predominance of SSc-related PAH in
combined studies [42]. When considered
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Table 13.2 Connective tissue disease-related lung
transplantation in the United States 20062012
Diagnosis Number Percentage
SSc-PAH 109 50
SSc-ILD 55 25

MCTD 28 13

Sjogren 8 4

RA 16 7

Total 216 100

Number of connective tissue disease-related lung trans-
plants performed in the United States between 1/1/2006
and 8/31/2012 as reported to the Organ Procurement
Transplantation Network (OPTN). Based on OPTN [41]
data as of November 30th, 2012. Data subject to change
based on future data submission or correction

SSc-PAH systemic sclerosis pulmonary arterial hyperten-
sion, SSc-ILD systemic sclerosis-related interstitial lung
disease, MCTD mixed connective tissue disease, RA rheu-
matoid arthritis

separately, the survival rates for patients with PAH
due to SLE, RA, PM/DM, or MCTD trended
toward better survival when compared to patients
with SSc-related PAH (3-year survival 63—100 %
vs. 47 % for SSc) [44]. Additional studies specifi-
cally evaluating PAH in SSc support a poor prog-
nosis for these patients implicating a 3-year
survival of 49-71 % [42-48] compared to 71-88 %
in patients with IPAH [43, 45]. Pulmonary artery
hypertension, when it coexists with ILD in SSc,
has a particularly bleak prognosis, with a 3-year
survival of only 28—47 % [44, 47, 48].

Patients with CTD disease-related PAH should
be referred for transplant evaluation when there
is persistence of New York Heart Association
Functional Class III or IV symptoms despite ade-
quate medical management, persistence of overt
right heart failure (cardiac index <2.0 L/min/m?,
right atrial pressure >15 mmHg), a low or declin-
ing 6 min walk distance (<350 m), or concomitant
ILD [2, 49-51] (Table 13.1).

In general, CTD-associated ILD is felt to have
a more favorable prognosis than IPF [52, 53]
though this is not a universal finding [54, 55].
Recent studies have questioned if this postulate
applies to all CTDs and pathologic subtypes, spe-
cifically UIP histopathology associated with rheu-
matoid arthritis (RA) [56]. A retrospective
analysis of RA patients with definite UIP diag-
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nosed by high-resolution computed tomography
(HRCT) [56] or on lung biopsy [57] had survival
rates comparable to IPF. Using the abysmal prog-
nosis of IPF as a comparator, early referral of RA
patients for transplantation when UIP is diagnosed
histopathologically or by HRCT should be con-
sidered. This prognosis based on the UIP subset
may not extend to other CTD subtypes [52, 58].
SSc-related ILD is relatively recalcitrant to
treatment, with a recent randomized trial of
cyclophosphamide showing a significant but min-
imal effect on the rate of decline in pulmonary
mechanics without having a significant impact on
gas exchange [59]. Disease severity at presenta-
tion and a decline in carbon monoxide diffusing
capacity (DLCO) have a substantial impact on
outcome [58]. However, not all SSc patients with
ILD will progress at the same rate, so serial pul-
monary function testing for those with mild to
moderate disease is recommended [60, 61].
Extrapolating from data supporting poor out-
comes in patients with IPF as well as the CTD
prognostic information discussed previously,
CTD patients with a FVC <70 % and DLCO <40 %
at presentation, desaturation below 88 % during
6 min walk testing, a decline in FVC of >10 % or
DLCO >15 % over a 6-month period, suspected
UIP histopathology, and concomitant pulmonary
hypertension, should be considered for early lung
transplant referral [2, 62, 63] (Table 13.1).

Other Considerations for Lung
Transplantation in CTD

Medications

Multiple pharmacologic agents are administered
after transplantation to prevent allograft rejection
and provide prophylaxis against opportunistic
infections. Coincidentally, some posttransplant
immunosuppressive medications are also those
used to treat CTD. Typical posttransplant main-
tenance immunosuppression includes a calci-
neurin inhibitor (tacrolimus or cyclosporine A),
an antimetabolite (mycophenolate mofetil or
azathioprine), and low- to moderate-dose
corticosteroids. Transplant candidacy is questioned
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when extrapulmonary manifestations of CTD
are active or the systemic disease is inade-
quately controlled. In addition, the use of tumor
necrosis factor a blockers (TNF blockers) may
impede postoperative healing or further increase
the risk of infectious complications.
Antimetabolites such as methotrexate, cyclo-
phosphamide, hydroxychloroquine, or lefluno-
mide can compound bone marrow suppression
or liver toxicity when added to an already com-
plex medication regimen. Renal dysfunction,
generally attributed to calcineurin inhibitors, is
particularly common after transplant [3]. As
such, the regular use of nonsteroidal anti-
inflammatory drugs (NSAIDS) is prohibited for
pain control after the procedure [64, 65].

The exclusion of patients on the basis of the
need for TNF blockers is not substantiated, but
higher corticosteroid doses pre-transplant are
associated with worse outcomes [3, 66]. Takagishi
and colleagues reported a single-center experi-
ence of posttransplant CTD exacerbations. In
their study, 2 of 22 CTD patients required supple-
mentary immunosuppression to maintain disease
control prior to transplant that was not included in
the standard posttransplant regimen; both were
treated with etanercept, while one required leflu-
nomide [67]. Systemic CTD symptoms were suc-
cessfully controlled after surgery using transplant
immunosuppression alone except for the uncom-
plicated readministration of etanercept for a CTD
flare in one individual [67]. The authors con-
cluded that CTD extrapulmonary disease flares
are rare after transplantation in patients with good
systemic symptom control prior to the procedure.

Gastrointestinal Disease

The common involvement of esophageal smooth
muscle by CTD, especially in patients with SSc
or DM/PM, leads to significantly impaired
peristalsis and GER. Traditionally, this has been
a contraindication to lung transplantation due to
the dangers of gastric content aspiration into the
lung allograft and the association of GER with
the development of bronchiolitis obliterans or
BOS, which is the primary cause of late mortality

in lung transplant recipients [68, 69]. The corre-
lation of the presence of pepsin [70] and bile
acids [71, 72] in the distal airways of lung trans-
plant recipients with acute and chronic allograft
rejection, respectively, adds to the evidence that
aspiration contributes to allograft injury. Single-
center studies evaluating the performance of sur-
gical fundoplication in lung transplant recipients
with GER and presumed BOS show improve-
ment in lung function [73-75] and time free of
BOS following the procedure [73]. Interestingly,
the association between GER and non-transplant
pulmonary deterioration is increasing [74, 76].
Prospective studies of anti-reflux surgery to pre-
vent chronic allograft dysfunction in lung trans-
plant recipients (RESULT) and disease
progression in patients with IPF are ongoing
(WRAP-IPF) [77, 78].

Patients with SSc are particularly apt to
develop GER. Saravino et al. [79] found that
83 % of SSc patients with pulmonary fibrosis had
evidence of increased distal acid exposure, while
55 % had ineffective esophageal motility and
22 % had abnormally low esophageal pressures
[79] confirming the findings of others [80, 81].
Foregut histopathologic evaluation of the esopha-
gus in autopsy studies of patients with SSc found
that 94 % had evidence of distal smooth muscle
atrophy [82], which is the likely mechanism for
impaired peristalsis. Slow gastric transit, though
less common than esophageal disease, frequently
complicates SSc and likely worsens esophageal
reflux by prolonging contact of the lower esopha-
geal sphincter with gastric contents [83, 84].
Moreover, lung transplantation can worsen GER
[85] or delay gastric transit due to surgical injury
of the vagus nerve [72, 86].

Testing for esophageal and gastric pathology
is suggested in patients at high risk prior to lung
transplant listing [40, 87]. Saggar and col-
leagues described lung transplant outcomes
of patients with SSc at a single center [87].
Preoperative testing included a symptom review
for GER, dual pH probe monitoring, a barium
esophagram, quantitative gastric emptying
study, esophageal manometry, and/or upper
endoscopy [87]. Patients with more than moder-
ate GER, esophageal stricture or ulcer while on
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medical therapy, esophageal aperistalsis, acha-
lasia, or abnormal gastric emptying (<25 %
clearance at 90 min) were not eligible for trans-
plantation [87]. Fourteen SSc transplant recipi-
ents who received DLT [87] were found to
develop a higher rate of acute rejection than
matched IPF controls (HR 2.91; p=0.007). The
authors hypothesized that the finding was due to
the proclivity toward GER [87]. Despite these
results, a recent report by Sottile et al. described
good outcomes in SSc transplant recipients with
GER or impaired esophageal motility [40].
Twenty three patients with SSc were compared
to 46 non-CTD ILD controls [40]. GER was
diagnosed based on pH probe and manometry
monitoring in 52 % of the 14 patients tested in
the SSc group and 41 % of the 25 patients tested
in the non-CTD group, indicating a high rate of
GER in all patients with ILD. A Nissen fundo-
plication procedure was performed in six SSc
and five non-CTD patients posttransplant, some
due to the development of overt aspiration in the
SSc group [40]. An aggressive, multidisci-
plinary approach to management of the GER
was utilized after transplantation to minimize
the effects on the allograft. Outcomes were sim-
ilar between the SSc and IPF control groups
demonstrating that successful lung transplanta-
tion can be performed in SSc patients with sig-
nificant esophageal disease [40].

In summary, all CTD disease patients referred
for lung transplantation should be evaluated for
esophageal dysfunction, and if present, candi-
dacy for the procedure is dependent on the indi-
vidual center’s comfort in managing these
complex patients. Our center has successfully
transplanted several SSc patients with significant
esophageal dysmotility utilizing a post-pyloric
feeding tube after transplantation until a full
(Nissen) or partial surgical wrap (Toupet) could
be performed [88].

Renal, Cardiac, and Musculoskeletal
Considerations

Renal dysfunction is common after transplanta-
tion with the majority (56 %) of lung transplant
recipients developing impaired renal function 5
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years after the procedure, some of whom require
dialysis or renal transplantation [3]. The majority
of renal disease stems from the use of calcineurin
inhibitors, and in most instances, these medica-
tions cannot be substituted with other immuno-
suppressive agents. Therefore, significant kidney
disease, defined as a creatinine clearance <50 mg/
mL/min, is an absolute contraindication for iso-
lated pulmonary transplantation [2]. Of particular
concern are CTD patients who are at risk of acute
and chronic kidney complications, such as
patients with SLE or SSc. Scleroderma renal cri-
sis (SRC), manifested by hypertension, decreased
renal function, and microangiopathic hemolytic
anemia can be lethal in SSc [89]. Outcomes for
SRC have improved with the implementation of
angiotensin-converting enzyme inhibitors (ACEi1)
[30], but 5-year survival after the development of
SRC is still poor at 41 % [90]. Corticosteroids, an
essential part of the posttransplant immunosup-
pressive cocktail, have been associated with the
development of SRC [91-93] especially when
used at a dose of >15 mg/day of prednisone or
equivalent [92]. Only one case of SRC develop-
ing after lung transplantation has been described
[87, 94], but it has been seen in other solid organ
transplants [95]. The routine use of an ACEi in
SSc patients to prevent SRC after solid organ
transplantation has been suggested [87].

Patients with pulmonary hypertension and/or
severe right and left ventricular dysfunction may
need to be considered for a heart-lung transplant.
However, the degree of isolated right ventricular
dysfunction tolerated in CTD patients with PH for
isolated lung transplant is institution dependent
[96]. A screening echocardiogram is also a useful
test for pericardial disease, which may be seen in
the CTD patients that present for transplant consid-
eration [97]. Significant, untreatable valve, conduc-
tion system, or coronary artery pathology related or
unrelated to CTD must raise the consideration for
heart-lung rather than lung transplantation [2].

Substantial thoracic anatomy irregularities
such as severe scoliosis or kyphosis may not allow
for appropriate allograft placement and function,
so candidacy is at the discretion of the thoracic
surgeon [2]. Myositis or respiratory muscle weak-
ness in those at risk should be evaluated to pre-
vent inadequate bellows function posttransplant.
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SSc patients should not have skin disease of the
thorax severe enough to complicate surgery or
cause restrictive physiology [87]. Patients with
Raynaud’s phenomenon should be free of digital
ulceration or necrosis as it will be a nidus for
infection with immunosuppression [87].

Outcomes of Connective Tissue
Disease Patients After Lung
Transplant

Outcome data for CTD posttransplant has been
confined to small case series and case reports.
Owing to the critical mass of patients needed to
publish a case series, the preponderance of data
is derived from lung transplantation in SSc. The
SSc literature was recently collected and
reviewed by Khan [94]. None of the reviewed
studies had a significant, durable difference in
survival of SSc patients when compared to the
various comparators in the individual studies [40,
87,94, 98-100].

The largest of the case series was compiled by
Massad and coworkers comparing 47 SSc
patients to over 10,000 non-SSc lung transplant
recipients utilizing the United Network for Organ
Sharing (UNOS) registry database. They deter-
mined that there was no statistically significant
difference in the development of BOS or 3-year
survival (46 % for SSc vs. 58 % for non-SSc)
between groups [98].

Schachna and colleagues compared the pre-
LAS era outcomes of 29 SSc lung transplant
recipients at two institutions to patients with sim-
ilar disease physiology, either IPF (n=70) or
IPAH (n=38) [99]. SSc patients had worse post-
transplant survival at 6 months; however, the sur-
vival curves converged at 2 years to roughly
64 % for all groups indicating equivalent
intermediate-term survival [99].

More recently, as discussed earlier, Saggar
et al. reported on the evaluation and outcome of
14 SSc DLT recipients who were deemed candi-
dates after exclusion of significant GER [87].
Survival and freedom from BOS for the SSc
group at a median of 632 days post-procedure
were excellent at 79 % and 63 %, respectively,
not statistically different from a matched IPF
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cohort [87]. Sottile’s series of 23 SSc transplant
recipients also reported favorable survival and
freedom from BOS at 3 and 5 years after the pro-
cedure; however, patients with significant foregut
pathology were included in this group [40].

The Toronto Lung Transplant group reported
their 14-year experience on pulmonary arterial
hypertension referrals [101]. While wait list mor-
tality was worse for the CTD-PAH group com-
pared to the remaining PAH patients (34 % vs.
11 %), 10-year survival for 16 CTD-associated
PAH lung transplant recipients was exceptional at
69 %, although only two patients were at risk at
year 10 [101].

Takagishi is one of the few authors to describe
non-SSc  CTD posttransplant recipients [67].
Using data from the Organ Procurement and
Transplantation Network (OPTN) between 1991
and 2009, he found 3-year survival rates posttrans-
plant for SLE, MCTD, Sjogren’s disease, RA, and
PM/DM to be 66 %, 45 %, 57 %, 58 %, and 47 %,
respectively [67]. When combined, all CTD trans-
plant patients had similar survival to IPF patients
(RR at 5 years 1.04, 95 % confidence interval (CI)
0.94-1.15) but worse survival than COPD patients
(RR at 5 years 1.22, 95 % CI 1.11-1.35) [67].

Analysis of all lung transplants reported to the
ISHLT registry between 1999 and 2011 found
that CTD was an independent risk for death in the
first posttransplant year with an uncorrected rela-
tive risk (RR) of 1.36 (1.04-1.76 95 % CI;
N=297) when compared to patients with ILD
[3]. This risk was no longer statistically signifi-
cant 5 years after the procedure [102].

Based on this review of the available case
series as well as ISHLT and UNOS/OPTN data,
appropriately selected CTD lung transplant
recipients have an incremental increased risk of
short-term mortality but reasonable intermediate-
term survival when compared to similar controls
[40, 67, 87, 101].

Conclusion

Lung transplantation is a viable treatment modal-
ity for carefully selected CTD patients with
impending respiratory failure. While short-term
mortality may be increased, intermediate-term
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outcome is comparable to patients with similar
pathophysiology. Special attention to pre-
transplant medication regimens, evaluation and
treatment of esophageal pathology, and disease-
specific extrapulmonary manifestations are a req-
uisite for successful lung transplant in CTD
patients. Recent data also supports the successful
transplantation of CTD recipients with signifi-
cant gastroesophageal dysmotility, which may
increase the number of patients receiving this
surgical option in the near future. We suggest
referral of any potential candidate (Table 13.1) in
order to provide what may be the only effective
treatment of their progressive, refractory lung
disease.
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Introduction

The interstitial lung diseases (ILDs) are a group
of disorders characterised by inflammation or
fibrosis arising in the interstitium of the lung, that
is, the space bounded by the alveolar epithelium
and the capillary endothelium. Several hundred
individual disorders have been identified as
giving rise to ILD. In some cases, such as
drug-induced ILD, the pneumoconioses and
hypersensitivity pneumonitis, the cause of the
ILD can be identified. However, the most com-
mon group of ILDs are the idiopathic interstitial
pneumonias (IIPs); a constellation of disorders
with varying histological appearances, which, as
their name suggests, are of unknown aetiology.
Probably the next largest group of ILDs are those
associated with the connective tissue diseases
(CTDs). The CTD-associated ILDs share the his-
tological features of the IIPs but arise in the con-
text of a defined rheumatological condition. In
some cases, an apparent I[IP can represent the first
presentation of a CTD that only manifests months
to years after the onset of respiratory symptoms.
As has been discussed elsewhere, individual
CTDs typically associate with specific histologi-
cal lesions, with the most commonly encountered
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lesion being that of fibrotic non-specific
interstitial pneumonia (NSIP). However, the full
spectrum of histological patterns associated with
the IIPs also occurs in the context of CTD-ILD.

Broadly speaking, the treatment of ILD can be
considered both in the context of the associated
underlying systemic disease, on the basis of the
histological lesion, and most simplistically in
terms of the predominant driving pathomecha-
nism, i.e. inflammation or fibrosis. This chapter
will consider general and specific treatment
approaches (as far as current evidence permits)
and will look to possible future therapeutic
developments.

Connective Tissue Disease-
Associated Interstitial Lung
Disease: A Growing Problem

The last decade or two have seen dramatic
improvements in standards of care, and conse-
quently prognosis, across the range of CTDs.
These changes have been driven by a number of
factors principal amongst these being the devel-
opment of effective clinical trial end points per-
mittingassessmentofexistingimmunosuppressant
therapies, the emergence of biologic therapies
and improvements in some organ-specific aspects
of disease management, e.g. the use of
angiotensin-converting enzyme inhibitors for the
treatment of scleroderma-associated renal dis-
ease. Unfortunately, the management of CTD-
associated ILD has lagged behind the
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improvements seen in other areas of CTD treat-
ment. Thus, for individuals with CTD, respira-
tory disease has grown in importance. For many
CTD sufferers, disease-associated ILD is now the
major cause of disability, exercise limitation and
loss of quality of life. In systemic sclerosis, ILD
is now the single biggest cause of mortality [1].
In rheumatoid disease, the development of ILD
confers a tripling in risk of death [2]. The inci-
dence of ILD across the different CTDs is not
trivial. In rheumatoid, between 6.5 and 10 % of
patients develop ILD over the course of their dis-
ease [2-7]. Those who have a usual interstitial
pneumonia (UIP) pattern of disease (character-
ised on computed tomography (CT) by bilateral,
basal and sub-pleural honeycomb change) have a
prognosis indistinguishable from idiopathic pul-
monary fibrosis, a disease with a median survival
of 2.8-4.2 years [3, 4]. In systemic sclerosis, ILD
is estimated to develop in 35 % of individuals
[1, 8]. A similar proportion of individuals with
idiopathic inflammatory myositis (IIM) develop
clinically significant ILD [9, 10].

Treating CTD-ILD: General
Principles

There are a paucity of clinical trial data to guide
the management of either ILD in general or, more
specifically, CTD-associated ILD. The majority
of ILD clinical trial activity has been undertaken
in IPF and is therefore only of limited applicabil-
ity to CTD-ILD. IPF is believed to be a disease
that arises as a consequence of an aberrant wound
healing response in genetically susceptible indi-
viduals [11]. As such, inflammation does not
appear to be a major contributor to the develop-
ment of fibrosis in IPF. Importantly, the recently
published PANTHER-IPF study demonstrated an
increase in hospitalisations and deaths in IPF
patients treated with immunosuppressant therapy
(high-dose prednisolone and azathioprine) when
compared to placebo alone [12]. By contrast,
in CTD-ILD, immune dysregulation and
autoimmune-driven pulmonary injury appear to
be an important precursor to the development of
fibrosis. Although trial evidence is limited, there
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is a general acceptance that immunosuppressant
therapy in CTD-ILD modifies the course of the
disease. The same appears to be true in other
ILDs (e.g. hypersensitivity pneumonitis and sar-
coidosis) where an initial inflammatory insult
drives the downstream development of fibrosis.
In CTD-ILD (and by the same token hypersensi-
tivity pneumonitis and sarcoidosis), once the pro-
cess of fibroproliferation has been triggered, the
disease pathways that are activated appear to be
very similar to those seen in IPF with over-
expression and activation of the archetypal pro-
fibrotic mediator transforming growth factor
(TGF)-p [13], fibroblast proliferation and trans-
formation to myofibroblasts [14], increased oxi-
dative stress and downregulation of key
anti-fibrotic molecules such as prostaglandin
(PG)E, [15, 16]. Furthermore, for individuals
with advanced fibrosis CTD-ILD, disease behav-
iour becomes indistinguishable from that seen in
IPF and other end-stage IIPs with the develop-
ment of disease complications including acute
exacerbations, respiratory failure, secondary pul-
monary hypertension, pulmonary malignancy
and episodic infection. With this in mind, the
treatment of CTD-ILD (Fig. 14.1) can be consid-
ered in terms of treatment of the underlying dis-
ease mechanism (inflammation), the treatment of
pulmonary fibrosis (for which parallels can be
drawn with IPF) and the management of disease
complications including end-of-life care.

Having enunciated this therapeutic approach,
it is also worth considering treatment aims when
it comes to the management of ILD. In general
terms, inflammatory ILD (characterised histo-
logically by a range of lesions including cellular
NSIP, organising pneumonia, desquamative
interstitial pneumonia and, to a lesser extent,
lymphocytic interstitial pneumonia) has the
potential for major reversal with restoration of
normal or near-normal tissue structure and func-
tion. Fibrotic ILD (characterised by the histologi-
cal lesions of UIP and fibrotic NSIP) tends,
however, to be irreversible particularly once
architectural distortion and microcystic honey-
combing have developed. Expected treatment
outcomes therefore need to be modulated in
light of the underlying interstitial abnormality.
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Fig. 14.1 A schematic outlining the general approach to
treatment of fibrotic ILD. Where the cause of the ILD is
known, e.g. connective tissue disease associated ILD, then
the primary target of treatment is the underlying disease
process, e.g. immuno-inflammation. However, fibrosis,
once initiated, often becomes self-driving, and therapy
can be separately targeted at fibroproliferative pathways.
Finally, it is important not to neglect the symptomatic
consequences of disease, and amelioration of symptoms
should, where appropriate, be duly considered

Where inflammation predominates, it is reason-
able to expect improvements in lung function and
reduction in symptoms if treatment is effective.
By contrast, in established fibrosis, it is unusual
to see significant functional improvement with
treatment; instead disease stabilisation and the
prevention of progressive lung function and
symptomatic decline are the key goals of therapy.
Finally, whilst treatment is primarily targeted at
the underlying disease mechanisms, it is impor-
tant not to neglect the control of symptoms, such
as cough, dyspnoea and anxiety, all of which fre-
quently arise as a consequence of ILD.

The lack of clinical trial evidence raises a
number of key unanswered questions about gen-
eral treatment strategies in CTD-ILD. Whilst, for
instance, it is clear that early, aggressive use of
treatment in rheumatoid disease modifies disease
outcomes (at least as far as joint disease is con-
cerned), it is not clear that the same is true for
CTD-ILD. This creates a dilemma for physicians
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treating individuals with limited or ‘early’
interstitial change on thoracic CT. Although in
scleroderma (where the natural history of the
associated ILD is the best characterised of all the
CTDs) it is known that prognosis is better in indi-
viduals with limited as compared to extensive
disease, there is still an appreciable mortality risk
for those with limited disease [17]. Almost all
experts agreed that patients with extensive or rap-
idly progressive disease should be treated aggres-
sively at the outset; however, there remains
disagreement about how best to approach the
management of individuals with limited disease
at presentation. Carefully designed longitudinal
randomised placebo-controlled trials are going to
be necessary to answer this important question.
Another clinical issue in CTD-ILD is the man-
agement of patients with disease activity in mul-
tiple organs. Whilst treatment decisions tend to
be driven by the most life-threatening component
of disease, it is not clear that a single therapeutic
strategy is effective for all aspects of an individ-
ual disease. Added to this, in rheumatoid disease
especially, there exists the concern that some
DMARDS contribute to the development and
evolution of the pulmonary complications associ-
ated with CTD [18]. It is clearly going to be a
major challenge to design clinical trials to address
these questions but, hopefully, such trials com-
bined with prospective disease registries will in
the future define best management of all aspects
of CTD including the ILD.

Treating CTD-ILD

As has been noted, the evidence base underpin-
ning current treatment approaches in individuals
with ILD is limited. Aside from IPF, the only
other disease that has seen appropriately powered
randomised controlled trials is scleroderma-
associated ILD. For almost all other forms of
ILD, current best evidence consists of observa-
tional or open-label studies. Added to this
many assumptions about the pathogenesis of
ILD in individuals with CTD have been drawn
from research undertaken in either IPF or else
other organ systems in individuals with CTD.
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For these reasons, their remains uncertainty about
the key disease mechanisms that should be tar-
geted in CTD-ILD and also by which mecha-
nisms certain therapies that appear to be effective
(e.g. rituximab) exert their therapeutic effect in
the lung. Given that individual CTDs tend to be
associated with different histological lesions,
treatment of each condition will be considered
separately, albeit acknowledging where overlap
in therapeutic approaches exists. Because of the
importance of progressive fibrosis in causing
morbidity and mortality in those with CTD-ILD,
the treatment of the fibrotic lung disease par
excellence, IPF, will also be discussed. Symptom
management and lung transplantation will be
considered separately.

Scleroderma

Scleroderma-associated ILD is the best studied
of all the CTD-ILDs, and yet there are still many
unanswered questions regarding best therapy.
With improvements in the treatment of renal dis-
ease and pulmonary hypertension, ILD has now
become the most frequent cause of mortality in
individuals with scleroderma [1]. In general, the
development of ILD mirrors the changes seen in
other organs and tends to occur early in the course
of the disease with the greatest risk of progres-
sion being in the first 4 years after the onset of the
first non-Raynaud’s disease manifestation [19].
ILD is more common in diffuse systemic sclero-
sis and associates with the presence of the anti-
Scl70 autoantibody [20]. Histologically, over
90 % of individuals with scleroderma-ILD have
the lesion of NSIP with the remainder having
UIP [21]. Radiologically, on HRCT, the typical
appearance is of bilateral, predominantly basal
sub-pleural reticulation with traction bronchiec-
tasis. There tends to be a paucity of honeycomb-
ing but a moderate extent of ground glass
attenuation [22]. Goh et al., in a landmark paper,
developed an algorithm for categorising individ-
uals according to the extent of ILD (limited or
extensive) [17]. Application of this staging sys-
tem (Fig. 14.2) enables prediction of individuals
at high risk of ILD progression and therefore
death. For this reason, most clinicians are in
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a | HRCT extent |
| <10% | | Indeterminate | | > 30% |
FVC = 70% FVC < 70%

v / \ v
Limited Extensive
Disease Disease

b | HRCT extent
| < 20% | | Indeterminate | | > 20% |
FVC = 70% FVC < 70%

v / \ v
Limited Extensive
Disease Disease

Fig. 14.2 (a, b) Flow diagram of limited/extensive stag-
ing system (a) with the use of formal high-resolution
computed tomography (HRCT) scores, for the purposes
of analysis, and (b) as applied in clinical practice (Used
with permission from Goh NS, Desai SR, Veeraraghavan
S, et al. Interstitial lung disease in systemic sclerosis: a
simple staging system. Am J Respir Crit Care Med
2008;177:1248-54)

agreement that patients with extensive
scleroderma-ILD merit early and aggressive
immunomodulatory therapy. Opinion is more
divided on how best to manage limited disease
with many electing to simply observe and only
commence therapy if there is evidence of disease
progression on serial lung function testing.

Cyclophosphamide
The alkylating agent cyclophosphamide has been

assessed as a treatment for scleroderma-ILD in
two multicentre randomised, placebo-controlled
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trials. The first of these studies, by Tashkin et al.,
compared oral cyclophosphamide (at a dose of
2 mg/kg body weight per day) or matching pla-
cebo for 1 year in 158 patients with scleroderma-
associated ILD [23]. The primary end point was
change in FVC at 1 year. Cyclophosphamide
treatment was associated with a small (2.53 %)
but statistically significant (p=0.03) mean
improvement in FVC when compared to placebo.
There were no differences in serious adverse
events between placebo and cyclophosphamide
although there were more episodes of leucopoe-
nia and haematuria in the active treatment arm. In
the second study by Hoyles et al., 45 patients
were randomised to receive a combination of
low-dose prednisolone, six monthly infusions of
cyclophosphamide (at a dose of 600 mg/m? body
surface area) and then azathioprine (150 mg
daily) or placebo alone [24]. Primary outcome
was change in percent-predicted FVC and single-
breath diffusing capacity for carbon monoxide
(DLco) at 1 year. There was a trend (p=0.08)
towards improved FVC in the active treatment
arm. Some experts believe these studies may
have been hampered by the prevalent practice
patterns of the time. As has been argued by Wells,
both of these studies recruited patients at a time
when cyclophosphamide was already judged by
most clinicians to be the standard of care for
patients with progressive scleroderma-associated
ILD [25]. As such, there may have been reluc-
tance by investigators to enrol individuals with
progressive disease. Instead such individuals
may have been, in the most part, treated outside
the study with open-label therapy. This view is
borne out by the lack of disease progression
observed in the placebo arms in both studies.
Given that these studies were therefore conducted
in individuals with relatively stable fibrotic dis-
ease, it is perhaps unsurprising that relatively lit-
tle treatment effect was observed. Several
open-label retrospective studies of cyclophos-
phamide have been reported in the literature [26—
30]. Overall these favour cyclophosphamide and
tend to suggest a significant improvement in
FVC. In most cases, pulsed intravenous cyclo-
phosphamide and daily oral cyclophosphamide
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appear to have similar efficacy albeit that intrave-
nous dosing appears to be better tolerated.

Longitudinal follow-up of the study by
Tashkin et al. suggests that the beneficial effect
of cyclophosphamide treatment wanes over time
[23, 31, 32]. Optimal duration of treatment there-
fore remains to be defined. As in the study by
Hoyles et al., many centres follow pulsed cyclo-
phosphamide with either azathioprine or myco-
phenolate mofetil (MMF) [24]. The efficacy of
this approach and appropriate length of treat-
ment regimen remain to be defined [29, 33].
Ultimately, these questions require carefully
designed and appropriately powered studies to
provide the necessary answers for clinicians
dealing with the practical issue of how best to
treat scleroderma-ILD.

Rituximab

Rituximab, a chimeric (human/mouse) monoclo-
nal antibody with a high affinity for the CD20
surface antigen expressed on pre-B and
B-lymphocytes, results in rapid depletion of
B-cells from the peripheral circulation for 6-9
months [34]. Evidence for the effectiveness of
B-cell depletion exists in a number of immune-
mediated conditions, including rheumatoid
arthritis [35-37], ANCA-associated vasculitis
[38, 39] and immune thrombocytopenic purpura
[40]. In a small open-label, randomised proof-of-
principle study of rituximab in scleroderma
(given at a dose of 375 mg/m? weekly for 4 weeks
at baseline and again at 24 weeks), Daoussis et al.
reported a significant improvement in FVC, com-
pared to baseline, at 1 year in the rituximab group.
In the active treatment group, FVC increased
from 68.1£19.7 % predicted to 75.6+19.7 %
predicted (p=0.0018) [41]. In the cohort receiv-
ing best standard care, there was an overall reduction
in FVC over the 12 months of the study. Rituximab
has been reported as an effective rescue therapy
for patients with scleroderma-ILD unresponsive
to treatment with corticosteroid. An ongoing clin-
ical trial, the RECITAL study (NCT01862926), is
a placebo-controlled, randomised controlled trial
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testing the efficacy of rituximab compared to
intravenous cyclophosphamide when given as
first-line therapy in progressive CTD-ILD
(including scleroderma, IIM and MCTD).

Corticosteroids

In general, high doses of corticosteroids are
avoided in scleroderma because of the concern
over inducing renal crisis [42]. Whilst low doses
of corticosteroid have often been used in clinical
studies of scleroderma-ILD as an adjunct to other
immunosuppressants, the need for an optimal
dose and duration of corticosteroid use in sclero-
derma has never been defined in an RCT.

Mycophenolate

MMF is an inosine monophosphate dehydrogenase
inhibitor which reduces T- and B-cell prolifera-
tion through reduction in purine synthesis. MMF
has been shown to be well tolerated in systemic
sclerosis with retrospective studies suggesting
that the drug has favourable effects on systemic
manifestations of disease. In another retrospec-
tive study [43—-47], Fischer et al. looked at MMF
use in 125 individuals with CTD-ILD, the largest
proportion [44] of whom had scleroderma, and
were able to demonstrate that MMF was associ-
ated with reduced steroid requirement and
sustained improvement in FVC [48]. The sclero-
derma lung study (SLS) Il is currently evaluating
the effect of MMF compared to cyclophospha-
mide in scleroderma-ILD in a 2-year RCT
(NCT00883129).

Imatinib

The tyrosine kinase inhibitor, imatinib, prevents
protein phosphorylation through inhibition of the
specific tyrosine kinase, BCR-AbI. The drug was
originally developed as a specific therapy for
chronic myeloid leukaemia. In vitro studies in
human lung fibroblasts and in vivo studies
utilising the murine bleomycin model, albeit with
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the use of prophylactic dosing (i.e. at the time of
bleomycin administration) of imatinib, suggest
that imatinib may have anti-fibrotic actions [49].
Sabnani et al. reported the use of imatinib
(200 mg daily) in combination with intravenous
cyclophosphamide (500 mg every 3 weeks) in
five patients with scleroderma-associated ILD
[50]. The combination was well tolerated, but
efficacy was not determined. In a phase Ila open-
label, single-arm study, Spiera et al. reported the
use of imatinib (400 mg daily) for 1 year in 24
patients with diffuse cutaneous systemic sclero-
sis. In this group, FVC improved, on average, by
6.4 % compared to baseline over 12 months
(»p=0.008) [51]. More recently, Khanna et al.
have reported a study of imatinib 600 mg/daily in
20 patients with scleroderma-associated ILD
[52]. At this dose, imatinib was poorly tolerated
with common adverse effects including fatigue,
oedema, diarrhoea, nausea and vomiting, gener-
alised rash and new-onset proteinuria. Only 60 %
of subjects completed the study. No beneficial
effect of imatinib on FVC was observed. These
mixed results preclude the routine use of imatinib
in scleroderma-ILD but are sufficient to merit
further randomised, placebo-controlled studies.

Cell-Based Therapy

A number of preclinical studies have identified
mesenchymal- and bone marrow-derived stem
cells as a potential treatment for scleroderma-
ILD. Burt et al. assessed the role of autologous
non-myelo-ablative haemopoietic stem cell
transplantation compared with pulsed cyclophos-
phamide in an open-label, randomised study of
19 patients with diffuse cutaneous systemic scle-
rosis and pulmonary involvement [53]. All ten
subjects in the stem cell arm met the primary end
point of disease improvement (either a 25 %
decrease in modified Rodnan skin score or 10 %
increase in FVC). In the cyclophosphamide
group, by stark contrast, eight of nine subjects
had disease progression despite treatment.
Improvement in FVC persisted at 2 years.
Ongoing, open-label studies are further evaluating
stem cell transplantation for scleroderma in
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general and specifically for the treatment of
scleroderma-ILD (NCT01413100).

Bosentan

The endothelin antagonist bosentan has a well-
established role in the treatment of CTD-
associated pulmonary hypertension. Preclinical
data suggests that endothelin antagonism is
anti-fibrotic in vitro in human lung fibroblasts
and in vivo in animal models of fibrosis [54].
Following on from a phase Ila study of bosen-
tan in IPF [55], bosentan was also studied as a
potential therapy for scleroderma-ILD. Seibold
et al. undertook a 12-month placebo-controlled
RCT of bosentan in 163 patients with sclero-
derma [56]. Bosentan failed to improve either
6-min walk distance or any lung function
parameters and as such is ineffective as a treat-
ment for scleroderma-ILD. Bosentan does,

however, remain an important therapeutic
option for scleroderma-related pulmonary
hypertension.
Summary

Although scleroderma-associated ILD is the most
studied and best understood of the CTD-ILDs,
there remain many important questions which
need answering with appropriately designed clin-
ical studies. Nonetheless, the treatment approach
now adopted by most specialist centres is to man-
age patients with extensive ILD with six monthly
doses of intravenous cyclophosphamide together
with low-dose oral prednisolone, followed by a
minimum of 18 months treatment with either aza-
thioprine or MMF together with low-dose pred-
nisolone. Treatment refractory extensive disease
is then managed with intravenous rituximab. For
individuals with limited disease but evidence of
progression over time, the general approach to
therapy is the use of oral azathioprine (or MMF)
together with low-dose prednisolone. In limited
disease, cyclophosphamide is reserved for those
individuals who progress despite oral immuno-
suppressant therapy.
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Idiopathic Inflammatory Myositis

The IIMs characteristically present with a
different pattern of ILD to that seen in sclero-
derma. In individuals with scleroderma, even in
the earliest stages of the disease, the histological
lesion encountered tends to be NSIP. In the IIMs,
by contrast, individuals frequently present with
organising pneumonia (which often has a charac-
teristic bilateral, predominantly basal distribution
with sparing of individual lobules; Fig. 14.3) and
then over time progress to develop fixed fibrosis
which, if biopsied, shows the lesion of NSIP.
A small proportion of individuals with the IIMs
present with rapid-onset ILD and often cata-
strophic respiratory failure. On biopsy (or
autopsy), these individuals tend to have evidence
of diffuse alveolar damage. Because of the rela-
tive rarity of IIMs, there has yet to be an RCT for
[IM-associated ILD. As such, current treatment
approaches are informed either by therapeutic

Fig. 14.3 Supine, inspiratory high-resolution CT image
from a 42-year-old man with Jo-1-positive polymyositis.
Image shows interstitial change with patch consolidation
and lobular sparing. There is only very limited traction
bronchiectasis and reticular change. The CT appearances
are characteristic of the lesion of organising pneumonia
with associated NSIP fibrosis that is most commonly
encountered in individuals with idiopathic inflammatory
myositis-associated ILD
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effects seen in other CTD-ILDs or else from
intervention studies targeting the systemic mani-
festations of the IIMs.

High-dose corticosteroids tend to be the first-
line therapy for [IM-associated ILD, and in indi-
viduals for whom the predominant abnormality is
organising pneumonia, these can lead to excel-
lent treatment outcomes [57]. In individuals with
mild disease, combined therapy with oral cortico-
steroids and either azathioprine or MMF is fre-
quently effective. By extrapolation from
scleroderma pulsed intravenous cyclophospha-
mide is often used as first-line therapy for indi-
viduals with extensive or rapidly progressive
IIM-associated ILD [57, 58]. In individuals for
whom cyclophosphamide is contraindicated or
else fails to induce a therapeutic response, ritux-
imab may be an effective alternative. In a
retrospective cohort study, Keir et al. reported
outcomes in nine individuals (six of whom had
either polymyositis or dermatomyositis) with
CTD-ILD. Overall rituximab, even though used
as rescue therapy, was associated with clinically
important improvements in lung function, gas
exchange and radiological disease extent [59]. As
with scleroderma-ILD, the efficacy of rituximab,
compared to cyclophosphamide, is being tested
in the RECITAL study (NCT01862926) as first-
line therapy for IIM-ILD. Other oral treatment
alternatives include cyclosporin and methotrex-
ate. In a retrospective cohort study, Labirua-
ITturburu et al. reported outcomes in 15 patients
with anti-synthetase-associated ILD treated with
a calcineurin inhibitor (either cyclosporine or
tacrolimus) [60]. Calcineurin inhibitor use was
associated with disease stabilisation or improve-
ment in 87 % of patients.

In patients with treatment refractory or rapidly
progressive disease, a range of therapies have
been documented, in case reports or small series,
as having potential efficacy. These include immu-
noglobulins [61], plasmapheresis [62], the T-cell-
depleting agent anti-thymocyte globulin [63], the
anti-complement 5 monoclonal antibody eculi-
zumab [64], the anti-CD52 monoclonal antibody
alemtuzumab [65], anti-TNFa monoclonal anti-
bodies [66] or the IL-1 receptor antagonist
anakinra [67, 68]. There is, however, insufficient
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evidence available to be able to select any
particular therapeutic regimen over another.
Clinicians should be guided by individual treat-
ment responses when assessing the efficacy of a
particular treatment.

Rheumatoid Disease

Rheumatoid-associated ILD is associated with a
range of different presentations and histological
lesions. A significant proportion has evidence of
UIP either on biopsy or on the basis of HRCT
appearances. This subgroup has a survival akin to
IPF and has the poorest prognosis of any of the
CTD-ILDs [2, 3, 5, 7, 69]. Other frequently
encountered manifestations of RA-ILD include
NSIP, smoking-related ILD, desquamative inter-
stitial pneumonitis (DIP), lymphocytic interstitial
pneumonitis (LIP) and drug-induced ILD.
RA-ILD is surprisingly poorly understood. The
factors predisposing to the individual presenta-
tions remain, for the most part, unknown.
Similarly, there have been no RCTs in RA-ILD.
Treatment guidance is based on analysis of case
reports, case series, registry reviews and extrapo-
lation from other CTD-ILDs. Potential therapies
for RA-ILD that have been described in the lit-
erature include corticosteroids, azathioprine,
MMEF, rituximab, infliximab, cyclosporin and,
more recently, the anti-interleukin (IL)-6 mono-
clonal antibody tocilizumab [70-73]. It is not
known, however, whether many of the other
disease-modifying anti-rheumatic drugs
(DMARD:s) are effective in slowing or prevent-
ing the progression of RA-ILD.

In general, the UIP subtype of RA-ILD is
poorly responsive to immunosuppressive therapy.
The recently reported PANTHER study in IPF
[12], which demonstrated that combined immu-
nosuppression with prednisolone and azathio-
prine in IPF is deleterious, raises the possibility
that the same might be true in RA-UIP. As such,
it may be best to avoid aggressive immunosup-
pression and extrapolate treatment approaches
from IPF (as will be discussed later in this chap-
ter). Anecdotally, other forms of ILD, particu-
larly fibrotic NSIP, behave in a manor akin to that
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seen in scleroderma-ILD. On this basis, treatment
regimens for non-UIP RA-ILD should probably
mirror those applied in scleroderma albeit with-
out the need to limit the peak dose of steroid
used. Drug-induced lung disease represents a
major challenge in RA [74]. Firstly, there are few
if any features that can be used to truly differenti-
ate drug-induced lung disease from other forms
of RA-ILD. Secondly, whilst withdrawal of the
offending medication is the intervention of
choice, there then comes the difficulty of know-
ing what alternative disease-modifying agents
can be used to manage the systemic manifesta-
tions of RA. From an RA-ILD, perspective corti-
costeroids can be considered safe, and often
therapeutically effective. However, the majority
of drugs that have been reported in small series to
be effective for RA-ILD (e.g. infliximab and
rituximab) have also been reported to cause
potentially catastrophic pulmonary side effects
[75]. As such the introduction of any new
DMARD to an individual with existing ILD
should be undertaken cautiously with regular
monitoring (including lung function and serial
radiographs) to ensure that there is no negative
impact on the lung disease.

Other Connective Tissue Diseases

As noted earlier, the only RCTs assessing the
treatment of CTD-ILD have been in scleroderma.
For RA and the IIMs, there are a reasonable
breadth of case series and registry data to guide
potential best treatment of associated ILDs.
However, for the remainder of the CTDs, there is
very little information on which to formulate
treatment decisions. For individuals with mixed
connective tissue disease (MCTD), most centres
adopt the approach of treating individuals based
on whether their disease most mirrors scleroderma
or I[IM [76]. In short if the CT appearance is one of
fibrotic NSIP then treatment reflects that used for
scleroderma. On the other hand, if the appearance
fits a possible histological diagnosis of fibrosing
organising pneumonia, then treatment expecta-
tions and the chosen regimen should be that
adopted for polymyositis or dermatomyositis.
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Sjogren’s syndrome is associated with chronic
lymphocytic infiltration of the exocrine glands
which results in mucosal dryness [77, 78].
Xerotrachea and chronic cough are frequently
troublesome in Sjogren’s. From the perspective
of ILD, Sjogren’s is most frequently associated
with LIP [78]. Other associated histological
lesions are UIP, NSIP and organising pneumonia
[79-82]. Overall, 5-year survival in Sjogren-
‘related ILD is good at 84 %, and frequently the
major determinant of need for treatment is symp-
toms [82]. Possible therapeutic strategies that
have been reported in case series of individuals
with Sjogren’s ILD include corticosteroids, aza-
thioprine, hydroxychloroquine, cyclophospha-
mide and rituximab [83, 84]. Given the very
limited evidence available to guide treatment,
decisions need to be made on an individual basis
and should be driven by disease severity and any
observed response to treatment.

Undifferentiated connective tissue disease
(UCTD) is a term that has been loosely applied to
a range of clinical syndromes. In the context of
ILD, it has been proposed as a diagnostic label to
describe individuals presenting with ILD who
have features suggestive of an underlying auto-
immune disorder but who fail to fulfil the diag-
nostic criteria for any specific CTD [85]. In a
proportion of cases of NSIP, ILD can be the first
manifestation of a CTD which with time declares
itself more fully [86]. However, a significant
minority of individuals with both NSIP and UIP
have some features of CTD (e.g. Raynaud’s phe-
nomenon, positive ANA, raised inflammatory
markers, etc.) but never develop a defined CTD.
The relevance of such clinical features remains
uncertain. Kinder et al. in a retrospective cohort
study reported that features suggestive of CTD
predict ILD with a better outcome [87]. Corte
et al., by contrast, found no difference between
outcomes for UCTD and the comparable idio-
pathic histological lesion [88]. Individuals with
UCTD also present a therapeutic dilemma which
is yet to be resolved. That is, whether they should
be treated as a form of CTD with immunosup-
pressive therapy or whether they should be
treated as idiopathic disease, e.g. IPF. Hopefully,
novel deep phenotyping techniques will shine a
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light on this important question [89]. In the
meantime, when a decision is made to treat
UCTD as an autoimmune-driven phenomenon,
an approach akin to that adopted in scleroderma
is probably best adopted.

Anti-fibrotic Therapy: Lessons
from IPF

In this chapter, thus far, the major consideration
in the treatment of CTD-ILD has surrounded the
management of the autoimmune-driven inflam-
matory component of these conditions. However,
the majority of individuals with CTD-ILD
develop not just inflammation but fibrosis which,
in many cases, results in progressive, irreversible
loss of lung function. IPF is the most common
ILD and is characterised by inexorably progres-
sive and invariably fatal fibrosis in the absence of
any significant inflammation [11]. Current patho-
genic paradigms emphasise the role played by
aberrant wound healing responses occurring
following repetitive alveolar injury in genetically

Table 14.1 Summary of late-phase IPF trials
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susceptible individuals. The last decade has seen
a dramatic increase in clinical trial activity in IPF.
Consequently, there have been many more RCTs
undertaken in IPF than CTD-ILD (Table 14.1).
Whilst there are clearly significant differences
between CTD-ILD and IPF, there are also impor-
tant synergies. As such therapies developed for
IPF may be effective in preventing or slowing
disease progression in, at least a proportion of,
patients with fibrotic ILD occurring as a conse-
quence of an underlying CTD.

Unlike inflammation, established fibrosis,
characterised biochemically by cross-linked col-
lagen and the deposition of other extracellular
matrix proteins, is considered to be irreversible.
This is especially the case when, as in the lesion
of UIP, fibrosis is accompanied by destruction of
the normal lacelike alveolar architecture. For this
reason, the ultimate treatment goal in IPF is one
of disease stabilisation. This fact has created sev-
eral challenges when it comes to designing clini-
cal trials for IPF and has resulted in a number of
controversies in the field. Nonetheless, since the
publication of the first true placebo-controlled

Drug Year Number Primary end point

Interferon-y 2004 330 PFS

Pirfenidone 2005 107 Change in the lowest
6-MW SpO,

Warfarin 2005 56 Survival time

N-acetylcysteine 2005 182 Change in VC

Bosentan 2008 58 Change in 6-MW distance

Etanercept 2008 88 Change in FVC and DLco

Interferon-y 2009 826 Survival time

Pirfenidone 2010 275 Change in VC

Imatinib 2010 119 Time to disease progression

Sildenafil 2010 180 >20 % increase in 6-MWD

Bosentan 2010 616 Time to IPF worsening

Pirfenidone 2011 779 Change in % pred FVC

BIBF1120 2011 432 Rate of FVC decline

Prednisolone + Azathioprine 2012 155 Change in FVC

Wartfarin 2012 145 Progression-free survival

Thalidomide 2012 24 Cough questionnaire

Ambrisentan 2013 492 Time to disease progression

Septrin 2013 118 Change in FVC

Result
No effect [90]
Reduced acute exacerbations [99]

Improved survival [141]
Reduced progression [103]
No effect [55]

No effect [142]

No effect [143]

Reduced progression [100]
No effect [144]

No effect [145]

No effect [146]

Reduced progression [101]
Trend to reduced progression [109]
Increased mortality [12]
Increased adverse events [120]
Reduced cough [139]

No effect [147]

No effect [118]

PFS progression-free survival, 6-MW(D) 6-min walk (distance), (F)VC forced vital capacity, DLco total lung diffusion

capacity for carbon monoxide
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RCT in IPF in 2004, there has been an explosion
in clinical trial activity [90]. This has culminated
in the licencing in Europe, Canada, Japan and
Asia of the first true anti-fibrotic therapy, pirfeni-
done [91]. This development together with ongo-
ing trials of a range of novel therapeutic
compounds has led to important changes in clini-
cal approaches to the management of IPF. It is to
be hoped that with time these advances in IPF
treatment will be translated across other fibrotic
ILDs including the CTD-associated ILDs.

As detailed in Table 14.1, the expansion of
clinical trial activity in IPF whilst generating many
negative results has also led to a rapid evolution in
disease understanding, the development of clini-
cally meaningful trial end points and identification
of the fact that previously recommended treatment
regimens are harmful in patients with established
pulmonary fibrosis [92-94]. Furthermore, there
has been a rapid expansion in pharmaceutical
interest in fibrosis resulting in a large array of
compounds entering early-phase clinical trials.

Pirfenidone

The major success story for IPF in the last decade
has been pirfenidone. In vitro pirfenidone inhibits
TGEF-p-stimulated collagen synthesis, decreases
synthesis by fibroblasts of extracellular matrix
proteins and blocks the proliferative effects of
platelet-derived growth factor (PDGF) on fibro-
blasts isolated from IPF lung [95-97]. In animal
models of pulmonary fibrosis, pirfenidone attenu-
ates a range of pro-fibrotic mediators whilst
downregulating histological markers of cellular
proliferation [96-98]. The first large-scale trial of
pirfenidone was a Japanese, multicentre, ran-
domised, placebo-controlled, phase II study of
107 subjects who received either pirfenidone 600
mg tds (n=72) or placebo (n=35) [99]. The
study’s Data and Safety Monitoring Board recom-
mended early termination of study at 9 months
(the planned study duration was 12 months) on
ethical grounds due to an excess of acute exacer-
bations in the placebo arm. The primary end point,
of the lowest arterial oxygen saturation measured
by pulse oximetry during a 6-min walk (6 MW),
was not achieved; however, there was a significant
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reduction in the decline of FVC in the pirfenidone
group. The trial by Azuma et al. led to the devel-
opment of a 52-week, Japanese, multi-centre,
double-blind, placebo-controlled, randomised
phase III clinical trial in which 275 patients were
randomised to either high-dose (1,800 mg/day) or
low-dose (1,200 mg/day) pirfenidone or placebo
[100]. Significant differences were observed in
the primary end point of FVC decline between the
placebo group (—0.16 L) and the high-dose group
(-0.09 L) (p=0.0416). Progression-free survival
time (with disease progression defined as more
than 10 % decrease in FVC and/or death) was also
significantly prolonged in the high-dose com-
pared to the placebo group (p <0.0280).

The CAPACITY trials (Clinical Studies
Assessing Pirfenidone in idiopathic pulmonary
fibrosis) consisted of two concurrent multina-
tional, randomised, double-blind, placebo-
controlled phase III trials (004 and 006) designed
to evaluate the safety and efficacy of pirfenidone
in IPF patients with mild to moderate impairment
in lung function [101]. In study 004, 174 patients
were assigned to high-dose pirfenidone
(2,403 mg/day), 87 patients to low-dose pirfeni-
done (1,197 mg/day), and 174 to placebo. In
study 006, 171 patients were assigned high-dose
pirfenidone (2,403 mg/day), and 173 patients to
placebo. In study 004, the higher dose of pirfeni-
done met the primary end point, significantly
decreasing the fall in FVC at week 72 (difference
between groups of 4.4 %, p=0.001). By contrast,
study 006 failed to meet the primary end point
(FVC difference between groups of 0.6 %,
p=0.501). However, in 006, pirfenidone did sig-
nificantly reduced decline in the secondary end
point of 6-MW distance (absolute difference
32 m, p=0.0009). The reason for the different
outcomes in the two studies remains unclear. Of
note, however, is the observation that whilst the
rate of decline of FVC in the pirfenidone group
was the same in both studies, the individuals in
the 006 placebo group had a slower rate of decline
compared to those in 004.

Acrecent Cochrane review [102], encompassing
the 2 Japanese trials and CAPACITY 004 and
CAPACITY 006, has shown that across the four
studies pirfenidone improved progression-free
survival by 30 % (HR 0.70, 95 % CI 0.56-0.88).
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In light of these studies, the European Medicine
Agency approved the use of pirfenidone.
However, in the USA, the FDA declined to
approve the medication given the failure of 006
to meet its primary end point. As a result, a phase
3 study (the ASCEND trial, NCT0136629), span-
ning 52 weeks, is currently underway in the USA.
Pirfenidone has also been licensed for use in
Japan, Canada and India.

N-Acetylcysteine

N-acetylcysteine (NAC) acts on the lung to
increase intra- and extracellular levels of glutathi-
one and exerts an antioxidant effect [103]. The
bronchial and alveolar epithelium, through expo-
sure to ambient air and a wide range of pollutants,
are constantly under high levels of oxidative
stress. As such evolution has equipped the lung
with a number of protective mechanisms to coun-
ter the potentially deleterious consequences of
reactive oxygen species and free radical exposure;
these include glutathione and the supra-oxide dis-
mutases [104, 105]. In IPF, there is evidence that
these antioxidant mechanisms are impaired and
that this in turn contributes to epithelial suscepti-
bility to injury and apoptosis. Levels of the key
endogenous antioxidant glutathione are four times
lower in the BAL fluid of individuals with IPF
when compared to healthy controls [104]. This
observation led to a pilot study in which 12 weeks
of treatment with NAC was shown to be sufficient
to increase BAL glutathione levels [106]. This in
turn led on to the development of the multicentre
IFGENIA trial, and this study became the first
prospective IPF trial to report a positive outcome.
In total 155 patients with IPF were enrolled with
80 being assigned to treatment with NAC.
Following 12 months of treatment, there was a
slower rate of loss of vital capacity (VC) in the
NAC-treated group with VC being 0.18 L better
than that observed in the placebo-treated arm.
Similarly, there was a slowing in the deterioration
of DLco, by 24 % in the NAC-treated subjects
[103]. The study has attracted criticism for a lack
of a true placebo arm (all patients in the study, in
addition to the study drug or placebo, were on
prednisolone and azathioprine—the combination
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of which was at the time thought to represent best
treatment for IPF), a relatively high dropout rate
and the fact that the results have yet to be repli-
cated. These issues will be addressed by the ongo-
ing PANTHER-IPF trial (NCT00650091). In the
meantime, as NAC is relatively cheap and has an
excellent safety profile, it is being widely used by
many specialists as a treatment for many, if not
all, fibrotic ILDs.

Nintedanib

Nintedanib (Boehringer Ingelheim: formally
known by the development code BIBF 1120) is an
orally available 6-methoxycarbonyl-substituted
indolinone [107]. It acts as a multiple-receptor
tyrosine kinase inhibitor which functions against
three receptor families: platelet-derived growth
factor (PDGF), vascular endothelial growth factor
(VEGF) and fibroblast growth factor (FGF) [108].
Nintedanib was originally developed for use in
cancer but has recently been tested in a phase 2b
dose-ranging study in patients with IPF [109].
The TOMORROW (To Improve Pulmonary
Fibrosis with BIBF1120) study, was a 12-month,
432-subject, double-blinded, randomised, dose-
ranging placebo-controlled phase II trial investi-
gating the efficacy and safety of nintedanib in IPF.
The primary end point was the annual rate of FVC
decline. In the highest-dose group (who took 150
mg twice daily), FVC decline was 0.06 L com-
pared to 0.19 L in the placebo group. Hierarchical
comparison of these groups (without correction
for multiplicity) pointed towards a significant dif-
ference between groups (p=0.01). The p value
corrected for the multiple group comparisons was
0.06 [109, 110]. There were also a number of
clinically important and significant changes in
prespecified secondary outcomes in the highest
treatment dose arm compared to placebo includ-
ing improved quality of life and a reduction in
acute exacerbations [109, 111]. Two parallel
phase three registration studies of nintedanib in
IPF (NCTO01335464 and NCT01335477) are cur-
rently ongoing and will report in early 2014. If
these studies are positive, then nintedanib looks
set to add to the armamentarium available to phy-
sicians treating individuals with IPF [107].



14 Current and Emerging Treatment Options in Interstitial Lung Disease

Future Anti-fibrotic Therapies

Based on the presumed pathogenesis of IPF as an
aberrant wound healing response following repet-
itive alveolar injury, a wide range of potential
novel therapeutic strategies are being considering
(Fig. 14.4; refer to ref. [112] for a detailed review).
The first of these is to try and limit or prevent
alveolar injury [112]. Possible approaches to this
include preventing gastro-oesophageal reflux and
microaspiration [113-115], the use of antioxi-
dants (including NOX inhibitors) with a more
potent mechanism of action than NAC [116, 117]
and prophylactic antimicrobials (both antibacte-
rial and antiviral drugs having shown promising
results in small pilot studies in IPF) [118, 119].
Another potential strategy is to block the coagula-
tion cascade. Although the vitamin K antagonist
warfarin, which inhibits a number of clotting
cascade components, has been shown to be
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deleterious in IPF [120], targeting specific factors
such as FXa or the protease-activated receptors
(PARs) [121, 122] may be a more effective anti-
fibrotic treatment approach. Another strategy is to
enhance epithelial proliferation thus stimulating
restoration of epithelial integrity (a key event in
the switch from fibroproliferation to scar resorp-
tion during the normal wound healing response)
[15, 123]. The concern with epithelial targeted
approaches is that they may increase the risk of
malignancy in a disease where there is already an
increased incidence of primary lung neoplasms.
The therapeutic strategy gaining the most
interest in IPF is targeting of the myofibroblast.
These cells are highly synthetic structural cells
capable of producing large quantities of extracel-
lular matrix. As such, they are the key effector
cells in IPF and can be found in abundance within
fibroblastic foci [124]. It seems likely that the
main cellular target of both pirfenidone and nint-
edanib is the myofibroblast. A number of novel
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Fig. 14.4 Current understanding of the pathogenesis of
IPF suggests that repetitive alveolar epithelial injury
results in basement membrane denudation and activation
of key pathways involved in the wound healing response.
This in turn leads to fibroblast proliferation, transforma-
tion of fibroblasts to myofibroblasts, and expansion of the
ECM. These effects are augmented by the influx of circu-
lating inflammatory cells, including the putative bone
marrow-derived fibroblast precursor, the fibrocyte.
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Various treatments are in development targeting different
aspects of IPF disease pathogenesis, through inhibition of
fibrogenesis, through promotion of anti-fibrotic pathways,
or through reduction of alveolar injury. HGF hepatocyte
growth factor, KGF keratinocyte growth factor (Used with
permission from Maher TM. Idiopathic pulmonary fibro-
sis: pathobiology of novel approaches to treatment.
Clinics in chest medicine 2012;33:69-83)
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strategies have been adopted for targeting myofi-
broblast production of extracellular matrix pro-
teins. These include inhibition of integrins (which
play an important part in activating TGF-p),
antibody-mediated blocking of connective tissue
growth factor (CTGF), inhibition of lysyl oxidase
homolog 2 (LOXL?2) and antagonism of interleu-
kin-13 [112]. For all of these mechanisms, there
are compounds currently in early-phase clinical
trials. It is to be hoped therefore that at least some
of these targets will translate in to novel anti-
fibrotic treatments in the next decade.

Summary

IPF clinical trials are finally bringing about
advances in the treatment of this devastating dis-
ease. In Europe, the majority of specialist centres
are now managing IPF patients with a combina-
tion of pirfenidone and NAC in the expectation
that this should result in improved survival. The
licencing of compounds with specific anti-fibrotic
effects should, in time, have knock on benefits for
the treatment of other diseases characterised by
the development of fibrosis. It is likely that in the
future and pending the necessary clinical trials
drugs developed for IPF will be used to treat
fibrotic CTD-associated ILD. This is especially
likely to be the case for RA-ILD with UIP histol-
ogy. The extensive development pipeline of anti-
fibrotic compounds being tested in IPF is
therefore to be welcomed by individuals with
CTD-ILD and their treating physicians.

Lung Transplant

Lung transplantation is currently the only treatment
for fibrotic ILD that has been shown to improve sur-
vival (Fig. 14.5) [125]. However, the benefits of
treatment need to be carefully balanced against the
many downsides of transplantation. These down-
sides include the limited availability of donor
organs, the ever-present risk of both infection and
rejection and the lifelong need for immunosuppres-
sant therapy. In the UK, pulmonary fibrosis (mainly
IPF) accounts for 20 % of all lung transplants [126];
however, individuals with pulmonary fibrosis have
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Fig. 14.5 Sagittal CT of a 56-year-old man 5 years after
a left single lung transplant for idiopathic pulmonary
fibrosis. The transplanted left lung has a normal appear-
ance. The remaining right lung shows the consequences of
progressive unopposed fibroproliferation with dramatic
loss of volume of the right hemithorax and marked honey-
comb change

the highest death rate for all diagnostic groups on
the transplant waiting list [125, 126]. The 5-year
survival following lung transplantation for pulmo-
nary fibrosis is similar to other disease groups and
stands at 45-50 % [127]. In a review of 47 sclero-
derma patients transplanted in the USA before
2005, 1- and 3-year mortalities were 67.6 and
45.9 %, respectively [128]. This was lower (albeit
not statistically significantly so) than the mean out-
comes for the other 10 070 patients in the US trans-
plant register for whom survival was 75.5 and
58.8 %, respectively. Timing of referral for trans-
plant is frequently challenging. However, criteria to
address which patients and when they should be
referred have been produced by the International
Society for Heart and Lung Transplant (ISHLT)
[129]. The ISHLT guidelines recommend that indi-
viduals with pulmonary fibrosis should be consid-
ered for transplantation if their DLCO is <40 % of
predicted, if they have suffered a decrement in
FVC>10 % during the preceding 6 months or if
they show a decrease in pulse oximetry <88 % satu-
ration during a 6 MW. Active multisystem disease is
a relative contraindication to lung transplant, so it is
important that for individuals with CTD-ILD all
aspects of their condition are considered before any
decision to assess for transplant is made.
Furthermore, significant other organ involvement
(e.g. renal or myocardial disease in scleroderma)
renders transplantation contraindicated.
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Symptom Management

In a significant proportion of individuals with
CTD-ILD, the disease progresses to end-stage
respiratory failure and, ultimately, death. It is
important therefore that consideration is given to
therapeutic strategies aimed at reducing symp-
toms and improving quality of life. Pulmonary
rehabilitation has been shown to be safe and
highly effective in patients with COPD [130,
131]. In small studies of patients with pulmonary
fibrosis, pulmonary rehabilitation appears to con-
fer improvements in functional exercise capacity,
dyspnoea and quality of life immediately follow-
ing training [132-135]. The long-term effects of
rehabilitation in pulmonary fibrosis, and specifi-
cally CTD-associated ILD, have yet to be stud-
ied. Oxygen is widely used for patients with
respiratory failure due to ILD. Theoretically, at
least, this may be both beneficial (in preventing
the development of pulmonary hypertension) and
harmful (through increasing oxidative stress and
thus epithelial injury within the lung). There is,
however, no trial evidence to guide the use of
oxygen, either at rest, nocturnally or on exertion,
in individuals with ILD of whatever cause.
However, retrospective observational data dem-
onstrate that ambulatory oxygen improves walk
distance and reduces symptomatic breathlessness
in individuals with exercise desaturation due to
fibrotic ILD [136].

For patients with end-stage ILD, palliative
use of anxiolytics, including benzodiazepines
and opiates, can be very effective in alleviating
the distressing symptoms of dyspnoea and the
frequently associated feelings of panic which
many patients experience [137]. Cough is
another frequently debilitating and difficult to
treat symptom of ILD. There is little evidence to
support the use of any specific antitussive in
ILD. In a small study of 11 patients with IPF,
Horton et al. reported that thalidomide had a dra-
matic effect in alleviating intractable cough in
IPF, suggesting a potential palliative role for this
drug [138]. A larger double-blind placebo-con-
trolled crossover trial of thalidomide for cough
in IPF confirmed these findings. Although the
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antitussive effects of thalidomide are clinically
impressive, they are offset by a number of impor-
tant side effects including drowsiness, nausea
and peripheral neuropathy [139]. A recent study
in idiopathic cough has demonstrated that the
antiepileptic drug, gabapentin, has a marked
effect on cough at a dose of 1,800 mg/day. This
data raises the possibility that gabapentin may
also be of use in cases where there is an existing
cause for the cough (i.e. ILD) [140].

Conclusions

ILD is a growing and important problem which
accounts for a significant burden of morbidity
and mortality in individuals with CTD. Whilst
the different CTDs are associated with slightly
different ILDs, in the majority of patients initial
autoimmune-mediated inflammatory alveolar
injury results in progressive pulmonary fibrosis.
This in turn leads to impaired gas exchange
which causes breathlessness, exercise limitation
and, frequently, cough. For physicians treating
patients with CTD-ILD, the focus of therapy is
threefold and involves, first and foremost, the
modulation of inflammation, secondly the inhibi-
tion of fibroproliferation and thirdly the manage-
ment and control of symptoms. A wide range of
immunomodulatory drugs are available for use in
CTD. Unfortunately, for the most part, the effects
of these drugs on the course of CTD-ILD remain
unknown. The best validated therapy is that
of cyclophosphamide in individuals with
scleroderma-ILD. Treatment developments in
IPF have made effective anti-fibrotic therapy
available in the clinic with the prospect of further
compounds being licensed in the near future.
Whilst these drugs have yet to be trialled in CTD-
ILD, it seems likely, given the overlap in patho-
genic mechanisms, that they should be effective
across the full spectrum of fibrosing lung disease.
With the increasing availability of treatments for
ILD, it is of critical importance that novel regi-
mens are tested in well-designed and appropri-
ately powered randomised controlled trials. In
this way, the burden and suffering associated
with CTD-ILD should be reduced.
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Case Vignette 1: Anti-synthetase Syndrome
FG, a 38-year-old Caucasian male, presented
with a 4-month history of rapidly progressive
exertional dyspnoea such that he was breath-
less on walking 10-20 yards. He had reduced
appetite and had lost 5 kg in weight. He also
complained of generalised aches and pains
particularly in his thighs and upper arms. He
had no past medical history of note and was a
lifelong non-smoker. He worked as a bank
manager and had no history of significant
exposures. On examination oxygen satura-
tions were 94 % on room air and dropped to
84 % after walking up a flight of stairs. On
auscultation of the chest, there were occasional
fine bibasal crepitations.

Chest radiograph (Fig. 14.6a) demonstrated
bilateral mid and lower zone interstitial change.
An HRCT (Fig. 14.6b), undertaken at the time
of the presenting chest radiograph, disclosed
diffuse ground glass change, with areas of con-
solidation and reticulation with traction bron-
chiectasis. A subsequent surgical lung biopsy
revealed a mixed pattern of cellular and fibrotic
NSIP with a marked component of organising
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pneumonia (a pattern frequently seen in
polymyositis). At 2 months following presen-
tation, autoimmune profile, which had been
negative, demonstrated a positive speckled
ANA and positive anti-Jo-1 antibody. Serum
creatine kinase was 650 U/L. A diagnosis of
anti-synthetase syndrome was made.

Given the severe respiratory impairment and
marked oxygen desaturation on exertion, com-
bined treatment was commenced with three
daily doses of intravenous methylprednisolone
(10 mg/kg) followed by a tapering oral course of
prednisolone and six monthly intravenous doses
of cyclophosphamide (600 mg/m? body surface
area). Treatment led to a dramatic and sustained
improvement in respiratory symptoms. By
6 months, exercise tolerance had returned to
being unlimited at a steady pace on the flat and
serum creatine kinase normalised. The clinical
improvement was mirrored by a marked radio-
graphic improvement (Fig. 14.6¢c). Four years
on from presentation, the patient remains well
on maintenance therapy of azathioprine (2 mg/
kg) and low-dose oral prednisolone.

[ =

Fig. 14.6 (a—c) Plain chest radiographs and HRCT
from 38-year-old man with polymyositis and associ-
ated fibrosing organising pneumonia. Radiograph on
presentation (a) demonstrates bilateral lower zone
interstitial change with preservation of lung volumes.
High-resolution CT (b) corresponding to the presenta-
tion radiograph confirms diffuse, predominantly sub-

pleural ground glass change with areas of reticulation
and traction bronchiectasis admixed with consolida-
tion. Plain chest radiograph (¢) 18 months later and 12
months after completion of cyclophosphamide con-
firms marked improvement in previously noted inter-
stitial change
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Case Vignette 2: Diffuse Cutaneous
Systemic Sclerosis
EK, a female of Middle Eastern descent, pre-
sented aged 24 years. She had a preceding
2-year history of severe Raynaud’s phenom-
enon with digital ulceration. In the 6 months
prior to presentation, she had noticed skin
thickening over the hands, forearms and
chest, dysphagia, 4 kg weight loss and pro-
gressively worsening exertional dyspnoea
with an exercise tolerance of 30-50 yards on
the flat. On clinical examination, she had
microstomia, facial telangiectasia and marked
skin thickening over the hands, arms and
torso. Auscultation of the chest demonstrated
bibasal, end-inspiratory crepitations.
Autoimmune serology disclosed a positive
ANA with a homogeneous pattern and a titre
of 1:2560. Anti-Scl-70 antibody screen was
positive. High-resolution CT of the chest
(Fig. 14.7) demonstrated bilateral, basal and
sub-pleural reticular change with traction
bronchiectasis. Echocardiogram was normal
with no evidence of pulmonary hypertension.
A diagnosis of diffuse cutaneous sys-
temic sclerosis with associated fibrotic ILD
(NSIP) was made. At the time of diagnosis
the extent of ILD on CT was judged to be
25 %. Lung function demonstrated an FVC
of 2.44 (67 % predicted) and TLco was
43 % predicted. On the basis that the patient
fulfilled the criteria for extensive ILD treat-

Fig. 14.7 HRCT from 24-year-old female with
Scl-70-positive diffuse cutaneous systemic sclero-
sis. Section through the lung bases shows the char-
acteristic appearance of scleroderma NSIP with
sub-pleural reticular change, coarse ground glass
and marked traction bronchiectasis
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Fig. 14.8 Graph plotting change in forced vital
capacity with treatment for a 26-year-old female
with Scl-70-positive diffuse cutaneous systemic scle-
rosis. Baseline value represents date of first presenta-
tion. Treatment was commenced with intravenous
cyclophosphamide and low-dose prednisolone at 2
months following presentation (A) and continued
monthly for 6 months (B). Following cessation of
cyclophosphamide, the patient was started on treat-
ment with oral mycophenolate mofetil (C). Because
the patient wished to become pregnant, mycopheno-
late was changed to azathioprine at 24 months (D)

ment was commenced with monthly doses
of intravenous cyclophosphamide (600 mg/
m? body surface area) and oral predniso-
lone (10 mg/daily). The Raynaud’s was
treated with losartan and a proton-pump
inhibitor was commenced for symptoms of
gastro-oesophageal reflux. After six doses
of cyclophosphamide, treatment was
changed to MMF (at a maintenance dose of
1 g twice daily), and the patient was contin-
ued on her regular dose of prednisolone.
At 24 months after presentation, EK was
symptomatically much improved. She had
gained 8 kg in weight with a BMI of 20.5,
her exercise tolerance had become unlim-
ited on the flat, and her skin thickening was
improved with Rodnan skin score reducing
from 21/51 to 11/51. By this time, the
patient had married and was keen to start a
family. Consequently, mycophenolate was
changed to azathioprine (125 mg/daily)
and losartan was stopped. Prednisolone has
been continued at a dose of 7.5 mg daily. At
36 months following diagnosis, improve-
ment has been sustained. As demonstrated
in Fig. 14.8, FVC shows an upward trend
and now stands at 2.68 (74 % predicted).
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Case Vignette 3: Idiopathic Pulmonary
Fibrosis
HT, a Caucasian male, presented aged 64
with a 3-month history of mild exertional
breathlessness and troublesome dry cough.
He was otherwise well with no constitu-
tional or extra-thoracic symptoms of note.
He was on no medications and had been a
lifelong non-smoker. He had previously
worked in dusty factory environments but
had never knowingly been exposed to
asbestos. Clinical examination was normal
apart from fine, bibasal end-inspiratory
crepitations. HRCT demonstrated bilateral
lower zone reticular change with traction
bronchiectasis. Surgical lung biopsy dis-
closed the lesion of UIP. Following multi-
disciplinary assessment, a diagnosis of
idiopathic pulmonary fibrosis was made.
FVC at presentation was 3.03 L (66 %
predicted) with a TLco 72 % predicted.
Following lung biopsy, there was a step-
wise deterioration in HT’s exercise toler-
ance with a corresponding decline in his
lung function. A repeat CT (Fig. 14.9)
demonstrated progression of fibrosis with
early honeycombing. Treatment was there-
fore commenced with a combination of
NAC (600 mg three times daily) and pir-

Fig. 14.9 HRCT obtained from 64-year-old man
9 months after diagnosis of idiopathic pulmonary
fibrosis. The CT demonstrates the typical changes
associated with the histological lesion of usual
interstitial pneumonia with bilateral, basal, sub-
pleural reticular change, early honeycombing and
striking traction bronchiectasis
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Fig. 14.10 Graph plotting change in forced vital
capacity with treatment for a 64-year-old man with
idiopathic pulmonary fibrosis. Baseline value rep-
resents date of first presentation. Video-assisted
thoracic surgical biopsy was undertaken at 3
months. Treatment with combination
N-acetylcysteine and pirfenidone was commenced
at 9 months. The patient remains on this therapeu-
tic regimen

fenidone (801 mg three times daily). After
2Y3 years of treatment, the patient remains
symptomatically well with an unchanged
exercise tolerance. FVC has remained sta-
ble (Fig. 14.10) and stands at 2.63 (60 %
predicted), whilst TLco is 56 % predicted.
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