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Preface

Pulmonary complications are now the most frequent cause of death in many systemic autoimmune disorders and

are a major and increasing source of morbidity. In part, this may reflect better outcomes in recent decades with the

development of optimal immunosuppressive protocols; patients now survive long enough to develop pulmonary

problems. Thus, there is now a particular need for pulmonary evaluation to be accurate and pragmatic, whether

undertaken by rheumatologists or chest physicians. However, published reviews have tended to focus upon single

systemic autoimmune disorders, rather than providing detailed overviews of pulmonary involvement in systemic

autoimmune disease at large. We were delighted to accept the invitation from Ronald Asherson to redress this

deficiency. Our fellow-contributors, all leading clinical scientists in various specialities, were equally enthusiastic.

The resulting monograph covers the field from a number of angles, with particular emphasis on four broad areas.

The first two chapters are devoted to the range of lung morphological abnormalities in systemic autoimmune

diseases. Histological evaluation has long been regarded as the diagnostic cornerstone in diffuse lung disease, and

recent advances in the field, notably the definition of non-specific interstitial pneumonia, have been particularly

relevant to our readership. High resolution computed tomography of the lungs has revolutionised the routine

clinical assessment of systemic autoimmune disease, by distinguishing between a bewildering array of possible

pulmonary complications, and serving as an invaluable prognostic guide. Optimal management requires that

clinicians make the best use of both disciplines, with appropriate recourse to surgical biopsy when clinical and

imaging findings are inconclusive.

The next part consists of three chapters on pulmonary vascular disorders. There is a general overview of

pulmonary hypertension in connective tissue disease, with Wegener’s granulomatosis and other vasculitides

covered separately. The detail contained within this section reflects our view that the vascular diseases are the most

difficult of all pulmonary complications to detect and manage, especially when there are coexisting abnormalities

in the lung interstitium.

Seven chapters are grouped in which the pulmonary complications of a variety of individual systemic disorders

are reviewed. These disorders are notable for a wide variety of pulmonary disease processes, with the variable co-

existence of pulmonary interstitial, pulmonary vascular and extra-pulmonic restrictive abnormalities. Accurate

clinical evaluation is critically dependent upon the knowledge of the profile of each individual disease, without

which logical investigation and focused management is unattainable. The chapters in this section are written with

the practising clinician in mind and can be applied equally by rheumatologists and chest physicians.

Finally, the editors would like to highlight the chapter on drug induced lung disease by Philippe Camus. With an

exponential expansion in treatments used in systemic autoimmune disease, iatrogenic disease has become an issue

of concern. Despite an increasingly urgent need to provide guidance for clinicians, the topic has not previously been

dealt with definitively. We are proud to offer the review by Camus as a reference statement in this difficult area.

Athol U. Wells

Christopher P. Denton
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Pathology



CHAPTER 1

Lung Pathology in Connective Tissue Diseases

Donall Tansey, Andrew G. Nicholson*

Department of Histopathology, Royal Brompton Hospital, Sydney Street, London SW3 6NP, UK

1. Introduction

Pathologic changes are commonly seen in the lungs of

patients with connective tissue diseases (CTDs) and,

in a minority of patients, may actually be the site of

initial manifestation of their systemic disease. All

compartments of the lung can be affected, from

pleura, airway, and alveolar parenchyma through to

the pulmonary vasculature, and these anatomic

regions can be affected either in isolation or in

combination, producing a variety of both clinical and

histological presentations. Furthermore, the histologi-

cal features of CTDs need to be separated from the

effects of therapy, including drug reactions and

opportunistic infections, as well as any coexistent

disease processes not directly associated with the

CTDs. This may be difficult as, in most cases, the

histologic patterns found in the lung are rarely specific

for a particular CTD and are indistinguishable from

those in patients without an underlying systemic

disorder. Detailed clinicopathologic correlation is

therefore essential when reviewing biopsy material

from patients with CTDs or where a background CTD

is suspected, in order to elucidate what is the likely

cause of the patient’s pulmonary symptoms. This

review first documents the most commonly seen

histologic patterns in this clinical setting and then

reviews the specific disease processes in relation to

the CTDs themselves.

2. Overview of histologic patterns seen
in collagen vascular diseases

2.1. Interstitial pneumonias

It is well known that the term ‘fibrosing alveolitis’ has

been used to describe patients with diffuse fibrotic

lung disease, both in relation to idiopathic disease and

in cases associated with connective tissue diseases

(Fairfax et al., 1981; Turner-Warwick, 1986, 1988;

Askin, 1990). However, there have been considerable

refinements in recent years in recognition of histo-

logical patterns of interstitial pneumonia, this work

concentrating predominantly on patients with idio-

pathic disease. Thus, these data have led to a

consensus classification system via an ATS/ERS

sponsored committee comprising clinicians, radiol-

ogists and pathologists (Table 1) (Travis et al., 2002).

Stemming from this work, terms such as ‘lone

cryptogenic fibrosing alveolitis’, i.e. that arising

without any clinical association, are preferably used

as a collective clinicopathologic description of the

patient’s disease, whilst the histological features are

categorised according to patterns of interstitial

pneumonia. Usage of this system appears reproduci-

ble, in terms of pathologists making the diagnosis

(Nicholson et al., in press), and provides prognostic

information (Travis et al., 2002).

q 2004 Elsevier B.V. All rights reserved.
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In parallel with and subsequent to this work on

idiopathic disease, there has been a resurgence of

interest in relation to interstitial pneumonias arising in

association with CTDs, in particular determining

whether the same patterns of interstitial pneumonia

can be applied using the same criteria and whether

they provide similar data in terms of clinicopathologic

diagnosis, treatment and prognosis. Recent work has

centred primarily on recognition of the pattern of non-

specific interstitial pneumonia (NSIP), as until

recently most of the published data preceded its

recognition.

2.1.1. Non-specific interstitial pneumonia
In 1994, Katzenstein and Fiorelli used the term NSIP

to describe a group of interstitial pneumonias that

could not be classified according to recognised subsets

at that time. They were particular in stating that there

were several clinical associations (e.g. collagen

vascular diseases, exposure to environmental aller-

gens, history of acute lung injury) with NSIP.

However, despite this, a histologic pattern of NSIP

was associated with a greater response to treatment

and a more favourable prognosis than a histologic

pattern of usual interstitial pneumonia (UIP)

(Katzenstein and Fiorelli, 1994). In the consensus

classification system, there is an agreed histologic

definition for the pattern of NSIP, subdivided into

cellular and fibrotic types (Bjoraker et al., 1998). The

characteristics on high-resolution computerised tomo-

graphic (HRCT) scan are also documented (Akira

et al., 2000; Hartman et al., 2000; MacDonald et al.,

2001; Travis et al., 2002). However, its clinical

counterpart remains less well defined and the

clinicopathologic entity of NSIP is regarded as

provisional in the consensus classification system

(Table 1) (Travis et al., 2002). However, whilst being

of uncertain clinical significance in idiopathic disease,

data are increasingly being reported indicating a

high incidence in patients with CTDs (Douglas et al.,

2001; Fujita et al., 2001; Kim et al., 2002; Bouros

et al., 2002; Nicholson et al., 2002). These data are

discussed in greater detail in relation to specific

disorders.

Histologically, NSIP shows expansion of the

interstitium by variable amounts of chronic inflam-

mation and fibrosis, initially graded one to three

(cellular, cellular and fibrosing, fibrosing) (Katzen-

stein and Fiorelli, 1994). Classification has been

simplified to two groups, namely cellular and fibrotic

NSIP (Travis et al., 2002), as survival rates for cellular

and fibrosing (grade 2) and fibrotic (grade 3) patterns

are similar (Fig. 1) (Nicholson et al., 2000; Travis

et al., 2000). In NSIP, the interstitial abnormality, be it

cellular or fibrotic, is more diffuse than in UIP and

the key to distinguishing fibrotic NSIP from UIP is

the relative absence of temporal heterogeneity in

NSIP, in that fibroblastic foci are either absent or

very scarce. A relative absence of alveolar macro-

phages, organising pneumonia (OP), and hyaline

membranes distinguishes NSIP from other patterns

(Travis et al., 2002).

2.1.2. Usual interstitial pneumonia
UIP is the most common histologic pattern seen in

cases of idiopathic interstitial pneumonia. It correlates

clinically with the idiopathic disorder cryptogenic

fibrosing alveolitis/idiopathic pulmonary fibrosis

(CFA/IPF) (American Thoracic Society, 2000), a

disease typically characterised by chronic progression

to death, with an average survival of 2–3 years

(Bjoraker et al., 1998; American Thoracic Society,

2000; Nicholson et al., 2000; Travis et al., 2000;

Table 1

Histologic patterns of interstitial pneumonias and clinicopathologic

counterparts in an idiopathic setting (From Travis et al., 2002)

Histologic pattern Clinicopathologic diagnosis

Usual interstitial

pneumonia (UIP)

Cryptogenic fibrosing

alveolitis

(CFA)/Idiopathic pulmonary

fibrosis (IPF)

Non-specific interstitial

pneumonia (NSIP)

Non-specific interstitial

pneumoniaa

Organising pneumonia (OP) Cryptogenic organising

pneumonia

Diffuse alveolar damage (DAD) Acute interstitial pneumonia

Desquamative interstitial

pneumonia (DIP)

Desquamative interstitial

pneumonia

Respiratory bronchiolitis (RB) Respiratory bronchiolitis-

associated Interstitial lung

disease (RBILD)

Lymphocytic interstitial

pneumonia (LIP)

Lymphocytic interstitial

pneumonia

a provisional term for clinicopathologic diagnosis.

D. Tansey, A.G. Nicholson4



Flaherty et al., 2002). However, although some series

describe a high frequency of UIP in patients with

CTDs (Tazelaar et al., 1990), most of these data

precede recognition of the pattern of NSIP. Later

studies have shown a much lower incidence when

cases with a pattern of NSIP are recognised (Douglas

et al., 2001). Nevertheless, a pattern of UIP is

described in most series of patients with collagen

vascular diseases with a low incidence (Douglas et al.,

2001; Fujita et al., 2001; Bouros et al., 2002; Kim

et al., 2002; Yamadori et al., 2002).

Histologically, UIP shows patchy established

fibrosis associated with a mild to moderate non-

specific chronic inflammatory cell infiltrate, being

most marked in subpleural or paraseptal regions of the

pulmonary acinus. The intervening lung parenchyma

is normal or nearly normal. In addition, there are

varying numbers of ‘fibroblastic foci’, these compris-

ing an abundance of plump spindle cells and little

intervening collagen, lying in continuity with areas of

established interstitial fibrosis (Fig. 2). This variation

in the age of the fibrosis (sometimes termed temporal

heterogeneity) is a cardinal feature of UIP and the

extent of these foci is associated with mortality and

increased rate of disease progression in idiopathic

disease (Nicholson, 2002). This has not been proven

to be the case in CTDs as numbers are too small,

although a comparative study of UIP in an idiopathic

setting with UIP in association with CTDs showed

that fibroblastic foci were more frequently found in

idiopathic disease (Flaherty et al., 2003). A second

study on contractility of fibroblasts in NSIP and

UIP showed increased contractility in cases of UIP

(Miki et al., 2000). Therefore, although fibroblastic

foci may appear histologically the same in different

histologic patterns and patient groups, early data

suggest there may be biologic differences.

2.1.3. Organising pneumonia
Organising pneumonia (OP) is a non-specific pattern

of repair seen in response to injury, usually a

secondary phenomenon (one of which is an associ-

ation with CTDs) (Rees et al., 1991; Wright et al.,

1992), but occasionally primary when the disease is

termed cryptogenic organising pneumonia (COP)

(Cordier, 2000). Histologically, there is patchy filling

of alveoli and bronchioles by buds of granulation

tissue (also termed Masson bodies) (Fig. 3). These

have a loose myxoid quality and contain little

collagen, and their intra-alveolar location should

distinguish them from the fibroblastic foci of UIP,

which are in continuity with areas of established

interstitial fibrosis. The alveolar architecture usually

remains relatively normal, but there may sometimes

be scarring and remodelling. Occasionally, the

organising pneumonia may extend into respiratory

bronchioles, which has led to the alternative term

‘bronchiolitis obliterans organising pneumonia’

(BOOP) being used by some groups. However,

Figure 1. (A) A case of cellular NSIP where there is a mild diffuse interstitial infiltrate of chronic inflammatory cells with no interstitial fibrosis.

(B) A case of fibrotic NSIP shows interstitial fibrosis that has a more diffuse distribution than UIP and also lacks fibroblastic foci.
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the primary location of this change is within the

alveoli and the consensus opinion is that OP is a

more accurate term, plus it avoids confusion with

constrictive obliterative bronchiolitis (OB) (see

Section 2.2.3).

2.1.4. Diffuse alveolar damage
Diffuse alveolar damage (DAD) is the histological

pattern seen in acute interstitial pneumonia (AIP)

(Katzenstein et al., 1986) and, far more commonly, in

acute respiratory distress syndrome (ARDS), one of

the clinical associations for the latter being associated

CTDs. Some groups have suggested the term

secondary acute interstitial pneumonia for DAD in

the setting of CTDs, but this has not gained

acceptance (Bouros et al., 2000). Histologically,

there is a marked expansion of the interstitium by a

predominantly fibroblastic proliferation and an

inflammatory cell infiltrate of variable intensity and

content. Hyaline membranes are present in the

exudative phase and intra-alveolar organisation in

the organising phase (Fig. 4). Rare acute exacer-

bations of both NSIP and UIP may occur as terminal

events, when DAD is superimposed on chronic

changes (Rice et al., 2003).

2.1.5. Lymphocytic interstitial pneumonia
Recent data suggest that lymphocytic interstitial

pneumonia (LIP) is only rarely pre-neoplastic, leading

to its re-inclusion in the consensus classification for

idiopathic interstitial pneumonias. However, idio-

pathic LIP is exceptionally rare, being far more

commonly associated with CTDs or immunosuppres-

sion, both acquired and congenital. Histologically,

there is a diffuse dense interstitial lymphoid infiltrate

comprising small round T-lymphocytes, plasma cells

and histiocytes with focal B-cell aggregates (Fig. 5).

LIP is readily distinguishable from other patterns of

interstitial pneumonia, with the exception of cellular

NSIP (although clinical data for both patterns

are similar). LIP also requires distinction from

non-Hodgkin’s lymphomas, which can be effected

Figure 2. (A) A case of UIP shows patchy, heterogenous inflammation and fibrosis with a subpleural distribution, alternating with areas of

normal alveolar lung. (B) A high power view shows a fibroblastic focus adjacent to areas of established fibrosis.

Figure 3. The histologic pattern of organising pneumonia (OP)

shows patchy filling of alveoli by buds of fibroblastic tissue.
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through immunohistochemical and molecular analysis

(Nicholson, 2002).

2.1.6. Desquamative interstitial pneumonia

and respiratory bronchiolitis
Historically, desquamative interstitial pneumonia

(DIP) was thought to represent an early (cellular/

desquamative) phase of CFA, but the current view is

much more closely associated with respiratory

bronchiolitis (RB), in that smoking causes the

majority of cases. Histologically, there is an accumu-

lation of macrophages distributed diffusely within

pulmonary acini, the macrophages characteristically

having abundant glassy eosinophilic cytoplasm, often

with a finely granular light brown pigment. The

alveolar architecture is generally well maintained,

although there is usually a mild chronic inflammatory

cell infiltrate within the interstitium. In RB, the

histologic features are very similar to DIP, other than

they are centriacinar in distribution (Travis et al.,

2002). Small numbers of patients with histologic

patterns of both DIP and RB are reported in series

relating to CTDs although, where documented, all

were smokers (Carrington et al., 1978; Hakala et al.,

1990; Yousem et al., 1989; Yousem, 1990; Moon

et al., 1999). Therefore, these changes are likely to be

unrelated to the CTD and in some cases may even be

unrelated to the patient’s symptoms.

2.1.7. When to biopsy for interstitial

pneumonias
As stated above, all patterns of interstitial pneumonia

from the consensus classification are described in

relation to CTDs, but there is considerable variation in

incidence. Furthermore, some patients will show more

than one pattern of disease (Nagao et al., 2001) and

these superimposed combinations of patterns, plus

other pathologies (Katzenstein and Askin, 1997;

Yousem, 1990), may be distinctive for certain

CTDs. However, despite these histological advances,

much of these data can now be identified non-

invasively, in particular through use of HRCT

scanning and lung function studies, and many cases

will now be diagnosed without recourse to biopsy.

This is further compounded by recent data showing

that there is a relative lack of prognostic data in

biopsies taken from patients with CTDs (Bouros et al.,

2002). Nevertheless, surgical lung biopsies are still

likely to be undertaken in some patients, especially

those in which there is an atypical clinical and/or

radiologic presentation. This is undertaken both to

identify the pattern of interstitial pneumonia and also

to exclude other disorders, for example amyloidosis

(Marenco et al., 1994). Many patients may also be

taking immunosuppressive therapy, and biopsy may

also be particularly useful in excluding both drug

toxicity and opportunistic infections (Askin, 1990).

Figure 4. A case of diffuse alveolar damage (DAD) in the

exudative phase. The interstitium is expanded by a few fibroblasts

and a mixed inflammatory cell infiltrate, with abundant hyaline

membranes lining alveoli.

Figure 5. A case of LIP shows diffuse expansion of the interstitium

by a dense infiltrate of small lymphocytes, plasma cells and

histiocytes.
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Finally, biopsies may be undertaken to investigate for

associated malignancies.

2.2. Other parenchymal disorders

2.2.1. Amyloidosis
Amyloidosis is characterised by extracellular depo-

sition of a proteinaceous substance which, when

viewed under polarised light after staining with

Congo red, emits a unique apple-green birefringence

(Puchtler et al., 1962). Biochemically, amyloid

comprises a b-pleated fibrillar structure but the

exact composition of the fibrils depends on the protein

from which they are derived. In respiratory tract

amyloidosis, clinical disease is caused by primary or

AL-type amyloid and has traditionally been classified

according to the anatomical site—laryngeal, tracheo-

bronchial or parenchymal—with further division into

localised and systemic disease. This is most com-

monly seen in relation to Sjogren’s syndrome, when it

can present in association with lymphoid hyperplasia

to cause cystic changes (Fig. 6) (Desai et al., 1997).

2.2.2. Diffuse haemorrhage
This is characterised by acute or chronic intra-alveolar

haemorrhage, which may be primary or secondary,

rare associations being systemic lupus erythematosus

(SLE) (Myers and Katzenstein, 1986) or rheumatoid

arthritis (Travis et al., 1990). Biopsy shows a

combination of intra-alveolar haemorrhage and hae-

mosiderosis. The haemosiderin, which provides

evidence of previous bleeding, is largely contained

within alveolar macrophages but may also impregnate

elastin in blood vessel walls and can be highlighted

with a Perl’s stain for iron.

2.2.3. Alveolar proteinosis
This is characterised by expansion of alveoli by

acellular finely granular lipoproteinaceous debris

(Fig. 7). It is classified into primary and secondary

type, a rare cause of secondary disease being dermato-

myositis (Samuels and Warner, 1988).

2.2.4. Eosinophilic pneumonia
This is characterised by expansion of alveoli by

eosinophils, macrophages and fibrinous debris, often

with eosinophils involving the interstitium. There

may also be focal intra-alveolar organisation and

eosinophilic micro-abscesses. The differential diag-

nosis includes a drug reaction but eosinophilic

pneumonia is described in patients with rheumatoid

arthritis (Papiris et al., 1995; Kwak et al., 2003).

2.3. Airways disease

CTDs may affect both the large and small airways in

relations to their walls and their lumens and, as in the

Figure 7. A case of polymyositis/dermatomyositis shows focal

proteinosis superimposed upon a background of NSIP-like fibrosis.

Figure 6. A case of amyloidosis is associated with lymphoid

hyperplasia and air-space destruction in a patient with Sjogren’s

syndrome.
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interstitial pneumonias, the relative incidences for

these histological patterns vary between disorders.

The inflammatory infiltrate may be acute and chronic

or chronic in CTDs and some groups use the term

‘cellular bronchiolitis’ as a descriptive term for such

infiltrates. In some cases, a combination of patterns

of bronchiolitis may be seen in the same patient

(Fig. 8).

2.3.1. Chronic bronchiolitis
This term typically refers to a variably intense non-

specific chronic inflammatory cell infiltrate within the

bronchial or bronchiolar walls (Fig. 8). In Sjogren’s

syndrome, some cases show a predilection for the

infiltrate to involve the seromucinous glands, leading

to glandular atrophy and xerotrachea (Papiris et al.,

1999).

2.3.2. Follicular bronchitis/iolitis
Follicular bronchitis/iolitis (FB) is part of the

spectrum of pulmonary lymphoid hyperplasia, with

FB at one end being peribronchiolar in location and

LIP showing interstitial predominance. As such, LIP

is part of the consensus classification for interstitial

pneumonias (Travis et al., 2002) whilst FB is viewed

primarily as an airways disorder. Both FB and LIP

are only exceptionally found in an idiopathic setting,

being most frequently seen in association with CTDs

or immunosuppression. Therefore, recognition of

these patterns in a patient with no recognised clinical

association should precipitate investigations along

these lines, particularly in children.

Histologically, FB is characterised by prominent

peribronchial lymphoid follicles with a minor inter-

stitial inflammatory component (Fig. 8). Hyperplastic

follicles may also been seen in the interlobular septa

and the visceral pleura. Compression of the airway

lumens not infrequently leads to obstruction and a

resultant intraluminal acute inflammatory cell infil-

trate, plus endogenous pneumonia in some cases.

FB should be distinguished from ‘follicular bronch-

iectasis’ a term used when prominent follicular

hyperplasia is accompanied by marked airway dilata-

tion, as seen in patients with conditions such as

cystic fibrosis.

2.3.3. Constrictive bronchiolitis
In constrictive bronchiolitis, the damaged respiratory

epithelium is replaced by chronic inflammatory

granulation tissue, often laid down in a circumfer-

ential pattern with narrowing and eventual oblitera-

tion of the airway lumen. This may occur in relation

to localised airway damage, such as distal to bronchi-

ectasis, or in a diffuse fashion as seen in some

CTDs (Fig. 8).

2.3.4. Bronchiectasis
Bronchiectasis is defined as a permanent abnormal

dilatation of the airways, usually associated with an

inflammatory cell infiltrate. Its causes are many, and

include most CTDs.

2.3.5. Bronchocentric granulomatosis
Bronchocentric granulomatosis is a necrotising gran-

ulomatous process that replaces the airway walls with

palisading granulomatous inflammation and fills the

lumens with necrotic debris (Fig. 9). Most cases relate

to allergy/infection, but rare non-infectious causes

include rheumatoid arthritis (Hellems et al., 1983;

Bonafede and Benatar, 1987).

2.4. Pleural disease

Pleural involvement in CTDs has been described as

acute fibrinous pleuritis, organising fibrous pleuritis,

chronic pleuritis and pleural fibrosis, although all

these terms likely relate to the degree and intensity of

active inflammation at this site (Fig. 10). Occasionally

palisading granulomatous inflammation may involve

the pleura in relation to rheumatoid arthritis. Marked

acute inflammation may also be seen, although

infection should first be excluded before diagnosing

a ‘sterile empyema’. Spontaneous pneumothorax has

been described in patients with ankylosing spondylitis

and Marfans’ syndrome.

2.5. Vascular disease

2.5.1. Pulmonary hypertension
The histologic features of pulmonary hypertension

typically vary in relation to the degree of raised

pulmonary arterial pressure, pulmonary hypertension
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defined as a mean resting pressure of above

25 mm Hg. When mild, the histological features are

typically those of medial hypertrophy (Fig. 11), with

progression through marked intimal hyperplasia

(Fig. 11), vasculitis with fibrinoid necrosis and

eventually plexogenic arteriopathy (Fig. 11), and are

essentially the same as those seen in primary pulmo-

nary hypertension. Early changes need to be distin-

guished from secondary changes related to an

associated interstitial pneumonia.

2.5.2. Thromboembolism
Patients with SLE and the anti-phospholipid syn-

drome may suffer from localised thromboembolism,

leading to pulmonary hypertension.

2.5.3. Vasculitis
Small vessel vasculitis may be occasionally seen in

association with CTDs, most frequently SLE.

2.6. Neoplasms

Evidence for an increased risk of carcinoma, lym-

phoma and Kaposi’s sarcoma is discussed in relation

to individual CTDs.

2.7. Others

Diaphragmatic and respiratory muscle dysfunction

and atelectasis are also features of CTDs, particularly

PM/DM and ankylosing spondylitis, respectively,

although these are rarely biopsied.

3. Pathology in relation to specific
connective tissue disorders

3.1. Systemic sclerosis

The most common pulmonary manifestations

of scleroderma/systemic sclerosis (SSc) are the

Figure 8. (A) A case of chronic bronchiolitis shows a moderately cellular infiltrate within the bronchiolar wall. The lumen contains

proteinaceous debris and macrophages. (B) In follicular bronchiolitis, prominent lymphoid follicles are present that compress airway lumens.

(C) In constrictive obliterative bronchiolitis, routine H&E staining shows a nodule of fibrosis and inflammation adjacent to a small artery.

(D) An EVG stain shows that this nodule is in fact the occluded airway lumen of the accompanying bronchiole. (E) In this patient with

rheumatoid arthritis, both follicular bronchiolitis (F) and constrictive obliterative bronchiolitis (OB) coexist in the same patient (EVG stain).

Figure 9. A case of bronchocentric granulomatosis shows palisad-

ing granulomatous inflammation destroying the airway wall with

fibrinopurulent cell debris in its lumen (B). The accompanying

vessel helps identify the destroyed airway (V).

Figure 10. A case of chronic pleuritis shows fibrous thickening and

mild non-specific chronic inflammation of the visceral pleura. The

underlying lung is within normal limits.
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interstitial pneumonias. Their prevalence at autopsy is

approximately 70% (D’Angelo et al., 1969; Wiede-

mann and Matthay, 1989), although this figure

overstates the frequency of pulmonary fibrosis in

SSc in routine clinical evaluation, as a large

proportion of SSc patients screened for lung disease

have sub-clinical involvement or lack clinical evi-

dence of interstitial lung disease (Harrison et al.,

1989). It has long been established that a fibrosing

alveolitis occurs in patients with SSc. These patients

have a better prognosis and different CT appearances

(Wells et al., 1994, 1997; Chan et al., 1997) when

compared to patients with lone cryptogenic fibrosing

alveolitis (i.e. without any associated disease pro-

cess). Early studies on histological features showed no

histologic differences between the two groups, other

than increased lymphoid hyperplasia in those patients

with SSc (Harrison et al., 1991). However, the

recognition and subsequent acceptance of NSIP as a

pattern of interstitial pneumonia have led to several

reviews of such patients, showing an incidence of

NSIP (Fig. 1) ranging from 55 to 77% of cases (Fujita

et al., 2001; Bouros et al., 2002; Kim et al., 2002). The

second most commonly seen pattern was UIP,

although importantly the adverse prognosis that is

associated with this pattern in idiopathic disease was

Figure 11. Features of pulmonary hypertension vary from (A) medial hypertrophy, and (B) marked intimal fibrous thickening through to (C)

plexogenic lesions in the most severe cases.
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not seen in patients with SSc. Indeed, no difference in

prognosis was seen even between cellular and fibrotic

variants of NSIP, with increased mortality in NSIP

only being associated with lower initial DL(CO)

levels, higher BAL eosinophil levels and deterioration

in DL(CO) levels during the three years following

biopsy (Bouros et al., 2002). Other histological

patterns seen in scleroderma include DIP and RB

although, as discussed earlier, it is likely that the

accumulation of macrophages is related to smoking

and either not relevant to symptoms or incidental to

the CTD (Moon et al., 1999; Yousem, 1990).

Organising pneumonia has been reported in

occasional patients (Bridges et al., 1992) although,

in some, the pulmonary manifestation has been

attributed to penicillamine therapy. DAD in relation

to presentation with ARDS in association with SSc

has also been occasionally reported (Muir et al.,

1997), as has the presence of sarcoid-like granulomas

(Fig. 12) (Biasi et al., 1998; Bouros et al., 2002).

However, whether these sarcoid-like changes relate to

the SSc or are incidental is unknown.

Pulmonary hypertension is typically seen in

patients with the CREST form of systemic sclerosis

(calcinosis cutis, Raynaud’s phenomenon, esophageal

dysfunction, sclerodactyly and telangiectasia). On

histology the small pulmonary arteries typically

show myxoid thickening of their walls with circum-

ferential intimal cell proliferation (‘onion-skinning’)

(Fig. 11) (Yousem, 1990). Plexiform lesions are

generally absent or scarce (Cool et al., 1997).

Pulmonary hypertension has been accelerated by

pregnancy (Landzberg et al., 1999). In some patients

pulmonary hypertension is caused by veno-occlusive

disease (Morassut et al., 1992).

Oesophageal involvement in systemic sclerosis

may result in aspiration pneumonia. The histologic

changes include alveolar wall necrosis, neutrophilic

exudation, and pulmonary haemorrhage; the latter

often shows brown discolouration due to the

production of acid haematin. There is associated

acute bronchitis and bronchiolitis with sloughing of

the mucosa (Johnson et al., 1989). Occasional cases

with isolated small airways disease have also been

reported (Yousem, 1990).

There have been numerous reported cases and series

of carcinoma of the lung arising on a background of

SSc, suggesting an increased risk of cancer among

patients. The strongest evidence for an increased risk

comes from a population-based follow up study in

Sweden where the standardised incidence ratio for all

cancers among patient with SSc was significantly

increased, including lung cancer (SIR ¼ 2.5)

(Rosenthal et al., 1993). The most commonly seen

neoplasm is adenocarcinoma, not infrequently with a

bronchioloalveolar pattern (Fig. 13) (Yang et al.,

2001), which may provide the pathologist with

significant problems in diagnosis, especially on small

biopsies. Goblet cell hyperplasia in association with

honeycomb change may be very difficult to

distinguish from a neoplastic proliferation lining

alveolar spaces (Nicholson, in press). However,

although there is an increased risk to operative

resection of non-small cell carcinomas on a back-

ground of pulmonary fibrosis, surgical excision

remains an option in the appropriate patient (Kumar

et al., 2003).

3.2. Rheumatoid arthritis

Histologic changes in the lungs of patients with

rheumatoid arthritis are diverse and may occur in

isolation or superimposed upon one another. How-

ever, with the exception of rheumatoid nodules, the

Figure 12. A patient with systemic sclerosis shows a sarcoid-like

granuloma adjacent to a bronchiole.
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histologic patterns do not differ from those seen in

cases due to other causes. Another factor to take into

account, particularly in rheumatoid arthritis, is that

lung injury occurs not uncommonly as the result of

drug therapy. Non-steroidal anti-inflammatory drugs

(NSAIDs) can cause asthma and eosinophilic

pneumonia, while the cytotoxic effects of gold and

penicillamine may result in DAD and pulmonary

fibrosis. The immunosuppressive effects of metho-

trexate may also result in varying patterns of

interstitial pneumonias, as well as opportunistic

infections and lymphoproliferative disease (Imokawa

et al., 2000).

In terms of incidence of pulmonary manifestations

of rheumatoid arthritis, pleuritis and pleural effusions

are the most common. The pleural effusions may be

unilateral or bilateral. Cytologic examination of the

fluid typically shows elongated and multinucleated

histiocytes, necrotic debris and inflammatory cells.

Lipid droplets may be visible in the cytoplasm of

neutrophils, similar to the ragocytes seen in the joint

fluid of arthritic patients. Superimposed bacterial

infection can result in empyema. Histology typically

shows fibrosis with often prominent chronic inflam-

mation including hyperplastic lymphoid follicles.

Less commonly, discrete pleural rheumatoid nodules

are seen or there is a linear granulomatous reaction

with the mesothelium replaced by palisading histio-

cytes. Rarely a cavitating intrapulmonary rheumatoid

nodule may result in a bronchopleural fistula and

pyopneumothorax (Davies, 1966).

Clinically overt pulmonary parenchymal disease

in the form of interstitial pneumonias has been

reported in approximately 5% of patients with

rheumatoid arthritis. All seven patterns of interstitial

pneumonias from the consensus classification have

been described in patients with rheumatoid arthritis

and studies from the 1980s reported that UIP and

organising pneumonia were relatively common

(Yousem et al., 1985; Hakala et al., 1990).

However, more recent data suggest that a pattern

of NSIP is more common using current criteria,

often with superimposed follicular bronchiolitis

(Tansey et al., in press).

Rheumatoid nodules occur in approximately

25% of patients with rheumatoid arthritis, usually

in those with severe disease. They typically occur in

the skin over pressure points but may also form in

a variety of viscera including the lungs, the heart,

and the spleen. In the lungs the rheumatoid nodules

are found most commonly in the subpleural regions

of the upper lung zones although they may also

occur within the substance of the lung and in the

trachea and bronchi. Pulmonary rheumatoid nodules

may be single or multiple, measure up to 7 cm

across and can increase or decrease in size

depending on disease activity. On histology they

show a central zone of fibrinoid necrosis sur-

rounded by a palisading rim of epithelioid histio-

cytes together with lymphocytes and plasma cells

(Fig. 14) (Walters and Ojeda, 1986; Yousem et al.,

1985). They enter the differential diagnosis of

necrotising granulomas and therefore infection

should be thoroughly excluded, before a diagnosis

of rheumatoid nodule is made.

Caplan’s syndrome is the co-existence of rheuma-

toid arthritis with a pneumoconioisis, typically coal

worker’s pneumoconiosis or silicosis. Patients

develop single or multiple large necrobiotic nodules

in the periphery of the lung. Similar to rheumatoid

nodules, the nodular lesions in Caplan’s syndrome

show central necrosis surrounded by palisading

histiocytes, fibroblasts and collagen. They differ

from rheumatoid nodules by their large size and by

the presence of circumferential bands or arcs of dust

within the necrotic centres of the lesions (Helmers

et al., 1991).

Figure 13. A case of non-specific interstitial pneumonia in systemic

sclerosis is complicated by a bronchioloalveolar carcinoma.
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The airway manifestations of rheumatoid arthritis

include follicular bronchiolitis and constrictive

bronchiolitis, with a recent study suggesting erythro-

mycin may be useful for the management of these

diseases (Hayakawa et al., 1996). Bronchiectasis and

bronchocentric granulomatosis have also been

described (Bonafede and Benatar, 1987; Hellems

et al., 1983). Vascular complications of rheumatoid

arthritis include pulmonary hypertension, vasculitis

and haemorrhage. All these histological patterns are

described earlier and do not differ from when they are

associated with other disorders. However, pulmonary

vasculitis may occur as an autoimmune phenomenon

or as a component of plexogenic pulmonary

arteriopathy.

Rheumatoid interstitial lung disease is also associ-

ated with an increased risk of lung carcinoma and

lymphoma, the risk being highest in patients who also

smoke (Mellemkjaer et al., 1996; Symmons, 1985;

Yang et al., 2001).

3.3. Systemic lupus erythematosus

Of all the CTDs, pleuropulmonary complications are

most frequent in SLE, although infection is the

most common complication and an important cause

of death. It is primarily caused by opportunistic

organisms in relation to the use of immunosuppressive

agents in treating the disease. The opportunistic organ-

isms include bacteria (M. tuberculosis, M. avium-

intracellulare), viruses (CMV, Herpes simplex,

Adenovirus), fungi (P. carinii, Candida, Aspergillus,

C. neoformans) and parasites (T. gondii) (Haupt et al.,

1981; Kim et al., 1999; Keane and Lynch, 2000).

The most common non-infectious complications

are pleuritis and pleural effusions (Haupt et al., 1981;

Keane and Lynch, 2000). Pleural biopsy typically

shows non-specific chronic inflammation or fibrosis.

Pleural effusions are usually small and bilateral. The

pleural fluid is usually an exudate rich in proteins

(.3 g protein per 100 ml); glucose concentrations are

normal. The fluid may contain lymphocytes and

neutrophils together with LE cells, degenerating

cells and nuclear debris. LE cells (haematoxylin

bodies) are phagocytes (usually neutrophils) which

have ingested effete nuclear material from other cells.

The nuclear material forms large haemotoxyphilic

inclusions that fill most of the cytoplasm of the

neutrophil, displacing the nucleus to the periphery.

Although virtually pathognomonic of SLE, LE cells

are only rarely identified in pleuropulmonary

material. Tubuloreticular inclusions (seen on EM of

lung biopsy specimens) are also highly suggestive,

although not specific, for SLE.

Pulmonary parenchymal disease in SLE most

commonly takes the form of DAD (clinically termed

‘acute lupus pneumonitis’), as described earlier

(Cheema and Quismorio, 2000; Haupt et al., 1981;

Keane and Lynch, 2000; Kim et al., 1999). Healing

may be by resolution, which involves fibrinolysis and

permits the lungs to return to normal, or more

commonly by repair, which involves organisation of

the fibrin exudate and fibrosis and leaves the lungs

permanently scarred. UIP and NSIP have also been

reported in SLE (Tansey et al., in press), as rarely

have organising pneumonia (Min et al., 1997), amylo-

idosis (Marenco et al., 1994) and LIP (Yood et al.,

1995).

Pulmonary vascular disease in SLE includes

pulmonary hypertension and vasculitis. Pulmonary

hypertension may be caused in part by a thromboem-

bolic arteriopathy which in turn has been linked to

the presence of lupus anticoagulant in the serum.

Figure 14. A rheumatoid nodule shows central necrosis surrounded

by a rim of palisading histiocytes, fibrosis and mild chronic

inflammation.
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Lung biopsies may show occlusion of small pulmon-

ary arteries by thrombi in various stages of organis-

ation. Veno-occlusive disease has also been described

(Kishida et al., 1993). Some patients develop a

lymphocytic or necrotising pulmonary vasculitis

with evidence of immune complex deposition. The

vasculitis may be complicated by diffuse alveolar

haemorrhage, which can be acute and life-threatening

or chronic (Churg et al., 1980; Haupt et al., 1981;

Myers and Katzenstein, 1986; Li and Tam, 1999).

Airway diseases in SLE include follicular bronch-

iolitis and constrictive bronchiolitis. There are also

rare cases of malignant lymphoma. Renal disease is

common in SLE and may lead to uraemic pulmonary

oedema. Finally, myopathic changes in the respiratory

muscles may produce the so-called ‘shrinking lung

syndrome’ which is characterised radiologically by

small lungs with elevated hemidiaphragms and basal

atelectasis.

3.4. Polymyositis/dermatomyositis

Pulmonary disease is less common in polymyositis/

dermatomyositis (PM–DM) than in other CTDs, with

the most common pleuropulmonary complication

being aspiration pneumonia due to weakness of the

striated pharyngeal muscles and depressed cough

reflex. Weakness of the intercostal muscles and

diaphragm may also result in respiratory insufficiency

(Lakhanpal et al., 1987). Biopsy of the intercostal

muscles and diaphragm in these cases typically shows

inflammation and degenerative changes in the myo-

fibres. In dermatomyositis the inflammatory infiltrate

is located predominantly around small blood vessels

and in the perimysial connective tissue, and there is

perifascicular muscular atrophy. In polymyositis, in

contrast, there is no evidence of vascular injury; the

inflammatory cells (CD8þ T-cells) are present within

the endomysium directly infiltrating and damaging the

muscle fibres.

In terms of interstitial pneumonias, studies have

now shown that NSIP is the most common form of

interstitial lung disease encountered in PM–DM

patients (82% of cases) (Douglas et al., 2001; Tansey

et al., in press). There is also a significant prevalence

of organising pneumonia, either alone or in combi-

nation with NSIP. Other reported patterns of

interstitial lung disease include DAD (Lakhanpal

et al., 1987), UIP and rarely alveolar proteinosis.

Other complications include pulmonary hyperten-

sion, vasculitis and pulmonary haemorrhage (Schwarz

et al., 1995). Pleuritis with pleural effusion is

uncommon in PM–DM and tends to occur only in

the setting of interstitial lung disease (Schwarz et al.,

1976).

3.5. Sjogren’s syndrome

The three most commonly seen complications of

primary Sjogren’s syndrome are small airways

disease, often with xerotrachea (dessication of the

tracheobronchial tree), interstitial pneumonias, and

lymphoproliferative disease (Constantopoulos et al.,

1984, 1985, 1992). In xerotrachea there is atrophy of

the tracheal and bronchial submucosal glands, which

results in dryness of the upper airways and the

production of thick tenacious secretions. Airway

clearance is impaired predisposing to bronchitis,

bronchiectasis, and pneumonia, which is a major

cause of death in these patients. Histologically

xerotrachea is characterised by a heavy submucosal

lymphoid infiltrate with destruction of the glandular

tissues (Constantopoulos et al., 1984; Papiris et al.,

1999).

Lymphoproliferative complications are also com-

mon in Sjogren’s syndrome, although not as common

as airway involvement. These include follicular

bronchiolitis, LIP, and non-Hodgkin’s lymphoma

(Hansen et al., 1989; Ito et al., 2003). The latter is

usually a marginal zone non-Hodgkin’s lymphoma of

mucosa-associated lymphoid (MALT) tissue.

Lung involvement is more common in secondary

than in primary Sjogren’s syndrome, often reflecting

the pulmonary manifestations of the associated

connective tissue disease. However, involvement

occurs in both and patterns of disease include

pleuritis, amyloidosis (Desai et al., 1997; Kobayashi

et al., 1988), bullae (Desai et al., 1997; Kobayashi

et al., 1988), pulmonary hypertension, and vasculitis.

Interstitial pneumonia may take the form of NSIP, and

more rarely UIP or more rarely organising pneumonia

(Deheinzelin et al., 1996; Gardiner et al., 1993; Ito

et al., 2003; Yamadori et al., 2002). Sjogren’s

syndrome may also rarely be associated with
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sarcoidosis, and they can occur together as part of the

TASS (Thyroiditis, Addison’s disease, Sjogren’s and

Sarcoidosis) Syndrome (Deheinzelin et al., 1988).

3.6. Mixed connective tissue disease (MCTD)

Pulmonary complications and their pathologic features

resemble those seen in SLE, SSc and PM–DM and

include interstitial pneumonia, pleuritis and pleural

effusion, pulmonary hypertension, and vasculitis. The

most serious complication is progressive pulmonary

arterial hypertension and cor pulmonale; rapid deterio-

ration and death can occur in spite of intensive medical

intervention. In these cases the pathologic features are

usually consistent with plexogenic pulmonary arterio-

pathy. Death due to massive alveolar haemorrhage has

also been described (Hosoda et al., 1987; Prakash,

1998; Wiedemann and Matthay, 1989).

3.7. Ankylosing spondylitis

Thoracic fixation due to costovertebral ankylosis is the

most common thoracic complication in these patients.

Those with long-standing disease may also develop

apical fibrobullous change. Lung biopsy in these cases

shows variable fibrosis and lymphocytic infiltration

with irregular cystic spaces lined by metaplastic

epithelium. These apical cysts may rupture resulting

in a spontaneous pneumothorax. They may also

become secondarily colonised by Aspergillus sp.,

resulting in the formation of a saprophytic fungal

ball, or colonised by opportunistic mycobacteria

(Rosenow et al., 1977; Lee-Chiong, 1998).

3.8. Relapsing polychondritis

Relapsing polychondritis is a rare CTD, in which

the cartilage of particularly the ears, joints and

respiratory tract is chronically destroyed by a

progressive inflammatory process. The disorder is

associated with other CTDs in about 25% of patients.

Involvement of the respiratory tract may result in

life-threatening tracheobronchial obstruction and/or

secondary infections. The lesions may be localised or

involve the entire upper airway. Histologically there is

erosion of the edges of affected cartilaginous rings

by a dense infiltrate of lymphocytes, neutrophils,

plasma cells and giant cells. The chondrocytes

degenerate and the cartilage is eventually replaced

by granulation tissue and fibrosis (Fig. 15) (Tanoue,

1992; Lee-Chiong, 1998).

3.9. Cutis laxa

This may be associated with pulmonary emphysema

and tracheobronchomegaly.

3.10. Marfan’s syndrome

Pulmonary complications include bronchial hyper-

reactivity (Konig et al., 1991), recurrent pneu-

mothoraces, and emphysema (Sharma et al., 1989).

3.11. Ehlers-Danlos syndrome

Reported pulmonary complications include pulmon-

ary haemorrhage, recurrent pneumothoraces, and

fibrous pseudotumours. There is also an association

with Mounier-Kuhn’s syndrome (tracheobronchome-

galy) in which the large airways are dilated with

saccular bulges between the tracheal and bronchial

cartilages. Bronchial clearance is impaired, resulting

Figure 15. A case of relapsing polychondritis shows erosion of the

cartilage plates with osseous metaplasia and focal replacement by

fibrosis.
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in recurrent respiratory infections and promoting

bronchiectasis in later life (Ayres et al., 1985; Corrin

et al., 1990).
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The connective tissue diseases are a heterogeneous

group of immunologically mediated disorders in

which the lungs are an important target organ due to

their abundant connective tissue. The most common

form of diffuse pulmonary lung disease in patients

with collagen vascular disorders is a chronic pulmon-

ary fibrosis, indistinguishable from other causes of

usual interstitial pneumonia (UIP). Rarely, the chronic

pulmonary fibrosis may precede the extrapulmonary

manifestations of the disease. Other complications of

connective tissue diseases include esophageal dys-

function leading to recurrent aspiration and secondary

infection (in scleroderma and mixed connective tissue

disease (MCTD)), respiratory muscle weakness con-

tributing to atelectasis and secondary infection (in

systemic lupus erythematosus (SLE) and polymyositis

(PM)), and drug-induced lung disease (methotrexate

and gold treatment in rheumatoid arthritis) (Lynch

and Hunninghake, 1992; Prakash, 1998; Wells, 2000).

Because the pathology of chronic interstitial pneu-

monia takes a limited number of forms, there also are

a limited number of radiographic manifestations

(Gamsu, 1992; Primack and Müller, 1998; Franquet,

2001). Although of limited value in detecting early

stages of disease, conventional chest radiography still

remains an invaluable aid in documenting the

presence of interstitial lung disease (ILD). Currently,

high resolution computed tomography (HRCT) is the

imaging method of choice in evaluating patients with

ILD. HRCT demonstrates the presence, gross charac-

teristics, and distribution of pulmonary disease with

greater sensitivity than conventional chest radio-

graphs and thereby may improve diagnosis. Addition-

ally, HRCT can clarify confusing radiographic

findings and direct invasive diagnostic procedures.

In certain clinical circumstances, HRCT findings can

suggest a specific diagnosis or indicate a potentially

treatable disease (Remy-Jardin, 1994; Niimi et al.,

1996; Johkoh et al., 1999a,b; Primack and Müller,

1998; Franquet, 2001).

This chapter is a general overview of the clinical

features and radiologic manifestations of those con-

nective tissue diseases that affect the lungs, including

abnormalities of the interstitium, airways, blood

vessels, pleura, and chest wall.

1. Rheumatoid arthritis

Rheumathoid arthritis (RA) is the most common of

the connective tissue diseases, affecting about 1% of

people worldwide, with a male to female ratio

between 1:2 and 1:4 (Shannon and Gale, 1992;

Tanoue, 1998; Wells, 2000). The disease can begin

at any age, but the peak onset is in the fifth decade of

life. The distribution of arthritis is usually symmetri-

cal and diffuse. Females are affected 2–3 times more

often than males. Although the most frequent

clinical manifestation of RA is articular symptoms,
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extra-articular manifestations occur in more than

three-quarters of cases with severe involvement

(Ayzemberg et al., 1983; Fortoul et al., 1985; Aquino

et al., 1994; Tanoue, 1998).

The pulmonary manifestations of RA are varied

and are likely to depend on multiple factors such as

the stage of disease in which patients are studied, the

source of patient referral, and the parameters used to

define disease.

Pleural involvement, either pleural effusion or

pleural thickening, is the most common thoracic mani-

festation of RA. Although pleural effusion is clinically

evident in only 5% of cases, pleural disease (i.e.

adhesions, thickening, or effusion) is found, in diffe-

rent autopsy series, in 38–73% of cases (Ayzemberg

et al., 1983; Shannon and Gale, 1992; Ippolito et al.,

1993). The effusion is usually small and unilateral but

may be large and bilateral. Occasionally, pleural

effusion may develop acutely in association with peri-

carditis or exacerbations of arthritis. However, the

majority of pleural effusions resolve spontaneously.

The degree of ILD in RA does not necessarily

correlate with the severity of underlying articular

involvement. Interstitial pulmonary fibrosis is more

common in men with seropositive disease and

rheumatoid nodules with a male to female ratio of

3:1. Smoking is a risk factor for the development of

pulmonary fibrosis (Tanoue, 1998). The radiographic

findings are often subtle, and chest radiographs may

be normal or show only discrete pleural abnormalities

or fine interstitial opacities (Gamsu, 1992; Fujii et al.,

1993; Remy-Jardin, 1994; Akira et al., 1999a,b). The

reported prevalence of pleuropulmonary abnormal-

ities in RA varies according to the criteria used to

define disease, ranging from low rates (5%) based on

chest radiographs to 41% based on abnormal

physiology and up to 71% based on the presence of

an alveolitis (Gamsu, 1992; Remy-Jardin, 1994;

Tanoue, 1998; Akira et al., 1999a,b). Patients with

high-titer rheumatoid factor are even more likely to

have an abnormal chest radiograph. Clear fibrosis and

honeycombing are only detected in the more severe

forms of the disease. In contrast, pulmonary function

tests were abnormal in 40% of patients with RA and

normal chest radiography. This fact suggests that

chest X-ray (CXR) is insensitive for lung disease in a

significant number of patients.

Although the ILD associated with RA is histologi-

cally indistinguishable from UIP, lung fibrosis is

usually slowly progressive (Yousem et al., 1985;

Rees et al., 1991). Another form of interstitial

pneumonia distinct from UIP, termed nonspecific

interstitial pneumonia (NSIP), may also occur in RA

(Katzenstein and Fiorelli, 1994). An NSIP pattern on

biopsy may be the presenting manifestation, preced-

ing the diagnosis of collagen vascular disease by

several months or several years. This process is

characterized by a diffuse lymphocyte and plasma cell

infiltrate associated with relatively little fibrosis.

HRCT is much more sensitive than CXR for the

detection of early interstitial changes. HRCT depicts

findings of fibrosis (i.e. interlobular septal thickening,

traction bronchiectasis and bronchiolectasis, and

honeycombing) and ground-glass opacity with a

characteristic peripheral lower lobe predominance

(Fig. 1) (Remy-Jardin, 1994; Akira et al., 1999a,b).

Other findings on computed topography (CT) include

pleural thickening or effusion, small centilobular

nodules, and large nodular opacities (rheumatoid

nodules) (Caplan, 1953; Primack and Müller, 1998).

The radiographic findings are indistinguishable from

those of cryptogenic fibrosing alveolitis. However, a

honeycombing pattern on HRCT is significantly less

common in various collagen vascular diseases than in

cryptogenic fibrosing alveolitis (Primack and Müller,

1998; Franquet, 2001).

Rheumatoid (necrobiotic) pulmonary nodules may

be single or multiple and are pathologically identical

Figure 1. Rheumatoid arthritis in a 49-year-old woman. HRCT

scan shows diffuse bilateral areas of patchy ground-glass opacities.

Note small cyst (honeycombing) in the anterior part of both upper

lobes. Open lung biopsy showed findings of mixed NSIP.
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to those found in subcutaneous tissue. The nodules

typically measure between 0.5 and 5 cm in size, are

well circumscribed, and may cavitate (Gamsu, 1992).

Pulmonary rheumatoid nodules may precede the

development of systemic disease. The reported

prevalence of rheumatoid nodules is variable, ranging

from low rates based on CXR to 22% in a series of 77

patients evaluated by HRCT (Fig. 2) (Cortet et al.,

1995). Although rheumatoid nodules are often

asymptomatic, spontaneous pneumothorax due to

the rupture of a cavitary necrobiotic nodule is a rare

complication of RA. In asymptomatic patients, a

solitary rheumatoid nodule may simulate malignancy.

Caplan’s syndrome is characterized by RA with

pulmonary rheumatic nodules in coal miners (Caplan,

1953; Shida et al., 1996).

Airways disease is being increasingly recognized

in RA and in other collagen vascular diseases (Wells,

2000). Small airways disease is difficult to diagnose

with chest radiography because findings may be subtle

or confusing. HRCT is well recognized as an accurate

method for assessing airways diseases (Remy-Jardin,

1994; Aquino et al., 1994; Primack and Müller, 1998;

Franquet, 2001). The association of bronchiectasis

and RA has been found in 20–35% of patients with

RA who have undergone HRCT (Remy-Jardin, 1994;

Hayakawa et al., 1996; Gabbay et al., 1997). Although

bronchiectasis was detected with a higher frequency

in patients with respiratory symptoms, HRCT findings

of bronchiectasis were identified in 8% of asympto-

matic patients (Gabbay et al., 1997). Recently, it has

been suggested that findings of airway obstruction

in RA are only secondarily related to bronchiectasis

and in fact primarily reflect the presence of oblit-

erative bronchiolitis (OB) (Fig. 3) (Aquino et al.,

1994; Hayakawa et al., 1996; Wadsworth and Hansell,

1999). OB is characterized histologically by the

presence of inflammation of the walls of membranous

and respiratory bronchioles and concentric narrowing

of the bronchiolar lumen caused by submucosal and

peribronchiolar fibrosis. The characteristic HRCT

findings of OB consist of areas of decreased

attenuation and vascularity with blood flow redis-

tribution resulting in areas of increased lung attenu-

ation and vascularity (‘mosaic perfusion’ pattern).

Expiratory HRCT scans have proved useful in the

evaluation of patients with a variety of lung diseases

characterized by obstruction of airflow (Aquino et al.,

1994; Remy-Jardin, 1994; Wadsworth and Hansell,

1999). Focal areas of air trapping may be present,

accentuated by images obtained at the end of

expiration. HRCT scans performed at end of maximal

expiration enable early detection of air trapping.

The extent of air trapping is a good predictor of

obstructive functional deficit in these patients

(Remy-Jardin, 1994; Wadsworth and Hansell, 1999).

Occasionally, focal areas of organizing pneumonia

(OP) are found in biopsy specimens of patients with

RA who present radiographically with peripheral

bands of air-space consolidation (Fig. 4) (Ippolito

et al., 1993; Remy-Jardin, 1994). OP is a histologic

description and not a specific diagnosis. Etiologies of

this OP pattern include toxic fume or dust inhalation

(extrinsic allergic alveolitis), post-infectious (Myco-

plasma, fungal, or viral), drug toxicity (gold salts,

cyclophosphamide, and methotrexate), and other

different collagen vascular diseases (Diehl et al.,

1996). Drug-induced pulmonary disease has been

reported in 3–18% of patients with RA treated with

methotrexate (Zamora et al., 1997). Methotrexate-

induced pneumonitis is thought to result from an acute

hypersensitivity reaction. Histopathologic findings are

Figure 2. Necrobiotic pulmonary nodule in a 48-year-old man with

longstanding rheumatoid arthritis. Close-up view of an HRCT scan

demonstrates a peripheral well-defined cavitated nodule in the right

lower lobe.
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nonspecific and include interstitial inflammation,

granuloma formation, and a diffuse pattern of alveolar

damage associated with perivascular inflammation.

HRCT findings may show heterogeneous or patchy

areas of bilateral ground-glass opacities, centrilobular

opacities, and intralobular interstitial thickening,

with a predilection for the lower lung fields (Imokawa

et al., 2000).

Follicular bronchiolitis, defined as lymphoid

hyperplasia of the bronchus-associated lymphoid

tissue (BALT), is a benign condition characterized

histologically by prominent hyperplasia of peribron-

chial and peribronchiolar lymphoid follicles (Fortoul

et al., 1985; Kinoshita et al., 1992; Howling et al.,

1999). Interestingly, in a large series of 12 patients

with biopsy-proven follicular bronchiolitis, 10

patients had connective tissue diseases (Hassan et al.,

1995). Although symptomatic follicular bronchiolitis

is rare, its recognition is important because it responds

well to corticosteroid therapy. Chest radiographs

typically demonstrate a heterogeneous nodular pat-

tern. HRCT findings consist of a mixed pattern of

Figure 3. Obliterative bronchiolitis in a middle-aged woman with rheumatoid arthritis. (A) Inspiratory HRCT scan demonstrates a typical

mosaic perfusion pattern. (B) High-resolution CT obtained at end-expiration shows patchy lobular areas of air trapping.

Figure 4. BOOP in a patient with rheumatoid arthritis under gold salts treatment. (A) Before steroid treatment chest radiograph shows bilateral

patchy lung consolidation with associated architectural lung distortion. (B) After treatment, plain film shows complete resolution of the

parenchymal opacities.
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multiple small centrilobular nodules associated with

patchy ground-glass opacity. The differential diag-

nosis of follicular bronchiolitis includes lymphocytic

interstitial pneumonia (LIP), also seen with increased

frequency in patients with connective tissue diseases,

particularly Sjögren’s syndrome (Koss et al., 1987;

Desai et al., 1997; Howling et al., 1999; Johkoh et al.,

1999a,b). In patients with LIP, small cysts are also a

common CT finding.

Although RA is more common in women,

pulmonary complications are more frequent in men

(Hassan et al., 1995). Pyopneumothorax, probably

due to rupture into the pleural cavity of a necrobiotic

nodule, pneumomediastinum, tracheomegaly, and

respiratory infection are complications occasionally

associated with RA (Hindle and Yates, 1965; Patel

et al., 2000).

2. Systemic lupus erythematosus

SLE is a chronic, multisystem disease of unknown

origin characterized by the presence of autoantibodies

against various cell nuclear antigens (Kim et al.,

2000). The clinical picture of SLE is extremely

variable and affected patients generally have dysfunc-

tion of multiple organ systems including the muscu-

loskeletal system, skin, kidney, and central nervous

system (Murin et al., 1998; Kim et al., 2000).

Pleuropulmonary disease will occur in more than

half of patients with SLE at some point during the

course of their illness (Schwab et al., 1993; Murin

et al., 1998). Although pleuritis, seen either as a dry

fibrinous exudate or an exudative effusion, is the most

common thoracic manifestation of SLE, diverse

pleuropulmonary manifestations including diaphrag-

matic dysfunction (‘shrinking lung syndrome’), acute

lupus pneumonitis, pulmonary hemorrhage, pulmon-

ary hypertension, and diffuse ILD have been

described in patients with SLE (Kim et al., 2000;

Warrington et al., 2000). Subclinical involvement

occurs frequently with autopsy series reporting a

prevalence of up to 93%. Pericardial inflammation is

less common clinically but may be found in up to 60%

of patients at autopsy. The diagnosis of pericarditis

may sometimes be difficult because most effusions are

relatively small. The CT scan demonstrates pleural

and pericardial thickening or irregularity in up to 70%

of cases (Bankier et al., 1995).

Acute lupus pneumonitis is an uncommon life-

threatening complication of SLE that is characterized

by fever, severe hypoxemia, and diffuse pulmonary

infiltrates (Braunstein et al., 1983; Schwab et al., 1993;

Orens et al., 1994). Pathologically, there is interstitial

edema and inflammation with intra-alveolar exudation

and hyaline membrane formation corresponding to

diffuse alveolar damage. The chest radiograph in acute

lupus pneumonitis shows a diffuse haziness, which

progresses to ‘widespread opacities similar to those

of pulmonary edema’.

In contrast to many other collagen vascular

diseases, SLE is not commonly associated with

chronic diffuse ILD. The incidence of radiographi-

cally visible lung involvement may be lower than the

true incidence because the radiograph may fail to

show small parenchymal abnormalities. In one study

of 48 patients with serologically proved SLE but no

clinical evidence of pulmonary involvement, only

three (6%) presented with some radiographic abnorm-

alities. Seventeen (38%) of the 45 patients who had

normal radiographs had abnormal findings on HRCT.

The most common abnormalities were interlobular

septal thickening, small rounded areas of consolida-

tion, and areas of ground-glass attenuation (Bankier

et al., 1995; Fenlon et al., 1996). Pulmonary fibrosis

resembling idiopathic pulmonary fibrosis (IPF) is

seen on HRCT in 30–35% of patients (Primack and

Müller, 1998). Ground-glass opacity and areas of

consolidation may be due to OP (Gammon et al.,

1992; Min et al., 1997). Findings of airways disease

such as bronchial wall thickness and bronchiectasis

may be seen in 20% of patients with SLE (Bankier

et al., 1995; Fenlon et al., 1996).

Diffuse alveolar hemorrhage (DAH) is a rare but

dramatic complication of SLE (Zamora et al., 1997).

High-titer anti-DNA and other clinical evidence for

active SLE (for example, serositis, rash, and poly-

arthritis) are present in more than 90% of cases. Lung

biopsy studies demonstrate nonspecific findings of

intra-alveolar hemorrhage and capillaritis. Other

diseases or clinical situations in which pulmonary

capillaritis may occasionally be discovered on lung

biopsy include: PM, antiphospholipid antibody syn-

drome, RA, Sjögren’s syndrome, and progressive

systemic sclerosis (SSc). Clinical features of the
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syndrome of DAH are variable, ranging from minimal

hemoptysis to fulminant respiratory failure. With

severe alveolar hemorrhage, mortality exceeds 30%

(Schwab et al., 1993; Zamora et al., 1997). The

radiographic appearance of DAH is that of nonspecific

diffuse air-space consolidation. HRCT scans can show

patchy bilateral and/or diffuse areas of ground-glass

attenuation with superimposed interlobular septal

thickening giving an appearance of a ‘crazy-paving’

pattern (Fig. 5) (Fenlon et al., 1996; Kim et al., 2000).

Although similar changes may be seen in patients with

pulmonary edema, lipoid pneumonia, alveolar protei-

nosis, and PCP infection, in the correct clinical

context these findings are strongly suggestive of

DAH (Bankier et al., 1995; Fenlon et al., 1996; Kim

et al., 2000). However, the distinction between these

entities sometimes requires bronchoscopy with

bronchioalveolar lavage (BAL).

A subset of patients with SLE may have an

increased incidence of recurrent venous and/or arterial

thrombosis (Wells, 2000). The so-called antipho-

spholipid antibody syndrome is defined by the

occurrence of thrombotic events and the presence of

autoantibodies against phospholipids (Zamora et al.,

1997; Prakash, 1998; Wells, 2000). Although pul-

monary thromboembolism and pulmonary hyper-

tension are the most common complications,

microvascular pulmonary thrombosis, pulmonary

capillaritis, and alveolar hemorrhage have also been

reported (Zamora et al., 1997). The antiphospholipid

antibody syndrome occurs most frequently in patients

with high titer IgG anti-cardiolipin antibodies or lupus

anticoagulant. Although initially described with SLE,

it has also been found in other rheumatic diseases,

malignancies, hematologic disorders, and viral infec-

tions. The mechanisms of this thrombotic diathesis

are uncertain, but these autoantibodies bind to target

antigens on endothelial cells, platelets or coagulation

factors producing a hypercoagulable state (Wells,

2000; Prakash, 1998).

Infection is the most common pulmonary compli-

cation in SLE. It is estimated that at least 50% of them

will suffer a severe infectious episode during the

course of the disease (Prakash, 1998). Patients

receiving high doses of corticosteroids or cytotoxic

agents, or with renal disease, are especially suscep-

tible to pulmonary infection. The usual bacterial and

opportunistic pathogens, mycobacterial and nocardial

infections seem to be particularly important in

patients with SLE (Fig. 6) (Mok et al., 1997). Acute

syndromes such as DAH and acute pneumonitis must

be differentiated from infectious complications.

SLE is also associated with increased risk of

malignancy, with lymphoma being the most common

(Murin et al., 1998). Recognition of this association is

important since lymphoma can mimic an exacerbation

of SLE with adenopathy, fever, malaise, and

splenomegaly.

Figure 5. A 53-year-old woman with SLE and diffuse pulmonary hemorrhage. HRCT scan shows extensive bilateral ground-glass opacities

with superimposed thickening of the interlobular septa with a ‘crazy-paving’ appearance.
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3. Progressive systemic sclerosis (SSc)
(scleroderma)

SSc is an uncommon inflammatory-fibrotic disease of

the skin (scleroderma) and some internal organs.

Morbidity and mortality are related directly to the

extent and severity of visceral involvement. The

CREST syndrome is a limited form of scleroderma

(subcutaneous calcinosis, Raynaud’s phenomenon,

esophageal dysmotility, sclerodactyly, and telangiec-

tasias). Raynaud’s phenomenon is the initial com-

plaint in about 70% of patients. Similar changes occur

in the vasculature of the heart, lung, kidneys, and

gastrointestinal tract and contribute to the dysfunction

of these organs (D’Angelo et al., 1969; Taorimina

et al., 1981; Minai et al., 1998).

Although ILD is the most common complication of

SSc, occurring in up to 75% of cases, in the majority of

patients the interstitial lung pathology is subclinical,

being completely asymptomatic in the early stages

like most other ILDs (D’Angelo et al., 1969). As with

other collagen vascular diseases, the incidence of

radiographically recognizable ILD is variable. In

patients with long-standing disease, pulmonary fibro-

sis may occur. Although advanced pulmonary disease

is easily detectable on chest radiographs, the limited

role of chest radiography in the detection of earlier

stages of lung involvement has also been well

documented. HRCT is the method of choice for

evaluating early parenchymal involvement (Silver

et al., 1976; Arroliga et al., 1992; Bhalla et al., 1993;

Remy-Jardin et al., 1993; Chan et al., 1997).

The HRCT findings of interstitial fibrosis in SSc

include ground-glass attenuation, subpleural reticular

opacities, traction bronchiectasis and bronchiolecta-

sis, architectural distortion, pleural thickening or

effusion, and centrilobular micronodules (follicular

bronchiolitis) in a predominantly peripheral and

basilar distribution (Fig. 7) (Fortoul et al., 1985;

Remy-Jardin et al., 1993; Primack and Müller, 1998).

SSc follows a less aggressive course and has a

better prognosis than IPF. NSIP is the histologic

pattern that is seen in the majority of patients with

SSc. A UIP pattern occurs in 8% of cases. HRCT

findings in patients who have SSc are ground-glass

opacities, reticular linear opacities, and subpleural

and diffuse honeycombing. Mediastinal lymphadeno-

pathy is seen in 40–58% of patients (Wechsler et al.,

1996), with a significant positive relationship between

lymphadenopathy and the presence of interstitial

disease (Bergin and Castellino, 1990; Wechsler et al.,

1996; Niimi et al., 1996).

In addition to interstitial fibrosis, SSc is commonly

associated with pulmonary vasculitis and pulmo-

nary hypertension. Pulmonary hypertension may

Figure 6. Nocardia infection causing multiple ill-defined cavitary nodules in a patient with systemic lupus erythematosus. Note multiple air-

fluid levels in the abscess cavities.
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occur independently of the degree of pulmonary

fibrosis (Lynch and Hunninghake, 1992; Prakash,

1998). On chest radiographs an enlargement of the

pulmonary arteries is observed (Wells, 2000). HRCT

imaging can show enlargement of the pulmonary

arteries and a bilateral diffuse mosaic pattern of lung

attenuation due to regions of hyperemia and oligemia

(Arroliga et al., 1992; Remy-Jardin et al., 1993;

Primack and Müller, 1998).

Esophageal dilatation is demonstrated on CT in

80% of patients with ILD (Bhalla et al., 1993).

Esophageal dilatation and dysmotility predispose to

aspiration pneumonitis and bronchiolitis. Aspiration

pneumonia appears to be a serious pulmonary

complication in patients with SSc, PM, and dermato-

myositis (DM), and is an important cause of morbidity

in such patients. On HRCT, aspiration bronchiolitis

can be diagnosed by the presence of tubular or

branched bronchioles distended with air or mucus.

Patchy areas of consolidation may also be observed in

association with bronchiolitis due to transbronchial

spread of aspirated material into peribronchial

alveolar space (Warrick et al., 1991; Bhalla et al.,

1993; Remy-Jardin et al., 1993; Primack and

Müller, 1998).

The prevalence of lung cancer is increased in

patients with SSc. Adenocarcinoma has been associ-

ated with concomitant lung disorders that produce

focal or diffuse fibrosis. Interestingly, although

bronchioloalveolar cell carcinoma (BACC) accounts

for less than 10% of primary lung tumors, up to 50%

of localized or diffuse forms of BACC are associated

with previous scarring in the lung as occurring in IPF,

RA, and SSc (Roumm and Medsger, 1985).

4. Sjögren’s syndrome

Sjögren’s syndrome (SS) is a chronic, inflammatory,

autoimmune disorder characterized by the triad of

keratoconjunctivitis sicca, xerostomia, and, in up to

50% of cases, a connective tissue disorder. SS that

only involves gland inflammation (sicca syndrome) is

referred to as primary SS (Lynch and Hunninghake,

1992; Prakash, 1998; Wells, 2000). Secondary SS not

only involves gland inflammation, but is associated

with a connective tissue disease, such as RA, SLE, or

scleroderma (Deheinzelin et al., 1996; Franquet et al.,

1997a,b; Cain et al., 1988).

The natural history and frequency of respiratory

involvement in primary SS remains a subject of

considerable controversy due to the differences in

studied populations (primary, secondary, or mixed

Sjögren’s patients) and the methods used to study the

respiratory system, which vary from predominantly

clinical to mainly functional. It is not surprising,

Figure 7. Chest radiograph in a patient who has progressive systemic sclerosis. (A) Bilateral ill-defined opacities are present in both lung bases.

(B) Corresponding CT scan shows typical features of interstitial lung fibrosis (honeycombing). Dilatation of the esophagus is also noted.

T. Franquet32



therefore, that the prevalence of pulmonary abnorm-

alities in SS range from 9 to 75% (Cain et al., 1988).

Lung abnormalities in secondary SS are often

dominated by associated autoimmune disease and,

as such, are difficult to distinguish from those that

characterize SS itself (Strimlan et al., 1976).

The frequency of lung involvement in patients

with primary SS is difficult to ascertain and varies

according to whether clinical, radiologic, functional or

pathologic criteria are used to diagnose lung disease

(Franquet et al., 1997a,b; Cain et al., 1988; Franquet

et al., 1999). It is characterized both by manifestations

of the associated rheumatic disease (secondary form

of SS) and by lesions related more specifically to SS

itself (Fig. 8). In early studies, radiographic analyses

were made on the basis of conventional radiographs

only and no distinction was established between the

primary and the secondary form of SS (Strimlan et al.,

1976). Various forms of pulmonary complications

have been reported in patients with primary SS,

including interstitial fibrosis (Fig. 9), small airways

disease (Franquet et al., 1997a,b), lymphocytic

interstitial pneumonitis (LIP) (Desai et al., 1997;

Johkoh et al., 1999a,b), pseudolymphoma and lym-

phoma (Hansen et al., 1989; Franquet et al., 1997a,b),

lung adenocarcinoma (Takabatake et al., 1999), atelec-

tasis, bronchiectasis (Franquet et al., 1997a,b), and

pulmonary hypertension.

ILD occurs in 4–52% of patients and is more

common in secondary SS or in patients with

primary disease with extraglandular features such as

Raynaud’s, renal disease, or intermittent purpura

(Strimlan et al., 1976; Franquet et al., 1997a,b). The

most common HRCT findings in SS consist of ground-

glass opacity, findings offibrosis, centrilobular nodular

opacities, and lung cysts (Franquet et al., 1997a,b).

Lymphoid infiltration of extranodal sites are

prominent features of SS (Koss et al., 1987; Hansen

et al., 1989; Nicholson et al., 1995; Deheinzelin et al.,

1996; Desai et al., 1997; Johkoh et al., 1999a,b).

These lesions include LIP, mucosa associated lym-

phoid tissue lymphoma or MALTOMA (Hansen et al.,

1989; Franquet et al., 1997a,b), and amyloidosis

(Desai et al., 1997).

LIP is a benign lymphoproliferative disorder

characterized by a diffuse interstitial proliferation of

small lymphocytes and plasma cells that have been

described in patients with SS, AIDS, autoimmune

thyroid disease, or Castleman’s disease (Nicholson

et al., 1995; McGuiness et al., 1995; Johkoh et al.,

1999a,b). Narrowing of both large and small airways

by a lymphocytic mucosal infiltration has been

documented and may account for obstructive venti-

latory changes noted at pulmonary function testing

(Deheinzelin et al., 1996). The radiographic manifes-

tations of LIP are nonspecific, ranging from interstitial

Figure 8. A 64-year-old woman with scleroderma. HRCT scan

through the lung bases shows typical features of interstitial lung

fibrosis. Note the dilatation of the upper esophagus.

Figure 9. A 59-year-old woman with Sjögren’s syndrome. HRCT

scan through the lung bases again shows typical features of

interstitial lung fibrosis with a patchy distribution of mild reticular

opacities in the right lower lobe and extensive honeycombing,

traction bronchiectasis, and marked loss of lung volume in the left

lower lobe.
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reticular opacities to nodular opacities. HRCT find-

ings of LIP include ground-glass attenuation, poorly

defined centrilobular nodules, and thickening of the

interstitium along the lymphatic vessels (Koss et al.,

1987; Johkoh et al., 1999a,b). Multiple cystic air-

spaces have also been typically described in patients

with LIP (Fig. 10) (Desai et al., 1997; Meyer et al.,

1997).

Moreover, patients with SS have a high risk of

developing primary non-Hodgkin lymphoma of the

lung (Hansen et al., 1989; Franquet et al., 1997a,b).

Radiographically, pulmonary lymphoma associated

with SS may present as a diffuse interstitial process or

as multiple nodular infiltrates (Hansen et al., 1989;

Franquet et al., 1997a,b). In a series of 50 patients

with primary SS, one patient (2%) had multiple ill-

defined pulmonary opacities with an associated air-

bronchogram visible on CT (Franquet et al., 1997a,b).

Lung biopsy obtained by thoracotomy demonstrated a

low grade B-cell lymphoma (BALTOMA).

The prevalence of subclinical bronchiolitis in SS is

therefore uncertain. Air trapping on expiratory HRCT

has been found in asymptomatic patients with normal

pulmonary function tests (Franquet et al., 1999). This

finding may represent obstructive bronchiolitis due to

submucosal lymphoid infiltration or fibrotic obstruc-

tion of small airways, but could also result from

mucous plugging (Franquet et al., 1999).

5. Mixed connective tissue disease

MCTD, or overlap syndrome, is a chronic inflamma-

tory autoimmune disease of unknown origin that has

a combination of SLE, scleroderma or SSc, and

PM/DM (Gamsu, 1992; Prakash, 1992, 1998).

Patients with this pattern of illness have features of

each of these three diseases. They also typically have

very high quantities of antinuclear antibodies (ANAs)

and antibodies to ribonucleoprotein (anti-RNP)

detectable in their blood. MCTD can occur at any

age, with the average age of onset in the third decade.

Eight out of 10 patients are women. Diagnosis of

MCTD as a different entity from lupus or RA is

difficult. The syndrome is characterized by joint pain,

muscle weakness, cardiac, lung and skin manifes-

tations, kidney disease, and dysfunction of the

esophagus. The symptoms of many of these patients

eventually evolve to become dominated by feat-

ures of one of three component illnesses, most

commonly scleroderma. It is now known that certain

patients can have overlap syndromes that involve

any combination of the connective tissue diseases

(Prakash, 1992, 1998; Lynch and Hunninghake, 1992;

Wells, 2000).

ILD and pulmonary hypertension are the most

common thoracic manifestations of MCTD. In a

Mayo Clinic series, ILD was noted in 21% of cases

(Prakash et al., 1985). The predominant abnormalities

on HRCT scans consist of ground-glass attenuation,

intralobular reticular opacity, subpleural small

nodules, and nonseptal linear opacity predominant in

the lower and peripheral lung fields (Fig. 11) (Kozuka

et al., 2001). Pulmonary hypertension is especially

seen when features of SSc are prominent (Silver et al.,

1976).

Pleural effusion or pleural thickening is noted in

less than 10% of cases and occurs in patients with

predominant SLE features. The effusions are typically

right-sided or bilateral. The incidence of esophageal

involvement is 80% and is associated with chronic

reflux and risk of aspiration pneumonitis. Other less

common thoracic manifestations of MCTD are

pulmonary hemorrhage and mediastinal lymphadeno-

pathy (Prakash et al., 1985; Prakash, 1992; Niimi

et al., 1996; Primack and Müller, 1998). Ill-defined

centrilobular opacities were uncommon and may

Figure 10. Lymphocytic interstitial pneumonia in a patient with

Sjögren’s syndrome. HRCT scan demonstrates bilateral thin-walled

cystic lesions in the lower lobes in a random distribution.
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reflect vascular or small airways disease in this

population.

6. Polymyositis and dermatomyositis

PM is an idiopathic inflammatory myopathy with

systemic manifestations, mediated by autoimmune

and cellular mechanisms. PM and DM are similar

disorders that differ in the predominance of skin or

muscle involvement. Young and middle-aged women

are more apt to be affected than men. The onset of

PM/DM in patients over 50 years may be the result of

an underlying malignancy (colon, breast, prostate,

lung, or uterus) (Dickey and Myers, 1984; Airio et al.,

1995; Ikezoe et al., 1996; Akira et al., 1999a,b).

Thoracic involvement is common in PM/DM,

resulting in: (a) direct involvement of the respiratory

muscles, (b) interstitial pneumonitis, and (c) aspira-

tion pneumonia secondary to pharyngeal muscle

weakness (Dickey and Myers, 1984; Shannon and

Gale, 1992).

The radiographic findings of interstitial fibrosis in

patients who have PM/DM are indistinguishable from

those seen in patients with IPF, and consist of a

symmetrical, predominantly basal, reticular or reticu-

lonodular pattern (Fig. 12) (Dickey and Myers, 1984;

Ikezoe et al., 1996; Akira et al., 1999a,b). In one series

of 25 patients, 23 had abnormal HRCT findings

including ground-glass attenuation (92%), linear

opacities (92%), air-space consolidation (52%),

small nodules (28%), and honeycombing (16%)

(Ikezoe et al., 1996). From the results of HRCT-

pathologic correlation, eight patients who had loca-

lized air-space consolidation had bronchiolitis

obliterans organizing pneumonia, two patients with

diffuse ground-glass opacity with air-space consolida-

tion had diffuse alveolar damage, and four patients

Figure 11. A 56-year-old woman with mixed connective tissue

disease. HRCT scan shows bilateral reticular opacities, ground-

glass attenuation and honeycombing predominantly in the sub-

pleural lung regions.

Figure 12. A 46-year-old man with PM. HRCT scan shows

bilateral areas of consolidation. The consolidation has a subpleural

distribution.

Figure 13. A 42-year-old woman with PM/DM. Abnormalities

predominate in the subpleural area. Ground-glass opacity is

superimposed on the abnormal reticulation. The fine reticular

pattern visible largely reflects intralobular interstitial thickening.

The distinction between normal and abnormal lung parenchyma is

clearly visible in the right lung. Bilateral small areas of

consolidation are also visible in a subpleural distribution.
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with honeycombing had UIP (Ikezoe et al., 1996).

Although the HRCT findings in patients with PM/DM

are similar to those in patients with other collagen

vascular diseases, the presence of areas of subpleural

consolidation secondary to bronchiolitis obliterans

organizing pneumonia may be helpful in the differ-

ential diagnosis (Fig. 13).

Spontaneous pneumomediastinum is a rare com-

plication of connective tissue diseases. Most of the

reported associations have been with DM, systemic

lupus, and RA (Wells, 2000; Prakash, 1998; Lynch

and Hunninghake, 1992).

Aspiration pneumonia has been reported to occur

in 15–20% of patients (Ikezoe et al., 1996).

7. Ankylosing spondylitis

Those most commonly affected by ankylosing

spondylitis are young men between 20 and 40 years

of age, 90% of whom are HLA-B27 positive (Lynch

and Hunninghake, 1992; Tanoue, 1992; Prakash,

1998; Wells, 2000). Although the exact prevalence

of pulmonary disease is rare and remains to be

determined, the prevalence of pulmonary disease

ranges from 0 to 30% of patients (Crompton et al.,

1974; Rosenow et al., 1977; Casserly et al., 1997;

Fenlon et al., 1997; Lee-Choing, 1998). The cause of

pulmonary involvement remains controversial but it

probably develops in patients with severe bone

changes. Radiographic manifestations are variable

and dependent on the chronicity of the disease

(Rosenow et al., 1977; Mayberry et al., 2000). The

earliest manifestation of the disease is thought to

be bilateral apical scarring. These radiographic

changes may mimic those of chronic tuberculosis

with apical fibrocavitary changes and cyst formation

(Fig. 13). Additional radiographic abnormalities such

as nonapical fibrosis, bronchiectasis, paraseptal

emphysema, and tracheobronchomegaly have also

been documented (Crompton et al., 1974). Bone

changes, consisting of symmetric marginal syndes-

mophytes (‘bamboo spine’), are usually visible on the

thoracic spine of patients with ankylosing spondylitis

who have pleuropulmonary abnormalities.

8. Parenchymal lung diseases other
than fibrosing alveolitis

The diagnosis of parenchymal lung diseases other

than fibrosing alveolitis poses a particular challenge to

the clinician, as several additional complicating

features may appear in a patient with connective

tissue diseases. Drug-induced lung disease, opportu-

nistic infections and malignancy may complicate the

clinical course of these patients. In many cases, they

present with nonspecific constitutional or respiratory

complaints and symptoms may be minimal or absent.

In these circumstances, the only evidence of an

ongoing pulmonary process may be an abnormal chest

radiograph.

8.1. Diffuse alveolar damage associated

with connective diseases

A form of rapidly progressive disease resembling the

Hamman-Rich syndrome (‘accelerated stage’) may

occur in patients with DM/PM, RA and SSc. A similar

syndrome (‘acute lupus pneumonitis’) is seen in up to

2% of patients with SLE. Diffuse alveolar damage,

OP, cellular interstitial pneumonitis, or a combination

of these are the underlying histologic findings. The

clinical picture is characterized by a severe acute

respiratory failure that often requires assisted mech-

anical ventilation (Kondoh et al., 1993; Akira et al.,

1997). Infection is an important differential diagnosis

and must be ruled out in all patients before considering

the diagnosis of diffuse alveolar damage. A chest

radiograph shows bilateral alveolar infiltrates which

can be patchy or densely consolidated. HRCT shows a

combination of ground-glass opacification, air-space

consolidation, bronchial dilatation, and architectural

distortion (Johkoh et al., 1999a,b). Because of the

difficulty in distinguishing rapidly progressive inter-

stitial pneumonitis from an infectious pneumonia, a

bronchoalveolar lavage and sometimes an open lung

biopsy are often warranted. Other possible diagnoses

are DAH and acute eosinophilic lung disease.

8.2. Drug-induced lung disease

Drug-induced pulmonary toxicity represents a signifi-

cant clinical problem in patients with connective
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tissue diseases. A large number of drugs have been

implicated in causing lung damage (Everts et al.,

1973; Sostman et al., 1976; Wolfe et al., 1983; Cooper

et al., 1986; Rossi et al., 2000). However, a definitive

diagnosis of a drug reaction is difficult to establish

because the clinical, radiologic, and histologic find-

ings are usually nonspecific. Most pulmonary drug

reactions remain suspected rather than proven.

Methotrexate is currently used as an anti-inflam-

matory agent in the treatment of RA and psoriasis.

Methotrexate-induced interstitial pneumonitis is the

most frequently encountered pulmonary toxicity in

RA. As many as 10% of patients receiving metho-

trexate will develop pulmonary toxicity (Cooper et al.,

1986). Moreover, in a previously reported series,

more than half of the patients with methotrexate

pneumonitis had RA (Camus et al., 2001). No

correlation with cumulative dose has been reported.

The mechanism of methotrexate-induced lung injury

is unknown. Chemotherapeutic drugs can result in

four main types of lung reaction: interstitial pneumo-

nitis and fibrosis, hypersensitivity reaction, acute

respiratory distress syndrome, and OP (Padley et al.,

1992; Ellis et al., 2000). The manifestations of

pulmonary toxicity are better visualized on HRCT

than on a chest radiograph. The HRCT findings reflect

the histologic findings and range from subtle hazy

areas of increased density (ground-glass opacities) to

patchy or homogeneous air-space consolidation

(Padley et al., 1992; Ellis et al., 2000). Interstitial

pneumonitis and fibrosis result in ground-glass and

irregular opacities that tend to involve the basal lung

zones. A hypersensitivity reaction to methotrexate can

result in extensive bilateral air-space consolidation.

Acute respiratory distress syndrome and an organiz-

ing pneumonia-like reaction can also result in

subpleural areas of consolidation. The pattern and

distribution of parenchymal abnormalities on HRCT

scan are indistinguishable from those of cryptogenic

organizing pneumonia (COP). In a significant number

of cases, the consolidation involves mainly the

peripheral or peribronchial lung regions (Primack

and Müller, 1998; Franquet, 2001). Other findings

include nodular or ground-glass opacities, and bron-

chial dilatation, most frequently seen in the periphery

of the lung (Oikonomou and Hansell, 2002). Pulmon-

ary toxicity has also been described in gold salts,

D-penicillamine, nonsteroidal anti-inflammatory

agents (NSAIDS), and sulphasalazine (Camus et al.,

1982; Khalil et al., 1993; Rosenow and Limper, 1995;

Tomioka and King, 1997).

Parenchymal abnormalities induced by drugs are

often difficult to distinguish from more common

illnesses or causes of acute exacerbation of an

ongoing illness such as infection, hemorrhage, heart

failure, or malignancy. In methotrexate-induced lung

disease, the clinical onset is relatively acute and new

mixed alveolar infiltrates may appear on a chest

radiograph (Primack and Müller, 1998; Franquet,

2001). A definitive diagnosis may be established on

the basis of: an appropriate history of exposure,

pulmonary opacities on chest radiograph or HRCT,

and exclusion of other pulmonary diseases, especially

infections (Camus et al., 2001).

OB, characterized by airflow obstruction, is a

well-recognized cause of progressive obstructing

lung disease in patients with RA. This complication

has been recognized as a consequence of either

penicillamine or gold salts therapy; however, many

cases have appeared in the absence of either

treatment (Wolfe et al., 1983). A chest radiograph

is usually normal or shows only hyperinflation. The

characteristic HRCT findings consist of a ‘mosaic

perfusion’ pattern with areas of decreased attenu-

ation and vascularity and other areas showing

increased attenuation and blood flow redistribution

(Aquino et al., 1999). CT is much more sensitive

than radiography, highlighting the distribution of the

areas of air trapping.

8.3. Opportunistic infections

Pulmonary infections are somewhat increased in

connective tissue diseases and may complicate the

clinical course of RA, SLE, and ankylosing spondy-

litis. Infections may be related to the immunologic

defects conditioned by the disease or its therapy. The

degree of neutropenia may predict the severity of

the infection and affect the prognosis. Respiratory

tract infection is an important cause of mortality in

patients with RA (Mutru et al., 1976). Previous series

have reported that pulmonary infection was the

cause of death in 15–19% of patients with RA

(Mutru et al., 1976; Koota et al., 1977). Etiologic

agents include Streptococcus, Staphylococcus,
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gram-negative bacteria including Pseudomonas,

and fungi (dermatomycosis, onychomycosis)

(Myllykangas-Luosujarvi et al., 1995). Fungal infec-

tion in RA patients is promoted by methotrexate and

corticosteroids. A clinical diagnosis of infectious

pneumonia can be made in light of a compatible

clinical picture, along with suggestive chest radio-

graphic features. Radiologically, the most common

finding of infectious pneumonia is a focal air-space

consolidation. Although the diagnosis is based on

radiograph appearance, it is important for clinicians to

appreciate that patients with pulmonary infiltrates on

the chest radiograph may have a noninfectious

process. Thus, the differential diagnosis should also

include other disorders such as OP and bronchioloal-

veolar carcinoma.

Infection is also the commonest pulmonary com-

plication in SLE, accounting for about 50% of

pleuropulmonary manifestations. Patients under a

high dose of steroid administration or cytotoxic agents,

or with renal disease, are especially susceptible to

pulmonary infection. Bacterial pathogens cause more

than 90% of the infectious episodes in SLE patients

(Staples et al., 1974; Petri, 1998). A chest radiograph

shows unilateral or bilateral pulmonary areas of

consolidation that usually involve the lower lung

zones. Thin-section CT is more sensitive than radio-

graphs in the detection and assessment of pulmonary

complications associated with connective tissue dis-

eases. Pulmonary nocardiosis has been well described

in SLE patients treated with corticosteroids. Radio-

graphically, it usually presents as lung nodules, which

are often cavitated. Other infections occasionally

described in patients with SLE include tuberculosis

and other mycobacterial infections, Pneumocystis

carinii, Rhodococcus spp., and Pseudomonas spp.

Acute lupus pneumonitis, hemorrhage, ARDS, and OP

can result in similar radiologic findings (Onomura

et al., 1991; Wiederman and Matthay, 1992;

Bankier et al., 1995; Primack and Müller, 1998;

Franquet, 2001).

In patients with ankylosing spondylitis, cavities

may develop within distorted fibrotic apical tissue.

Secondary superinfection of these cavities with

Aspergillus has been described in some of these

patients (Casserly et al., 1997; Fenlon et al., 1997).

Life-threatening hemoptysis is an occasional compli-

cation of mycetoma formation within cavities and

may be controlled by bronchial artery embolization

(Franquet et al., 2004).

Aspiration pneumonia needs to be considered in

patients with pharyngeal muscle weakness and

esophageal motor disturbances (DePaso, 1991).

Recurrent aspiration of oral-pharyngeal contents is

frequent among patients with PM/DM and pulmonary

systemic sclerosis. Aspiration pneumonia is the most

important cause of mortality in patients with PM/DM.

The radiologic manifestations of aspiration pneumo-

nia consist of unilateral or bilateral segmental areas of

air-space consolidation in the dependent lung zones

(Kennedy et al., 1981; Lee et al., 1995). Associated

bronchiolitis can also result from aspiration episodes.

On thin-section CT, aspiration bronchiolitis is charac-

terized by tubular or branched bronchioles which

reflect the presence of bronchiolar dilatation with

associated mucous impaction and infection. Patchy

areas of consolidation may be observed in association

with bronchiolitis due to transbronchial spread of

aspirated material into peribronchial space.

Exogenous lipoid pneumonia is most often due to

the aspiration of mineral oil in patients with

esophageal disorders or gastroesophageal reflux, but

may also be due to the aspiration of oily nose drops or

to inhalation of oil-based sprays. Lipoid pneumonia

may be an incidental finding on chest radiography of

an asymptomatic patient. Lipoid pneumonia can result

in a variety of patterns, depending on the amount of

aspirated substance (Kennedy et al., 1981; Lee et al.,

1995). Chest CT may demonstrate focal areas of fat

attenuation in the consolidation, or a ‘crazy-paving’

pattern consisting of ground-glass consolidation

with superimposed septal lines (Franquet et al.,

1997a,b).

8.4. Malignancy

Different studies have provided evidence of an

increased incidence of lung cancer in patients with

connective tissue disease (Yang et al., 2001; Hill et al.,

2003). Lung cancer arises in previously damaged or

fibrotic tissue and is frequently of the bronchiolo-

alveolar (BACC) or adenocarcinoma type rather than

the more common squamous cell type. Although

BACC accounts for less than 10% of primary lung

tumors, up to 50% of BACC is associated with
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previous scarring in the lung (Fig. 14) (Yang et al.,

2001; Hill et al., 2003). Occupations such as

construction work, coal work, and sugarcane farming,

and chronic interstitial disease, especially in patients

with scleroderma, are associated with an increased

incidence of bronchioloalveolar carcinoma.

LIP is a benign process frequently seen in RA and

SS. The CT features consist of ground-glass opacifica-

tion, air-space consolidation, poorly defined centri-

lobular nodules, and cystic-air spaces (Johkoh et al.,

1999a,b). The formation of cystic dilated air spaces

may be related to peribronchiolar lymphoid hyperpla-

sia. Additionally, patients with RA, SLE, and SS are at

increased risk of developing hematologic malignan-

cies, especially lymphomas (Hansen et al., 1989;

Li et al., 1990; Cordier et al., 1993; Franquet et al.,

1997a,b). Up to 70% of primary lymphomas of the lung

are BALT lymphomas. In one study of 50 patients with

primary SS, one patient (2%) had BALT lymphoma

(Franquet et al., 1997a,b). Radiographically, the most

common findings are solitary or multiple pulmonary

nodules or multiple areas of patchy consolidation

(Fig. 15) (Matteson and Ike, 1990). However, air-space

consolidations may be also associated with areas of

OP (Lee et al., 1997; Koyama et al., 2001).

PM/DM is associated with increased incidence of

lung cancer, cancer of the stomach and ovaries, and

lymphomas (Sigurgeirsson et al., 1992). The diagnosis

of cancer may precede, coincide, or follow the

diagnosis of PM/DM and it significantly affects

prognosis (Zantoss et al., 1994).

8.5. Concurrent processes that might be

masked by DPLD

Several studies have reported enlarged mediastinal

nodes in association with a variety of chronic ILDs and

connective tissue disease (Niimi et al., 1996; Bhalla

et al., 1993). The detection of lymphadenopathy in

these patients can be the cause of considerable clinical

concern. However, it should be emphasized that

enlarged mediastinal lymph nodes do not necessarily

indicate the presence of an associated malignancy. The

cause of enlargement of the mediastinal lymph nodes is

not yet understood and usually represents a reactive

hyperplasia.

Bronchiectasis can be a frequent finding in patients

with RA. HRCT studies show that up to 30% of

patients with RA have bronchiectasis unassociated

with ILD. This rate of occurrence is more frequent

than in other connective tissue diseases. Con-

sequently, in RA patients with bronchiectasis, recur-

rent pulmonary infections may occur (bronchiectasis

can be morphologically classified into three types:

cylindric, varicose, and cystic). Traction bronchiecta-

sis is a distinct type of bronchial dilatation occurring in

Figure 14. HRCT in a 56-year-old woman with progressive

systemic sclerosis and associated lung carcinoma. The HRCT

scan shows a bilateral fine reticular pattern in a patchy and

subpleural distribution. Multiple peripheral nodules representing

multifocal bronchiolo-alveolar cell carcinoma are also seen. Note

that an air-bronchogram is visible within some of the nodules.

Figure 15. A 62-year-old woman with Sjögren’s syndrome. HRCT

scan shows a bilateral thin-walled cystic lesions in a random

distribution. Multiple ill-defined pulmonary nodules representing

MALT lymphoma are visible. Note extensive areas of ground-glass

opacity in the lower lung zones.
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patients who have pulmonary fibrosis because of

traction by fibrous tissue on the bronchial wall.

On HRCT, bronchiectasis should be differentiated

from traction bronchiectasis in which underlying lung

parenchyma is not affected by fibrotic disease.

8.6. HRCT in relation to key clinical issues

The patient-effective radiation dose from a postero-

anterior chest radiograph is approximately 0.05 mSv.

Conversely, conventional chest CT and spiral CT

pitch 1 results in an effective patient dose of

approximately 7.0 mSv, 140 times that of a single-

view chest radiograph. CT is an invaluable cross-

sectional imaging technique in the assessment of

pulmonary, mediastinal and chest wall abnormalities.

The introduction of helical single-detector row

computed tomography and more recently multi-

detector row CT has greatly increased the clinical

indications for CT. The increase in population

radiation exposure from CT has been of concern to

radiologists, medical physicists, and govern regula-

tors. It has been shown that three low-dose, thin-

section CT sections provide an effective dose

comparable to that of posteroanterior chest radiogra-

phy (0.05 mSv), with no significant loss of diagnostic

accuracy in ILD (Lee et al., 1994; Mayo et al., 2003).

Although the rate of pulmonary disease pro-

gression is variable, the great majority of connective

tissue diseases are relentlessly progressive. Clinical

and physiologic deterioration in a patient with

connective tissue disease most often represents

disease progression. Pulmonary function tests and

HRCT are the most useful noninvasive diagnostic

methods for detection and follow-up, as well as

assessing the response to therapy of an ILD.

Radiologists and medical practitioners must be

attentive to their responsibility to maintain an

appropriate balance between diagnostic image and

radiation dose (Lee et al., 1994; Mayo et al., 2003).
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Air-trapping in primary Sjögren’s syndrome: correlation of

expiratory CT with pulmonary function tests. J. Comput. Assist.

Tomogr. 23, 169.

Franquet, T., Müller, N.L., Flint, J.D. 2004. A patient with

ankylosing spondylitis and recurrent hemoptysis. Eur. Respir.

J. 23, 488.

Fujii, M., Adachi, S., Shimizu, T., Hirota, S., Sako, M., Kono, M.

1993. Interstitial lung disease in rheumatoid arthritis: assess-

ment with high-resolution computed tomography. J. Thorac.

Imaging 8, 54.

High Resolution Computed Tomography of the Lungs 41



Gabbay, E., Tarala, R., Will, R., Carroll, G., Adler, B., Cameron, D.,

Lake, F.R. 1997. Interstitial lung disease in recent onset rheu-

matoid arthritis. Am. J. Rev. Respir. Crit. Care Med. 156, 528.

Gammon, R.B., Bridges, T.A., al-Nezir, H., Alexander, C.B.,

Kennedy, J.I. Jr. 1992. Bronchiolitis obliterans organizing

pneumonia associated with systemic lupus erythematosus. Chest

102, 1171.

Gamsu, G. 1992. Radiographic manifestations of thoracic involve-

ment by collagen vascular diseases. J. Thorac. Imaging 7, 1.

Hansen, L.A., Prakash, U.B., Colby, T.V. 1989. Pulmonary
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patient with Sjögren’s syndrome and cystic lung disease. AJR

168, 101.

T. Franquet42



Min, J.K., Hong, Y.S., Park, S.H., Park, J.H., Lee, S.H., Lee, Y.S.,

Kim, H.H., Cho, C.S., Kim, H.Y. 1997. Bronchiolitis obliterans

organizing pneumonia as an initial manifestation in patients

with systemic lupus erythematosus. J. Rheumatol. 24, 2254.

Minai, O.A., Dweik, R.A., Arroliga, A.C. 1998. Manifestations of

scleroderma pulmonary disease. Clin. Chest Med. 19, 713.

Mok, C.C., Yuen, K.Y., Lau, C.S. 1997. Nocardiosis in systemic

lupus erythematosus. Sem. Arthritis Rheum. 26, 675.

Murin, S., Wiedemann, H.P., Matthay, R.A. 1998. Pulmonary

manifestations of systemic lupus erythematosus. Clin. Chest

Med. 19, 641.

Mutru, O., Koota, K., Isomaki, H. 1976. Causes of death in

autopsied RA patients. Scand. J. Rheumatol. 5, 239.

Myllykangas-Luosujarvi, R.A., Aho, K., Isomaki, H.A. 1995.

Mortality in rheumatoid arthritis. Semin. Arthritis Rheum. 25,

193.

Nicholson, A.G., Wotherspoon, A.C., Diss, T.C., Hansell, D.M.,

Du Bois, R., Sheppard, M.N., Isaacson, P.G., Corrin, B. 1995.

Reactive pulmonary lymphoid disorders. Histopathology 26,

405.

Niimi, H., Kang, E.Y., Kwong, J.S., Carignan, S., Müller, N.L. 1996.

CT of chronic infiltrative lung disease: prevalence of media-

stinal lymphadenopathy. J. Comput. Assist. Tomogr. 20, 305.

Oikonomou, A., Hansell, D.H. 2002. Organizing pneumonia. Eur.

Radiol. 12, 1486.

Onomura, K., Nakata, H., Tanaka, Y., Tsuda, T. 1991. Pulmonary

hemorrhage in patients with systemic lupus erythematosus.

J. Thorac. Imaging 6, 57.

Orens, J.B., Martinez, F.J., Lynch, J.P. 3rd 1994. Pleuropulmonary

manifestations of systemic lupus erythematosus. Rheum. Dis.

Clin. North Am. 20 (1), 159.

Padley, S.P.G., Adler, B., Hansell, D.M., Müller, N.L. 1992. High-

resolution computed tomography of drug-induced lung disease.

Clin. Radiol. 46, 232.

Patel, A., Kesler, B., Wise, R.A. 2000. Persistent pneumomedia-

stinum in interstitial fibrosis associated with rheumatoid

arthritis. Chest 117, 1809.

Petri, M. 1998. Infections in systemic lupus erythematosus. Rheum.

Dis. Clin. North. Am. 24, 423.

Prakash, U.B.S. 1992. Lungs in mixed connective tissue disease.

J. Thorac. Imaging 7, 55.

Prakash, U.B. 1998. Respiratory complications in mixed connective

tissue disease. Clin. Chest Med. 19, 733.

Prakash, U.B.S., Luthra, H.S., Divertie, M.B. 1985. Intrathoracic

manifestations in mixed connective tissue disease. Mayo Clin.

Proc. 60, 813.

Primack, S.L., Müller, N.L. 1998. Radiologic manifestations of the

systemic autoimmune diseases. Clin. Chest Med. 19, 573.

Rees, J.H., Woodhead, M.A., Sheppard, M.N., du Bois, R.M. 1991.

Rheumatoid arthritis and cryptogenic organising pneumonitis.

Respir. Med. 85, 243.

Remy-Jardin, M. 1994. Lung changes in rheumatoid arthritis: CT

findings. Radiology 193, 375.

Remy-Jardin, M., Remy, J., Wallaert, B., Bataille, D., Hatron, P.Y.

1993. Pulmonary involvement in progressive systemic sclerosis:

sequential evaluation with CT, pulmonary function tests, and

bronchoalveolar lavage. Radiology 188, 499.

Rosenow, E.C., Limper, A.H. 1995. Drug-induced pulmonary

disease. Semin. Respir. Infect. 10, 86.

Rosenow, E.C., Strimlan, C.V., Muhn, J.R., Ferguson, R.H. 1977.

Pleuropulmonary manifestations of ankylosing spondilytis.

Mayo Clin. Proc. 52, 641.

Rossi, S., Erasmus, J.J., McAdams, H.P., Sporn, T.A., Goodman,

P.C. 2000. Pulmonary drug toxicity: radiologic and pathologic

manifestations. RadioGraphics 20, 1245.

Roumm, A.D., Medsger, T.A. Jr. 1985. Cancer and systemic

sclerosis: an epidemiologic study. Arthritis Rheum. 28, 1336.

Schwab, E.P., Schummacher, H.R. Jr., Freundlinch, B., Callegari,

P.E. 1993. Pulmonary hemorrhage in systemic lupus erythema-

tosus. Sem. Arthritis Rheum. 23, 8.

Shannon, T.M., Gale, M.E. 1992. Noncardiac manifestations of

rheumatoid arthritis in the thorax. J. Thorac. Imaging 7, 19.

Shida, H., Chiyotani, K., Honma, K., Hosoda, Y., Nobechi, T.,

Morikubo, H., Wiot, J.F. 1996. Radiologic and pathologic

characteristics of mixed dust pneumoconiosis. RadioGraphics

16, 483.

Sigurgeirsson, B., Lindelof, B., Edhag, O., Allander, E. 1992. Risk

of cancer in patients with polymyositis or dermatomyositis: a

population-based study. N. Engl. J. Med. 326, 363.

Silver, T.M., Farber, S.J., Bole, G.G., Martel, W. 1976. Radio-

logical features of mixed connective tissue disease and

scleroderma—systemic lupus erythematosus overlap. Radi-

ology 120, 269.

Sostman, H., Matthay, R., Putman, C., Smith, G. 1976. Methotrex-

ate-induced pneumonitis. Medicine (Baltimore) 55, 371.

Staples, P., Gerding, D., Decker, J., Gordon, R.S. Jr. 1974.

Incidence of infections in systemic lupus erythematosus.

Arthritis Rheum. 17, 1.

Strimlan, C.V., Rosenow, E.C. 3rd, Divertie, M.B., Harrison, E.G.

Jr. 1976. Pulmonary manifestations of Sjögren’s syndrome.
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CHAPTER 3

Pulmonary Arterial Hypertension in Connective Tissue Disease

Christopher P. Denton*, Carol M. Black
Centre for Rheumatology, Royal Free Hospital, London NW3 2QG, UK

1. Introduction

As with many of the major organ-based complications

of rheumatic disease, there has been a substantial

growth in understanding of pathogenesis and

improvements in management of pulmonary hyper-

tension by drawing upon the considerable progress

that has been made addressing this complication in

other contexts and in cases of idiopathic or primary

pulmonary hypertension (PPH). The first important

consideration is one of terminology. Pulmonary

hypertension can occur for several reasons and

consensus amongst experts as to the correct terminol-

ogy and classification has been an important mile-

stone. The mechanisms by which pulmonary

hypertension can arise that are relevant to rheumatic

disease are listed in Table 1. These mechanisms need

to be considered in the context of the rheumatic

disease in which they occur and also in the light of

recent classification systems that have been revised

and reviewed.

The principles of management of pulmonary

hypertension depend upon the underlying disease. In

cases of severe interstitial lung fibrosis with hypoxia

and pulmonary hypertension, the management is that

of the underlying interstitial disease and treatment of

hypoxia. In cases of pulmonary vasculitis, treatments

should include immunosuppression and corticoster-

oids. Thromboembolic disease can arise in a number

of ways. Pulmonary embolism can complicate inter-

current illness, venous stasis, and operative pro-

cedures, or may be a manifestation of a thrombotic

tendency. Of the latter, the most important cases are

those with antiphospholipid antibody syndrome.

Pulmonary venoocclusive disease is another import-

ant cause for pulmonary hypertension that should be

excluded during the initial investigation of suspected

cases.

Clinically, the most important group of patients

with rheumatic disease and pulmonary hypertension

are those with systemic sclerosis (SSc). It is now

appreciated that many patients with scleroderma

appear to have a pulmonary vasculopathy. This may

be part of a more general vascular disease and

correlates, for example, with the presence of renal

hypoperfusion. In SSc-associated pulmonary hyper-

tension, advances in therapy have been made possible

by applying treatments developed for PPH to

scleroderma-associated disease. This is logical as the

pathology of both conditions appears to be very

similar, with evidence of fibroproliferative occlusion

of the pulmonary arterial tree associated on occasion

with vasospasm. The latter appears less frequent than

in idiopathic disease but can still, on occasion, be

associated with improvements in cardiac output.

Many of the studies of new therapies for pulmonary

arterial hypertension (PAH) have included patients

with SSc-associated disease and so some comparative

efficacy data are available. Overall, these results have

supported inclusion of such patients but suggest that

SSc-associated cases may do less well than those with

idiopathic disease.
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There have been major clinical advances over the

past 5 years in the management of PAH, both within

and outside the context of connective tissue diseases

(CTDs). In particular, there have now been several

clinical trials confirming efficacy for parenteral or

inhaled prostacyclin analogues and also for an oral

endothelin receptor antagonist. These therapies are

now licensed for use in primary or CTD-associated

PAH in many countries.

The earliest reports of PAH as a complication of

scleroderma are of historical interest (Young and

Mark, 1978; Sackner et al., 1966), but it has almost

certainly been an under-recognised complication and

may well have often been misdiagnosed as interstitial

pulmonary fibrosis (IPF). It is likely that cases of

cardiac involvement from SSc are, on occasion,

attributable to decompensated PAH. There has been

an excess of cardiac mortality in almost all published

series of SSc survival and a substantial proportion of

deaths may have resulted from unrecognised pulmon-

ary vascular disease or secondary cardiac problems.

2. Prevalence

There is a wide range in reported frequency of PAH in

SSc. This probably results from differences in

diagnostic criteria and patient populations examined.

The best data come from cardiac catheter studies,

although these may underdiagnose the prevalence, as

most patients must present a clinical suspicion of PAH

in order to proceed to this invasive test. Our own data

suggest a prevalence of 12–15% in a hospital-based

cohort (Mukerjee et al., 2003). This is within the

published range of 5–50% of SSc cases (Magdiliano

et al., 2002).

A key factor in studies of prevalence and natural

history in SSc-associated pulmonary hypertension is

the way in which PAH is diagnosed. This includes the

methods used to detect PAH, notably Doppler

echocardiography, pulmonary function tests or right

heart catheterisation (RHC). Refinements including

stress echocardiography have also been evaluated.

Some studies have used lower thresholds than others

and this is generally reflected by higher frequency of

PAH and better outcome overall. It has been

suggested that isolated low Dlco measurements over

a long period of observation may be especially

predictive of evolving PAH in SSc (Steen and

Medsger, 2003) and this may reflect progression of

a chronic sublinical pulmonary vasculopathy.

The relationship between the severity or pattern of

SSc and PAH is unclear. The isolated form is

associated with classical limited cutaneous systemic

sclerosis (lcSSc) (previously termed CREST syn-

drome) and with anticentromere ACA reactivity

(Steen and Medsger, 2003; Mitri et al., 2003). It is

also seen in dcSSc associated with anti fibrillarin

autoantibodies (U3RNP) (Sacks et al., 1996). Overlap

syndromes may also be associated with PAH through

other mechanism such as antiphospholipid antibody

syndrome or lupus vasculitis (Tanaka et al., 2002).

3. Survival

Outcome in SSc is largely determined by the pattern

and severity of internal organ-based manifestations.

For some complications, such as accelerated phase

hypertension and scleroderma renal crisis, there are

robust clinical tools for diagnosis and the clinical

presentation is inevitable relatively soon after onset of

the involvement. For others, diagnosis is dependent

upon more sophisticated assessment methods and

presentation can be insidious. Thus cardiorespiratory

involvement from SSc can arise due to cardiac

complications (fibrosis, inflammatory cardiomyopa-

thy, systemic hypertension, haemodynamically sig-

nificant pericardial effusion), respiratory involvement

(interstitial lung disease) or pulmonary hypertension.

Together, these account for most cases of SSc-related

Table 1

Mechanisms for pulmonary hypertension in scleroderma

Pulmonary arterial hypertension

Vasospasm

Proliferative changes (predominant)

Pulmonary vasculitis

Thromboembolic disease

Pulmonary embolism—e.g. antiphospholipid antibody syndrome

Chronic venous thromboembolic disease

Pulmonary fibrosis

Pulmonary venous hypertension

Myocarditis

Concurrent coronary artery disease

Myocardial fibrosis
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mortality but it is pulmonary hypertension that has

benefited from substantial advances over the past

several years in appreciation of its diagnosis,

definition of clinical patterns and especially from

progress. The development of novel therapies appears

to improve the clinical symptoms and may reduce

mortality in advanced cases. Pulmonary hypertension

is a relatively common complication, although its

exact prevalence is unclear. Most hospital-based

series suggest that PAH occurs in around 10–15%

(Coghlan and Mukerjee, 2001). Three patterns of

PAH should be considered. First, there are cases,

especially complicating lcSSc, in which there is

severe isolated PAH. Secondly, there are cases of

PAH complicating IPF. Finally, there may be a third

type of pulmonary vascular disease occurring in SSc

that reflects the vascular pathology of the disease and

results in a more indolent pulmonary process. This

would potentially account for those individuals who

appear to have very slowly progressive PAH in the

context of lcSSc and those who have a secondary

pulmonary vascular component in the context of

relatively mild fibrosis, distinct from the severe

interstitial process seen in true secondary PAH. It is

noteworthy that secondary PAH in other forms of lung

fibrosis is only seen at the last stages of disease

associated with very extensive tissue destruction and

especially with hypoxia. Thus, as described elsewhere

in this volume there are important differences between

SSc-associated lung fibrosis and cryptogenic fibrosing

alveolitis (CFA), also termed IPF. Likewise, although

there are similarities between idiopathic or familial

primary PAH and SSc-associated isolated PAH these

do not apply to all cases. Definition of the pathology

and natural history of PAH in SSc is an important goal

for current clinical research. Drawing an analogy with

other aspects of the disease, clinical heterogeneity

seems likely and it may ultimately be possible to sub-

classify this complication, just as the patterns of lung

fibrosis, skin involvement or severity of Raynaud’s

phenomenon may be segregated.

A number of reports have confirmed that PAH in

SSc has a major impact on survival and outcome. In a

recent study (Kawut et al., 2003), the survival of

patients with SSc-related PAH was shown to be

substantially worse that those with similar baseline

haemodynamics and primary PAH. This difference

may reflect comorbidity such as lung fibrosis or other

life-threatening involvements but is also consistent

with observations that the pathology of these two

conditions may be different. A pivotal study by Koh

et al., examined a small number of cases but deter-

mined a median survival of 50% at 12 months if PAH

was present (Koh et al., 1996). Here, PAH diagnosis

was based upon echocardiography. A study from our

own unit suggested differences in survival according

to the level of PAH by echo-Doppler at diagnosis

(MacGregor et al., 2001). Pressures remained static in

most cases but the mortality among those with a single

pressure reading of 30 mm Hg or higher was 20% at

20 months. An increased mortality risk was associated

with high initial pressures and rising pressures. Rapid

pressure rises occurred more frequently in limited

than in diffuse SSc.

These simple studies probably overlook important

differences between SSc-PAH patients. As discussed

above it is likely that different patterns of disease have

varying natural histories and this may reflect funda-

mental differences between patient subsets and or

pathogenic process. It is clear that advanced PAH is

progressive and has a high mortality and likely that

this can be improved using advanced modern therapy,

by analogy with PPH. It is less clear how milder forms

progress and whether the difference in natural history

suggested by cohort studies reflects earlier diagnosis

or different progression. This is an important question

for future examination.

4. Aetiopathogenesis of PAH in CTD

Unlike skin disease, studies of biology and pathoge-

netic mechanism in PAH are hampered by the relative

inaccessibility of lung tissue for histological and cell

culture analysis. Moreover, whereas biopsies may be

performed in some patients with active interstitial

lung disease to aid diagnosis and classification, this

cannot be justified in cases of SSc-associated PAH

due to the risk of haemorrhage. Direct examination of

lesional tissue is, therefore, only possible in surgical

resection specimens or at autopsy. There is inherently

a bias towards established or end-stage pathology

from such studies and relatively little information

concerning early events. The aetiology of PAH in SSc

is likely to be complex and multifactorial. There are

major pathological and histological similarities
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between SSc-associated PAH and primary PAH but

differences also exist. The initial lesion is unclear but

a plausible sequence of events involves a predisposed

individual and genetic predisposition. There is likely

to be a balance between protective or predisposing

alleles at a number of loci that interact either at the

level of gene expression or via gene products. In

primary PAH and especially cases of familial PAH,

this appears to involve mutations in a member of

the TGFb superfamily of receptors (Lane et al., 2000;

Thomson et al., 2000). BMPR2 mutations in either

the intracellular kinase domain or the long cyto-

plasmic tail are implicated in approximately 50%

of familial cases (Rudarakanchana et al., 2002).

A smaller number of familial cases are associated

with mutations in the Alk1 receptor, an accessory

TGFb receptor (Trembath et al., 2001; Trembath

2001). Although studies have not suggested that either

of these loci are involved as susceptibility alleles

for SSc-associated PAH (Morse et al., 2002), it is

recognised that altered expression of TGFb super-

family receptors, interacting proteins or downstream

signalling molecules occurs in SSc and some,

although not other, studies have associated TGFb1

single nucleotide polymorphisms (SNPs) with SSc or

its clinical subsets (Crilly et al., 2002). Recent reports

have linked fibrillin SNP haplotypes with idiopathic

or clustered SSc (Tan et al., 2001) and TGFb2 linked

microsatellite markers with SSc (Susol et al., 2000).

Thus, there is a body of evidence implicating

potentially systemic alterations in the TGFb family

ligand-receptor axis with SSc. However, there is also

a prominent vascular phenotype in SSc and this is

manifest in the skin by telangiectasis, and on mucosal

surfaces, for example, as angiodysplastic lesions or

gastric antral venous ectasia (GAVE) (Watson et al.,

1996). In addition, there is evidence of widespread

endothelial cell (EC) activation or damage in SSc and

this may be the earliest lesion in this disease (Yamane

et al., 2000). Furthermore, markers of EC activation

have been reported to be elevated in SSC-associate

PAH, suggesting the possibility that early EC

pathology may be important in SSc-related PAH

(Stratton et al., 2000, 1998). Finally, the end-stage

lesion of PAH is microvascular luminal obliteration/

attenuation with medial and adventitial fibrosis and

with proliferative lesions and intimal hyperplasia.

This may be somewhat distinct from the endothelial

lesions in primary PAH that have been shown to be

clonal and which are associated with a characteristic

plexiform lesion in primary PAH. These features

have, however, been much less extensively studied in

SSc-associated disease and data are conflicting. It is

very likely that SSc-associated PAH in some clinical

contexts such as isolated PAH may be more similar

histologically and even mechanistically to primary

PAH. In other contexts, SSc-related PAH may be

quite different from primary PAH, as the latter

sometimes demonstrates haploinsufficiency of the

BMPR2 gene (Machado et al., 2001). Primary

proliferative abnormalities within the pulmonary

arterial wall have been suggested to contribute to

the characteristic endothelial lesions in PAH and so

altered expression or function of TGFb superfamily

members may be highly relevant. Interestingly, the

histology of digital arteries is very similar to that of

PAH, with medial and advential fibrosis leading to

structural luminal narrowing (Yi et al., 2000). There

are also some histological similarities between PAH

and the vascular changes of hypertensive renal

scleroderma crisis, although the rate of progression

is much more acute in SRC. This may reflect the

higher pressures involved, differences between the

pulmonary and renal microvasculature or other

pathogenic factors. Although the vascular manifes-

tations of SSc may all have a vasospastic element, it

does not seem likely that reversible vasospasm is the

major process underlying established lesions. Defects

in the balance of vasoconstrictors and vasodilators

may be important and it is notable that effective agents

in the treatment of these complications (prostacyclin

analogues, endothelin receptor blockers and ACEIs

for SRC) all have vasodilatory properties and that

elevated levels of the potent vasoconstrictor ET-1 are

a feature of SSc-associated PAH (Vancheeswaran

et al., 1994). It has been suggested that altered

sensitivity of voltage gated potassium channels in the

pulmonary arterial smooth muscle may be involved in

initiation or progression of primary PAH (Yuan et al.,

1998). Almost all SSc patients have Raynaud’s

phenomenon; it is possible that defects in vasomotor

regulation occur at sites other than the digital vessels.

Deficiency in natural vasodilators such as endo-

thelium-derived nitric oxide or excessive vasocon-

strictors such as endothelin-1 might contribute to

pathogenesis. It is possible that the less severely
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involved vessels may be responsive to vasodilatation

and that some of the short-term benefits of therapy

occur in this way. It is very unlikely to be a prominent

longer-term mechanism for PAH, as the time-course

of improvement is generally over days or weeks and

some form of structural remodelling is much more

likely. It is interesting that endothelin receptor

blockade is antifibrotic (Shi-Wen et al., 2001) and

also that iloprost appears to downregulate expression

of a potentially important downstream profibrotic

mediator, connective tissue growth factor (CTGF)

(Stratton et al., 2001). It seems likely that down-

regulation of profibrotic factors is an important aspect

of therapy and perhaps explains the time-course for

improvement in patients treated with advanced PAH

therapies such as prostacyclin analogues and the

apparent clinical benefit even in cases when pulmon-

ary vasoresponsiveness cannot be demonstrated on

acute challenge.

Recent data have suggested that a more general

defect in TGFb signalling may underlie other cases

of PAH. Expression of angiopoeitin or its receptor

TIE2 have been demonstrated to be reduced in

PAH samples. Moreover, a link between this ligand-

receptor axis and expression of BMPR1 has been

suggested, thereby unifying the presence of defects

in the BMP signalling pathway in patients with

PAH (Du et al., 2003). Further studies are needed

to determine whether these abnormalities may be

extrapolated into other causes of pulmonary hyper-

tension, although a recent animal model overexpress-

ing angiopoetin developed histological and

haemodynamic evidence of pulmonary hypertension

(Sullivan et al., 2003).

5. Clinical manifestations

The clinical features attributed to pulmonary hyper-

tension are similar in the context of CTD to those in

other clinical situations. Thus, breathlessness,

especially on exertion, is generally the first symptom.

In taking a history it is important to precisely define

the nature, duration and severity of dyspnoea and its

impact on function. Patients with CTD may have

other musculoskeletal or vascular causes for breath-

lessness or other pathologies such as anaemia, cardiac

disease or interstitial lung disease or pleural effusion.

These features are dealt with elsewhere in this book.

Another cardinal symptom is chest pain, due to right

ventricular angina. The nature and distribution of this

pain may be atypical and it is important to try and

avoid confusion with symptoms of oesophagitis or

oesophageal spasm which are very frequent in some

CTDs such as SSc. Syncope or near-syncope can

occur due to systemic hypotension and features of

right heart failure with ankle or sacral oedema can be

elicited. On examination, signs of an accentuated

pulmonary component of the second heart sound,

right ventricular parasternal heave or elevated right-

sided filling pressure (JVP) may confirm the presence

of significant PAH. However, most cases of early

PAH are likely to be asymptomatic and signs will

develop later than symptoms. This makes it crucial to

elicit a full and appropriate history in all cases of CTD

in which a diagnosis of PAH may be entertained.

Other disease features should also be noted, such as

clinical evidence of vasculitis or scleroderma, or

suggestions of a predisposition to thrombosis, such as

the rash of livedo reticularis that is often associated

with antiphospholipid antibody syndrome.

The heterogeneous nature of pulmonary hyperten-

sion is illustrated by the current classification of

disorders leading to pulmonary hypertension

(Table 2). These conditions are differential diagnoses

for PAH-complicating SSc. As discussed above, PAH

in SSc has probably been underdiagnosed in the past.

Clinical features probably occur relatively late in the

natural history. It has been suggested that pulmonary

vascular disease can occur in SSc without necessarily

progressing to haemodynamically significant pulmon-

ary hypertension (Magdiliano et al., 2002). This may

account for the frequent observation of mildly

impaired Dlco and Kco in SSc patients despite normal

Doppler-echocardiography. It is unclear whether

these cases represent early disease or a subset with

more indolent progression and this should be defined

better in prospective series that are currently being

collected. The earliest symptom is probably exertional

breathlessness or reduced exercise capacity. Sympto-

matically this may lead to dyspnoea on exertion,

commonly first noted when climbing stairs or hills.

Later this can occur at rest. There are, of course,

important other reasons for dyspnoea in SSc (anaemia

or interstitial pulmonary disease or mechanical
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restriction in ventilation) and for diminished exercise

tolerance (e.g. general constitutional symptoms,

musculoskeletal disease, cardiac or intrinsic lung

manifestations). Other symptoms that occur at later

stages are chest pain due to right ventricular angina

and syncope or near syncope on exertion due to

reduced cardiac reserve. Late-stage disease leads to

features of right-sided cardiac failure including ankle

swelling. Operationally PAH can be graded into fours

groups based upon modified New York Heart

Association criteria. The widely used Class I to IV

classification is summarised in Table 3.

In established disease, clinical examination can be

confirmatory with features of loud pulmonary second

sound due to accelerated valve closure, parasternal

heave due to right ventricular strain and signs of

elevated right-sided filling pressures (elevated JVP

and prominent jugular venous pulsation), together

with fluid retention (ankle/sacral oedema, ascites).

Tachypnoea at rest or central cyanosis (peripheral

cyanosis is very common in SSc due to Raynaud’s

phenomenon) are late events. Anecdotal evidence

suggests that patients with significant isolated PAH

in lcSSc often have extensive and increasing

cutaneous vascular lesions.

Although these clinical features are important,

emphasis should be upon pre-clinical or early

diagnosis and, therefore, depends upon other investi-

gation. Traditionally, most emphasis has been placed

upon a combination of PFT and Doppler-echocardio-

graphy supplemented by ECG, although changes

are likely to be present on Echo before the ECG

Table 2

World Health Organisation Diagnostic classification of pulmonary

hypertension (1998)

Pulmonary arterial hypertension

Primary pulmonary hypertension

Sporadic

Familial

Related to:

Connective tissue disease

Congenital systemic to pulmonary shunts

Portal hypertension

HIV infection

Drugs/toxins

Anorexigens

Other

Persistent pulmonary hypertension of the newborn

Other

Pulmonary venous hypertension

Left-sided atrial or ventricular heart disease

Left-sided valvular heart disease

Extrinsic compression of central pulmonary veins

Fibrosing mediastinitis

Adenopathy/tumors

Pulmonary veno-occlusive disease

Other

Pulmonary Hypertension associated with disorders of the

respiratory system and/or hypoxemia

Chronic obstructive pulmonary disease

Interstitial lung disease

Sleep disordered breathing

Alveolar hypoventilation disorders

Chronic exposure to high altitude

Neonatal lung disease

Alveolar-capillary dysplasia

Other

Pulmonary hypertension due to chronic thrombotic and/or embolic

disease

Thromboembolic obstruction of proximal pulmonary arteries

Obstruction of distal pulmonary arteries

Pulmonary embolism (thrombus, tumour, ova/parasites, foreign

material)

In situ thrombosis

Sickle cell disease

Pulmonary hypertension due to disorders directly affecting the

pulmonary vasculature

Infammatory

Schistosomiasis

Sarcoidosis

Other

Pulmonary capillary haemangiomatosis

Table 3

1998 World Health Organisation functional classification of

pulmonary hypertension (modified after the New York Heart

Association functional classification)

Class I Patients with pulmonary hypertension but without

resulting limitation of physical activity. Ordinary

physical activity does not cause undue dyspnoea or

fatigue, chest pain or near syncope

Class II Patients with pulmonary hypertension resulting in slight

limitation of physical activity. They are comfortable at

rest. Ordinary physical activity causes undue dyspnoea,

fatigue, chest pain or near syncope

Class III Patients with pulmonary hypertension resulting in

marked limitation of physical activity. They are

comfortable at rest. Ordinary physical activity causes

undue dyspnoea or fatigue, chest pain or near syncope

Class IV Patients with pulmonary hypertension with inability to

carry out any physical activity without symptoms.

These patients manifest signs of right heart failure.

Dyspnoea and/or fatigue may even be present at rest.

Discomfort is increased by any physical activity
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becomes abnormal. The most typical PFT abnorm-

ality in isolated PAH is a reduction in CO transfer

factor (Tlco or Dlco) with preservation of lung

volumes. Kco (Krogue coefficient, defined by Dlco/al-

veolar volume) is generally proportionately reduced

in these cases but longitudinal studies suggest that

Dlco is probably less subject to variation. In SSc, the

Kco is of most value in excluding significant intrinsic

pulmonary disease in patients showing a restrictive

pattern of respiratory impairment due to chest wall

pathology such as diffuse skin involvement or

thoracic muscle weakness. In such cases, Kco

generally will be much higher than the Dlco or

FVC. It is of some value in assessing patients with

mixed pulmonary vascular and fibrotic disease since

Kco will tend to be higher than Dlco if there is

predominant pulmonary vascular disease but reduced

if changes are the result of interstitial pathology

(Bouros et al., 2002). However, it has been observed

that isolated and often transient changes in CO

diffusing capacity are quite common in SSc. The

explanation for this is unclear but may relate to altered

regulation of ventilation and perfusion resulting in

ventilation:perfusion mismatch. Pulmonary function

tests, therefore, must be interpreted in the clinical

context and repeated if results seem inconsistent.

Tobacco smoking, it should be noted, will also lead to

a depressed transfer factor. Echocardiography has

been shown to be a useful tool for PAH assessment.

There may be structural changes on the Echo

suggesting elevated PAP such as increased pulmonary

acceleration time, altered movement of the interven-

tricular septum, impaired right ventricular function or

pulmonary outflow dilatation. It is often possible to

estimate the peak (systolic) pulmonary artery pressure

(PAP) by combining echocardiography with Doppler

assessment of the regurgitant blood jet velocity

through the tricuspid valve. Accuracy of the measure-

ment varies, assessment is operator dependent and a

mild degree of regurgitation may be especially hard to

assess. Doppler-echocardiography is most reliable

when performed by an experienced observer. In this

case it has a high sensitivity and specificity for

detecting PAH. We have previously compared

echocardiographic assessment with RHC in 33 SSc

patients in whom routine clinical assessment had

raised strong suspicion of PHT (pulmonary hyper-

tension). Sixty-four percent of these patients had PHT

(PASP (pulmonary artery systolic pressure) at least

30 mm Hg) on RHC, and echocardiography correctly

identified 19 of these (sensitivity 90%). Of the 12

patients without PHT on RHC, nine were correctly

identified by echocardiography (specificity 75%). The

five incorrectly classified patients all had PASP in the

borderline normal/abnormal range (Denton et al.,

1997). Overall there is a strong correlation between

Doppler estimated peak PAP and that determined at

right heart catheter but in practice this is influenced by

extreme values and in the clinically important range

of 30–45 mm peak pressure has false positive or

negative rates of around 30% compared to RHC

(Mukerjee et al., 2002). Attempts to improve

diagnostic sensitivity have been assessed. Most

promising are stress tests, especially including echo

assessment during or immediately after exercise. The

former requires specialised equipment but has pro-

duced promising data (Chemla et al., 2001); the latter

has only been used so far in small studies, but may be

useful. It is possible that alternative forms of cardiac

provocation may ultimately be more useful. Dopa-

mine stress testing does not appear to be especially

additive to regular tests with normal responses present

in more than 30% of patients with exercise induced

PAH by right heart catheter (Mukerjee et al., 2002). It

is possible that alternative forms of cardiac provoca-

tion may ultimately be more useful, particularly as

dobutamine may have specifically beneficial effects

on pulmonary haemodynamics that compensate for

the cardiac stress associated with acute administration

(Vizza et al., 2001).

6. Diagnostic investigations

There are now well-established diagnostic criteria for

PAH. Clinical features and simple investigations such

as ECG, Doppler-echocardiogram and pulmonary

function tests are useful and also assist with important

differential diagnoses such as cardiac involvement or

interstitial lung fibrosis. Other causes for PHT must be

excluded and ventilation:perfusion (V:Q) scans or CT

pulmonary angiogram (CTPA) are important.

Additional cardiac tests might also be needed to

exclude coronary arterial or intrinsic cardiac disease.

Inflammatory myocarditis is often associated with
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elevated CKMB and troponin levels. Gated cardiac

MRI appears to be a valuable research tool that may be

applied to the diagnosis of both cardiac and pulmon-

ary vascular disease through its effects on cardiac

cavity and muscle mass (Boxt, 1999) and movement.

One study in a mixed group of PAH cases has shown

that a calculated ventricular mass index (VMI)

provides an accurate means of estimating PAP non-

invasively, and compared the results with conven-

tional Doppler echocardiography and invasive

measurement. A total of 26 subjects referred for

investigation of pulmonary hypertension were studied

by MRI and echocardiography within 2 weeks of

cardiac catheterisation. Sensitivity and specificity for

pulmonary hypertension were 84 and 71%, respect-

ively, for the MRI, compared with 89 and 57% for

echocardiography. The calculated VMI provides an

accurate and practical means of estimating PAP non-

invasively in pulmonary hypertension and may

provide a more accurate estimate than Doppler

echocardiography. This may be because it reflects

the right ventricular response to sustained pulmonary

hypertension over a long period and is not influenced

by short-term physiological variables affecting echo-

cardiography, such as heart rate, posture, hydration

status and oxygen supplementation (Saba et al., 2002).

MRI has also proven useful for assessing cardiac

involvement in SSc (Karwatowski et al., 2000), with a

recent study showing that duration of SSc correlated

with left ventricular mass ðr ¼ 0:7; p , 0:05Þ;

the coefficient of variation of velocity ðr ¼ 0:63;

p , 0:05Þ; and inversely with the mean left ventricular

diastolic long-axis velocity ðr ¼ 20:63; p , 0:05Þ:

The authors concluded that there was a relationship

between duration of scleroderma and both left

ventricular mass and diastolic function, which may

result from increased myocardial fibrosis. The value

of echo-Doppler, dobutamine stress echocardiography

and exercise testing is discussed above.

Current criteria define PAH as a resting mean PAP

above 25 mm Hg or an exercise mean PAP of greater

than 30 mm Hg by RHC (Denton et al., 1997). These

levels are accepted internationally and precise defi-

nition is important for comparison of cohorts and

standardisation of therapy. However, there are many

causes for PAH based upon these criteria and these

must be further excluded in order to confirm true SSc-

related PAH. Diastolic dysfunction is associated with

left ventricular disease and so pulmonary venous

hypertension leading to secondary PHT is an impor-

tant exclusion. A currently accepted classification

system for PAH is shown in Table 3 (Gibbs, 2001).

There have been several recent studies evaluating

the potential of N-terminal propeptide of brain

natriuretic peptide (BNP) as a potential early marker

of right ventricular dysfunction in PAH in SSc

(Nagaya et al., 2000). These data have been reported

in abstract form and suggest that, as in PPH, this

marker may be a useful tool for evaluating or

screening patients at risk of developing significant

PAH. Potential pitfalls include the need for detailed

longitudinal studies and discriminating the potential

effects of left ventricular dysfunction. Other neuro-

peptide mediators are also under evaluation.

7. Invasive haemodynamic testing:
rheumatological perspective

Although RHC remains the definitive tool for

diagnosis and assessment of PAH, it has limitations

in rheumatology. These relate to its applicability to

supplement screening tools that are less invasive.

Thus, a subset of patients that are suspected to have

PAH based upon clinical, echocardiographic or lung

function test data proceeds to RHC. This is an

invasive test that may be especially risky in patients

with a complex multisystem disease such as SSc or

another CTD. A major goal is defining better the

criteria that should lead to RHC in order to maximise

sensitivity and specificity.

RHC remains the gold standard for investigation of

PAH in all contexts, although significant thromboem-

bolic disease should be excluded by V :Q scan or

CTPA. This might be an indication for a filter to be

inserted or other specific interventions including

embolectomy. The advantages of RHC include the

direct measurement of PAP, the determination of

mean PAP which is used for defining true PAH, and

the ability to perform a stress test to identify exercise

induced PAH that might be associated with normal

pressures at rest. Also, vasodilator challenge can be

performed to assess pulmonary vascular responsive-

ness. In SSc-PAH, this is rarely positive and does not

appear to associate with outcome. In PPH, it has been
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suggested that responsive patients might benefit from

high dose vasodilator therapy with calcium channel

blockers, although this is controversial (Rich et al.,

1992). Also, RHC allows accurate measurement of

cardiac index, a measure of cardiac output corrected

for body size, pulmonary vascular resistance and other

indices. These appear to have important prognostic

value when related to outcome or survival (Raffy et al.,

1996). Currently, in the UK, it is regarded as

mandatory to have RHC information in order to

commence advanced PAH therapy such as prostacy-

clin or bosentan (Gibbs, 2001). In situations where

coexistent left ventricular disease is suspected, it may

be useful to perform a left heart catheter and coronary

angiogram at the same time as the RHC. The range of

investigations central to accurate assessment of PAH

in SSc is listed in Table 4.

8. Treatment of PAH

Treatments for pulmonary hypertension in CTD have

progressed in parallel with those for idiopathic

pulmonary hypertension and also benefited from

more consistent and rigorous methods of classification

of PHT. Thus, causes such as thromboembolism or

chronic pulmonary veno-occlusive disease require

specific treatment. It is suggested that cases of PAH in

lupus may respond to treatment with immunosuppres-

sion but this is unclear. The benefits of long-term

oxygen treatment in cases of PAH associated with

hypoxia and of anticoagulation in all cases in whom

there is no contraindication is clear.

The development of treatments of proven efficacy

for PAH is a major medical advance (Sanchez et al.,

1999). Historically, pulmonary hypertension therapies

were confined to treatment with vasodilators, includ-

ing calcium channel blockers, which were modestly

effective in some patients (Rich et al., 1992). Oxygen

was provided, either intermittently for exertional

dyspnoea or as long-term (16 h per day) low-flow

oxygen via nasal specula, aiming to reduce or reverse

hypoxia-induced pulmonary vasodilation (Roberts

et al., 2001). Right heart failure was treated

conventionally, although care to avoid over-diuresis

was important as viable systemic perfusion was only

feasible if there were relatively high right-sided filling

pressures. End-stage pulmonary hypertension was

sometimes amenable to heart-lung transplantation,

although donor organ availability generally limited

this option to younger patients with primary PHT or a

small number of other isolated cardiopulmonary

conditions. A recent report of 12 patients with SSc-

associated PAH concluded, however, that the benefits

were comparable to patients with other chronic

acquired lung disease and that SSc patients should

Table 4

Principal investigations recommended in the assessment of

pulmonary hypertension

Doppler echocardiography

Qualitative assessment

Enlarged right atrium and ventricle

Right ventricular hypertrophy

D-shaped left ventricular cavity with interventricular septum

flattening in systole

Diminished atrial wave of the pulmonary valve

Mid-systolic closure or notching of pulmonary valve

Haemodynamic assessment

Tricuspid regurgitation velocity (most accurate

echocardiographic technique for estimating peak PAP

Right ventricular outflow tract flow acceleration time

Pulmonary artery systolic flow acceleration time

Right ventricular ejection time

Right ventricular index of myocardial performance

Timing of mid systolic deceleration of right ventricular ejection

Right ventricle long axis function (marker of overall right

ventricular systolic function)

Pulmonary function tests

Full spirometry and CO diffusion studies necessary to differentiate

obstructive or restrictive pathology. Express data as % predicted,

corrected for haematocrit. Reduction in transfer factor the most

sensitive test for pulmonary vascular disease, especially if

disproportionately severe compared with reduced FVC. FEV1,

FVC, TLC, Dlco, Kco should all be assessed

Right heart catheterisation

The following variables should be measured:

Right atrial pressure

Right ventricular systolic and end-diastolic pressure

Pulmonary artery systolic, diastolic and mean pressure

Pulmonary capillary wedge pressure

Systemic and pulmonary arterial oxygen saturation

Cardiac output

Vasodilator testing

Recommended using intravenous iloprost/epoprostanol or

adenosine or inhaled nitric oxide

Positive if .10 mm Hg fall in mean PAP and no change or

increase in cardiac output
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not be denied this approach if conventional criteria for

eligibility were fulfilled (Kobo et al., 2001).

The development of long-term parenteral prosta-

cyclin analogue infusions was originally envisioned

as a ‘bridge to transplantation’, but many patients felt

much improved with this therapy and elected not to

proceed to surgery (D’Alonzo et al., 1991). There

were some series using intermittent bolus infusions,

especially in the context of CTD where this approach

had been in use to treat critical digital ischaemia and

severe Raynaud’s phenomenon, but these approaches

were generally less successful (Mok et al., 1999).

Early studies suggested profound clinical benefit from

continuous parenteral prostacyclin alaloges such as

epoprostenol in PAH, without excessive treatment-

associated complications. In a pivotal early open

study, continuous intravenous prostacyclin was admi-

nistered by portable infusion pump at doses deter-

mined by acute responses during baseline

catheterisation in 10 patients. Six of 10 prostacyclin-

treated patients who completed the 8-week study

period had reductions in mean PAP of greater than

10 mm Hg, whereas only one of nine in the

conventional treatment group had a similar response

ðP ¼ 0:057Þ (Rubin et al., 1990). Based upon the

results of uncontrolled studies, a prospective placebo-

controlled clinical trial was designed, involving

patients with PPH who were treated for 16 weeks.

The results were dramatic, with improved exercise

capacity in the 41 patients treated with epoprostenol

compared with a decrease in the 40 patients treated

with conventional therapy alone. Indexes of the

quality of life were improved only in the epoprostenol

group. Hemodynamics improved at 12 weeks in the

epoprostenol-treated patients. The changes in

mean PAP for the epoprostenol and control groups

were a drop of 8% and a rise of 3%, respectively

ðP , 0:001Þ: More importantly, eight patients died

during the study, all of whom had been randomly

assigned to conventional therapy. There was improve-

ment in exercise capacity with treatment but also

significant mortality benefit even in this small study

(Barst et al., 1996). This landmark trial was later

repeated in patients with CTD-associated hyperten-

sion and positive results were obtained. Exercise

capacity improved on epoprostenol (median distance

walked in 6 min, 316 m at 12 weeks compared with

270 m at baseline) but decreased with conventional

therapy (192 m at 12 weeks compared with 240 m at

baseline). The difference between treatment groups in

the median distance walked at week 12 was 108 m

ðP , 0:001Þ; although unlike the similar primary

PAH trial, no mortality benefit was seen in SSc-

associated PAH treated with epoprostenol (Badesch

et al., 2000). More recent studies have also shown

benefit for the subcutaneous prostacyclin analogue

treprostinil (Simonneau et al., 2002) and for nebulised

agents given by inhalation (Olschewski et al., 2002).

The robust nature of these responses provides

important proof of concept support that prostacyclin

metabolism and signalling is important in the

pathogenesis of PAH.

Another agent that showed strong promise in an

early trial is the orally active endothelin receptor

blocker, bosentan. This drug was originally developed

for more common forms of cardiovascular disease but

was serendipitously tested in pulmonary hypertension

with remarkable benefit. The first serious controlled

trial used a similar trial design to that used to evaluate

parenteral prostacyclin and similar beneficial effects

on exercise capacity were observed for oral bosentan

(Channick et al., 2001). A more recent extensive trial

for bosentan therapy in both primary and CTD-

associated PAH was strongly positive BREATHE-1)

(Rubin et al., 2002). In this double-blind, placebo-

controlled study of 213 patients with PAH (primary or

associated with CTD), after 16 weeks patients treated

with bosentan had an improved 6-min walking

distance; the mean difference between the placebo

group and the combined bosentan groups was 44 m

ðP , 0:001Þ: Bosentan also improved the Borg

dyspnea index and WHO functional class and

increased the time to clinical worsening. Recent data

suggest that a similar benefit is obtained for SSc-

associated PAH treated with bosentan to that observed

in primary pulmonary hyperetension, based upon

subgroup analysis of the patients enrolled into the

placebo-controlled 351 and 352 clinical trials.

In North America and Europe, licensed therapies

for PAH now include parenteral prostacyclin ana-

logues (epoprostanol and iloprost, and remodulin) and

oral bosentan. Other studies to refine and integrate

these therapies are presently underway, including

selective phosphodiesterase inhibitors such as silde-

nafil (Ghofrani et al., 2002). The major limitation to

these treatments is the very high annual cost of
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advanced therapies for pulmonary hypertension.

Other major issues are developing appropriate and

reliable strategies for early identification of PAH in

CTD. This represents a unique at-risk population with

the potential for much earlier detection of PAH than is

possible in sporadic primary PAH. Methods of

accurate risk stratification and early assessment are

very much needed. Whether earlier initiation of thera-

pies will ultimately have a bigger impact on outcome,

and especially survival, remains to be determined.

Other specific problems include line sepsis and the

catastrophic effect of pump failure and acute with-

drawal of prostanoids in established patients (Albert

and Hague, 1997) and the general problems of long-

term ambulatory central venous catheterisation.

9. Current best-practice management
of PAH in SSc

With established therapies and formalised assessment

protocols, there is now an accepted standard of

practice for SSc-associated PAH and this is summar-

ised in the algorithm shown in Fig. 1. These care

pathways are likely to be refined and modified but

represent a tremendous advance upon the available

approaches of just a few years ago and reflect

consensus amongst rheumatologists, cardiologists

and respiratory physicians in the UK. A major goal

at present is education of patients and the medical

community and integration of care between pulmo-

nologists, cardiologists and rheumatologists. Special-

ised centres should coordinate management of these

cases after RHC. If therapeutic benefit of earlier

treatment is shown, decentralisation of care may

become essential. Non-invasive methods for accu-

rately diagnosing PAH in at-risk populations are

actively being developed. There are now established

protocols and clinical support infrastructure to allow

effective administration of advanced therapies for

SSc-associated PAH. Surgical options remain, nota-

bly atrial septostomy (Allcock et al., 2001) and

transplantation for end-stage disease (Rosas et al.,

2000). The major focus over the next few years

should, however, be definition of identification of

early stage pulmonary vascular disease with preven-

tion rather than treatment of Class III and IV disease.

Currently it is our practice to have a low threshold for

performing invasive diagnostic testing by RHC with

formal exercise challenge and assessment of acute

vasodilator response. This is undertaken in any SSc

patient with unexplained breathlessness, dispropor-

tionate reduction in Dlco compared to FVC (com-

pared with % predicted), an elevated pressure (peak

PA 40 mm Hg above right atrial pressure) on echo-

Doppler or in an individual with pulmonary fibrosis

where secondary PAH was suspected clinically. For

mild PAH, usually Class II patients who have

exercise-induced disease, warfarin is commenced.

Patients with PAH at rest are treated with warfarin and

high dose calcium channel blockers if they are

responsive on acute vasodilator challenge. Catheter-

isation and haemodynamic studies are repeated at

6-monthly intervals in these patients. When moderate

PAH develops (usually Class III), with mPAP above

35 mm Hg at rest irrespective of the presence of

pulmonary fibrosis, warfarin and bosentan are used.

Severe PAH (mean PAP above 45 mm Hg) is treated

with long-term prostacyclin therapy. These will be

Class III or IV cases. Those with fibrosis are likely to

have more intrapulmonary V :Q mismatch and it is our

current practice to treat these individuals with oral

sildenafil or inhaled iloprost.

10. Monitoring and screening for
pulmonary hypertension in scleroderma

Monitoring of all patients with SSc with, at least,

annual Doppler-echocardiogram and pulmonary func-

tion testing is an appropriate minimum standard of

observation of these patients, although this is not yet

universally practised. Once the diagnosis has been

made, it is important that the disease is monitored.

Although some centres perform repeated RHC

studies, this is invasive and probably follow-up is

most practically done by serial Doppler-echocardio-

graphy every 3–6 months depending upon clinical

change and also by symptom severity and exercise

capacity. The 6-min walk test (the ultimate walking

distance) has been established as a reproducible

simple clinical measure of exercise capacity in PAH

and this associates with progression and survival. It is

widely used as the primary end point in clinical PAH
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interventional trials (Demers et al., 2001) although not

yet validated for SSc-associated PAH. It should be

regularly performed in all patients using a marked

50 m course. There are defined levels of encourage-

ment and patients decide when the test is complete

unless they exceed 500 m. Some centres perform

arterial desaturation tests using arterialised ear lobe

blood sampling or pulse oximetry.

11. The future

Despite advances in management of advanced

pulmonary hypertension there are still many chal-

lenges. It is important that appropriate comparative

studies are developed to confirm the benefit of

treatments in CTD-associated pulmonary hyperten-

sion. Also the place of combination therapies needs to

be better defined. There is some promise from

preliminary studies in PPH that phosphodiesterase-5

inhibitors may be useful and even synergistic with

endothelin receptor antagonists but this remains to be

confirmed. In addition, it is possible to assess the

potential benefit of treating earlier stage disease in

CTD-associated PAH, especially SSc-associated pul-

monary hypertension, as these patients can now be

screened prospectively and potentially diagnosed in

Class I or II. Finally, it is plausible that the treatments

that are used to treat PAH in CTD, especially

scleroderma, may benefit other aspects of the disease

as well as the pulmonary vasculature. This is the case

for preliminary data from the RAPIDS-1 trial of

bosentan as a preventative treatment for scleroderma-

associated ischaemic digital ulcers, and clinical trials

to evaluate bosentan as a potential treatment for

interstitial lung fibrosis, based upon the potent

profibrotic activity of endothelin-1 in vitro, are

currently underway. In addition there is a substantial

Diagnosis
ECG, CXR 
Doppler-echocardiography
Pulmonary function tests
Right heart catheter 

Regular screening
Annual assessment in all SSc 
patients

Endothelin receptor 
blockade

Differential diagnosis
Ascertain pulmonary fibrosis
Exclude thromboembolic disease
Determine pulmonary venous 
hypertension

Prostacyclin
analogues

Atrial septostomy

Lung or heart/lung 
transplantation

Calcium channel blockers
Angiotensin receptor antagonists
Phosphodiesterase-5 inhibitors
Arginine supplementation

Diagnosis

Evaluation

Therapy

Management of pulmonary hypertension in scleroderma

Warfarin
Digoxin
Diuretics
Supplemental oxygen

Clinical suspicion
Breathlessness
Syncope
Chest pain

Risk stratification
NYHA grading of symptoms
Submaximal exercise test (e.g. six minute walk) 
Cardiodynamic assessment: peak and mean PA pressure, 
cardiac index, pulmonary vascular resistance, acute 
vasodilator response

Figure 1. Current management of pulmonary arterial hypertension. This algorithm incorporates consensus guidelines recently established in

the UK by cardiologists, rheumatologists and respiratory physicians. It reflects current practice in our own centre.
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body of evidence that prostacyclin analogues may

have beneficial effects upon the expression of

profibrotic mediators in SSc (Mayes, 2003).

There is also pressing need to develop better

and more integrated services for patients with

CTD-associated PAH. This will allow appropriate

access to advanced methods of assessment and

medical treatments. It is important that criteria for

response to treatment, thresholds for changing treat-

ments and referral for surgical intervention are as

standardised and consistent as possible. Critically ill

patients may benefit from atrial septostomy (see

above). Referral for transplantation is made according

to other disease manifestations, but should not be

delayed. Overall, there have been significant devel-

opments in the options for therapy in this important

complication of SSc and other CTDs. This has

promoted awareness amongst specialists but there is

a need for effective networks in secondary and tertiary

care to ensure that patients are screened regularly, that

facilities for timely evaluation by RHC exist and

that the evolving repertoire of advanced therapies for

PAH can be used in an effective way.
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CHAPTER 4

Wegener’s Granulomatosis: A Pulmonary Perspective
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1. Introduction

Wegener’s granulomatosis is a chronic inflammatory

disease that affects the respiratory tract, the kidneys

and a multitude of other organ systems. It was one of

the first vasculitides to be recognized as a separate

entity by Friedrich Wegener in the 1930s. Although the

aetiology remains unknown, much has been learned

about the nature of the disease and its clinical course.

The dismal prognosis, if untreated, has improved

dramatically with the introduction and progressive

refinement of immunosuppressive treatment. The

discovery of antineutrophil cytoplasmic antibodies

(ANCA) directed against proteinase 3 (PR3-ANCA), a

constituent of neutrophil granulocytes and monocytes,

not only facilitated clinical diagnosis but also paved

the way for insight into the pathogenesis.

Wegener’s granulomatosis affects the respiratory

tract in the form of granulomatous disease, vasculitis

or a combination of the two. A spectrum of clinical

manifestations originates from either of the two

components. This makes Wegener’s granulomatosis

one of the most complex but also one of the most

fascinating vasculitides encountered in pulmonary

medicine.

2. Prevalence

The disease was described by F. Wegener as a

separate entity at the beginning of the 1930s.

H. Klinger had reported one patient before but was

unaware of the new entity (Klinger, 1931; Wegener,

1939). Generally accepted classification criteria and a

definition of Wegener’s granulomatosis were devel-

oped about 15 years ago (Table 1). A prevalence of

3/100 000 has been reported for the US-state of New

York (Cotch et al., 1996). Data on prevalence from

other regions of the world are subject to ongoing

epidemiological studies. Moreover, variants of the

disease may cause underestimates of the ‘real’

prevalence of Wegener’s granulomatosis. Carrington

and Liebow (1966) introduced the term ‘limited’

Wegener’s granulomatosis to characterize patients

with a predominant involvement of the lungs in the

absence of kidney involvement. Some patients may

present with isolated meningo-cerebral inflammation

or ophthalmic involvement without renal manifes-

tations or ANCA (Reinhold-Keller et al., 2001).

The European Vasculitis Study Group (EUVAS)

refined the term ‘limited’ Wegener’s granulomatosis

in order to define disease stages based on clinical and

pathological considerations. ‘Localized’ Wegener’s

granulomatosis is defined as Wegener’s granuloma-

tosis restricted to the upper and/or lower respiratory

tract. ‘Early systemic’ Wegener’s granulomatosis

includes any organ involvement except renal or
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imminent vital organ failure. Finally, ‘generalized’

Wegener’s granulomatosis includes renal involve-

ment and/or imminent organ failure. Two other

subgroups, namely ‘severe renal’ and ‘refractory’

disease, were defined to cover the spectrum of

Wegener’s granulomatosis and microscopic polyan-

giitis, another ANCA-associated vasculitis (Table 2)

(Jayne, 2001).

In most patients, the disease progresses to

generalized Wegener’s granulomatosis. However, in

a smaller fraction of patients the disease remains

‘localized’ or ‘early systemic’ for a long time for as

yet unknown reasons. It seems that the pathophysio-

logical chain of events leading to generalized

Wegener’s granulomatosis is somehow interrupted

or ‘frozen’ ( formes frustes) in these patients.

3. Epidemiology

Wegener’s granulomatosis is a worldwide disease. It

is encountered in children as well as in elderly people,

but the peak incidence is in the fourth and fifth

decades with females and males equally affected

(Hoffman et al., 1992; Reinhold-Keller et al., 2000;

Abdou et al., 2002). Its incidence ranges between

2.9/106/year and 10.6/106/year depending on the

Table 1

Definition and classification criteria of Wegener’s granulomatosis according to the Chapel Hill Consensus (CHC) (Jennette et al., 1994) and

American College of Rheumatology (ACR) (Leavitt et al., 1990)

CHC definition ACR classification criteria

Granulomatous inflammation involving the respiratory tract, and

necrotizing vasculitis affecting small to medium-sized vessels (i.e.

capillaries, venules, arterioles, and arteries)

Nasal or oral inflammation

Abnormal chest radiograph

Necrotizing glomerulonephritis is common Nephritic urinary sediment

Cytoplasmic-pattern ANCA (C-ANCA) with antigen specificity for

proteinase 3 (PR3-ANCA) are a very sensitive marker for

Wegener’s granulomatosis

Granulomatous inflammation on biopsy

The ACR classification criteria were developed by comparing 85 patients with Wegener’s granulomatosis with 722 control patients. At least

two out of the four criteria are present in Wegener’s granulomatosis. The presence of any two or more criteria yields a sensitivity of 88.2% and a

specificity of 92.0% (Leavitt et al., 1990).

Table 2

Clinical subgrouping of Wegener’s granulomatosis (WG) and microscopic polyangiitis (MPA) according to the definitions of the European

Vasculitis Study Group (EUVAS)

Subgroup Disease Organ involvement Constitutional symptomsa Presence of ANCA

Localized WG Upper and/or lower respiratory

tract

No ^

Early systemic WG, MPA Any except renal or

imminent organ failureb

Yes Usually þ

Generalized WG, MPA Renal with serum creatinine

,500 mmol/l and/or other imminent

organ failureb

Yes þ

Severe renal WG, MPA Renal with serum creatinine

.500 mmol/l

Yes þ

Refractory WG, MPA Progressive disease despite therapy

with corticosteroids and cyclophosphamide

Yes ^

a Fever, night sweats, weight loss, malaise, and fatigue.
b Includes progressive lung, eye, nervous system, or gastrointestinal involvement. þ , present; 2 , not present (According to Jayne, 2001).
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geographic region (Table 3) (Carruthers et al., 1996;

Reinhold-Keller et al., 2002). A prevalence of

3.0 £ 105 has been reported for the US-state of New

York (Cotch et al., 1996). It is debated whether there

is an increase in the incidence or an increased

awareness of Wegener’s granulomatosis. New and

better diagnostic procedures, including the determi-

nation of ANCA and imaging procedures such as

magnetic resonance imaging (MRI) of the head, may

have helped to establish an earlier and more accurate

diagnosis of Wegener’s granulomatosis in many cases

(Carruthers et al., 1996). Moreover, new diagnostic

procedures have also improved the diagnosis of

variants of the disease such as formes frustes

limited to single organs (Carrington and Liebow,

1966; Jayne, 2001).

4. Aetiology/Pathology

Wegener’s granulomatosis is an organ- and/or life-

threatening autoimmune disease of as yet unknown

aetiology, characterized by granulomatous lesions and

a necrotizing vasculitis. Pulmonary-renal syndrome is

common (Jennette and Falk, 1997; Savage et al.,

1997). A highly specific autoantibody, PR3-ANCA, is

detected in about 95% of the patients with generalized

Wegener’s granulomatosis, but only in about 50% of

the patients with localized Wegener’s granulomatosis.

A few patients with Wegener’s granulomatosis may

present with myeloperoxidase (MPO)-ANCA or have

no detectable ANCA (Nölle et al., 1989).

One of the key questions with respect to the

pathophysiology of Wegener’s granulomatosis is

how granulomatous lesions, autoimmune vasculitis

and PR3-ANCA evolve and give rise to distinct

features such as granulomas of the respiratory tract or

orbita and rapidly progressive glomerulonephritis.

Infections such as Staphylococcus aureus, other

environmental influences or ‘Wegener’s autoantigen’

PR3 itself are thought to play a role in triggering and/or

maintaining disease activity in Wegener’s granuloma-

tosis on the basis of a genetic predisposition to an

exaggerated Th1-type response early in the disease

process (Popa et al., 2002; Sneller, 2002).

A new hypothesis suggests that a complimentary

peptide coded by the antisense DNA strand of PR3

elicits their cognate antibody, which in turn evokes an

anti-idiotype of this antibody with specificity for the

autoantigen, i.e. PR3-ANCA (Pendergraft et al.,

2004).

4.1. Genetic background

One hypothesis suggests that there is an inverse

relationship between the intensity of genetic predis-

position and the time necessary to develop an

autoimmune disease. Disease-causing and disease-

modifying genes may determine the eventual risk of

developing an autoimmune disease. The delayed

onset of an autoimmune disease suggests that the

net genetic abnormality may be quite subtle. Multiple

genetic abnormalities in a biological pathway may

finally give rise to a complex autoimmune disease

(Lipsky, 2001). Genetic abnormalities may also be

relevant in the development of Wegener’s granulo-

matosis. As with Lipsky’s (2001) considerations for

systemic lupus erythematosus, it can be argued that

over time, subtle genetic abnormalities might also

result in an increasing deviation of cellular immune

responses giving rise to granulomatous lesions and an

autoimmune vasculitis characteristic of Wegener’s

granulomatosis. Ethnic differences may influence the

prevalence of genetic determinants. So far, no

particularly penetrant single genetic factor has been

identified in Wegener’s granulomatosis, suggesting

that combinations of various factors rather than single

factors may be operative. Moreover, clustering of

Wegener’s granulomatosis in relatives has rarely been

reported (Munian et al., 1986).

4.1.1. HLA-association
MHC class I and II molecules bind peptide fragments

from foreign antigens and potential autoantigens and

present them on the cell surface for recognition by the

appropriate CD8þ and CD4þ T-cells, respectively.

Polymorphism of the MHC molecules determines

Table 3

Incidence rates of Wegener’s granulomatosis in different European

regions

UK Spain Norway Germany

Incidence cases/106/year 10.6 2.9–4.9 8.0 5.5–7.0

Koldingsnes and Nossent, 2000; Watts et al., 2001;

Reinhold-Keller et al., 2002; Gonzalez-Gay et al., 2003.
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which amino acid sequences preferentially bind to the

peptide binding groove, through specific anchor

residues. Thus, the MHC genotype restricts the

antigen specificity of T-cells. Since T-cells are

involved in autoimmune responses, several human

autoimmune diseases such as rheumatoid arthritis,

ankylosing spondylitis, and systemic lupus erythema-

tosus have been found to be associated with certain

MHC genotypes (Janeway et al., 2001).

An analysis of HLA alleles of a patient population

from Southern Germany found HLA-DRB1p04 to be

over-represented in patients with end-stage renal

disease and HLA-DRB1p13 and HLA-DQB1p0603

under-represented. A protective role of HLA-

DRB1p13 was postulated, but study results may

have been biased by over- and under-representation

of HLA alleles within that particular region of

Germany (Gencik et al., 1999). A number of studies

suggest an association of Wegener’s granulomatosis

with distinct HLA-alleles such as HLA-DR1 or HLA-

DR2 (Elkon et al., 1983; Papiha et al., 1992), but other

studies failed to establish an association between

HLA alleles and Wegener’s granulomatosis (Zhang

et al., 1995). The fact that approximately half of

normal Caucasian individuals are HLA-DR2 positive

might explain why no particular narrow HLA

phenotype has been identified to convey susceptibility

to Wegener’s granulomatosis. Therefore, other factors

than the HLA phenotype may be more important

for the development of Wegener’s granulomatosis

(Peen and Williams, 2000).

4.1.2. Polymorphism of cytokine and signal

transducer genes
No clear-cut association has been established

between polymorphisms of tumour necrosis factor a

(TNF-a) and Wegener’s granulomatosis (Mascher

et al., 1997). Analysis of a biallelic polymorphism at

position –1082 of the promoter region of the inter-

leukin 10 (IL-10) gene showed a significant shift to

genotype AA in Wegener’s granulomatosis patients.

This genotype is associated with blunted IL-10

secretion from activated macrophages and certain

T-cell subsets. Lower IL-10 secretion may favour

skewing of the immune response towards a T-helper 1

(Th1)-type pattern (Muraközy et al., 2001).

A single nucleotide polymorphism at position –318

of the promoter region of CTLA-4 (CD152) was found

to be associated with Wegener’s granulomatosis.

CTLA-4 is an inducible negative regulator of T-cell

activation (Giscombe et al., 2002). Recently, familial

Crohn’s disease has been shown to be associated with

a NOD2 gene mutation. NOD proteins are pattern-

recognition receptors that bind endotoxin intracellu-

larly. Crohn’s disease is a granulomatous disease

characterized by the predominance of a Th1-type

cytokine response. However, an analysis of NOD2

gene mutations found no association with Wegener’s

granulomatosis (Newman et al., 2003).

4.1.3. Genes involved in proteinase 3 (PR3)

expression and regulation
Genetic factors may also play a role in the interaction

of neutrophil granulocytes, PR3-ANCA and endo-

thelial cells. An association of protease inhibitor, e.g.

alpha-1-antitrypsin, deficiency with PR3-ANCA-

associated vasculitis has been observed. Over-

expression of the PiZ and PiZZ alleles results in

subnormal concentrations of alpha-1-antitrypsin

(Esnault et al., 1993; Griffith et al., 1996). This can

provide an explanation for increased circulating levels

of proteinase 3 and up-regulated tissue levels of

secretory leukocyte proteinase inhibitor in Wegener’s

granulomatosis, the latter being an important local

protease inhibitor in the upper respiratory tract

(Ohlsson et al., 2003).

TNF-a and IL-8 primed neutrophil granulocytes

translocate PR3 from intracellular granules to the

neutrophil membrane. Subsequent binding of PR3-

ANCA enables Fc gamma receptor (Fcg-R) mediated

neutrophil activation (Csernok et al., 1994). ANCA

preferentially engage the Fcg-RIIIb (CD16) and Fcg-

RIIa (CD32) expressed on neutrophils (Porges et al.,

1994; Kocher et al., 1998). Whereas some studies

found an influence of alleles of Fcg-RIIa (H131/

R131) and Fcg-RIIIb (NA1/NA2) on disease severity,

relapses and/or the organ pattern (Wainstein et al.,

1996; Edberg et al., 1997; Dijstelbloem et al., 1999),

another study argued against this effect (Tse et al.,

1999).

High constitutive expression of PR3 on the

surface of neutrophil granulocytes may also predis-

pose individuals to Wegener’s granulomatosis
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(Csernok et al., 1993; Muller Kobold et al., 1998). An

association of Wegener’s granulomatosis with the A-

564G polymorphism in the PR3 promoter region

affecting a putative transcription factor-binding site

has been reported recently (Gencik et al., 1999).

4.2. Environmental influences

4.2.1. Silica
Case-control studies by Gregorini et al. (1993) and

Nuyts et al. (1995) suggest a role for silica (inorganic

mineral form of silicone) and silicone (synthetic

polymers with a SiO backbone) in the pathogenesis of

ANCA-associated rapidly progressive glomerulone-

phritis and Wegener’s granulomatosis, respectively.

Silicates activate T-cells by a superantigen-like

mechanism via T-cell receptor (TCR) Vb chain

stimulation. They also activate macrophages in

vitro, and might inactivate alpha 1 antitrypsin. Thus,

silica may contribute to an exaggerated immune

response in predisposed individuals. Other occu-

pational exposures have not been shown to be

associated with Wegener’s granulomatosis so far

(Cohen Tervaert et al., 1998).

4.2.2. Drugs
Drug induced ANCA-positive vasculitis may

occasionally mimic Wegener’s granulomatosis.

Antithyroid drugs, especially propylthiouracil, but

also methimazole and carbimazole, can cause ANCA-

positive cutaneous vasculitis and glomerulonephritis

in rare cases. Other drugs such as hydralazine,

minocycline and penicillamine may also induce

ANCA-positive vasculitis. Usually MPO-ANCA are

detected in such cases, but occasionally PR3-ANCA

are also detected (reviewed by Merkel (1998)).

Propylthiouracil induces MPO-ANCA in a cat

model. Reactive metabolites of propylthiouracil are

thought to modify MPO itself, resulting in the

generation of antibodies directed against MPO in

this model (Waldhauser and Uetrecht, 1996). Acti-

vated neutrophil granulocytes and MPO may also play

a role in the generation of potential cytotoxic products

from other drugs (Jiang et al., 1994).

4.2.3. Malignancy
An association between Wegener’s granulomatosis

and malignancy has been observed. In one study renal

cell carcinoma was diagnosed in 7 of 23 patients with

malignant disease before or simultaneously with

Wegener’s granulomatosis. PR3 has been found in a

renal cancer cell line and might induce autoimmune

phenomena (Tatsis et al., 1999).

4.2.4. Staphylococcus aureus and other

infections
In Wegener’s granulomatosis, symptoms of respirat-

ory tract infections often precede or accompany initial

symptoms. Chronic nasal carriage of S. aureus is

approximately three times higher in Wegener’s

granulomatosis than in healthy and disease controls

(Stegeman et al., 1994; Gadola et al., 1997). Nasal

carriage of S. aureus constitutes a risk factor for

disease exacerbation. Prophylactic treatment with

trimethoprim-sulfamethoxazole reduces respiratory

and non-respiratory tract infections and the risk of

relapses in Wegener’s granulomatosis (Stegeman

et al., 1996). Trimethoprim-sulfamethoxazole may

also induce remissions in localized Wegener’s

granulomatosis (DeRemee et al., 1985; Reinhold-

Keller et al., 1996). Sera from patients with

Wegener’s granulomatosis recognize endothelial

bound S. aureus acid phosphatase. This observation

led to the hypothesis that staphylococcal acid

phosphatase might act as a planted antigen and induce

vasculitis in susceptible individuals (Brons et al.,

2000).

S. aureus B-cell superantigens such as staphylo-

coccal protein A might also play a role in stimulating

autoreactive PR3 producing B-cells within granulo-

matous lesions of the respiratory tract (Popa et al.,

2002; Voswinkel et al., 2002). Neutrophil granulo-

cytes are found in granulomatous lesions in Wegen-

er’s granulomatosis. During active disease they

display features of antigen-presenting cells such as

the expression of MHC-class II molecules, CD80 and

CD86 and may present antigen to T-cells (Iking-

Konert et al., 2001). S. aureus can survive inside

neutrophil granulocytes under certain conditions

(Gresham et al., 2000). High affinity PR3-ANCA

producing autoreactive B-cells might be induced by

PR3 or cross-reacting microbial epitopes within

Wegener’s Granulomatosis: A Pulmonary Perspective 69



granulomatous lesions (Brockmann et al., 2002; Popa

et al., 2002; Voswinkel et al., 2002). Subsequent

expansion of autoreactive PR3 producing B-cells may

be a consequence of S. aureus B-cell superantigen

activity. The superantigenic activity of staphylococcal

protein A is induced by binding to membrane bound

immunoglobulin heavy chain subunits encoded by

VH3 family genes. The VH3 gene family is over-

expressed in autoreactive PR3-ANCA producing

B-cells isolated from the circulation and from

granulomatous lesions in Wegener’s granulomatosis

(Sibilia et al., 1997; Popa et al., 2002; Voswinkel et al.,

2002). Whereas these studies suggest S. aureus

superantigen activity on B-cells, conflicting results

have been reported with regard to the evidence of

skewing of T-cell receptor Vb usage indicative of

T-cell superantigen mediated expansion of T-cells

(Grunewald et al., 1998; Popa et al., 2002, 2003).

Several studies suggested an association of viral

infections with Wegener’s granulomatosis. So far, no

clear evidence of such an association has been

established. Recent case-control studies have

excluded an association between Parvo B19 virus

infection and Wegener’s granulomatosis (Nikkari

et al., 1995; Eden et al., 2003). However, such

serological studies do not exclude subversion of the

immune system by viruses or other infectious agents

through other, as yet unknown, mechanisms in

susceptible individuals.

4.3. Granulomatous lesions

The granulomatous lesions seen in Wegener’s gran-

ulomatosis show a wide morphological spectrum.

Because of this, and because the pattern is often

irregular, this form of tissue injury is usually referred

to as ‘granulomatous lesion’ rather than ‘granuloma’.

The lesions display different morphologies, such as

neutrophilic microabscesses, necrotizing palisading

granulomas, and epitheloid cell granulomas (Fig. 1).

Granulomatous lesions of the respiratory tract of

both localized and generalized Wegener’s granulo-

matosis are characterized by CD4þ T-cells, CD8þ

T-cells, histiocytes, CD20þ B lymphocytes, CD68þ

macrophages, and CD68þ multinucleated giant cells.

The central necrosis may be confluent or may

show the irregular serpiginous pattern known as

‘geographic’ necrosis. A palisade of epitheloid

histiocytes may arrange around the necrotic foci. The

centre of the necrosis is acelluar or, in some instances,

contains polymorphonuclear leukocytes. Apart from

the respiratory tract, granulomatous lesions may be

found in virtually any organ, e.g. retroorbital tissues or

meninges (Fienberg, 1989; Lieberman and Churg,

1991; Müller et al., 2003). However, renal granulomas

are rare (Bajema et al., 1998).

The earliest lesions in the lung are foci of swollen

collagen fibres representing apparent tissue injury

and/or necrosis. In the next stage, mononuclear

histiocytes migrate to the vicinity of the necrosis.

Neutrophil granulocytes, lymphocytes, epitheloid

cells and multinucleated giant cells appear sub-

sequently. Finally, the histiocytes become orientated

in a palisading manner about the central necrosis area.

Granulomatous lesions in the lung can be found in the

vicinity of inflamed vessels, but also at extravascular

sites (Fienberg, 1989; Lieberman and Churg, 1991).

Fienberg (1989) suggested that Wegener’s granulo-

matosis starts as granulomatous disease in the

respiratory tract and systemic vasculitis develops

subsequently. However, early foci of fibrinoid necro-

sis could also be a consequence of necrotizing

capillaritis. PR3 from neutrophil granulocytes, the

target antigen of ANCA in Wegener’s granulomato-

sis, has recently been found within or around fibrinoid

necrotic lesions in the kidney. However, PR3 was

absent in a considerable number of necrotic lesions

Figure 1. Nasal mucosa biopsy in Wegener’s granulomatosis.

Hematoxylin and eosin staining shows geographic necrosis

bordered by histiocytes. Original magnification £ 400 (from Müller

et al., 2003).
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(Bajema et al., 2001). Thus, it still is a matter of

debate whether PR3-ANCA could give rise to

granulomatous lesions. Alternatively, autoreactive

B-cells are stimulated within granulomatous lesions

and produce PR3 (see Section 4.2.4). Since granulo-

matous lesions in the lung are found both close to and

distant from inflamed vessels, there might also be a

staged development of granulomatous lesions. More-

over, rare cases of ANCA-negative Wegener’s

granulomatosis have been reported (Reinhold-Keller

et al., 2001).

Abundant IFN-g expression and CD26 (optional

Th1-type marker) expression on CD4þ T-cells is seen

in granulomatous lesions of the respiratory tract in

localized Wegener’s granulomatosis, but not in

generalized Wegener’s granulomatosis (Müller et al.,

2000; Balding et al., 2001). Predominance of Th1-type

chemokine receptor CCR5 expression on T-cells may

favour stronger recruitment of Th1-type cytokine

secreting cells into inflammatory lesions in localized

Wegener’s granulomatosis, as compared to general-

ized Wegener’s granulomatosis. In generalized

Wegener’s granulomatosis, but not in localized

Wegener’s granulomatosis, a fraction of Th2-type

CCR3þ T-cells are found in the circulation and in

tissue lesions (Balding et al., 2001; Lamprecht et al.,

2003a,b). The CC chemokine RANTES (regulated on

activation normal T-cell expressed and secreted/

CCL5) is expressed in granulomatous lesions of the

respiratory tract. RANTES is one of the ligands for

both CCR5 and CCR3 (Coulomb-L’Hermine et al.,

2001). Peripheral blood T-cells and monocytes

produce Th1-type cytokines such as interferon (IFN)-

g in Wegener’s granulomatosis (Ludviksson et al.,

1998; Csernok et al., 1999; Lamprecht et al., 2002a,b),

but secrete higher amounts of IFN-g in localized

Wegener’s granulomatosis, as compared to general-

ized Wegener’s granulomatosis (Müller et al., 2000).

Changes in the cytokines balance may cause or

accompany disease progression.

T-cells play an important role in granuloma

formation and the induction of necrotic centres in

animal models and in vitro studies (Table 4). In

Wegener’s granulomatosis, certain T-cell subsets

seem to be particularly important. T-cells remain

activated during clinical remission of the disease, in

contrast to B-cells (Popa et al., 1999). In Wegener’s

granulomatosis, circulating T-cells lacking the co-

stimulatory molecule CD28 are expanded (Schlesier

et al., 1995; Moosig et al., 1998). In granulomatous

lesions, T-cells also lack CD28 expression

(Lamprecht et al., 2001). The Th1-type CD282

T-cell subset displays features of effector memory

T-cells. The expansion of CD282 T-cells appears to

start early in the disease process and is already evident

in localized Wegener’s granulomatosis (Lamprecht

et al., 2003a,b). In generalized Wegener’s granulo-

matosis, expansion of CD282 T-cells correlates with

organ involvement (Moosig et al., 1998; Lamprecht

et al., 2003a,b). Circulating peripheral blood as well

as granuloma CD4þ T-cells lacking the costimulatory

molecule CD28 are a major source of Th1-type

cytokine secretion, which is mainly restricted to

tumour necrosis factor (TNF)-a and interferon

(IFN)-g (Komocsi et al., 2002). Th1-type CCR5

expression is seen on CD282 T-cells. A lower CCR5

expression on CD4þCD282 T-cells in generalized

Wegener’s granulomatosis, as compared to localized

Wegener’s granulomatosis, suggests further differen-

tiation of this T-cell subset during disease pro-

gression. These effector memory T-cells might

contribute to granuloma formation and maintenance

of disease activity through their cytokine secretion

and bystander activation of autoreactive B- and

T-cell subsets (Lamprecht et al., 2003a,b; Winek

et al., 2004). Apart from T-cells, macrophages and

Table 4

Findings from animal models and in vitro studies concerning the role of T-cells in granuloma formation

Model Main finding Reference

Granuloma formation in animal model T-cells and IFN-g are crucial for the formation of granulomas Ehlers et al. (2001)

Activated CD4þ Th1-type T-cells induce transformation from

unspecific microabscesses to granuloma

Mielke et al. (1997)

In vitro model of granuloma formation Activated T-cells induce necrotic centers in granulomas Heinemann et al. (1997)
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monocytes are other important sources of Th1-Type

cytokine production in Wegener’s granulomatosis

(Ludviksson et al., 1998; Lamprecht et al., 2002a,b;

Müller et al., 2003). As mentioned above (Section 4),

aberrant Th1-type responses might play a role during

the initiation of the disease process (Sneller, 2002).

The bronchoalveolar lavage (BAL) cell profile in

patients with the radiologic findings of granulomatous

lung disease features elevated lymphocytes in the

presence of normal granulocytes (Fig. 2) (Schnabel

et al., 1999a–c). More than 90% of the lymphocytes

are CD3þ mature T-cells. A disproportionate

elevation of CD4þ cells in the BAL, compared with

the blood, results in an elevated CD4/CD8 ratio in

approximately two-thirds of these patients (Schnabel

et al., 1999a–c). Purified CD4þ and CD8þ BAL T-

cells and T-cell lines generated from pulmonary

active Wegener’s granulomatosis patients with a

lymphocytic BAL cell profile were found to secrete

interferon-g (IFNg) in excess of interleukin 4 (IL-4),

i.e. a Th1-type cytokine pattern (Csernok et al., 1999).

The same pattern was found in lesional tissue and in

blood lymphocytes and monocytes (Csernok et al.,

1999; Ludviksson et al., 1998; Lamprecht et al.,

2002a,b).

4.4. Vasculitis

In Wegener’s granulomatosis, necrotizing vasculitis

predominantly affects small vessels and medium-

sized vessels, i.e. capillaries, venules, arterioles, and

arteries (Jennette et al., 1994). Endothelial cells are

the targets of the initial injury. The earliest changes

affect the vascular endothelium with swelling,

necrosis and deadherence. Lysed neutrophil granulo-

cytes are found within affected vessels (Fig. 3). In the

lung capillaries, venules, and arterioles are infiltrated

by polymorphonuclear leukocytes. Pulmonary micro-

vascular necrotizing vasculitis (capillaritis) is the

cause of pulmonary haemorrhage. In the kidney,

rupture of the basement membrane subsequent to

neutrophil degranulation gives rise to glomerular

capillary thrombosis followed by segmental necrosis

of the tuft. Necrotic material, blood, and fibrin spill

into the Bowman’s space. As a consequence,

accumulation and proliferation of monocytes and

parietal (Bowman’s) epithelial cells with the for-

mation of crescents is seen. The growing crescent

compresses the capillary tuft, leading to segmental

and global loss of circulation through the glomerulus

(reviewed by Lieberman and Churg (1991) and

Harper and Savage (2000)).

In Wegener’s granulomatosis, the histological

picture of vasculitis is polymorphic. Apart from

necrotizing vasculitic lesions, leukocytoclastic vascu-

litis of the skin may be seen as cutaneous vasculitis

manifestation. Necrotizing granulomatous arteritis

involving medium-sized vessels is commonly found

close to large necrotizing granulomatous foci in the

lung. Non-granulomatous fibrinoid necrosis is rare in

Figure 2. Bronchoalveolar lavage neutrophil and lymphocyte

count in Wegener’s granulomatosis and pulmonary sarcoidosis,

presented as percentage of total cells. Radiographic and high-

resolution CT features of Wegener’s granulomatosis of low activity

suggested predominantly granulomatous lung disease, whereas

pulmonary highly active patients had florid pneumonitis.
Figure 3. Nasal mucosa biopsy in Wegener’s granulomatosis.

Hematoxylin and eosin staining shows venules with fibrinoid

necrosis and a mixed inflammatory infiltration of vessel walls, i.e.

vasculitis. Neutrophil granulocytes are seen in the vessel and close

to endothelial cells. Original magnification £ 630 (from Müller

et al., 2003).
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the lung but may affect bronchial arteries. Finally,

vasculitis morphologically identical to that seen in

polyarteritis, in terms of both size of the vessels

involved and the presence of fibrinoid necrosis, may

be seen in Wegener’s granulomatosis (reviewed by

Lieberman and Churg (1991) and Harper and Savage

(2000)). The vasculitis is ‘pauci-immune’ because few

or no immunoglobulin and/or complement deposits

are detected in glomerular lesions and at other sites.

However, in one study immune-complex deposits

were reported to be prevalent in cutaneous vasculitis

of Wegener’s granulomatosis (Brons et al., 2001).

Based on the finding of immune deposits along

glomerular capillary walls in early lesions of MPO-

ANCA-induced vasculitis in an animal model

(Brouwer et al., 1993; Foucher et al., 1999), the

same group hypothesized that early immune deposits

might be degraded. This provides an explanation

for pauci-immune lesions seen during later stages

(Brons et al., 2001).

Several in vitro and animal models using different

approaches support the concept that an interaction of

PR3-ANCA with primed neutrophil granulocytes

results in premature degranulation of neutrophil

granulocytes, subsequent endothelial cell damage

and leukocyte recruitment (Tables 5 and 6, Fig. 4).

The existing animal models do not exactly mirror

Wegener’s granulomatosis or provide true ‘Wegen-

er’s mice’, but they offer reproducible, controlled

conditions in which specific pathomechanisms can be

analysed. The induction of an immune-complex

mediated vasculitis rather than a pauci-immune

vasculitis in some models, the induction of MPO-

rather than PR3-ANCA and the absence of granulo-

matous lesions are some of the differences to the

human disease (Yang et al., 1994; Specks, 2000;

Neumann et al., 2003).

Pulmonary biopsy specimens commonly feature

more advanced stages of Wegener’s granulomatosis

lung disease (Mark et al., 1988; Travis et al., 1990).

Table 5

Summary of findings in different animal models supporting the concept that ANCA are involved in the pathogenesis of autoimmune vasculitis in

Wegener’s granulomatosis (WG) and microscopic polyangiitis (MPA)

Main finding Reference

SCG/Kj mice spontaneously develop crescentic glomerulonephritis,

systemic vasculitis, and P-ANCA. Presence of glomerular

immune deposits differs from the pauci-immune pattern found

in human WG and MPA

Neumann et al. (2003)

Crescentic glomerulonephritis and systemic necrotizing vasculitis

is induced in Rag2 (2 /2) mice lacking T- and B-cells after transfer

of splenocytes from MPO (2 /2) knockout mice immunized

with MPO. Similar lesions are induced in Rag2 (2 /2) mice and

wild-type C57BL/6J (intact immune system) mice receiving

anti-MPO IgG (MPO-ANCA)

Xiao et al. (2002)

Mice immunized with human ANCA develop anti-human ANCA

and anti-anti-human ANCA (mouse ANCA) as well as perivascular

mononuclear cell infiltrates in the lungs and glomerular pathology

Blank et al. (1995) and Tomer et al. (1995)

Similar approach to Brouwer et al. (1993). In contrast, immune

complex-mediated glomerulonephritis was found

Yang et al. (1994)

Brown Norway rats immunized with MPO develop MPO-ANCA.

Subsequent perfusion of a kidney or lung with a lysosomal

enzyme extract results in crescentic glomerulonephritis,

vasculitis and pulmonary tissue injury. Immune deposits are seen

in early glomerular lesions

Brouwer et al. (1993) and Foucher et al. (1999)

Brown Norway rats treated with mercuric chloride (HgCl2)

develop MPO-ANCA and a necrotizing vasculitis including

leukocytoclastic vasculitis of the gut

Esnault et al. (1992) and Qasim et al. (1995)

MPO, myeloperoxidase.
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Capillaries, arteries and veins are infiltrated by

mononuclear cells more often than by granulocytes.

Tissue eosinophilia is seen in up to 60% of pulmonary

specimens. Foci of capillaritis with acute or chronic

haemorrhage are found in approximately 40% of

specimens from open lung biopsy (Travis et al., 1991).

4.4.1. ANCA in the pathogenesis of vasculitis
ANCA were first described in the early 1980s as a

cause of diffuse granular cytoplasmic immunofluor-

escence staining on ethanol-fixed neutrophils (C-

ANCA pattern) (Fig. 5). PR3 was found to be the

principal target antigen for C-ANCA (Gross et al.,

1992). PR3-ANCA is highly specific for Wegener’s

granulomatosis. C-ANCA is found in more than 90%

of patients with generalized Wegener’s granuloma-

tosis, approximately 50% of those with localized

Wegener’s granulomatosis, 5% of patients with

microscopic polyangiitis and 50% or less of patients

with Churg–Strauss syndrome (Gross et al., 1992;

Hoffman and Specks, 1998). In rare instances, C-

ANCA is found in chronic bacterial infections and in

cryoglobulinaemic patients.

ANCA reacting with MPO and producing a

perinuclear immunofluorescence staining pattern

(P-ANCA) (Fig. 5) are found mainly in patients

with microscopic polyangiitis and those with pauci-

immune glomerulonephritis, the renal limited form of

the former disease (Gross et al., 1992; Hoffman and

Specks, 1998). Approximately 70% of these patients

have P-ANCA, as opposed to approximately 5% of

the Wegener’s granulomatosis patients.

Several lines of evidence suggest that PR3-ANCA

and MPO-ANCA are not only markers of disease but

also are implicated in the pathogenesis of the ANCA-

associated vasculitides (Kallenberg et al., 1990). The

ANCA-cytokine-sequence-theory holds that neutro-

phils translocate the target antigens for ANCA to the

cell surface when they are primed by inflammatory

Table 6

Summary of findings from different in vitro studies supporting the concept of ANCA-induced neutrophil degranulation and subsequent

endothelial damage in Wegener’s granulomatosis and microscopic polyangiitis

Main finding Reference

Release of neutrophilic PR3 results in its uptake in endothelial

cells and activation of distinct signaling proapoptotic events

Preston et al. (2002a,b)

PR3 enhances endothelial MCP-1 production and induces

increased adhesion of neutrophil granulocytes to endothelial

cells by upregulating ICAM-1

Taekema-Roelvink et al. (2001)

ANCA stabilize adhesion and promote migration of flowing

neutrophil granulocytes on endothelial cells activated with TNF-a

Radford et al. (2001)

Production of IL-8 by ANCA-stimulated neutrophil granulocytes

with the intravascular compartment inhibits

neutrophil transmigration and, thus, may contribute to

endothelial damage by premature neutrophil degranulation

Cockwell et al. (1999)

PR3 is also constitutively expressed on the cell surface of neutrophil

granulocytes and high expression is associated with relapses

in Wegener’s granulomatosis

Muller Kobold et al. (1998)

TNF-a primed neutrophil granulocytes stimulated with PR3-ANCA

and arachidonic acid secrete superoxide and leukotriene

4. PR3-ANCA also activate endothelial cells

Grimminger et al. (1996) and Sibelius et al. (1998)

TNF-a and IL-8 induce translocation of PR3 from azurophilic

granules on the cell surface of neutrophil granulocytes where

PR3 becomes accessible for PR3-ANCA

Csernok et al. (1994)

ANCA induce the release of primary granule contents from

neutrophil granulocytes in a dose-dependent manner.

Primung with TNF-a results in translocation of MPO on

the cell surface and enhance degranulation

Falk et al. (1990)

PR3, proteinase 3; MCP-1, monocyte chemoattractant protein-1; ICAM-1, intercellular cell adhesion molecule-1.
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cytokines. The primed cells are fully activated by

binding of ANCA to their respective target antigen,

this resulting in adhesion to endothelial cells,

degranulation and oxidative burst activity, which

are thought to initiate the inflammatory response

(Gross et al., 1992).

The idea that neutrophils are paramount in the

initiation of vasculitic injury is supported by the

abundance of this cell species in highly active tissue

lesions. MPO, which is a readily detected marker of

neutrophil degranulation, is abundant in inflammatory

lesions in the kidneys (Brouwer et al., 1994; Mrowka

et al., 1995) and in orbital tissue (Trocme et al., 1991).

Elevated levels of MPO, together with eosinophil

cationic protein, were also measured in the BAL fluid

in pulmonary active Wegener’s granulomatosis and

declined in response to clinically effective immuno-

suppression (Schnabel et al., 1999a–c).

Physiologically, PR3 is largely confined to

myeloid cells (Hoffman and Specks, 1998). However,

recent studies on inflammatory tissues found PR3 also

in non-myeloid cells. Specifically, these are vascular

endothelial cells (Mayet et al., 1993), renal tubular

and glomerular cells (Schwarting et al., 2000), and

resident pulmonary cells (Brockmann et al., 2002).

The expression of PR3 was found to be upregulated in
Figure 5. Detection of ANCA by indirect immunofluorescence. A

C-ANCA pattern is seen on the left, a P-ANCA pattern on the right.

Figure 4. Pathophysiological model of ANCA-induced neutrophil degranulation and subsequent endothelial damage and leukocyte

recruitment.
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pneumocytes type I and II in lung tissue from

pulmonary active Wegener’s granulomatosis patients

(Brockmann et al., 2002). Moreover, PR3 can adhere

to endothelial surfaces and can be taken up by

endothelial cells, arguably via receptor-mediated

endocytosis (van der Geld et al., 2001). This suggests

that not only neutrophils but also a broader spectrum

of cell types may be the target of ANCA-mediated

immune injury. Alternatively, PR3 might exert a

direct toxic effect on these cells by use of its

proteolytic properties (Preston et al., 2002a,b).

By engaging their target antigen, ANCA can also

promote the release of inflammatory mediators from

neutrophils. ANCA binding to neutrophils enhances

the transcription of IL-1b, IL-8, and cyclooxygenase

2 genes (Yang et al., 2001). Phagocytosis of apoptotic

neutrophils by macrophages elicits the release of

proinflammatory cytokines if the apoptotic cells are

opsonized by ANCA, whereas the uptake of non-

opsonized cells lacks this effect (Moosig et al., 2000).

5. Clinical manifestations

In the majority of cases, Wegener’s granulomatosis

takes a biphasic course (Gross et al., 1992). Initial

disease is confined to the respiratory tract (so-called

localized WG). Prototypical disease starts in the upper

respiratory tract with chronic rhinitis, sinusitis or

mastoiditis. Patients complain of chronic discharge

that is often putride or sanguinolent, and crusting

discharge is common. The histopathological basis of

this chronic progressive disorder is granulomatous

inflammation. It is a destructive process that can lead to

collapse of the nasal cartilaginous structures, resulting

in saddle nose deformity, and the destruction of the

osseous membranes between the nasal cavity, the

sinuses and the orbit (Hoffman et al., 1992). Orbital

disease can lead to proptosis, impaired bulbar motility,

and optic nerve injury. Granulomatous, osteodestruc-

tive rhinitis or sinusitis should always stimulate a

strong suspicion of Wegener’s granulomatosis. The

destruction of the cartilaginous and osseous structures

is readily detected by computed tomography (CT) or

MRI (Fig. 6) (Muhle et al., 1996).

Occasionally, initial disease manifests with gran-

ulomatous disease of the lower respiratory tract

(Katzenstein and Locke, 1995). Nodules or irregular

masses in the chest radiograph without accompanying

upper respiratory tract disease prompt suspicion of

neoplastic or infectious lung disease until their true

nature is disclosed by biopsy.

Characteristically, constitutional symptoms are

absent in localized WG. The same applies to the

serologic markers of inflammation. The erythrocyte

sedimentation rate (ESR) and C-reactive protein

(CRP) are only marginally elevated, if at all, and

ANCA is detected in only half of the patients.

Localized WG can persist for many years, but most

untreated patients appear to progress to generalized

disease within several months or a few years. In

generalized disease, the signs and symptoms of

systemic vasculitis are superimposed upon granulo-

matous disease (Hoffman et al., 1992). Symptoms in

other organs beyond the respiratory tract are mostly in

the form of non-granulomatous inflammation. The

most common disease manifestations outside the

respiratory tract are glomerulonephritis; scleritis or

episcleritis; polyneuropathy or mononeuropathy;

arthralgia, arthritis or myalgia; cutaneous vasculitis;

digital gangrene; perimyocarditis or coronariitis; and

focal encephalitis (Hoffman et al., 1992; Reinhold-

Keller et al., 2000). Necrotizing small-vessel vascu-

litis is the hallmark lesion in these organ manifes-

tations, but ischaemia due to inflammatory

involvement of intermediate or large arteries can

occur. Constitutional symptoms are prominent in

generalized disease, as are the serologic markers of

Figure 6. Maxillar sinus opacification and destruction of the nasal

septum, conchae and parts of the lateral walls of the nasal cavity in

Wegener’s granulomatosis. MRI scan.
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inflammation. More than 90% of these patients are

positive for ANCA (Tables 7 and 8).

5.1. Granulomatous lung disease

Pulmonary Wegener’s granulomatosis can be either

granulomatous or vasculitic. Most patients seen in

clinical practise do not show either disease expression

in its pure form but rather a combination of the two.

Nonetheless, a separate discussion of the two facets of

the disease promotes an understanding of the diversity

of clinical manifestations and the reconciliation of

seemingly contradictory findings.

Single or multiple nodules or masses are the most

common finding in granulomatous pulmonary disease

(Fig. 7) (Cordier et al., 1990; Hoffman et al., 1992;

Reuter et al., 1998). Cavitation is fairly common and

is detected more often in CT scans than on plain

radiography (Reuter et al., 1998; Attali et al., 1998).

Computed tomography proved also to be more

sensitive in the detection of nodules than plain

radiography. However, many of the small nodules

that are detected by CT but evade plain radiography

proved to be unresponsive to immunosuppression and

appear therefore to be cicatricial. Nodules exceeding

3 cm and cavitating nodules generally recede in

response to immunosuppression and thus reflect

active inflammatory disease, whereas small nodules

without cavitation are heterogeneous in their response

to treatment (Attali et al., 1998; Komocsi et al., 2002).

The introduction of high-resolution computed

tomography (HRCT) further augmented the spectrum

of pulmonary lesions in Wegener’s granulomatosis

(Reuter et al., 1998; Komocsi et al., 2002). In addition

to nodules and masses, HRCT discloses septal and

non-septal thickening, focal ground-glass opacities,

centrilobular interstitial thickening, bronchial wall

thickening and, less commonly, bronchiectasis

(Fig. 8). Only ground-glass opacities are invariably

responsive to immunosuppression, whereas septal and

non-septal lines are heterogeneous in their response to

treatment, suggesting that they can be either active

inflammatory or cicatricial (Komocsi et al., 2002). In

aggregate, HRCT is obviously more sensitive in the

detection of parenchymal lung disease than plain

radiography, but offers little extra value in the

distinction between active and inactive disease. In

contrast, the nodules and masses that are detected by

plain radiography regularly respond to immunosup-

pression, which marks them as inflammatory active.

The clinical symptoms of nodular lung disease are

often unimpressive. Complaints like cough, hemop-

tysis or dyspnoea are the exception rather than the

rule. Spirometry is commonly of no help in detecting

or monitoring nodular lung disease. Granulomatous

inflammation is also a common feature of tracheo-

bronchial disease. This is discussed below.

5.2. Vasculitic lung disease

Vasculitic lung disease is commonly associated with

highly active systemic disease. Radiographically, it

Table 7

Synopsis of granulomatous and vasculitis respiratory tract

disease in Wegener’s granulomatosis

Granulomatous disease

Upper respiratory tract: rhinitis, sinusitis, mastoiditis,

subglottic stenosis

Lower respiratory tract: nodules, masses, septal,

non-septal lines, ulcerative tracheitis,

bronchitis, inflammatory pseudotumours, stenosing/obliterative

bronchitis

Vasculitic disease

Pneumonitis, pulmonary capillaritis/diffuse

alveolar haemorrhage

Table 8

Organ system involvement in Wegener’s granulomatosis at

diagnosis and throughout the disease

At diagnosis

(%)

Throughout disease

(%)

Upper respiratory tract 73–93 92–99

Kidneys 18–54 70–77

Lower respiratory tract 45–55 66–85

Ophthalmic 15–40 52–61

Cardiac 13 8–25

Peripheral nervous system 21 15–40

Central nervous system 6 8–11

Gastrointestinal tract 3 6

Cutaneous 13–21 33–46

Musculo-skeletal 32–61 67–77

According to Hoffman et al. (1992) and Reinhold-Keller et al.

(2000).
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features localized or disseminated poorly defined

opacities (Fig. 9) (Cordier et al., 1990). The

underlying histopathology is an alveolitis with

thickening of the alveolar septae by a mixed

inflammatory infiltrate and airspace filling with

granulocytes and mononuclear cells, accompanied

by florid small-vessel vasculitis (Yoshikawa and

Watanabe, 1985) (Table 9). The clinical picture of

highly active Wegener’s granulomatosis pneumonitis

is dramatic. It includes progressive malaise,

dyspnoea and cough that commonly evolve over a

Figure 7. Chest radiograph with multiple cavitating and non-

cavitating nodules in Wegener’s granulomatosis.

Figure 8. Subcarinal high-resolution CT section in Wegener’s

granulomatosis, showing small nodules, septal and non-septal lines,

suggestive of granulomatous lung disease.

Figure 9. Chest radiograph in florid pneumonitis due to Wegener’s

granulomatosis, showing bilateral ill-defined opacities.
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couple of days. Occasionally, the clinical picture may

develop within a few hours. Hypoxemia without

carbon dioxide retention is common and the clinical

condition can deteriorate rapidly when accompanying

renal failure due to glomerulonephritis leads to fluid

overload (Yoshikawa and Watanabe, 1985; Cordier

et al., 1990).

The pulmonary findings of Wegener’s granuloma-

tosis pneumonitis can be indistinguishable from

infectious pneumonitis. Microbiologic studies should

therefore be vigorously pursued and treatment must

target conventional bacterial agents as well as

opportunistic agents. The presence of multisystem

disease and of ANCA in most patients aids the

diagnosis of Wegener’s granulomatosis but they do

not, in themselves, rule out coexisting infection.

5.3. Pulmonary capillaritis—diffuse alveolar

haemorrhage

Pulmonary capillaritis leading to the syndrome of

diffuse alveolar haemorrhage (DAH) is a variant of

vasculitic lung disease. (Travis et al., 1990; Bosch

et al., 1994). The clinical and radiographic appearance

of clinically manifest capillaritis is that of vasculitic

lung disease, on which is superimposed the syndrome

of DAH. The full-blown picture of DAH is charac-

terized by dyspnoea, diffuse alveolar opacities, and a

low or decreasing haemoglobin level (Specks, 2001).

Radiographically, the perihilar regions tend to be

more intensely affected than the lung periphery and in

most instances the disorder is bilateral (Fig. 10).

The extent of the histopathological features of

capillaritis is quite variable. It ranges from scattered

foci of parenchymal bleeding to widespread haemor-

rhage (Travis et al., 1990). This is paralleled by the

range of clinical expressions, from subclinical to

severe, life-threatening disease (Specks, 2001). In

mild forms of the disease, haemoptysis and dyspnoea

may not be present. These patients may have scattered

soft opacities in the chest radiograph or even a normal

chest film. On bronchoscopy, there is no overt blood in

the bronchial tree, but BAL yields a reddish or

brownish fluid containing erythrocytes, siderophages

or a combination of the two (Schnabel et al., 1999a–c).

At the severe end of the spectrum are the patients with

overt haemoptysis, extensive dense opacities on the

chest radiograph, haemorrhagic material spilling from

multiple bronchial orifices, circulatory instability due

to volume loss and rapidly evolving anaemia

(Hayworth et al., 1985; Ter Maaten et al., 1996).

Patients experiencing this life-threatening disorder

may report a premonitory phase with repeated bouts of

blood-streaked sputum. This calls for careful

evaluation of Wegener’s granulomatosis patients

presenting with a recent history of haemoptysis.

Clinically manifest DAH is commonly

accompanied by intense constitutional symptoms

and strikingly elevated ESR and CRP (Hayworth

et al., 1985; Ter Maaten et al., 1996). Patients with

isolated DAH due to Wegener’s granulomatosis have

been encountered, but in the vast majority of cases

DAH occurs in the setting of multi-organ disease.

Most patients with overt DAH have a pulmonary-

renal syndrome, i.e. a combination of pulmonary

capillaritis and glomerulonephritis (Bosch et al.,

1994; Travis et al., 1990; Ter Maaten et al., 1996).

Table 9

Histopathologic features of pulmonary capillaritis

Deposition of erythrocytes or haemosiderin in the pulmonary

interstitium

Fibrinoid necrosis in pulmonary vessels

Alveolar capillary occlusion by fibrin thrombi

Interstitial neutrophilia and leukocytoklasia with nuclear dust

Fibrin clots attached to alveolar septa

Figure 10. Diffuse alveolar haemorrhage due to Wegener’s

granulomatosis. A pulmonary CT section at the level of the main

carina shows centrally accentuated parenchymal opacities with an

air bronchogramm on the right side.
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The latter is commonly a rapidly progressive type of

disease, the underlying histopathology being a pauci-

immune crescentic glomerulonephritis. The coinci-

dence of these two organ manifestations in an

individual patient is an important diagnostic feature,

strongly suggesting a vasculitic origin and virtually

excluding other aetiologies of pulmonary bleeding,

among which are coagulation disorders, neoplasia,

valvular heart disease, vascular malformations and

veno-occlusive disease (Specks, 2001).

A limited number of other immune diseases can

evoke a pulmonary-renal syndrome (Table 10).

ANCA-associated vasculitides account for approxi-

mately 60% of the cases, Goodpasture’s syndrome

and systemic lupus erythematosus for approximately

20–30% and the remainder is made up of a variety of

conditions, several of which have other serologic

markers (e.g. distinctive ANA specificities, anti-

cardiolipin antibodies, cryoglobulins). Large retro-

spective studies demonstrate that 80–90% of the

patients with pulmonary-renal syndrome feature

autoantibodies or other immune markers (Niles et al.,

1996; Gallagher et al., 2002). Serologic testing

therefore greatly facilitates a tentative diagnosis of

the underlying disorder and thereby hastens targeted

treatment. The presence of IgM plus IgG ANCA was

found to be strongly associated with DAH (Esnault

et al., 1992), but immunoglobulin isotype-specific

ANCA tests are not routinely available in most

clinical laboratories.

The formerly dismal prognosis of DAH and the

pulmonary-renal syndrome has improved. The two

conditions are still amongst the leading causes of

intensive care unit treatment in vasculitis patients.

Early mortality formerly amounted to 70% but

dropped to 35–45% in recent series (Niles et al.,

1996; Gallagher et al., 2002). Early in the course,

refractory hypoxaemia due to vasculitic damage is the

prevailing cause of death, whereas late fatalities relate

mostly to infectious complications.

5.4. Airway disease

Wegener’s granulomatosis can affect any segment of

the upper and lower airways. The introduction of

bronchoscopy into the care of Wegener’s granuloma-

tosis patients disclosed airway involvement in a

substantial proportion of the patients, ranging

between 26 and 59% (Cordier et al., 1990; Daum

et al., 1995; Schnabel et al., 1997). In addition to a

non-specific tracheobronchitis, a number of charac-

teristic lesions are encountered in Wegener’s granu-

lomatosis patients. These comprise, in decreasing

order of frequency:

1. Ulcerative tracheitis or bronchitis with or without

mucosal bleeding.

2. Inflammatory nodules and pseudotumours

(Fig. 11).

3. Segmental stenosis.

The most common complaints in affected patients

are non-productive cough or cough with small

amounts of blood-streaked sputum; dyspnoea on

exertion; and stridor or wheezing. Grossly productive

cough is uncommon in Wegener’s granulomatosis and

gives rise to the suspicion that an infectious compli-

cation is involved. The sensitivity of the chest

radiograph for detecting tracheobronchial disease is

low. The roentgenographically detected sequelae of

stenosing airway disease, namely segmental, lobar or

one-sided loss of volume, generally reflect advanced

disease with high-grade stenosis (Fig. 12). The same

applies to spirometry, the sensitivity of which is poor

in the event of non-stenosing disease or stenotic

disease of peripheral airways.

Table 10

Causes of the pulmonary–renal syndrome

Common causes ANCA associated vasculitides, Wegener’s granulomatosis,

microscopic polyangiitis rarely Churg-Strauss syndrome

60%

Goodpastures syndrome, systemic lupus erythematosus (SLE) 20–30%

Rare causes Cryoglobulinaemic vasculitis, Henoch-Schönlein disease, Behçet’s

disease, rheumatoid vasculitis, collagen diseases other than SLE,

antiphospholipid syndrome, thrombotic thrombocytopenic purpura,

drug-induced disease: penicillamine hydralazine, propylthiouracil

10%
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A peculiar lesion in Wegener’s granulomatosis is

subglottic stenosis. It is encountered in 10–23% of

Wegener’s granulomatosis patients (Lebovics et al.,

1992; Daum et al., 1995; Langford et al., 1996). A

sexual preponderance is not apparent, but patients

with a disease onset at young age appear to be more

often affected than patients with disease of late onset

(Lebovics et al., 1992; Langford et al., 1996).

Characteristically, the lesion is located 3–5 cm

below the glottis, leading to concentric or eccentric

stenosis (Fig. 13). In addition to cough and hoarse-

ness, patients complain of dyspnoea and inspiratory

stridor. The flow-volume curve on spirometry

shows inspiratory and expiratory limitation of flow

(Langford et al., 1996; Daum et al., 1995) (Fig. 14). In

advanced disease, segmental stenosis of the proximal

trachea is visible in the chest radiograph. Less

advanced lesions are visualized accurately by spiral

CT (Screaton et al., 1998), but laryngoscopy or

bronchoscopy remain the methods of choice for

evaluation and monitoring.

Subglottic stenosis can develop in the absence of

other disease manifestations of Wegener’s granulo-

matosis; in rare instances, it is the presenting feature

of Wegener’s granulomatosis. In one series, only half

the patients presenting with tracheal stenosis had

concomitant systemic disease activity (Langford et al.,

1996). It is also of note that in many instances the

lesion responds poorly to systemic treatment. In the

aforementioned series, half the patients were diag-

nosed with this lesion whilst receiving immuno-

suppressive treatment.

Figure 12. Stenosing and obliterative airway disease in Wegener’s

granulomatosis. The radiograph on the left (A) shows loss of volume

of the right (B) lung to due stenosis of the to main stem bronchus; the

apical CT section on the right shows segmental atelactasis.

Figure 13. Laryngoscopic view of subglottic stenosis due to

Wegener’s granulomatosis.

Figure 11. Bronchoscopic view of granulomatous nodules at the

main carina in Wegener’s granulomatosis.
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Subglottic stenosis commonly takes a progress-

ive course that, before the introduction of effective

treatment, resulted in the need for tracheostomy in

many patients (McDonald et al., 1982; Lebovics

et al., 1992). Topical treatment has been applied in

the form of mechanical removal of tissue, ablation

by laser, irradiation, rigid bronchoscopic dilatation,

stenting and reconstructive surgery. Commonly,

these interventions provided only relief of limited

duration and it has been emphasized that thermal

ablation by laser can further compromise the local

situation by excessive scarring (Hoffmann et al.,

2003). Encouraging results were obtained by

laryngoscopically applied intralesional corticoster-

oid injections, followed by mechanical dilatation

with or without microdissection of lesional tissue

(Langford et al., 1996; Hoffmann et al., 2003).

Repeated application of this technique has been

reported to ensure tracheal patency over progressive

periods of time and it can result in decannulation in

patients who failed to improve with other forms of

topical treatment.

6. Diagnostic investigations

6.1. Biopsy procedures

A compatible clinical picture in association with a

positive PR3-ANCA test provides strong evidence in

favour of a diagnosis of Wegener’s granulomatosis.

However, experienced clinicians maintain that

Wegener’s granulomatosis is a clinico-pathologic

entity, histopathological verification of which is

imperative.

From a histopathological point of view, a definitive

diagnosis of Wegener’s granulomatosis requires the

coexistence of three principal features: vasculitis,

granuloma, and necrosis (Travis et al., 1991).

Depending on the size of the tissue specimen and

the site of biopsy, only one or two of these features

may be found, which renders the biopsy suggestive

but not conclusive (Devaney et al., 1990). None-

theless, non-diagnostic but suggestive histological

appearances can provide crucial diagnostic support

Figure 14. Flow–volume curve and body plethysmographic tracing in a patient with high-grade subglottic stenosis due to Wegener’s

granulomatosis, showing inspiratory and expiratory limitation of flow.
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when associated with a typical clinical picture and

positive ANCA serology.

Open or thoracoscopic lung biopsy has long been

considered to be the biopsy method of choice in

Wegener’s granulomatosis with pulmonary involve-

ment (Mark et al., 1988; Hoffman et al., 1992; Travis

et al., 1991). The high diagnostic yield needs to be

balanced against its invasive nature and the associated

risks. Transbronchial biopsy yields diagnostically

helpful specimens if targeted to radiographically

abnormal lung segments or endoscopically visualized

tracheobronchial lesions (Lombard et al., 1990; Daum

et al., 1995; Schnabel et al., 1997). By contrast,

transbronchial biopsy of the minor interstitial changes

that are detected by HRCT adds little (Schnabel et al.,

1997). Image-guided percutaneous core needle biopsy

can also result in adequate tissue specimens, but

experience with this technique is limited (Carruthers

et al., 2000).

Most patients with Wegener’s granulomatosis lung

disease have concomitant upper respiratory tract

involvement (Hoffman et al., 1992; Reinhold-Keller

et al., 2000). Endoscopic biopsy from lesions within

the nasal cavity and biopsy from sinusoidal lesions

visualized by CT or MRI (Muhle et al., 1996) yield a

high number of adequate specimens (Reinhold-Keller

et al., 2000; Schnabel et al., 1997). The histopatho-

logical triad of vasculitis, granuloma, and necrosis is

found in only a minority of specimens (Devaney et al.,

1990). However, either granuloma or vasculitis in an

upper respiratory tract biopsy in association with a

clinical picture suggestive of Wegener’s granuloma-

tosis and a PR3-ANCA confers a high degree of

diagnostic confidence. Alternative biopsy sites are the

kidney, the skin, and skeletal muscle, provided that

lesional tissue is sampled (Hoffman et al., 1992;

Reinhold-Keller et al., 2000).

6.2. Bronchoalveolar lavage

Granulomatous and vasculitic lung disease in Wegen-

er’s granulomatosis is associated with distinct BAL

cell profiles. Bronchoalveolar lavage lymphocytosis is

commonly found in patients with the radiological

features of granulomatous lung disease (Schnabel

et al., 1999a–c). Approximately two-thirds of these

patients have an elevated CD4/CD8 ratio. A depressed

CD4/CD8 ratio in the BAL fluid is rare in Wegener’s

granulomatosis patients and demands careful exclu-

sion of an alternative aetiology, particularly viral or

fungal infection.

Patients with diffuse dense opacities in the chest

radiograph, reflecting vasculitic lung disease, gener-

ally have BAL neutrophilia with or without accom-

panying lymphocytosis (Schnabel et al., 1999a–c).

The magnitude of the BAL neutrophilia in Wegener’s

granulomatosis vasculitic disease depends on the

severity of the disease and can overlap broadly with

the range of neutrophilia seen in bacterial infection.

Microbiological examination of the BAL material is

therefore indispensable.

Highly-active DAH features haemorrhagic dis-

charge from multiple bronchial orifices. Less severe

forms of DAH feature only localized traces of

endobronchial blood or entirely lack visible blood.

Fractionated BAL yields progressively reddish fluid

in the event of active bleeding (Fig. 15), or

progressively brownish fluid in the event of remote

bleeding (Schnabel et al., 1999a–c; Specks, 2001).

On microscopical examination, erythrocytes abound

in the former. In patients with protracted or remote

alveolar bleeding, siderophages are found in numbers

that range from a few percent to 90% (Schnabel et al.,

1999a–c). Siderophages are alveolar macrophages

that stain positive for iron in the Prussian blue stain

(Fig. 16). Patients with more than 5% siderophages in

the BAL fluid usually have clinical and serologic

evidence of active systemic and pulmonary disease.

Figure 15. Fractionated BAL in alveolar bleeding in yields a

progressively haemorrhagic fluid.
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6.3. Diagnosis, staging, and scoring

In 1992, the Chapel-Hill Conference generated

definitions for the most common vasculitic entities

(Jennette et al., 1994). In 1990, classification criteria

were provided by a working party of the American

College of Rheumatology (Leavitt et al., 1990)

(Table 1). These were intended not to be diagnostic

criteria but to aid in the distinction between vasculitic

entities.

The European Community Systemic Vasculitis

Study Group (EUVAS) proposed five clinical sub-

groups for the ANCA-associated vasculitides that are

presented in Table 2 (Jayne, 2001). The rationale was

that treatment should be adapted to the initial extent

and severity of the disease to improve outcome and

minimize treatment toxicity. Subsequent therapeutic

trials were designed to establish standard and best

alternative treatment regimens for these subgroups.

Several scoring systems were proposed for the

assessment of disease activity. The Birmingham

Vasculitis Activity Score (BVAS) became widely

accepted and evolved to be a current standard

(Luqmani et al., 1994). In its most recent form, the

BVAS also distinguishes between clinical features of

worsening vasculitis and features of stable disease

(Stone et al., 2001a,b). Definitions of remission and

relapse proposed by EUVAS are mainly based on the

BVAS. The disease extent index (DEI) gives an

assessment at organ of involvement attributable to

active disease (de Groot et al., 2001a,b).

A further category of disease severity is irrevers-

ible damage resulting from either disease or treat-

ment. The systemic necrotizing vasculitis damage

index (SNVDI) is applicable to Churg–Strauss

syndrome and polyarteritis nodosa (Abu-Shakara

et al., 1994), whereas the vasculitis damage index

(VDI) is also applicable to other vasculitides (Exley

et al., 1997). The BVAS, VDI, and the Short Form 36

(SF-36), which is a generic measure of function, were

combined to give the vasculitis integrated total

assessment log (VITAL) (Bacon et al., 1995). This

provides a global picture of disease activity, damage,

and the resulting functional status.

7. Treatment

A breakthrough in the treatment of Wegener’s

granulomatosis was the introduction of cyclophos-

phamide by Fauci et al. (1983). In contrast to

corticosteroid monotherapy, which had only a

marginal effect on disease outcome, intense immuno-

suppression by cyclophosphamide improved the long-

term prognosis profoundly. However, the cost is

substantial treatment-associated morbidity (Hoffman

et al., 1992). This prompted an ongoing search for

safer therapies and safer administration of available

drugs.

Current remission-inducing treatment consists of

intense immunosuppression of limited duration,

which is followed by less intense maintenance treat-

ment. As a standard regimen in full-blown disease,

data from the EUVAS group now suggest cyclophos-

phamide 2.0 mg/kg body weight/day for induction of

remission, for approximately 3– 6 months, and

Figure 16. Microscopic view of cytocentrifuge preparations from

BAL fluid in a patient with recent alveolar bleeding. The

macrophages contain brownish material on May–Grünwald–

Giemsa staining (A), which on Prussian blue staining (B) gives an

intense blue colour, marking them as siderophages.
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subsequent maintenance treatment with azathioprine

2.0 mg/kg body weight/day (Jayne et al., 2003).

In patients with early systemic disease, i.e. without

renal involvement and without immediately organ-

threatening disease (NORAM study), methotrexate

0.3 mg/kg body weight/week proved to be equally

effective to daily oral cyclophosphamide in the

induction of remission (de Groot et al., 2001a,b).

However, termination of treatment at month 12 was

associated with a relapse rate of 69% in the

methotrexate arm compared with 45% in the cyclo-

phosphamide arm. Together with previous studies, the

NORAM study suggests that methotrexate can replace

daily oral cyclophosphamide for induction of remis-

sion, but the treatment needs to be extended beyond

12 months.

At the severe end of the disease spectrum,

cyclophosphamide remains indispensable (Reinhold-

Keller et al., 1994). The studies addressing the

question whether intravenous pulse cyclophospha-

mide is a viable alternative for daily oral therapy, the

potential advantage of the former regimen being

lesser cumulative doses and, hopefully, less treat-

ment-associated toxicity, are inconclusive (de Groot

et al., 2001a,b). Results from the CYCLOPS study are

expected to clarify this issue (Jayne, 2001).

Patients with advanced renal failure at the initiation

of treatment have particularly poor renal and overall

survival. The addition of either plasmapheresis or

methylprednisolone pulse therapy to daily oral

cyclophosphamide have been examined in the

MEPEX study (Gaskin and Pusey, 2001). The addition

of plasmapheresis resulted in better preservation of

renal function than the addition of methylprednisolone

pulses. However, mortality was high in both study

arms (25%) and the question of whether organ

involvement other than renal also benefits from

plasma exchange has not been addressed.

High-dose intravenous immunoglobulin treatment

has been employed as salvage therapy in difficult-to-

treat Wegener’s granulomatosis patients. Responses

proved to be unpredictable and ranged between 30 and

70% (Richter et al., 1995; Jayne et al., 2000). Further

trials involved monoclonal antibodies against CD52

(Campath-1H) or CD4 positive cells and anti-

thymocyte globulin (Lockwood et al., 1993; Jayne,

2001). Recently published experience with TNF-a

antagonists, i.e. infliximab or etanercept, in refractory

Wegener’s granulomatosis is promising (Stone et al.,

2001a,b; Lamprecht et al., 2002a,b).

A number of drugs were used for maintenance of

remission. In the CYCAZAREM study, azathioprine

2.0 mg/kg body weight/day was compared with

cyclophosphamide 1.5 mg/kg body weight/day with

respect to its ability to maintain remission (Jayne et al.,

2003). During a follow-up period of 18 months, the

two regimens were equally effective, rates of relapse

being 15.5% in the former and 13.7% in the latter.

The optimal duration of maintenance treatment

awaits further clarification. To this end, the REMAIN

study examines whether maintenance treatment with

azathioprine plus low-dose prednisolone given up to

42 months after primary diagnosis is more effective

than the same regimen given up to 22 months after

diagnosis (Jayne, 2001). Results from further studies

are awaited which compare methotrexate with either

leflunomide or azathioprine and azathioprine with

mycophenolate mofetil.

Very interesting, although incompletely under-

stood, is the beneficial effect of co-trimoxazole in

Wegener’s granulomatosis (DeRemee, 1988). Clini-

cal observations suggest that this drug can retard the

progression from localized to systemic disease and a

placebo-controlled study demonstrates its remission-

maintaining effect (Stegeman et al., 1996). This drug

is particularly attractive for its favourable tolerability.

Table 11 summarizes the current evidence. Corti-

costeroids are generally added to any of the afore-

mentioned immunosuppressives. A prednisolone dose

of 0.8–1.0 mg/kg body weight/day is given initially,

followed by tapering to a maintenance dose of

5–7.5 mg. Mega-doses of corticosteroids commonly

have a beneficial effect in immediately organ-

threatening disease, such as florid pneumonitis or

highly-active capillaritis, although experimental evi-

dence to this effect is missing.

7.1. Treatment toxicity

A large proportion of treatment toxicity in Wegener’s

granulomatosis is attributable to cyclophosphamide

and corticosteroids. In the cohort from the National

Institutes of Health that comprised mainly patients

diagnosed and treated in the 1970s and 1980s

(Hoffman et al., 1992), toxicity attributable to
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Table 11

Therapy of Wegener’s granulomatosis (WG)

Stage Therapy Dose Reference Evidence

Induction therapy

Localized WG Cotrimoxazole 2 £ 960 mg/day p.o. Reinhold-Keller et al. (1996) IIa/A

Early systemic WG Methotrexate 0.3 mg/kg/week i.v. Langford et al. (1996) IIb/A

Generalized WG Cyclophosphamide 2 mg/kg/day p.o. Hoffman et al. (1992) IIb/A

Cyclophosphamide 15–20 mg/kg/3–4 weeks i.v. Haubitz et al. (1998) Ib/A

Maintenance therapy

Generalized WG Azathioprine 2 mg/kg/day p.o. Jayne et al. (2003) I-b/A

Generalized WG Methotrexate 0.3 mg/kg/week i.v. Langford et al. (1996) II-b/B

Generalized WG Leflunomide 30 mg/day p.o. Metzler et al. (2004) III/C

Generalized WG Cyclosporine A 2.5–5 mg/kg/day p.o. Haubitz et al. (1998) III/C

Generalized WG Mycophenolate mofetil 2 g/day p.o. Nowack et al. (1999) III/C

Generalized WG/

Early systemic WG

Cotrimoxazole 2 £ 960 mg/day p.o. Stegeman et al. (1996) I-b/A

Escalation therapy

Refractory WG Cyclophosphamide 2–4 mg/kg/day p.o. Hoffman et al. (1992) II-b/B

Refractory WG Etanercept 25 mg/2 £ week s.c. Stone et al. (2001a,b) II-b/B

Refractory WG Infliximab 5 mg/kg/every 4–6 weeks i.v. Lamprecht et al. (2002) II-b/B

Refractory WG Rituximab 375 mg/m2/every 4 weeks i.v. Specks et al. (2001) III/B

Refractory WG Intravenous immunoglobulin 0.4 g/kg/day i.v. for 5 days Jayne and Lockwood (1996) II-b/A

Refractory WG Anti-thymocyte globuline 5 mg/kg i.v. for 10 days III/C

Refractory WG Anti-CD4 (YNB 46.1 or hIgG1CD4)

and/or anti-CD52 (hIgG1CD52 ¼

Campath-1H)

20 mg i.v. for 5–12 days

and/or 2–40 mg i.v. for 5–8 days

Lockwood et al. (1993) III/C

Refractory WG 15-Deoxyspergualin 0.5 mg/kg/day for 2–3 weeks, 6 cycles Birck et al. (2003) IIb/C

Stages according to Jayne et al. (2000) (see Table 2). Levels of evidence: I-a, supported by meta-analysis; I-b, at least one randomized, controlled study; II-a, at least one good

controlled study; II-b, at least one good, virtually experimental study; III, at least one good descriptive study; IV, clinical experience or consensus; Strength of evidence: A, strong

evidence, support; B, satisfactory evidence, support; C, weak evidence, support; D, good evidence, reject; E, strong evidence, reject.
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Figure 17. Kaplan–Meier graphs depicting survival in Wegener’s granulomatosis, depending on (A) age at diagnosis, (B) lung involvement at

diagnosis and (C) kidney involvement at diagnosis (from Reinhold-Keller et al., 2000).
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cyclophosphamide was dominated by chemocystitis

(43%), bladder cancer (2.8%), myelodysplasia (2%)

and, in a subset of women in the fertile age,

amenorrhoea (57%). A 2.4 overall increase in

malignant neoplasia and an 11-fold increase in

lymphomas were observed. Serious infections were

observed in 46% of the patients and included mainly

conventional bacterial agents, but also mycobacteria,

Pneumocystis carinii, other fungi and cutaneous

zoster. Pneumonias accounted for 39% of the serious

infections. In this study, daily prednisolone given over

extended periods of time in substantial doses emerged

as a principal risk factor for infections and a

substantial reduction in infectious complications was

documented in a later study that adhered to rapid dose

reduction (Reinhold-Keller et al., 2000). Prophylaxis

with low-dose co-trimoxazole against P. carinii has

been advocated if higher doses of corticosteroids over

extended periods of time are inevitable (Ognibene

et al., 1995; Yale and Limper, 1996).

7.2. Long-term outcome

Before the introduction of cyclophosphamide into the

treatment of Wegener’s granulomatosis, the mean

survival was only 5 months. Survival in the Luebeck

cohort, which comprises 155 consecutive Wegener’s

granulomatosis patients treated in the 1990s, was 88%

after 10 years and the estimated median survival after

diagnosis was 21.7 years. Age over 50 years,

pulmonary involvement, and renal involvement at

diagnosis were found to be significant predictors of

survival time (Fig. 17), hazard ratios of all-cause

mortality being 5.45, 3.75, and 4.45 in these conditions.

Relapses after effective treatment remain a con-

tinuing problem. In the aforementioned study, the rate

of relapses among the patients followed for at least 5

years amounted to 71%. The NIH study, which

comprised a comparable patient cohort, reported 50%

relapses. The latter cohort was treated with higher

cumulative doses of cyclophosphamide and corticos-

teroids. Obviously, this blunted the number of

relapses, but it was also associated with a higher

number of severe infections (46 versus 26% in the

Luebeck cohort).

Organ damage that accumulates over time is

common in Wegener’s granulomatosis patients, this

resulting from either the disease itself or the

treatment. Chronic renal insufficiency, hearing

loss, nasal deformities, tracheal stenosis, and loss

of vision make up a large share of disease-related

permanent damage. Treatment-related morbidity has

been outlined above. Chronic sinus dysfunction and

pulmonary insufficiency often relate to the com-

bined effects of disease and medication.

In aggregate, these figures signify that the manage-

ment of Wegener’s granulomatosis is a long-term

endeavour, a central aspect of which is to strike a

balance between the need to prevent accumulating

damage originating from chronic-progressive disease

and the importance of avoiding treatment-related

morbidity.

Key points

† Pulmonary involvement is common in

Wegener’s granulomatosis.

† Wegener’s granulomatosis affects the res-

piratory tract in the form of granulomatous

disease, vasculitis, or a combination of the

two.

† Infections such as S. aureus, other environ-
mental influences, or ‘Wegener’s autoantigen’
proteinase 3 (PR3) itself are thought to play a
role in triggering and/or maintaining disease
activity in Wegener’s granulomatosis on the
basis of a genetic predisposition to an
exaggerated Th1-type response.

† The detection of ANCA directed against

proteinase 3 (PR3-ANCA) is highly specific

for Wegener’s granulomatosis.

† The diagnosis is based on clinical presen-

tation, detection of PR3-ANCA, and bioptic

findings.

† BAL and imaging techniques may support

the diagnosis by alveolitis and diffuse

alveolar haemorrhage subsequent to

inflammation and capillaritis.

† Standard treatment in organ- and life-

threatening full-blown disease consists of

cyclophosphamide 2.0 mg/kg body weight/-

day for the induction of remission, for

approximately 3–6 months, and sub-

sequent maintenance treatment with

azathioprine 2.0 mg/kg body weight/day.

P. Lamprecht et al.88



References

Abdou, N.I., Kullman, G.J., Hoffman, G.S., Sharp, G.C., Specks, U.,

McDonald, T., Garrity, J., Goeken, J.A., Allen, N.B. 2002.

Wegener’s granulomatosis: survey of 701 patients in North

America.Changes inoutcomein the1990s. J. Rheumatol. 29,309.

Abu-Shakara, M., Smythe, H., Lewtas, J., Badley, E., Weber, D.,

Keystone, E. 1994. Outcome of polyarteritis nodosa and

Churg–Strauss syndrome. An analysis of twenty-five patients.

Arthritis Rheum. 37, 1798–1803.

Attali, P., Begum, R., Ben Romdhane, H., Valere, D., Guillevin, L.,

Brauner, M.W. 1998. Pulmonary Wegener’s granulomatosis:

changes and follow-up CT. Eur. Radiol. 8, 1009–1113.

Bacon, P.A., Moots, R., Exley, A., Luqmani, R., Rasmussen, N.

1995. VITAL (Vasculitis Integrated Total Assessment Log)

assessment of vasculitis. Clin. Exp. Rheumatol. 13, 275–278.

Bajema, I.M., Hagen, E.C., Ferrario, F., Waldherr, R., Noel, L.H.,

Hermans, J., van der Woude, F.J., Bruijn, J.A. 1998. Renal

granulomas in systemic vasculitis. EC/BCR project for ANCA-

assay standardization. Clin. Nephrol. 48, 16.

Bajema, I.M., Hagen, E.C., De Herr, E., van der Woude, F.J., Bruijn,

J.A. 2001. Colocalization of ANCA-antigens and fibrinoid

necrosis in ANCA-associated vasculitis. Kidney Int. 60, 2025.

Balding, C.E.J., Howie, A.J., Drake-Lee, A.B., Savage, C.O.S.

2001. Th2 dominance in nasal mucosa in patients with

Wegener’s granulomatosis. Clin. Exp. Immunol. 125, 332.

Birck, R., Warnatz, K., Lorenz, H.M., Choi, M., Haubitz, M.,

Grunke, M., Peter, H.H., Kalden, J.R., Gobel, U., Drexler, J.M.,

Hotta, O., Nowack, R., Van der Woude, F.J. 2003. 15-

Deoxyspergualin in patients with refractory ANCA-associated

systemic vasculitis: a six-month open-label trial to evaluate

safety and efficacy. J. Am. Soc. Nephrol. 14, 440.

Blank, M., Tomer, Y., Stein, M., Kopolovic, J., Wiik, A., Meroni,

P.L., Conforti, G., Shoenfeld, Y. 1995. Immunization with anti-

neutrophil cytoplasmic antibody (ANCA) induces the pro-

duction of mouse ANCA and perivascular lymphocyte infiltra-

tion. Clin. Exp. Immunol. 102, 120.

Bosch, X., Lopez-Soto, A., Mirapeix, E., Font, J., Ingelmo, M.,

Urbano-Marquez, A. 1994. Antineutrophil cytoplasmatic auto-

antibody-associated alveolar capillaritis in patients presenting

with pulmonary hemorrhage. Arch. Pathol. Lab. Med. 118,

517–522.

Brockmann, H., Schwarting, A., Kriegsmann, J., Petrow, P.,

Gaumann, A., Müller, K.M., Galle, P.R., Mayet, W. 2002.

Proteinase-3 as the major autoantigen of c-ANCA is strongly

expressed in lung tissue of patients with Wegener’s granulo-

matosis. Arthritis Res. 4, 220.

Brons, R.H., Bakker, H.I., Van Wijk, R.T., Van Dijk, N.W.,

Muller Kobold, A.C., Limburg, P.C., Manson, W.L., Kallen-

berg, C.G., Cohen Tervaert, J.W. 2000. Staphylococcal acid

phosphatase binds to endothelial cells via charge interaction; a

pathogenic role in Wegener’s granulomatosis? Clin. Exp.

Immunol. 119, 566.

Brons, R.H., de Jong, M.C., de Boer, N.K., Stegeman, C.A.,

Kallenberg, C.G., Cohen Tervaert, J.W. 2001. Detection of

immune deposits in skin lesions of patients with Wegener’s

granulomatosis. Ann. Rheum. Dis. 60, 1097.

Brouwer, E., Huitema, M.G., Klok, P.A., de Weerd, H., Tervaert,

J.W., Weening, J.J., Kallenberg, C.G. 1993. Antimyelo-

peroxidase-associated proliferative glomerulonephritis: an ani-

mal model. J. Exp. Med. 177, 905.

Brouwer, E., Huitema, M.G., Mulder, A.H.L., Heeringa, P., Van

Goor, H., Tervaert, J.W.C., Weening, J.J., Kallenberg, C.G.M.

1994. Neutrophil activation in vitro and in vivo in Wegener’s

granulomatosis. Kidney Int. 45, 1120–1131.

Carrington, C.B., Liebow, A.A. 1966. Limited forms of angiitis and

granulomatosis of Wegener’s type. Am. J. Med. 41, 497.

Carruthers, D.M., Watts, R.A., Symmons, D.P., Scott, D.G. 1996.

Wegener’s granulomatosis—increased incidence or increased

recognition? Br. J. Rheumatol. 35, 142.

Carruthers, D.M., Connor, S., Howie, A.J., Exley, A.R., Raza, K.,

Bacon, P.A., Guest, P. 2000. Percutaneous image-guided biopsy

of lung nodules in the assessment of disease activity in

Wegener’s granulomatosis. Rheumatology 39, 776–782.

Cockwell, P., Brooks, C.J., Adu, D., Savage, C.O.S. 1999.

Interleukin-8: a pathogenetic role in antineutrophil cytoplasmic

autoantibody-associated glomerulonephritis. Kidney Int. 55,

852.

Cohen Tervaert, J.W., Stegeman, C.A., Kallenberg, C.G.M. 1998.

Silicon exposure and vasculitis. Curr. Opin. Rheumatol. 10, 12.

Cordier, J.-F., Valeyre, D., Guillevin, L., Loire, R., Brechot, J.-M.

1990.Pulmonary Wegener’sgranulomatosis.Chest97, 906–912.

Cotch, M.F., Hoffman, G.S., Yerg, D.E., Kaufman, G.I., Targonski,

P., Kaslow, R.A. 1996. The epidemiology of Wegener’s

granulomatosis: estimates of the five-year period prevalence,

annual mortality and geographic disease distribution from

population-based data sources. Arthritis Rheum. 39, 87.

Coulomb-L’Hermine, A., Capron, F., Zhou, W., Piard, F., Galateau,

F., Laurent, P., Crevon, M.C., Galanaud, P., Emilie, D. 2001.

Expression of the chemokine RANTES in pulmonary Wegen-

er’s granulomatosis. Hum. Pathol. 32, 320.

Csernok, E., Schmitt, W.H., Ernst, M., Bainton, D.F., Gross, W.L.

1993. Membrane surface proteinase 3 expression and intra-

cytoplasmic immunoglobuline on neutrophils from patients with

ANCA-associated vasculitides. Adv. Exp. Med. Biol. 336, 45.

Csernok, E., Ernst, M., Schmitt, W., Bainton, D.F., Gross, W.L.

1994. Activated neutrophils express proteinase 3 on their

plasma membrane in vitro and in vivo. Clin. Exp. Immunol. 95,

244.

Csernok, E., Trabandt, A., Müller, A., Wang, G.C., Moosig, F.,

Paulsen, J., Schnabel, A., Gross, W.L. 1999. Cytokine profiles in

Wegener’s granulomatosis: predominance of type 1 (Th1) in the

granulomatous inflammation. Arthritis Rheum. 42, 742.

Daum, T.E., Specks, U., Colby, T.V., Edell, E.S., Brutinel, M.W.,

Prakash, D.B.S., DeRemee, R.A. 1995. Tracheobronchial

involvement in Wegener’s granulomatosis. Am. J. Respir.

Crit. Care Med. 151, 522.

de Groot, K., Adu, D., Savage, C.O., European Vasculitis Study

Group 2001a. The value of pulse cyclophosphamide in ANCA-

associated vasculitis: meta-analysis and critical review.

Nephrol. Dial. Transplant. 16, 2018.

de Groot, K., Gross, W.L., Herlyn, K., Reinhold-Keller, E. 2001b.

Development and validation of a disease extent index for

Wegener’s granulomatosis. Clin. Nephrol. 55 (1), 31.

Wegener’s Granulomatosis: A Pulmonary Perspective 89



DeRemee, R.A. 1988. The treatment of Wegener’s granulomatosis

with trimethoprim/sulfamethoxazole: illusion or vision? Arthri-

tis Rheum. 31, 1068–1074.

DeRemee, R.A., McDonald, T.J., Weiland, L.H. 1985. Wegener’s

granulomatosis: observation on treatment with antimicrobial

agents. Mayo Clin. Proc. 60, 27.

Devaney, K.O., Travis, W.D., Hoffman, G., Leavitt, R., Lebovics,

R., Fauci, A.S. 1990. Interpretation of head and neck biopsies in

Wegener’s granulomatosis. Am. J. Surg. Pathol. 14, 555–564.

Dijstelbloem, H.M., Scheepers, R.H., Oost, W.W., Stegeman, C.A.,

van der Pol, W.L., Sluiter, W.J., Kallenberg, C.G., van de

Winkel, J.G., Tervaert, J.W. 1999. Fcgamma receptor poly-

morphisms in Wegener’s granulomatosis: risk factors for

disease relapse. Arthritis Rheum. 42, 1823.

Edberg, J.C., Wainstein, E., Wu, J., Csernok, E., Sneller, M.C.,

Hoffman, G.S., Keystone, E.C., Gross, W.L., Kimberly, R.P.

1997. Analysis of FcgammaRII gene polymorphisms in

Wegener’s granulomatosis. Exp. Clin. Immunogenet. 14, 183.

Eden, A., Mahr, A., Servant, A., Radjef, N., Amard, S., Mouthon,

L., Garbarg-Chenon, A., Guillevin, L. 2003. Lack of association

between B19 or V9 erythrovirus infection and ANCA-positive

vasculitides: a case-control study. Rheumatology 42, 660.

Ehlers, S., Benini, J., Held, H.D., Röck, C., Alber, G., Uhlig, S.
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CHAPTER 5

Vasculitic Syndromes other than Wegener’s Granulomatosis

Alexander N. Bennett, David P. D’Cruz*
The Lupus Research Unit, The Rayne Institute, St Thomas’ Hospital, London SE1 7EH, UK

1. Introduction

Pulmonary vasculitis can be seen in a variety of

conditions. It is seen in primary systemic vasculitides:

giant cell arteritis (GCA), Takayasu’s arteritis (TA),

polyarteritis nodosa (PAN), Wegener’s granulomato-

sis, Churg–Strauss syndrome, microscopic polyangii-

tis, Henoch-Schönlein purpura and Behçet’s disease;

in autoimmune disorders: systemic lupus erythema-

tosus (SLE), rheumatoid arthritis, systemic sclerosis;

in primary lung disorders: sarcoidosis, eosinophilic

pneumonia, hypersensitivity pneumonitis; and in

infectious processes and lymphoproliferative dis-

orders. These pulmonary vasculitides are obviously

a heterogeneous group of diseases and are character-

ized by inflammation and destruction of blood vessels.

Most are part of a systemic process but some are

confined to the lung. Attempts have been made to

classify and organize pulmonary vasculitis but

because of the heterogeneity and considerable overlap

no consensus has been reached. The exact pathogen-

esis is not known but in some syndromes such as SLE

it is thought to be due to immune complex deposition

and in chronic granulomatous conditions secondary to

alterations in cell mediated immunity.

The classification of the primary systemic vasculi-

tides has been a point of confusion for many years. In

1994 an international consensus conference met in

Chapel Hill North Carolina, USA where they defined

the vasculitides depending on the size of the vessels

involved. Thus, large vessel vasculitis included TA

and GCA, medium vessel vasculitis: PAN and

Kawasaki disease and small vessel vasculitis: Wegen-

er’s granulomatosis, microscopic polyangiitis,

Churg–Strauss syndrome, Henoch-Schönlein pur-

pura, essential cryoglobulinemic vasculitis and

cutaneous leukcytoclastic angiitis (Table 1). Prior to

this the ACR classification criteria from 1990 were

used (Table 2). In this chapter we will concentrate on

the primary systemic vasculitic syndromes which

have pulmonary involvement as a feature. Wegener’s

granulomatosis is excluded as it is discussed else-

where in this book.

2. Giant cell arteritis

2.1. Prevalence and epidemiology

Giant cell arteritis is the most common of the systemic

vasculitides. In Scandinavian countries the annual

incidence rates are generally greater than 200 per

million of the population aged 50 and older. In com-

parison, in southern Europe the incidence is less than

120 per million (Gonzalez-Gay and Garcia-Porrua,

2001). In both northern and southern Europe there

has been a marked increase in the incidence of GCA in

recent years (Petursdottir et al., 1999; Gonzalez-Gay

et al., 2001). Giant cell arteritis affects older

patients, the mean age being 70 years. The Chapel

Hill consensus definition for GCA (Table 1) and the

ACR classification criteria (Table 2) both stipulate

that the patients should be over 50 years of age.
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Table 1

Chapel Hill consensus conference definitions

Large vessel vasculitis

Giant cell arteritis

Granulomatous arteritis of the aorta and its major branches with a

predilection for the extracranial branches of the carotid artery

Often involves the temporal artery

Patients usually .50 years

May be associated with polymyalgia rheumatica

Takayasu’s arteritis

Granulomatous inflammation of the aorta and its major branches

Patients usually .50 years

Medium vessel vasculitis

Polyarteritis nodosa

Necrotizing inflammation of medium-sized or small arteries without

glomerulonephritis or vasculitis in the arterioles, capillaries or

venules

Kawasaki disease

Arteritis of large, medium-sized and small arteries, associated with

mucocutaneous lymph node syndrome

Small vessel vasculitis

Wegener’s granulomatosis

Granulomatous inflammation involving the upper and lower

respiratory tract, and necrotizing vasculitis affecting small to

medium-sized vessels

Necrotizing glomerulonephritis is common

Microscopic polyangiitis

Necrotizing vasculitis, with few or no immune deposits, affecting

small vessels

Necrotizing arteritis of small and medium-sized arteries may be

present

Necrotizing glomerulonephritis is common

Pulmonary capillaritis often occurs

Churg–Strauss syndrome

Eosinophil-rich, granulomatous inflammation involving the

respiratory tract, and necrotizing vasculitis affecting small to

medium-sized vessels, associated with asthma and eosinophilia

Henoch-Schönlein purpura

Vasculitis with IgA-dominant immune deposits, affecting small

vessels. Typically involves skin, gut and glomeruli. Associated with

arthritis or arthralgia

Essential cryoglobulinaemic vasculitis

Vasculitis, with cryglobulin immune deposits, affecting small

vessels and associated with cryoglobulins in serum

Skin and glomeruli are often involved

Cutaneous leukocytoclastic angitis

Isolated cutaneous leukocytoclastic angiitis without systemic

vasculitis or glomerulonephritis

Table 2

ACR systemic vasculitis criteria, summarized from original papers

Large vessel vasculitis

Giant cell arteritis a

Age over 50 years at onset

New type of headache

Claudication of jaw or tongue

Scalp tenderness or nodules

Abnormal temporal artery on clinical examination

Temporal artery biopsy showing vasculitis, or item 4, can be used as

a surrogate if biopsy not available

Takayasu’s arteritisb

Age under 40 years at onset

Limb claudication

Diminished pulses

BP . 10 mm Hg difference between arms

Bruits

Abnormal arteriogram

Medium vessel vasculitis

Polyarteritis nodosac

Weight loss

Livedo reticularis

Testicular pain or tenderness

Myalgias, myopathy or tenderness

Neuropathy

Hypertension

Renal impairment

Hepatitis B virus

Abnormal arteriography

Arterial biopsy showing PMN

Kawasaki disease

None available

Small vessel vasculitis

Wegener’s granulomatosisd

Nasal or oral inflammation

Chest X-ray showing nodules, infiltrates (fixed) or cavities

Microscopic haematuria or red cell casts in urine

Granulomatous inflammation on biopsy

Microscopic polyangiitis

Not recognized

Churg–Strauss syndromee

Asthma

Eosinophilia

Neuropathy

Pulmonary infiltrated (not fixed)

Sinusitis

Positive biopsy

Hypersensitivity vasculitisf

Age over 16 years at onset
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Giant cell arteritis is more common in whites

of Scandinavian extraction and uncommon in

black, Asian and South American populations (Liu

et al., 2001).

2.2. Aetiology/Pathogenesis

There is thought to be a genetic influence on the

pathogenesis of GCA and there is an association with

HLA-DRB1*04 alleles (Dababneh et al., 1998) in

both susceptibility and severity. Unlike rheumatoid

arthritis, however, there is no shared epitope homo-

zygosity to predict severity of disease (Dababneh

et al., 1998). In northwest Spain links between GCA

and different tumour necrosis factor microsatellite

polymorphisms have also been made (Mattey et al.,

2000), but studies into links with adhesion molecule-1

have produced mixed results (Gonzalez-Gay and

Garcia-Porrua, 2002). There are reports that cigarette

smoking and history of vascular disease increase the

risk of GCA (Gonzalez-Gay et al., 2001) and

parvovirus B19 has recently been suggested as having

a role in its pathogenesis (Gabriel et al., 1999). Giant

cell arteritis and TA have a similar pathogenesis that

distinguishes them from other vasculitides. Cellular

immune responses involving T-cells, antigen-present-

ing cells, and macrophages are fundamental and there

is no evidence of an autoantibody component (Weyand

and Goronzy, 2003). Giant cell arteritis is a T-cell

dependant disease (Weyand and Goronzy, 2002) and

the CD4þ T-cell is the critical cell in organizing tissue

injury in this vasculitic syndrome (Grunewald et al.,

1972; Brack et al., 1997). The T-cell activation in the

arterial wall requires the activation of specialized

antigen-presenting cells and dendritic cells (Krupa

et al., 2002). The antigen recognized by the CD4þ

cells is unknown. Infectious agents, toxins, drugs, and

autoantigens could all be possible and parvovirus,

influenza virus, varicella virus and Chlamydia pneu-

moniae have all been suspected (Elling et al., 1996,

2000; Duhaut et al., 1999; Mitchell and Front, 2001). In

GCA, T-cells leave the blood and enter the tissue via

the vasa vasorum in the adventitia. Microvessels in the

inflamed arteries produce a variety of adhesion

molecules that regulate leukocyte transport (Wawryk

et al., 1991; Lavignac et al., 1996; Cid et al., 2000).

Activated dendritic cells produce the chemokines

CCL19 and CCL21, which have a critical role in

attracting T-cells and macrophages into the arterial

wall (Krupa et al., 2002). Immature dendritic cells

have a role in maintaining T-cell unresponsivness. In

contrast to mature dendritic cells that induce T-cell

responses, immature dendritic cells do not express the

costimulatory molecules CD80 and CD86. Lesions in

the temporal arteries from patients with GCA contain

numerous dendritic cells in the adventitia and the

inflamed wall. These dendritic cells are mature and

activated (Krupa et al., 2002; Cid et al., 1989). The

activation of endothelial cells and dendritic cells

precedes T-cell recruitment to the tissue and the activa-

tion and differentiation of the dendritic cells are key

events in the pathogenesis of GCA (Krupa et al., 2002).

2.3. Clinical manifestations

Giant cell arteritis was first described in 1932 by

Horton et al. (1932). It is a granulomatous vasculitis

of medium-sized and large arteries that affects older

Medications which may have precipitated onset

Palpable purpura

Rash

Positive biopsy

Henoch-Schönlein purpurag

Palpable purpura

Age at onset under 20 years

Bowel angina

Wall granulocytes on biopsy

Essential cryoglobulinemic vasculitis and cutaneous

leukocytoclastic angiitis

Not recognized

Hunder et al. (1990) and Jeanette et al. (1994).
a Criteria classify GCA with 95.3% sensitivity and specificity

90.7%
b Three criteria classify TA with 90.55% sensitivity and 97.8%

specificity.
c Three criteria classify PAN with 82.2% sensitivity and 86.6%

specificity.
d Two criteria classify WG with 88.2% sensitivity and 92.0%

specificity.
e Four criteria classify CSS with 85% sensitivity and 99.7%

specificity.
f Three criteria classify HSV with 71% sensitivity and 83.9%

specificity.
g Two criteria classify HSP with 87% sensitivity and 88%

specificity.

Table 2 (continued)
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patients, with a mean age of 70 years. It has a

predilection for the branches of the external carotid

artery but is a systemic disease that can affect virtually

any organ. Characteristic symptoms include temporal

headaches and temporal artery tenderness, jaw

claudication, polymyalgia rheumatica, fatigue, fever

and visual disturbance including blindness. Although

not characteristic, respiratory symptoms are not

uncommon, but evidence of parenchymal lung disease

is rare (Hunder, 1990; Larson et al., 1984). Parench-

ymal lung disease has, however, been reported in

classical biopsy proven GCA patients. Cavitating

and non-cavitating multiple large nodular opacities

(Bradley et al., 1984; Kramer et al., 1987) and

interstitial opacities (Kramer et al., 1987; Karam and

Fulmer, 1982) have been demonstrated on both

transbronchial and open lung biopsy (Bradley et al.,

1984; Karam and Fulmer, 1982). Pulmonary artery

involvement has been noted in GCA (Dennison et al.,

1985; Glover et al., 1987) and pulmonary arteriole and

venule involvement has also been noted in a patient 6

months before the diagnosis of GCA (biopsy proven)

was made (Doyle et al., 1988). When the disease is

untreated the prognosis is poor but treated early, the

prognosis is good.

2.4. Investigations

2.4.1. Radiology
With the relatively rare involvement of the respiratory

system in GCA radiological investigations of the

chest are unusual. However, if parenchymal disease is

suspected, conventional chest radiograph, CT or

transbronchial or open lung biopsy would all

undoubtedly be useful. If pulmonary artery involve-

ment is suspected then pulmonary angiography would

be the investigation of choice. With regards to the

diagnosis of GCA, the gold standard is temporal artery

biopsy which is discussed below.

However, promising techniques are high-resol-

ution ultrasonography and colour duplex ultrasono-

graphy. Colour duplex ultrasonography may show a

hypo-echoic halo around the perfused lumen in

inflamed temporal arteries, which disappear with

corticosteroid treatment (Schmidt et al., 1997).

Ultrasonography is, however, dependent on blood

flow abnormalities and it lacks the sensitivity to detect

subtle inflammatory changes in the arterial wall

(Schmidt, 2000). The extent of intimal hyperplasia

and therefore luminal occlusion varies in patients with

GCA and is modulated by the extent of platelet-

derived growth factor production (Kaiser et al., 1998).

Therefore patients with significant intimal hyperplasia

and blood flow abnormalities could be diagnosed

with ultrasonography, although those without signifi-

cant intimal hyperplasia rely on biopsy to make the

diagnosis.

2.4.2. Functional
Giant cell arteritis patients with proven interstitial

patterns on chest radiograph have been shown to have

restrictive patterns on pulmonary function testing

(Kramer et al., 1987; Karam and Fulmer, 1982). In

one study of 17 GCA patients without pulmonary

symptoms or history of lung disease or tobacco use,

three patients had restrictive patterns on pulmonary

function tests, two had isolated reductions in transfer

factor (DLCO) and one had obstructive physiology

(Acritidis et al., 1988).

2.4.3. Positron emission tomography
and nuclear medicine
Positron emission tomography (PET) scanning with

radiolabelled glucose analogues enables in vivo

measurement of glucose metabolism. It has the

advantage over biopsy of being able to detect all

active areas. Increased uptake in the large thoracic

arteries is more common in GCA patients than controls

with a 56% sensitivity and 98% specificity (Blockmans

et al., 2000). This is due to the increased glycolysis in

inactivated leukocytes and macrophages and is a

characteristic feature of inflammation in GCA. Nuclear

medicine scanning with gallium scintigraphy has been

reported to localize inflammation in the aortic arch and

pulmonary arteries in TA patients (Morita et al., 1993)

and the temporal area in GCA patients. Both of these

techniques are still largely only used for research

purposes and their use in the clinical diagnosis of GCA

has yet to be established.

2.4.4. Haematology and biochemistry
Typical features of chronic inflammation can been

seen in any of the vasculitides: classically a nor-

mocytic, normochromic anaemia with a leucocytosis
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and thrombocytosis. Other inflammatory markers, in

particular the erythrocyte sedimentation rate (ESR)

and C-reactive protein (CRP), are often the only

abnormal indices. They are, however, not always

raised and up to 20% of GCA patients with positive

biopsies have normal acute phase reactants (Mohan

and Kerr, 2001).

2.4.5. Tissue biopsy
The gold standard for the diagnosis of GCA is a

temporal artery biopsy. Skip lesions are characteristic

so a biopsy of a minimum of 2–3 cm is required. If it

is negative but clinical suspicion is still high, then

biopsy of the opposite temporal artery may yield

positive results in up to 15–20% of patients (Hall

et al., 1983).

The findings are those of a panarteritis with

mononuclear infiltrates penetrating all layers of the

arterial wall. Typically, activated T-cells and macro-

phages are arranged in granulomas. Multinucleated

giant cells, when present, are usually close to the

fragmented internal elastic lumina. Often the intimal

layer is hyperplastic, leading to concentric occlusion

of the macrolumen. The classical granulomatous

GCA is seen in about 50% of biopsies from

symptomatic patients. The other 50% show a

panarteritis with a mixed inflammatory infiltrate but

with no giant cells. Patients biopsied prior to starting

corticosteroids have the highest diagnostic yield of

approximately 80%. After 1 week of treatment that

yield deceases to 60% and then to 20% for patients on

steroids for longer periods.

3. Takayasu’s arteritis

3.1. Prevalence and epidemiology

The annual incidence of TA has been reported in

Japan as 150 new cases per year from a population of

125 million (Koide, 1992). It is most common in

Mexico and Far Eastern countries but, although no

cases were reported in two European studies (Watts

et al., 1995; Gonzalez-Gay and Garcia-Porrua, 1999),

it is increasingly being recognized in the west. This

disease is most common in young women during

the childbearing years with the peak onset being in the

third decade. Men are affected, however, and

comprise between 10–30% of cases.

3.2. Aetiology/Pathogenesis

Takayasu’s arteritis shares many histological abnorm-

alities and pathogenic pathways with GCA and this

distinguishes them from the other vasculitides. These

are described in more detail above. Panarteritic

inflammatory infiltrates cause marked thickening of

the involved artery and subsequent luminal narrowing

and occlusion, resulting in diffuse dilatation, aneur-

ysms and thrombosis. Cellular immune responses

involving T-cells, antigen-presenting cells and macro-

phages are fundamental elements in TA. However, in

TA the T-cells may have additional effector functions,

such as releasing the pore-forming protein perforin,

which could directly contribute to the structural

damage incurred by the aortic wall (Seko et al.,

1994, 1996). The pathological findings when there is

pulmonary artery involvement appear to be different

from that in the systemic TA. Lie (1996) reviewed the

pathology of five patients with TA and pulmonary

involvement. Three types of vascular lesion were

identified: the classic large vessel granulomatous

GCA, a peculiar type of organized thrombus with

prominent recanalization and neoangiogenesis, and

plexogenic arteriopathy. Therefore the histological

findings of pulmonary TA are distinct and differ from

that of the systemic TA.

3.3. Clinical manifestations

Takayasu’s arteritis is a form of large vessel

granulomatous vasculitis. It predominantly affects

the aorta and its main branches. The persistent

inflammation often leads to stenosis, occlusion and

aneurysm formation. Symptoms are predominately

related to vascular insufficiency in the limbs, cerebral

ischaemia and cardiac involvement. The gastrointes-

tinal tract can also become symptomatic secondary to

ischaemia. Systemic symptoms such as fatigue,

weight loss, night sweats, fever and arthralgia are

common. Characteristic clinical findings include

absent or reduced pulses with vascular bruits and

valvular disease, predominantly aortic regurgitation.
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Myalgias, arthralgia, fatigue and fever are also

common. At diagnosis, however, up to 20% of TA

patients are asymptomatic and have been diagnosed

coincidently. Pulmonary involvement in Takayasu’s is

almost exclusively secondary to vasculitis of the large

or medium-sized pulmonary arteries. Pulmonary

hypertension is a well-recognized finding (Lande and

Bard, 1976; Moore et al., 1985; Chauvaud et al., 1987).

Takayasu’s arteritis is a chronic relapsing dis-

ease—one study found that 45% of patients experi-

enced relapse and another 23% never achieved

remission (Kerr et al., 1994). Takayasu’s arteritis is

associated with significant morbidity and disease-

related mortality is usually associated with congestive

cardiac failure, cerebrovascular events, myocardial

infarction, aneurysm rupture and renal failure (Kerr

et al., 1994). Hypertension is also common. Koide

(1992) reported hypertension as the major complaint

on initial consultation in 45% of patients who were

subsequently diagnosed with TA.

Five-year survival has been reported between 0 and

35% (Langford, 2001). One study, however, reported

a survival of greater than 94% (Kerr et al., 1994).

3.4. Investigation

3.4.1. Radiology
Chest radiographs may be abnormal in up to 67% of

patients with TA (Yamato et al., 1986). The common

abnormalities are irregularities in the descending

aorta, linear calcifications of the aortic wall, ectatic

aortic arch and cardiomegaly. Decreased vascular

markings secondary to pulmonary artery involvement

are also seen, but less frequently. CT can demonstrate

thickening and enhancement of the vascular wall in

patients with active disease (Fig. 1). While magnetic

resonance angiography is extremely useful in deli-

neating gross vascular anatomy, most clinicians still

regard invasive arterial angiography as the gold

standard investigation. In terms of pulmonary disease,

angiographic studies have estimated the frequency of

pulmonary artery involvement in TA at between 70

and 86% (Yamato et al., 1986; Yamanda et al., 1992).

Typical angiographic findings are stenosis, occlusion

and aneurysm formation. A further angiographic

study in patients with no respiratory symptoms

showed that 50% had pulmonary arterial involvement

(Lupi et al., 1975).

Ventilation perfusion lung scans are often abnor-

mal in TA (Umehara et al., 1991), which can result in

an incorrect diagnosis of pulmonary embolism

(Hayashi et al., 1986; Kerr et al., 1995). Fig. 2a

and b shows a patient in whom the initial diagnosis

was of pulmonary embolism, but the appearances

were later ascribed to TA. It is also important to

remember when considering this that thrombosis is,

however, a complication of vasculitis, and has been

seen in pulmonary arteritis (Kerr et al., 1995).

3.4.2. Functional
Nuclear medicine scanning with gallium scintigraphy

has been reported to localize inflammation in the

aortic arch and pulmonary arteries in TA patients

(Morita et al., 1993), though the role of this has,

however, yet to be established in the diagnosis of TA.

It may be useful in following the response to treatment

in some patients. There is also anecdotal unpublished

evidence that FDG positron emission tomography

may be useful in detecting arterial inflammation both

at diagnosis and when following response to

treatment.

3.4.3. Haematology and biochemistry
As for GCA, in TA an elevation of the acute phase

reactants is expected. This is not always the case with

Figure 1. Takayasu’s arteritis with pulmonary arteritis: CT scan

with contrast showing thickening of pulmonary arterial wall and

thickening of the aortic wall with dilatation of both the ascending

and descending aorta.
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up to 30% of angiogram proven TA patients having

normal acute phase reactants. Interestingly up to 56%

of TA patients who are otherwise in remission have a

persistently raised ESR (Kerr et al., 1994; Wilke and

Hoffman, 1995).

4. Microscopic polyangiitis and
polyarteritis nodosa

4.1. Prevalence and epidemiology

The incidence and prevalence of microscopic poly-

angiitis and PAN have to be looked at carefully, since

prior to the 1994 Chapel Hill consensus conference

they were regarded as the same condition. In a

prospective 6-year study from 1988 to 1994 of all

systemic vasculitides in a community setting in

Norwich, England, Watts et al. (1995) reported no

cases of PAN meeting the Chapel Hill definition.

Subsequently, however, Watts et al. (2000, 2001b)

reported the annual incidence as 4.4 per million in

Norway and 8.0 per million in the UK. There appears

to be a geographical influence, with a higher incidence

in southern compared to northern Europe, and in

Kuwait the incidence has been reported as high as 16

per million (El-Reshaid et al., 1997).

Classical PAN affects men and women equally.

Microscopic polyangiitis is more common in males.

Neither have a racial predilection and the average age

of onset for microscopic polyangiitis has been

reported as 57 years in France (Guillevin et al.,

1999), but both can occur in children and the elderly.

Interestingly there is a geographical variation with an

increased incidence of microscopic polyangiitis in

Kuwait and Spain when compared to Norway

(El-Reshaid et al., 1997; Gonzalez-Gay and Garcia-

Porrua, 1999; Watts et al., 2001a).

4.2. Pathogenesis/Aetiology

4.2.1. Microscopic polyangiitis
Microscopic polyangiitis is a non-granulomatous

small to medium-sized vessel vasculitis, characterized

by pauci-immune necrotizing and cresentic glomer-

ulonephritis. The absence of granulomas helps

differentiate it from Wegener’s granulomatosis.

Diffuse alveolar haemorrhage, which is the main

clinical manifestation of pulmonary involvement, is

secondary to pulmonary capillaritis (see below).

Microscopic polyangiitis is an antineutrophil cyto-

plasmic antibodies (ANCA) associated vasculitis with

antibodies typically against myeloperoxidase. The

role of ANCA in the pathogenesis of vasculitis, the

different subgroups of ANCA, its antigenic targets,

clinical associations and usefulness in diagnosis are

discussed below.

Several mechanisms have been suggested as to

how ANCA interacts with target antigens to cause

necrotizing vasculitis. One hypothesis is that ANCA

facilitate neutrophil adherence to vascular endothelial

cells and indirectly mediates endothelial cell injury

and transmigration of neutrophils into the perivascular

space. Cytokines, IL-1, TGF-Beta and TNF prime

Figure 2. (a) Takayasu’s arteritis with pulmonary arteritis:

perfusion scan with multiple mismatched defects. (b) Takayasu’s

arteritis with pulmonary arteritis: normal ventilation scan of same

patient.
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neutrophils with ANCA antigens, making them

accessible to ANCA, and also cause expression and

up regulation of adhesion molecules on endothelial

cells. Adherent neutrophils result in localized endo-

thelial cell injury. These neutrophils may also pass

between the injured endothelial cells into the

perivascular space where they are characteristically

seen histologically (Ewert et al., 1990; Falk et al.,

1990; Savage et al., 1992; Cid, 1996). Interestingly,

there are also links between ANCA and alpha1-

antitrypsin deficiency. Alpha1-antitrypsin is a strong

inhibitor of proteinase-3 and deficiency of alpha1-

antitrypsin is associated with systemic vasculitis.

Myeloperoxidase can also inactivate alpha1-antitryp-

sin and prolong the activity of proteinase-3 (Esnault

et al., 1993; Savige et al., 1995).

4.3. Pulmonary capillaritis

The term pulmonary capillaritis is often used as a

clinical diagnosis but is in fact a histopathological

finding. It is seen in several diseases including

(Sullivan and Hoffman, 1998):

(1) Churg–Strauss syndrome

(2) Wegener’s granulomatosis

(3) Microscopic polyangiitis

(4) Henoch-Schönlein purpura

(5) Behçet’s disease

(6) Systemic lupus erythematosus

(7) Rheumatoid arthritis

(8) Infection-related vasculitis

(9) Drug-related vasculitis

(10) Cryoglobulinemic vasculitis

(11) Malignancy-related vasculitis

(12) Polymyositis

(13) Sjögren’s syndrome

(14) Antiphospholipid syndrome.

In many of these conditions there is an active

glomerulonephritis with renal impairment, giving rise

to the term pulmonary-renal syndrome.

Pulmonary capillaritis is a common histopatholo-

gical finding in the clinical diffuse pulmonary

haemorrhage (DPH) syndrome. The characteristic

pathological features were described by Mark and

Ramirez (1985). These include neutrophilic infiltra-

tion of the alveolar interstitium, fibrinous thrombi

occluding capillaries and attaching to interalveolar

septae, fibrinoid necrosis of the alveolar walls with

disruption and necrosis of capillaries and release of

red blood cells into the interstitium and alveolar

spaces (Sullivan and Hoffman, 1998).

4.4. Clinical manifestations

4.4.1. Polyarteritis nodosa
Polyarteritis nodosa often presents acutely with

involvement of the medium-sized arteries of the

nervous system, gastrointestinal tract, kidneys or

heart. Typically the natural history of the disease is

for the presentation to be a severe illness, but if the

patient recovers relapse is uncommon (Guillevin et al.,

1996). Polyarteritis nodosa was first described by

Kussmaul and Maier (1866) but since then it has gone

though many changes in nomenclature. In the Chapel

Hill consensus conference, patients with small vessel

vasculitis were considered to be microscopic

polyangiitis.

The presence of primary lung involvement in PAN

is controversial. Early studies that indicated pulmon-

ary involvement in 28–47% of cases can probably be

ignored (Sweeney and Baggenstross, 1949; Rose and

Spencer, 1957; Moskowitz et al., 1963) because these

included microscopic polyangiitis. Following the

Chapel Hill consensus conference pulmonary vascu-

litis and interstitial lung disease were then considered

extremely rare in classical PAN (Hunninghake and

Fauci, 1979; Kennedy and Fulmer, 1993). However,

in a postmortem series ten patients with PAN were

found to have bronchial vasculitis (Leavitt and Fauci,

1986) and a case report described medium-sized

pulmonary artery vasculitis (Nick et al., 1996).

Untreated PAN has a poor outcome with survival

being as low as 13% (Frohnert and Sheps, 1967; Leib

et al., 1979).

4.4.2. Microscopic polyangiitis
Microscopic polyangiitis is a small to medium-sized

vessel vasculitis first distinguished from PAN by

Wohlwill (1923) and then redefined by Davson et al.

(1948) and described in detail by Savage et al. (1985).

It is associated with severe pulmonary vasculitis and

rapidly progressive glomerulonephritis. Although it

is different from Wegener’s granulomatosis in that it
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has no granulomatous inflammation, there are some

similarities clinically and histologically.

4.4.3. Diffuse pulmonary haemorrhage
Diffuse pulmonary haemorrhage is a clinical syn-

drome commonly caused by necrotizing pulmonary

capillaritis, most often associated with the primary

vasculitides such as Wegener’s granulomatosis,

microscopic polyangiitis, Behçet’s syndrome, mixed

cryoglobulinaemia, SLE (Zamora et al., 1997) and

Henoch-Schönlein purpura. Diffuse pulmonary haem-

orrhage is characterized by dyspnea, hypoxaemia,

haemoptysis, anaemia, diffuse airspace shadowing on

chest radiograph (Fig. 3) and raised transfer factor on

pulmonary function tests. Many patients require

ventilation and circulatory support on intensive care.

It is important to always investigate for concomitant

glomerulonephritis and to consider non-vasculitic

causes when presented with this syndrome. Other

diagnoses to consider would be chemical- or drug-

related pneumonitis and idiopathic pulmonary hae-

mosiderosis (Leatherman et al., 1984; Leatherman,

1987; Travis et al., 1990).

Unlike with Goodpasture’s syndrome, there is no

link between cigarette smoking and pulmonary

vasculitis (Burns, 1998). Patients with pulmonary

haemorrhage are more likely to have an IgM ANCA,

whereas the most common ANCA is IgG (Jayne et al.,

1989; Esnault et al., 1992).

These patients with pulmonary haemorrhage have

a worse prognosis and have high early mortality from

respiratory failure or lung fibrosis (Haworth et al.,

1985). Mortality may be as high as 50% despite expert

care in centres of excellence (Haworth et al., 1985).

4.5. Investigations

4.5.1. Classical polyarteritis nodosa

4.5.1.1. Radiology. The investigation of choice is

coeliac axis arteriography. The classical signs include

a beaded appearance of the mesenteric or renal arteries,

representing multiple microaneuysms. This was

demonstrated by Bron et al. (1965), who showed that

angiography could reveal microaneurysms and ste-

noses in medium-sized arteries. Although microaneur-

ysms are not pathognomonic, they are commonly seen

in PAN and rarely seen in other vasculitides. These

lesions may disappear as the disease goes into

remission (Darras-Joly et al., 1995). Approximately

70% of patients with a clinical diagnosis of PAN have

positive angiographic findings.

4.5.1.2. Tissue biopsy. Biopsy can be invaluable when

diagnosing PAN. A convenient tissue to biopsy in

patients presenting with peripheral neuropathy, which

is very common in PAN (affecting up to 80% of

patients), is the sural nerve. The vascular lesions are

characteristically focal and segmental. However, sural

nerve biopsy sites often heal poorly and there is an

increased risk of sepsis and ulceration, especially

since the majority of these patients are subsequently

immunosupressed with therapy. Although there is

usually no evidence of myositis in PAN, a blind

muscle biopsy may also reveal arteritis.

Necrotizing vasculitis with fibrinoid necrosis with

the resultant formation of microaneurysms is typical.

The unique histological feature of PAN is the

coexistence of active necrotizing lesions and prolif-

erative, fibrotic healing or healed lesions in different

tissues or in different sections of the same tissue

(Wilke and Hoffman, 1995).

4.5.1.3. Biochemistry, haematology and immunology.

Evidence of inflammation is common with an

ESR . 60 mm per hour in 80–90% of patients, and

elevated white cell count in 45–75%. Elevated CRP

and a normocytic anaemia are also common and an

Figure 3. Microscopic polyangiitis with diffuse pulmonary haem-

orrhage: chest radiograph showing diffuse airspace midzone

shadowing.
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eosinophilia is seen but not as often. Hepatitis B

surface antigen should be sought but it is only seen in

7–36% of patients (Guillevin et al., 1989, 1995a,b).

ANCA is rare in classical PAN, however, it has been

reported and Hauschild et al. (1994) reported a

frequency of 19.4% of ANCA in 36 patients with

PAN.

4.5.2. Microscopic polyangiitis

4.5.2.1. Radiology. Findings consistent with DPH are

the commonest radiological abnormality in micro-

scopic polyangiitis occurring in up to 33% of patients.

Other less common findings are pleural effusions and

pulmonary oedema. Diffuse pulmonary haemorrhage

does not occur in classical PAN.

The chest radiograph of DPH is characterized by

diffuse or patchy air space shadowing with the

periphery and apices typically being spared (Primack

et al., 1995) (Fig. 3). The lesions are usually bilateral

but may be asymmetrical. Air bronchograms are

common 2–3 days after the acute episode. With

repeat episodes of haemorrhage, the reticular

pattern persists and progressive interstitial fibrosis

develops. CT scanning shows bilateral consolidation

or ground-glass shadowing in the acute stage (Fig. 4)

and miliary 1–3 mm nodules in the subacute stage

(Seo et al., 2000).

4.5.2.2. Functional. In patients with recurrent diffuse

pulmonary haemorrhage, pulmonary fibrosis almost

inevitably occurs and a restrictive pattern on lung

function testing is found. This of course will occur in

any condition where recurrent DPH is a feature. Much

less common is severe airflow obstruction, but this has

been reported (Brugiere et al., 1997).

4.5.3. Biochemistry/Serology/Immunology
Non-specific markers of inflammation are expected

with a raised ESR, CRP, white cell and platelet count

and a low albumin and a normocytic normochromic

anaemia. Eosinophilia has been reported in up to 14%

of patients (Adu et al., 1987). Complement C3 and C4

are normal or raised and rheumatoid factor and ANA

have been reported in 39 – 50% and 21 – 33%,

respectively.

Antineutrophil cytoplasmic antibodies were

first described in 1982 in eight patients with

glomerulonephritis, five of whom had pulmonary

disease (Davies et al., 1982). They are directed against

antigens in the cytoplasm of polymorphonuclear

leucocytes and monocytes. They are divided into C

(cytoplasmic), P (perinuclear) and A (atypical) on the

basis of their indirect immunofluorescence staining

patterns. Cytoplasmic antineutrophil cytoplasmic anti-

bodies are usually directed against proteinase 3 (PR3)

but have occasionally been reported to be directed

against other proteins such as bactericidal per-

meability-increasing protein (BPI) (Zhao et al., 1996)

and myeloperoxidase (Hoffman and Specks, 1998).

The antigenic targets for p-ANCA are more varied and

include the major antigen myeloperoxidase (Falk and

Jennette, 1988), cathepsin (Yahya et al., 1997) and less

commonly elastase, lactoferrin, cathepsin G, BPI

(Zhao et al., 1996) and rarely PR3 (Hoffman and

Specks, 1998). Antineutrophil cytoplasmic antibodies

are associated with various systemic vasculitides of the

small and medium-sized vessels, including Wegener’s

granulomatosis, microscopic polyangiitis and Churg–

Strauss Syndrome (Hoffman and Specks, 1998). They

have also been associated with numerous other non-

vasculitic diseases such as inflammatory bowel disease

(Stoffel et al., 1996), autoimmune hepatitis, sclerosing

cholangitis (Stoffel et al., 1996), rheumatic auto-

immune diseases (Hauschild et al., 1993), infections

(Soto et al., 1994; Cho et al., 1995; Yahya et al., 1997)

Figure 4. Microscopic polyangiitis with diffuse pulmonary haem-

orrhage: CT chest showing bilateral ground-glass shadowing

indicating fluid in the alveolar spaces.
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and malignancies (Edgar et al., 1993; Hoffman and

Specks, 1998).

Antineutrophil cytoplasmic antibodies are useful in

the diagnosis of the above conditions, although it has

been debated in Wegener’s granulomatosis whether

they should be used as a disease marker to guide

treatment. Some studies have supported this hypoth-

esis (Cohen-Tervaert et al., 1989), however, other

larger studies have suggested otherwise (Kerr et al.,

1993). The use of ANCA in the diagnosis of Churg–

Strauss syndrome is controversial. There have been no

large studies performed. The frequency of positive

ANCA, most often against myeloperoxidase (MPO),

has reported at anywhere between 0–66% (Hauschild

et al., 1993; Kerr et al., 1993; Cohen et al., 1995;

Hagen et al., 1998).

5. Churg–Strauss syndrome

5.1. Prevalence and epidemiology

Churg–Strauss syndrome is extremely rare with an

estimated annual incidence of approximately 3 per

million (Reid et al., 1996). In Europe there have been

two long-term prospective studies evaluating the

incidence of primary systemic vasculitis, which

included Wegener’s granulomatosis, Churg–Strauss

syndrome and PAN, as classified by the ACR criteria,

and microscopic polyangiitis as defined by the Chapel

Hill criteria. The incidence in Norwich, England and

Lugo, Spain were 19.8 per million and 18.3 per

million, respectively (Watts et al., 2001a). The

prevalence of the same group of primary systemic

vasculitis in Norwich was 144.5 per million (Watts

et al., 2000). In both Norwich and Lugo there was a

slight bias toward men. The mean age is approxi-

mately 30–45 years, but any age can be affected with

no particular predilection to either sex.

5.2. Aetiology/Pathogenesis

The histological picture is distinct, being reported

originally by Jacob Churg and Lotte Strauss in 1951,

and consisted of necrotizing arteritis, eosinophilic

infiltration of tissue and extravascular granulomas

(Churg and Strauss, 1951). Pathological studies since

have also revealed intravascular granulomas. The role

of anti-neutrophil cytoplasmic antibodies in the

pathogenesis of Churg–Strauss syndrome is contro-

versial and has been discussed previously under the

aetiology and pathogenesis of microscopic

polyangiitis.

5.3. Clinical manifestations

This disease affects the small and medium-sized

vessels. In Churg–Strauss syndrome asthma usually

precedes evidence of vasculitis by months to years. In

as many as a fifth of cases they begin simultaneously.

Along with asthma, eosinophilia, pulmonary infil-

trates (Fig. 5) and allergic rhinitis are typical features.

Allergic nasal and sinus disease in Churg–Strauss

syndrome is not usually destructive, unlike in

Wegener’s granulomatosis. Several phases of the

illness may be identified. The prodromal phase

consists of allergic disease, asthma and allergic

rhinitis, often with nasal polyps. The second phase

is characterized by blood and tissue eosinophilia with

clinical and radiographic evidence consistent with

Loffler’s syndrome or chronic eosinophilic pneumo-

nia. A third phase of systemic vasculitis occurs but

may be several years later (Lanham et al., 1984), and

interestingly asthma often improves just prior to the

development of the acute vasculitic phase.

In the lung pulmonary infiltrates are far more

common (70–90%) than pulmonary nodules, which

Figure 5. Churg–Strauss syndrome: chest radiograph showing

transient pulmonary infiltrates.
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are the most common pulmonary lesion in Wegener’s

granulomatosis. If lung nodules do occur they

generally do not cavitate, as they often do in Wegener’s

granulomatosis (Hoffman and Kerr, 1994). Diffuse

pulmonary infiltration and pleural disease rarely occur

(Chumbley et al., 1977; Churg, 1983; Lanham et al.,

1984). When compared to Wegener’s granulomatosis,

Churg–Strauss syndrome has a higher propensity for

cardiac, neurological and gastrointestinal disease

(Lane et al., 2003). In fact eosinophilic myocarditis

occurs in approximately 50% of all Churg–Strauss

syndrome patients (Lanham et al., 1984). Less often

acute or chronic pericarditis, which can occasionally

become restrictive, is seen (Lanham et al., 1984). Mild

renal insufficiency is common in Churg–Strauss

syndrome but renal failure is rare (Lanham et al.,

1984). Cardiac disease resulting in congestive cardiac

failure or myocardial infarction is the commonest

cause of death (Lanham et al., 1984). Status asthma-

ticus or respiratory failure due to other causes only

accounted for less than 10% of deaths (Lanham and

Churg, 1991).

Churg–Strauss syndrome can either be a benign

or aggressive illness (Chumbley et al., 1977; Churg

1983; Lanham et al., 1984). Patients with the worst

5-year survival are those with nervous system

involvement, renal insufficiency, ischaemic gut

disease and cardiomyopathy (Guillevin et al.,

1995a,b). The mean survival time after the onset of

signs and symptoms of vasculitis is 4.5 years

(Chumbley et al., 1977), and patients with a short

interval between the onset of asthma and onset of

vasculitis have a poor prognosis.

5.4. Investigations

5.4.1. Radiology
Plain chest radiograph will pick up many of the

abnormalities in pulmonary involvement in vascu-

litic syndromes. However, there is no doubt that a

high-resolution CT can pick up pathology that is

sometimes missed on plain X-ray. The radiological

interpretation of these investigations can be diffi-

cult, and once immunosuppressive treatment has

started it is made more difficult by the fact that

nearly 50% of patients experience serious infectious

complications related to treatment, with almost half

of these being respiratory infections (Bradley et al.

1989; Sen, 1991). Radiological findings in the

angiitis-granulomatosis group are nodular and

patchy opacities, whereas the principal feature of

those syndromes with pulmonary capillaritis is

diffuse airspace shadowing.

Typical radiological findings in Churg–Strauss

syndrome include non-segmental air space consolida-

tion in a peripheral distribution similar to eosinophilic

pneumonia, or multiple nodular lesions (Leavitt and

Fauci, 1986; Weisbrod, 1989; Staples, 1991; Wilson,

1995). In contrast to Wegener’s granulomatosis,

cavitation of nodules is rare. Cardiomegaly and

pericardial effusions are seen in patients with cardiac

involvement.

5.4.2. Tissue biopsy
Although in some cases careful clinical history and

examination along with radiological and laboratory

investigations will give a diagnosis, often a tissue

biopsy is required. Which tissue to biopsy is important

to consider. In Wegener’s granulomatosis and Churg–

Strauss syndrome vasculitic skin lesions can be

diagnostic, as can upper airway biopsy in Wegener’s

granulomatosis (Sams, 1980; Fulmer and Kaltreider,

1982; McCluskey and Fienberg, 1983; Fauci et al.,

1983). It is important to note, however, that only a

relative minority of patients have the classical

histological findings on biopsy of upper airway tissues

(D’Cruz et al., 1989). In syndromes with renal

involvement such as Wegener’s granulomatosis and

microscopic polyangiitis percutaneous renal biopsy is

the investigation of choice. If lung tissue is required

then the decision is between transbronchial biopsy

and open lung biopsy. Transbronchial biopsies are

thought to be inferior to open lung biopsy but have a

lower morbidity and mortality rate. Hoffman et al.

(1992) performed a total of 82 open lung biopsies in

patients with small vessel vasculitis, of which 89%

showed evidence of combined vasculitis and necrosis.

Granulomas and necrosis were found in 90%. Fifty-

nine transbronchial biopsies were performed in 48

patients; in only four specimens was vasculitis

identified and in only three of these were granulomas

also seen.
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6. Henoch-Schönlein purpura

6.1. Prevalence and epidemiology

Primarily a disease of children and the most common

vasculitis in children, Henoch-Schönlein purpura is,

however, well described in adults. The incidence rate

has been reported as 13.5/100,000 in school-aged

children (Robson and Leung, 1994), and 126.4 per

million in Lugo, Spain (Calvino et al., 2001). The

incidence in adults is, however, much less, reported as

14.3 per million and 13.0 per million in Lugo, Spain

(Garcia-Porrua and Gonzalez-Gay, 1999) and Nor-

wich, UK (Watts et al., 1998), respectively. Henoch-

Schönlein purpura appears to be a seasonal disorder

that occurs more commonly in the spring, autumn and

winter, affecting males and females equally. In 50% of

patients the disease onset is preceded by an upper

respiratory tract infection. The median age of onset in

children is 5.5 years in Northwest Spain (Calvino

et al., 2001).

6.2. Aetiology/pathogenesis

Henoch-Schönlein purpura is known to follow Beta-

haemolytic streptococcal infections (Kauffmann et al.,

1980) and is a small vessel vasculitis characterized by

immune complex deposits in small vessels and renal

glomeruli where IgA is the pathogenic antibody. The

aetiology of Henoch-Schönlein purpura has genetic

associations with HLA-DRB1*01. Henoch-Schönlein

purpura patients also have a decreased frequency of

HLA-DRB1*07 (Amoli et al., 2001). Renal manifes-

tations are associated with HLA-B*35 (Amoli et al.,

2002a) and ILRN*2 (Amoli et al., 2002b) alleles.

6.3. Clinical manifestations

Henoch-Schönlein purpura is characterized by diffuse

leukocytoclastic vasculitis involving the skin, joints,

gastrointestinal tract and kidneys (Cream et al., 1970;

Fauci, 1978; Kauffmann et al., 1980). It is primarily a

disease of children although adult onset is well

recognized. The clinical features typically include

arthralgias, palpable purpura on the buttocks and

lower limbs, abdominal pain and haematuria (Cream

et al., 1970; Fauci, 1978). Pulmonary involvement is

uncommon but can be fatal (Satinder et al., 1982).

When the respiratory system is involved, symptoms

range from cough to severe dyspnea (Fauci, 1978;

Fulmer and Kaltreider, 1982). The disease is usually

self-limiting but deaths from renal and respiratory

failure have been reported.

6.4. Investigations

6.4.1. Radiology
Typically the chest radiograph only shows transient

infiltrates or pneumonia, but occasionally a diffuse

interstitial pattern has been observed.

6.4.2. Tissue biopsy
Typical biopsy appearances of either affected skin or

kidneys are systemic necrotizing small-vessel vascu-

litis with neutrophils and neutrophil debris and

deposits of pink amorphous fibrin within and around

the small vessel walls. Abundant IgA deposition and

C3 deposition are seen on immunofluorescence. If a

skin biopsy is positive for Henoch-Schönlein purpura

then the patient should always be investigated for

coexisting renal disease.

6.4.3. Biochemistry, haematology

and immunology
Routine lab tests are usually normal but the acute

phase reactants may be raised. There are no diagnostic

studies but a raised IgA in the appropriate clinical

setting is suggestive of Henoch-Schönlein pupura. It

is important to try and exclude other disorders and in

particular serum clotted at 378C should be sent for the

presence of cryoglobulins.

7. Behçet’s disease

7.1. Prevalence

The prevalence of Behçet’s disease varies widely

around the world. It is most common in eastern

Mediterranean countries and the Far East. The

worldwide prevalence varies from 1 in 10,000 to 1

in 300,000 (Michelson and Friedlaender, 1990;

O’Duffy, 1990).
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7.2. Epidemiology

The disease occurs mainly in young adults with the

mean age of onset between 25 and 30 years old.

(Zouboulis et al., 1997; Gurler et al., 1997; Davatchi,

1998). In Eastern countries the sex ratio is equal but in

the West there is a female predilection.

In high prevalence areas Behçet’s disease is

associated with the HLA-B*5101 allele of HLA-B51

(Mizuki et al., 1997). In Western counties there is no

strong association with HLA antigens (Gharibdoost

et al., 1993). Eastern Behçet’s disease is clinically

more homogenous than it is in the west. Familial

disease is noted but uncommon, and is not linked to

any clear pattern of inheritance.

7.3. Aetiology/Pathogenesis

The histologic hallmark of Behçet’s disease is a non-

specific vasculitis of large and small arteries, veins,

arterioles, venules and capillaries of both the systemic

and the pulmonary circulations. Intrathoracic veins of

all sizes may show perivascular infiltration with

lymphocytes and mononuclear cells. The intima is

swollen and the lumen is commonly thrombosed.

Aortitis is manifested by a lymphocytic infiltration

mixed with histocytes and eosinophils. Severe

inflammation and destruction of the media weaken

the aortic wall and set the stage for the formation of

aneurysms.

Pulmonary arteries show periarterial or transmural

lymphocytic, plasma cell and occasionally neutrophi-

lic infiltration. There is mucoid degeneration of the

media and intimal thickening of the larger elastic

pulmonary arteries.

7.4. Clinical manifestations

Behçet’s disease was first described by a Turkish

dermatologist, Professor Hulusi Behçet. It is a

systemic vasculitis characterized by recurrent oral

and genital ulceration, ocular lesions (anterior or

posterior uveitis or retinal vasculitis), skin lesions

(erythema nodosum, pseudofolliculitis, papulopustu-

lar lesions) and pathergy. Other features include

marked arthralgias occasionally with synovitis, a

predilection to thrombosis and CNS involvement

(headaches, meningoencephalitis, cranial nerve pal-

sies and seizures). Arteries or veins of any size are

involved, resulting in a wide spectrum of clinical

symptoms and signs. A postmortem study of Behçet’s

patients showed arterial disease secondary to vasculitis

in 36% of patients (O’Duffy, 1990). Pulmonary

involvement in Behçet’s disease is well recognized

but rare, and the exact incidence is unknown (Raz et al.,

1989). Haemoptysis is the most common clinical

manifestation of pulmonary involvement (Grenier

et al., 1981; Raz et al., 1989; Erkan and Cavdar,

1992), but fleeting infiltrates and pleuritis have also

been reported (Cadman et al., 1976; Hunninghake and

Fauci, 1979). Thoracic involvement includes aneur-

ysms of the pulmonary artery, pulmonary infarction

with haemorrhage and thrombosis of the superior vena

cava (Ahn et al., 1995). Haemoptysis is secondary to

either pulmonary artery-bronchial fistula, pulmonary

capillaritis or pulmonary thromboembolism. It is

extremely important to distinguish between patients

with pulmonary embolism alone and patients with

pulmonary-bronchial fistula, or a combination of the

two, as catastrophic pulmonary haemorrhage can

occur if the wrong patients are anticoagulated

(Calamia and O’Duffy, 2001).

7.5. Investigation

Because of the lack of diagnostic tests in Behçet’s

disease it is often confused with other diseases. The

presentation with mucosal ulcers and gastrointestinal

involvement often leads to an initial diagnosis of

Crohn’s disease. Musculoskeletal involvement with

arthralgias and synovitis can lead to mistaken

diagnoses of rheumatoid or sometimes septic or

crystal arthritis in the monoarticular presentation.

Presentation with anterior uveitis and erythema

nodosum may understandably lead to confusion with

sarcoidosis.

7.5.1. Radiology
Typical radiological findings in Behçet’s disease are

widening of the mediastinum due to thrombosis of the

superior vena cava (SVC), a lung mass due to

pulmonary artery aneurysms and air space consolida-

tion due to infarction or hemorrhage. CT scanning can

demonstrate SVC thrombosis as well as air space
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consolidation and pulmonary artery aneurysms, if

present. Stenosis of the pulmonary arteries can also

occur and this is best visualized on pulmonary

angiogram.

7.5.2. Biochemistry, haematology and
immunology
Acute phase reactants can be normal in patients with

active eye disease but are normally raised in those

with large vessel vasculitis. Immune complexes may

be raised but rheumatoid factor, cryoglobulins and

complement levels are either normal or negative.

HLA testing in patients from Eastern countries can be

helpful but not so in patients from the West.

8. Relapsing polychondritis

8.1. Prevalence and epidemiology

Relapsing polychondritis is a rare condition that in

1992 had only been reported in 1000 patients world-

wide (Irani et al., 1992). Michet (1990b) reported an

incidence of 3.5 cases per million. Other than this there

is a paucity of data regarding the epidemiology of the

disease. Relapsing polychondritis may occur at any

age, but the peak period is in the fifth decade with a

mean age of 47 years Michet, 1990b). Caucasians are

affected most commonly and it is rare in other ethnic

groups; there is no sex predilection (Fig. 6).

8.2. Aetiology and pathogenesis

The aetiology of relapsing polychondritis is unknown.

There are some genetic links. HLA-DR4 is increased

in frequency in these patients (Luthra et al., 1981;

Lang et al., 1993) and double transgenic mice for

human HLA-DQ6 and HLA-DQ8 have developed

chondritis and arthritis, which is similar to the human

disease (Bradley et al., 1996). Cartilage destruction is

mediated by release of degradative enzymes, includ-

ing metalloproteinases and reactive oxygen metab-

olites from activated chondrocytes and inflammatory

cells under the influence of immune-mediated cyto-

kines such as interleukin 1 and tumor necrosis factor

(Sridharan, 2001). Foidart et al. (1978) and Ebringer

et al. (1981) have reported immune responses against

type II collagen and Yang et al. (1993) detected

antibodies to type II collagen and immune complexes

in the serum of relapsing polychondritis patients.

Titres of the anticollagen antibodies have been

reported to correlate with the activity of the disease

(Foidart et al., 1978).

Vasculitis is a common feature occurring in up to

56% of patients (McAdam et al., 1976). Various types

of vasculitis have been reported, from cutaneous

leukocytoclastic vasculitis to necrotizing vasculitis of

the great vessels (McAdam et al., 1976; Michet,

1990a). Therefore it appears that relapsing polychon-

dritis is a genetically influenced immune disease

against type II collagen with vasculitis as a prominent

pathological feature.

Figure 6. (a) Relapsing polychondritis: CT scan showing inflam-

matory thickening of tracheal wall. (b) Relapsing polychondritis:

CT scan of same patient after treatment showing marked

improvement in tracheal inflammation.
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8.3. Clinical manifestations

The first case of relapsing polychondritis was first

reported in 1923 by Jaksch-Wartenhorst (1923), but

the term relapsing polychondritis was not used until

1960 when Pearson et al. (1960) reported two further

cases. Three types of cartilage are characteristically

involved: auricular cartilage, nasal cartilage and

laryngotracheal cartilage. Uveitis, keratitis, scleritis,

vestibular involvement, deafness and seronegative

polyarthritis are part of the disease. McAdam’s

criteria (McAdam et al., 1976) are used as a guide

to diagnosis (Table 3). Auricular chondritis is the

initial manifestation in 40% of patients with 85% of

patients eventually developing ear involvement.

Hearing loss may occur from blockage of the

Eustachian tube or the external auditory meatus. In

up to 30% of patients inflammation of the internal

auditory artery or its cochlear branch can cause

deafness, tinnitus, ataxia, vertigo, nausea and vomit-

ing (Cody and Sones, 1971; Moloney, 1978).

Nasal cartilage involvement can occur in up to

50% of patients and a seronegative non-deforming

arthritis occurs in 33% of patients. This can be oligo-

or poly-aticular and commonly involves central

thoracic joints such as sternoclavicular, costochondral

and sternomanubrial joints, which may lead to

compromise of respiratory function in severe cases

(McAdam et al., 1976).

Respiratory involvement in relapsing polychondri-

tis is usually a result of laryngotracheal chondritis;

medium-sized pulmonary vasculitis is recognized but

is much rarer. Fifty percent of patients will event-

ually have laryngotracheal involvement resulting in

hoarseness, non-productive cough, dyspnea, wheez-

ing, inspiratory stridor, and tenderness over the larynx

and proximal trachea (Eng and Sabanathan, 1991),

and up to 26% result in laryngotracheal stricture

(Sridharan, 2001). Stridor is caused by laryngeal

cartilage inflammation and expiratory wheeze by

bronchial cartilage destruction (Eng and Sabanathan,

1991). Mucosal oedema, strictures, and/or collapse of

laryngeal or tracheal cartilage may cause life-

threatening airway stenosis necessitating tracheost-

omy (Gilliland, 1999). Intubation for any reason may

be difficult because the glottis may be narrowed due

to oedema or cartilage destruction (Dunne and

Sabanathan, 1994). Death may result from collapse

of bronchial cartilage leading to pneumonia or

respiratory insufficiency. Vasculitis is a common

feature of relapsing polychondritis and it affects

multiple systems and presents itself in many different

ways. Cutaneous: leukocytoclastic vasculitis and

subcutaneous nodules in 17–39% of patients; cardio-

vascular: aortitis, aortic aneurysms and aortic regur-

gitation in up to 10%; renal: segmental necrotizing

cresentric glomerulonephritis in 22%; ocular: retinal

vasculitis and chorioretinitis; and neurological:

stroke, mononeuritis multiples, transverse myelitis

and aseptic meningitis.

A series of 112 patients from the Mayo Clinic had a

5- and 10-year survival as 74 and 55%, respectively

(Michet et al., 1986). The most frequent causes of

death were infection, systemic vasculitis and malig-

nancy. Only 10% were attributable to acute airway

collapse.

8.4. Investigations

8.4.1. Radiology
CT scanning of the trachea will usually show tracheal

wall thickening secondary to oedema from inflam-

mation and granulation tissue (Fig. 7a and b).

Destruction of the tracheal cartilage may lead to

softening and dynamic collapse of the airway, best

shown on cine CT demonstrating flaccidity of the

tracheal wall during inspiration. Direct visualization

of the upper airways by fiberoptic endoscopy (Fig. 7)

is necessary to fully characterize the extent of airway

involvement (Eng and Sabanathan, 1991).

Table 3

Diagnostic criteria for relapsing polychondritis

Recurrent chondritis of both auricles

Nonerosive inflammatory polyarthritis

Chondritis of nasal cartilage

Inflammation of ocular structures, including conjunctivitis,

keratitis, scleritis/episleritis, and/or uvietis

Chondritis of the respiratory tract involving laryngeal and/or

tracheal cartilages

Cochlear and/or vestibular damage manifest by meurosensory

hearing loss, tinnitus, and/or vertigo

A definite diagnosis requires three or more clinical features to be

present.
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Electrocardiogram (ECG) is recommended to

detect early cardiac involvement and baseline echo-

cardiography is advocated in screening for aortic

valve disease, but no evidence supports its routine use

(Buckley and Ades, 1992). Joint radiographs will

typically show joint space narrowing without erosions

(Booth et al., 1989).

8.4.2. Functional
Respiratory function testing would typically show

extrathoracic airways obstruction with airway col-

lapse on the inspiratory portion of the flow volume

loop (Fig. 8). Because of the potential for serious

airway involvement all patients, irrespective of

symptoms, should undergo pulmonary function tests

and as well direct visualiation of the upper airways by

endoscopy.

8.4.3. Biochemistry, haematology

and immunology
Mild leukocytosis and normochromic, normocytic

anaemia occur in up to 50% of patients (Michet

et al., 1986). Polyclonal hypergammaglobulinemia,

elevated ESR and thrombocytosis are also seen.

Antibodies to both native and denatured type II

collagen are found in up to 50% of patients (Foidart

et al., 1978; Ebringer et al., 1981; Yang et al.,

1993). The sensitivity in one study was 33% with a

specificity of 100%. This study also showed that

during acute attacks the antibody titres were high,

but they normalized with treatment with corticoster-

oid (Foidart et al., 1978).

9. Secondary vasculitis

9.1. Prevalence and epidemiology

Secondary vasculitis is most commonly observed in

connective tissue diseases such as SLE and rheuma-

toid arthritis, or in relation to infections or solid or

haematological malignancies (Gonzalez-Gay and

Garcia-Porrua, 1999; Gonzalez-Gay et al., 2001).

Rheumatoid vasculitis has a reported incidence of

12.5/million in Norwich, UK (Watts et al., 1995) and

of 12.2/million in Lugo, Spain (Gonzalez-Gay and

Garcia-Porrua, 1999).

In Norwich rheumatoid vasculitis was more

common in men, and in Lugo most RA patients with

vasculitis had the disease for more than 5 years, were

rheumatoid factor positive and had other extra-

articular features (Gonzalez-Gay and Garcia-Porrua,

1999).

In Lugo the incidence of vasculitis associated

with SLE was 5.3 per million (Gonzalez-Gay and

Garcia-Porrua, 1999). Of all the biopsy-proven

secondary vasculitis recorded, severe bacterial infec-

tions and solid or haematological malignancies were

responsible for 1.5 and 3%, respectively (Gonzalez-

Gay and Garcia-Porrua, 1999; Gonzalez-Gay et al.,

2001).

Figure 7. Relapsing polychondritis: fiberoptic bronchoscopy view

showing floppy trachea collapsing on expiration.

Figure 8. Relapsing polychondritis with severe tracheal involve-

ment: flow volume loop showing expiratory tracheal collapse.
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9.2. Clinical manifestations

Pulmonary vasculitis is seen, although not commonly,

in SLE, rheumatoid vasculitis and systemic sclerosis

(Hunninghake and Fauci, 1979). In SLE, pulmonary

vasculitis secondary to leukocytoclastic vasculitis,

granulomatous arteritis, necrotizing vasculitis and

immune complex capillaritis have been described

(Gross et al., 1972; Hunninghake and Fauci, 1979;

Ingue et al., 1979; Armstrong and Steele, 1982;

Leatherman et al., 1984). The most dramatic presen-

tation is diffuse pulmonary haemorrhage and the

clinical features are similar to those seen in micro-

scopic polyangiitis (Zamora et al., 1997). In rheuma-

toid arthritis both necrotizing granulomatous

vasculitis and diffuse pulmonary arteritis have been

reported (Hunninghake and Fauci, 1979; Armstrong

and Steele, 1982; Churg, 1983).

10. Leukocytoclastic vasculitis

Leukocytoclastic vasculitis is not recognized by the

ACR classification criteria and in the Chapel Hill

definition it is recognized only as a cutaneous

vasculitis. There have, however, been reported cases

of systemic leukocytoclastic vasculitis with pulmon-

ary involvement. There is only limited data on its

pathogenesis but they suggest that capillaritis and

haemorrhagic alveolitis are the mechanisms involved.

The aetiology of this vasculitis remains unclear but

there are associations with drugs, chemicals, viral and

bacterial infections and malignancy (Sams, 1980;

Fulmer and Kaltreider, 1982).

10.1. Clinical manifestations

Leukocytoclastic vasculitis is most commonly isolated

to cutaneous involvement, although it can become

disseminated where the kidney, gastrointestinal tract

and occasionally the lungs are involved (Winkelman

and Ditto, 1964).Transient and diffuse infiltrates,

pneumonia, pleural effusions and respiratory failure

have been described (Winkelman and Ditto, 1964;

Fulmer and Kaltreider, 1982). The prognosis is good if

therapy is instituted early or if the causative agent is

identified and removed, but only in 50–60% of patients

is a cause found (Chandler and Fulmer, 1985).

11. Differential diagnosis

The vasculitides are a heterogeneous group of

diseases that exhibit a wide range of clinical mani-

festations due to the often diffuse involvement of

blood vessels. This has made this group of diseases

historically very difficult to diagnose, especially

considering their rarity. Due to the lack of pathogno-

monic tests, classification criteria have been based on

the size of the vessel involved. These criteria are,

however, classification and not diagnostic criteria

which have been based, in the ACR criteria, on

common features of a series of 1000 patients with

vasculitis. They should therefore not be used for the

differentiation of whether a patient does or does not

have vasculitis. They are useful in the management

of the patients who present with a classical clinical

picture, as often GCA or Henoch-Schönlein purpura

patients do, in terms of comparison of treatment and

outcome, and are beneficial in understanding the

natural history of the disease. They are also useful

when studying groups of patients and for epide-

miological studies. They are, however, not useful in

diagnosing and managing individual patients, particu-

larly when they have an atypical presentation. There-

fore, as is often the case, if the patient does not present

classically then all vasculitides should be considered

as differentials. Patients in the early stages of the

disease may not fulfil any of the criteria and often

never will. Their diagnosis should be kept open and

they should be carefully followed for development of

any new classical features that may help confirm the

exact diagnosis.

12. Treatment

12.1. General principles for treatment

Although the pulmonary vasculitides are quite a

heterogeneous group of diseases their treatments are

very similar. We will therefore discuss general

principles of treatment but also highlight any specific

treatments for each disease. Unfortunately the evi-

dence base for these treatments is limited. Treatment

for Wegener’s granulomatosis is the most researched

and we will briefly detail these findings. The lack of
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randomized controlled studies in other vasculitides

means that this evidence is probably the best available

in guiding treatment of the other vasculitides. When

treating the vasculitides it is important for the

physician and the patient to have clear and realistic

goals. These disorders are not curable, however, a

goal of inducing and maintaining prolonged remission

and minimizing damage- or treatment-related mor-

bidity should be the main aim.

The general principal for treating these vasculitides

is to immunosuppress the patient with initially high

doses of oral corticosteroid (some physicians will

also use intial boluses of iv methylprednisolone

500–1000 mg iv for 3 days) and to consider cytotoxic

agents, depending on each disease. Some diseases,

such as GCA, often settle with corticosteroids alone,

and others will require additional cytotoxics.

In Wegener’s granulomatosis a standard regimen

of cyclophosphamide and corticosteroids is initiated,

which is followed by a gradual withdrawal of

corticosteroids. The National Institute for Health

(NIH) regimen is for oral cyclophosphamide

2 mg/kg/day with prednisolone 1 mg/kg/day

(Talar–Williams et al., 1996). Assuming there is

improvement after 1 month the prednisolone is slowly

withdrawn over a period of 6–12 months. The

cylophosphamide is recommended to continue for at

least 1 year after complete remission. However, there

have been many concerns over the side effects of long-

term oral cyclophosphamide including haemorrhagic

cystitis, bladder cancer, lymphoma and myelodyspla-

sia. Infection is another concern: the mortality rate

from infection related to over aggressive treatment is

often higher than that from failure of the treatment to

control the disease (Burns, 1998). However, the NIH

regimen avoids leucopenia (aim for white cell count of

4 £ 10 per dl) when using cyclophosphamide. Fur-

thermore when corticosteroids are withdrawn after

3–4 months they are tapered to an alternate day

schedule. Both these factors have resulted in a

markedly lower rate of infection and mortality without

loss of efficacy when compared to studies where daily

tapering and leucopenia were a goal (Guillevin et al.,

1997). Prophylaxis for infections is recommended.

The routine use of anti-fungal suspensions and

lozenges and prescription of Septrin (co-trimoxazole)

prophylaxis for the prevention of Pneumocystis

carinii infection is recommended. In Wegener’s

granulomatosis co-trimoxazole has the additional

benefit of preventing relapses of upper airway involve-

ment (DeRemee et al., 1985; Stegeman et al., 1996).

These concerns over the side effects of long-term oral

cyclophosphamide have led to other treatments being

considered. The use of intermittent intravenous

cyclophosphamide has been investigated in three

prospective trials (Hoffman et al., 1990; Reinhold-

Keller et al., 1994; Guillevin et al., 1997), and although

they have shown some reasonable results the relapse

rate was higher than in the NIH regimen. More

encouragingly, in a recent trial which used corticoster-

oid and oral cyclophosphamide at the NIH dose for

induction (average 3-months), the patients were then

switched to weekly methotrexate with a similar

remission rate and an improved incidence of side

effects (Langford et al., 1999). Similar results were

also reported in another study that used intermittent IV

cyclophosphamide for induction in one of its treatment

arms (De Groot et al., 1996). Most recently Jayne et al.

(2003) completed a randomized trial of maintenance

therapy in ANCA associated vasculitis. One hundred

and fifty-five newly diagnosed generalized vasculitis

patients were treated with oral cyclophosphamide

2 mg/kg and prednisolone 1 mg/kg tapering to

0.25 mg/kg by 12 weeks. Once remission was

achieved, usually at 3 months, the patients were then

randomly assigned to either oral cylophosphamide

1.5 mg/kg or azathioprine 2 mg/kg for the following 9

months. The primary end point was relapse and there

was no significant difference in relapse between the

two groups (cyclophosphamide: 13.7%; azathioprine

15.5%). The rate of severe adverse avents was high

(10% induction, 11% azathioprine, 10% cyclopho-

sphamide) but again there was no significant difference

between the two maintenance groups. Cyclopho-

sphamide is, however, generally regarded as a more

toxic drug and more long-term side effects such as

infertility and cancer, which would not have been

identified in this study, have to be taken into account.

This study is very encouraging for future management

of ANCA-associated vasculitis but long-term relapse

rate and the potential for repeated treatment courses are

two unanswered questions.

There is evidence in randomized controlled trials

for a beneficial effect of intravenous immunoglobulin

(IVIG) treatment (Jayne et al., 1991), yet the ability of

IVIG to remove circulating ANCA antibodies varies
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considerably depending on the batch of immunoglo-

bulin used and on the manufacturer, which reflects the

difficulty in quantifying ANCA specific anti-idiotype

antibody levels in individual batches of donor serum.

Plasma exchange has been shown in a randomized

trial of vasculitis with renal involvement to benefit

patients whose presenting creatinine level was above

500 mmol/l (Pusey et al., 1991).

12.2. GCA

A classic example of a vasculitis that responds

dramatically to corticosteroids is GCA (Hunder,

1990). Corticosteroids are therefore the treatment of

choice in GCA and not only do they produce a rapid

improvement in localized and systemic symptoms but

also they prevent visual complications (Aiello et al.,

1993). Doses of 40–60 mg of prednisolne daily are

traditionally used, based on studies in the 1950–1960s

and 1970–1980s (Birkhead et al., 1957; Huston et al.,

1978; Graham et al., 1981). Recently the use of

Methotrexate as a adjuvant treatment in GCA was

studied by Hoffman et al. (2002). They concluded that

their study provided no evidence to support the use of

methotrexate to control disease activity or to decrease

the cumulative dose and toxicity of corticosteroids in

patients with GCA. Therefore to date there is no

evidence to support the use of cytotoxic therapy in

GCA. Treatment evidence for pulmonary involve-

ment in GCA is limited to a few case reports. In one

paper on GCA patients with nodular opacities,

treatment with corticosteroids led to marked

improvement or complete resolution within months

(Zeone et al., 1994). Two other papers report rapid

resolution of clinical symptoms and clinical and

radiographic signs with corticosteroids in two GCA

patients, one with pulmonary nodules and the other

with pleural effusions (Bradley et al., 1984; Romero

et al., 1992).

12.3. Takayasu’s arteritis

Establishing optimal treatment for TA has been

difficult because there is no single parameter that

can reliably assess the activity of the disease. A

combination of clinical features, including systemic

or ischaemic symptoms or signs and erythrocyte

sedimentation rate with arteriographic changes, is

typically used.

All 80% of symptomatic patients at diagnosis will

require treatment, while the 20% who are asympto-

matic can be educated to report symptoms immedi-

ately and carefully monitored. The treatment options

in TA are corticosteroids alone, coticosteroids in

combination with cytotoxics or surgery. Corticoster-

oids are regarded as the mainstay of treatment in TA

though there is little conclusive evidence that they

improve clinical features, radiographic appearances or

overall outcome. The optimal doses and duration of

treatment with corticosteroids remains unclear.

Cytotoxic therapy is generally used in patients with

persistent disease activity despite coricosteroids or

when corticosteroids can not be adequately tapered.

Cytotoxic therapy has been researched by Kerr et al.

(1994) and Hoffman et al. (1994). Kerr et al. found

that 52% of Takayasu’s patients required cytotoxic

treatment with 40% of these going into remission.

Hoffman et al. studied methotrexate in a glucocorti-

coid resistant population and found mixed results.

A regimen of methotrexate (0.3 mg/kg/week) and

corticosteroids (1 mg/kg/day) brought about remis-

sion in 81% of the patients with sustained remission of

greater than a year in 25%, although relapse occurred

in 54%. Cyclophosphamide may also be used but

again the data to support its use is limited. In one

paper seven patients treated with cyclophosphamide

were all able to reduce their glucocorticoid dose and

disease progression was halted in four (Shelhamer

et al., 1985). Surgical modalities play an important

role in treatment of TA.

Several factors need to be taken in to consideration.

Although TA patients are young they have potential

for suffering many medical problems including left

ventricular hypertrophy, unrecognized hypertension,

congestive cardiac failure and coronary artery disease

secondary to the Takayasu’s. Percutaneous angio-

plasty can be useful in correcting short stenoses of the

aortic branches including the renal arteries (Tyagi

et al., 1993). This is a difficult procedure, however.

Unlike atherosclerosis, in TA all layers of the artery

are affected and it is therefore rigid and non-

compliant, so several attempts at angioplasty are

often required and subsequent stenting provides the

best results because of the risk of restenosis.
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Surgical repair or bypass of grafting of fixed

vascular lesions that are producing significant ischae-

mia have some reported success (Giodano et al., 1991).

This includes repair or bypass grafting of stenotic

pulmonary arteries (Moore et al., 1985; Chauvaud

et al., 1987). The timing of these surgical procedures is

controversial but there is a general consensus that

surgery while the arteritis is still active is unwise. The

anastomosis site is critical. It is best avoided in

diseased arteries as Takayasu’s affects all three layers

of the artery and therefore makes anastamosis

technically difficult. However, even though normal

arteies are chosen carefully on arteriography for the

anastamosis site, 44% of biopsies taken from arteries

show microscopic evidence of active disease (Kerr

et al., 1994) and this may have a impact on the integrity

of the anastomosis site, especially in the long term.

12.4. Microscopic polyangiitis

There have been no prospective studies specifically

studying treatment in microscopic polyangiitis so the

evidence base for Wegener’s granulomatosis is often

followed. Therefore patients with microscopic poly-

angiitis with pulmonary haemorrhage and/or glomer-

ulonephritis should be treated with cyclophosphamide

and steroids as described above. In addition, plasma

exchange is often used in patients with severe

pulmonary–renal vasculitic syndromes where there

is DPH and rapidly progressive glomerulonephritis.

12.5. Polyarteritis nodosa

There has been some controversy over the treatment

of PAN and whether combined cyclophosphamide

and corticosteroids are needed in all cases. This

controversy has been compounded by the fact that

many of the treatment studies have taken place before

1994 and have therefore included patients who

would now be classified as microscopic polyangiitis.

A study from France found the addition of cyclopho-

sphamide and plasma exchange was beneficial in

preventing relapse in PAN but did not significantly

alter the 10-year survival rate which was 73% overall

(Guillevin et al., 1991). The same French group led by

Löic Guillevin studied survival from five separate

trials and found no difference if cyclophosphamide

was used in initial treatment (Guillevin et al., 1996).

It should be pointed out that both of these studies

included patients with Churg–Strauss syndrome and

microscopic polyangiitis.

Poor prognostic factors in PAN are renal insuffi-

ciency, proteinuria .1 g/day, gastrointestinal, neuro-

logical and central nervous system involvement. With

none of the above the 5-year survival rate was 88%

but when two factors were involved it dropped to

just 56% (Guillevin et al., 1996). There have been

some studies into the method of administration of

cyclophosphamide but these have proved inconclu-

sive (Genereau et al., 1994; Gayraud et al., 1997).

Therefore at present the optimal therapeutic

approach to PAN is unclear. It would seem reasonable

to conclude from the evidence available that a

combination of corticosteroids and cyclophosphamide

should be used in life-threatening multi-organ invol-

vement, but in others initial therapy should be with

corticosteroids only, with the addition of cytotoxics if

the disease remains active or the corticosteroids

cannot be tapered.

12.6. Behçet’s disease

In cases of life-threatening Behçet’s disease with

pulmonary involvement, immunosuppression with

cyclophosphamide and corticosteroids is recomme-

nded for induction treatment, to be switched to a less

toxic immunosuppressant such as azathioprine or

methotrexate for maintenance once remission is

established, similar to the regimens described above.

Life-threatening Behçet’s is, however, quite a rarity

and the more standard presentation would be with

mucosal ulceration and arthralgias, which can be

severe and disproportionate to the clinical findings. In

these patients colchicine can be very useful, or

pentoxifylline if colchicine is not tolerated, along

with prednisolone, methotrexate or azathioprine if

required.

12.7. Relapsing polychondritis

Because of the rarity of relapsing polychond-

ritis the treatment regimens are empirical, and

corticosteroids are regarded as the mainstay of

treatment (0.5–1 mg/kg).
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In milder cases with limited auricular, nasal and

costochondritis, nonsteroidal anti-inflammatory drugs

and colchicine are sometimes used.

In more severe cases with laryngotracheal involve-

ment, systemic vasculitis, or necrotizing scleritis, if

disease progresses despite adequate corticosteroid

treatment then cytotoxic/immunosuppressive agents

are used (Svenson et al., 1984; Hoang-Xuan et al.,

1990; Anstey et al., 1991). In relapsing polychondritis

with nephritis intravenous cyclophosphamide or oral

cyclophosphamide plus corticosteroids have been

successfully used (Ruhlen et al., 1981; Stewart and

Mazanec, 1992). Acute flares of laryngotracheal

disease can be treated with intravenous pulsed

methylprednisolone (Lipnick and Fink, 1991) and

local adrenaline injected into the inflamed tissues has

been reported as being useful (Gaffney et al., 1992).

However, this is only anecdotal and often tracheost-

omy is required. Larngeal stenting has mixed reports.

They are recognized as having many complications

including bleeding, ulceration and erosion of the

tracheobronchial wall, migration of the stent, reten-

tion of secretions and granulation tissue formation

(Nesbitt and Carrasco, 1996; Dasgupta et al., 1998).

One report shows no increase in independence or

survival (Dunne and Sabanathan, 1994) but a more

recent study using self-expandible metallic stents

(SEMs) was more promising (Bipin et al., 1999).
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1. Introduction

Systemic lupus erythematosus (SLE) is an auto-

immune inflammatory disease that primarily affects

women in the reproductive years, with various clinical

presentations caused by the production of autoanti-

bodies and the formation of complement-fixing

immune complexes. Pulmonary complications, one

of the predominant features of SLE, occur in more

than half of the patients at some time during the

course of their disease. In many cases, lung compli-

cations are not detected until autopsy, indicating that

they are often not clinically evident. The general

classification of pulmonary manifestations and their

prevalence are summarized in Table 1. In this chapter

we will review the epidemiology, clinical presenta-

tions, differential diagnosis, management, and out-

come of the broad spectrum of pulmonary

complications experienced by patients with SLE.

2. Pleural disease

2.1. Pleuritis with or without effusion

The most common pulmonary manifestation in

patients with SLE is pleuritis with or without effusion,

and it can occur concomitantly with pericarditis

(Fig. 1) (Murin et al., 1998). In fact, pleuritis is

more often encountered in SLE than in any other

connective tissue disease. Symptoms usually include

pleuritic chest pain, dyspnea, cough, and/or fever and

are seen in approximately 45–60% of patients.

Asymptomatic pleural involvement can be more

prevalent. Autopsy series report pathologic changes

consistent with pleuritis or pleural fibrosis in 50–93%

of cases (Orens et al., 1994; Mochizuki et al., 1999).

Asymptomatic pleural effusions have also been

detected on chest radiographs and by other imaging

techniques. Pleural effusions, seen in 16–50% of

patients on plain chest radiographs, are usually small,

and in about half of the cases are bilateral and equally

distributed between the left and right hemithorax

(Fig. 2) (Orens et al., 1994).

It can sometimes be difficult to definitely diagnose

lupus pleuritis because several other conditions

may present similarly (Table 2). Thoracentesis is

appropriate for diagnosing pleuritis in patients with

or without SLE presenting with pleural effusion.

The characteristics of pleural fluid in SLE are listed in
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Table 3 (Good et al., 1983). The diagnosis of

exudative pleural effusion can be made based on

pleural fluid LDH levels greater than 200 U/l, a fluid-

to-serum LDH ratio greater than 0.6, or a fluid-to-

serum total protein ratio greater than 0.5 based on the

most commonly used Light’s criteria (Light et al.,

1972). Many studies also use different cutoff points

of laboratory parameters (pleural LDH, pleural

cholesterol, or protein ratio) to improve the differen-

tiation of exudates from transudates (Paramothayan

and Barron, 2002). Glucose levels are usually normal,

in contrast to those in patients with rheumatoid

arthritis, which are often less than 20 mg/dl. Pleural

fluid sometimes contains anti-double-stranded DNA

antibodies and lupus erythematosus (LE) cells.

Although elevated ANA titers have been detected,

they may not be specific for lupus pleuritis because

nonlupus patients, particularly those with underlying

malignancy or pleural or pericardial fluid, may have

high ANA titers (Wang et al., 2000). Pleural biopsy

with immunofluorescence staining is rarely performed

in SLE because the histologic findings are nonspecific

and include lymphocytic and plasma cell infiltration,

fibrosis, and fibrinous pleuritis; however, it may be

necessary for ruling out alternative etiologies such

as tuberculosis.

Mild symptomatic cases of lupus pleuritis can be

treated with nonsteroidal anti-inflammatory drugs

(NSAIDs). However, in patients who do not improve

or who have more severe symptoms, it may be

necessary to use systemic corticosteroids (prednisone

10–40 mg daily). Pleuritis caused by drug-induced

lupus usually resolves when the offending drug is

discontinued. Most patients respond promptly to the

above-mentioned regimen and their effusions usually

resolve in a few days, although it may take several

Figure 1. Chest radiograph (AP view) demonstrating small

bilateral pleural effusions associated with a large pericardial

effusion in a lupus patient presenting with pleuropericarditis.

Table 1

Pulmonary manifestations of systemic lupus erythematosus

Organ involvement Disease process Prevalence of symptomatic disease

Pleura Pleuritis with or without effusion 45–60%

Pleural effusion Unknowna

Parenchyma Acute lupus pneumonitis with or without

pulmonary hemorrhage

1–4%

Diffuse alveolar hemorrhage ,2%

Interstitial lung disease 3–8%

Small airway disease Few case reports

Infectious pneumonia 44 & 76% in two autopsy series for bacterial

bronchopneumonia

Pulmonary edema Unknowna

Pulmonary vasculature Pulmonary arterial hypertension 5–14%

Pulmonary embolism 35–42%b

Acute reversible hypoxemia Few case reports

Diaphragm ‘Shrinking lung’ syndrome 59 cases reported in literature

a Exact prevalence not known.
b Patients with SLE and antiphospholipid antibody.
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weeks to see complete resolution radiographically.

There is usually only minimal residual thickening

after the effusion clears. Steroid-sparing agents such

as hydroxychloroquine or azathioprine may be added

when symptomatic pleuritis is slow to improve. In

rare cases of refractory or chronic unremitting lupus

pleuritis, it may be necessary to conduct pleurectomy

or pleurodesis with a sclerosing agent such as talc or

tetracycline (Glazer et al., 2000; Sharma et al., 2002).

2.2. Pleural effusion

Pleural effusions in patients with congestive heart

failure or renal failure tend to be transudative as a

result of volume overload and are characterized by a

low cell and protein content. The most common cause

of transudative effusion in patients with SLE is

congestive heart failure, which occurs in 10% of

lupus patients (Badui et al., 1985). Transudative

pleural effusions can also develop in patients with

SLE and nephrotic syndrome due to lupus nephritis

because these patients commonly have hypoalbumi-

nemia. Decreased serum albumin leads to low oncotic

pressure, resulting in altered distribution of hydro-

static and oncotic pressure across the pleura. As a

result, the rate of pleural fluid formation exceeds that

of its reabsorption.

3. Parenchymal disease

3.1. Acute lupus pneumonitis/pulmonary

hemorrhage

Acute lupus pneumonitis is part of a spectrum

of pulmonary disease in SLE that results from

acute injury to the alveolar-capillary component

(Wiedemann and Matthay, 1989; Orens et al., 1994).

Only 1–4% of patients with SLE manifest acute lupus

pneumonitis (Orens et al., 1994), and it can be difficult

to distinguish from infectious pneumonia. Typical

presentations include fever, dyspnea, cough with

scant sputum, and in some cases hemoptysis. Since

coexisting pleuritis is common, patients may also

experience pleuritic chest pain. Although rare

(,2% of patients with SLE), diffuse alveolar

Figure 2. Chest radiograph (PA & lateral views) demonstrating

asymptomatic bilateral pleural effusions with clear lung

parenchyma.
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hemorrhage (DAH) is an often-lethal pulmonary

complication of SLE with mortality rates exceeding

50% (Leatherman et al., 1984). DAH typically occurs

in SLE as a pulmonary–renal syndrome (Liu et al.,

1998; Chang et al., 2002). In one study, active

nephritis was observed more frequently during

episodes of alveolar hemorrhage (64%) than in the

period prior to the first episode of DAH (28%)

(Santos-Ocampo et al., 2000).

Patients with lupus pneumonitis are usually

hypoxemic, tachypneic, and have diffuse or bibasilar

rales on auscultation of the lungs. Infectious agents are

usually not present in cultures of bronchoalveolar

lavage unless infectious pneumonia is superimposed.

If there is pulmonary hemorrhage, an acute decline in

hemoglobin and an increase in diffusing capacity for

carbon monoxide can occur. Basilar unilateral or

bilateral alveolar or interstitial infiltrates, which can be

patchy or diffuse, may be detected on bronchoscopy.

High-resolution CT reveals scattered, bilateral ground-

glass opacities or airspace consolidation (Fig. 3).

Bronchoscopy may demonstrate bleeding and

hemosiderin-laden macrophages (if the alveolar

hemorrhage is not acute) in bronchoalveolar lavage.

A lung biopsy should only be considered if potentially

diagnostic tissue cannot be obtained from any other

site. The pathologic findings in lupus pneumonitis are

nonspecific and include alveolar wall inflammation

(alveolitis), alveolar hemorrhage, edema, hyaline

membranes, interstitial pneumonitis, capillary throm-

bosis, deposits of immunoglobulins and complement

components (C3), and diffuse injury to the micro-

vasculature (capillaritis) (Wiedemann and Matthay,

1989). It is rare to see gross vasculitis or necrosis.

Electron microscopy of lung specimens shows sub-

endothelial granular electron-dense deposits, charac-

teristic of immune complexes, in the alveolar wall and

in the walls of the arterioles (Churg et al., 1980). This

funding suggests the possibility that the pathogenesis

of lung and kidney disease in SLE is similar and

involves microvascular injury due to immune-complex

mediated processes (Hughson et al., 2001).

Diagnosis of acute lupus pneumonitis requires a

vigorous diagnostic evaluation to exclude other causes

Table 2

Differential diagnosis of pleural effusion

Transudative effusion Exudative effusion

Congestive heart failure Infection

Renal disease (nephrotic syndrome) Drugsa (e.g. procainamide, hydralazine, isoniazid, amiodarone or

sulfasalazine)

Liver cirrhosis Other connective tissue diseases (e.g. rheumatoid arthritis, systemic

sclerosis, and adult Still’s disease)

Malignancy

Pulmonary embolism

a Drugs that induce a lupus-like syndrome.

Table 3

Characteristics of pleural fluid in SLE

Appearance Serous or serosanguinous

Fluid type Exudate

Protein .3 g/dl

WBC 3000–5000 cells/ml (mononuclear or lymphocytic predominance)

Glucose Equivalent to serum glucose level (.60 mg/dl)

Complement C3 and C4 levels Decreased

Pleural fluid autoantibodies Antinuclear antibody (also present in nonlupus patients with

malignancy), anti-double-stranded DNA antibody

Cell sediment LE cells

Permission granted to reproduce with modification from Kao, A.H., Manzi, S. 2002. How to manage patients with cardiopulmonary disease?

Best Pract. Res. Clin. Rheumatol. 16, 211–227.
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of pulmonary infiltration (Specks, 2001), which are

listed in Table 4. Differentiation among various

etiologies is critical since patients with SLE frequently

experience bacterial or opportunistic infections, par-

ticularly those patients on chronic immunosuppressive

therapy.

It is crucial to start treatment of life-threatening

hemorrhage promptly. The course of the disease is

deteriorating, and patients often develop adult

respiratory distress syndrome (ARDS) despite cyto-

toxic therapy. Owing to the lack of controlled

studies to determine the efficacy of drug regimens in

the treatment of acute lupus pneumonitis/DAH,

current recommendations are based on case reports

and clinical experience. Preferred treatment includes

intravenous pulse methylprednisolone (1 g IV for 3

days) alone or in combination with pulse cyclo-

phosphamide (0.5 – 1 g/m2) or oral therapy

(1–2 mg/kg/day) (Schwab et al., 1993). Other agents

for treating steroid-resistant acute lupus pneumonitis

include azathioprine, intravenous immuno-

globulin, plasmapheresis, and immunoadsorption

therapy, which have varying degrees of success

(Isbister et al., 1981; Winder et al., 1993; Santiago

et al., 1996; Graninger et al., 2002).

3.2. Interstitial lung disease

The association of interstitial lung disease (ILD) with

SLE was first described by Eisenberg et al. (1973).

The prevalence of symptomatic ILD is approximately

3–8% of patients with SLE (Estes and Christian, 1971;

Eisenberg et al., 1973; Jacobsen et al., 1998a,b;

Kim et al., 2000).

In lupus patients, ILD may be a sequelae of acute

lupus pneumonitis (Matthay et al., 1975) or it may be

an insidious disease, at times accompanied by mild

flares of pulmonary involvement. Patients typically

present with dyspnea on exertion, occasional pleuritic

chest pain, and nonproductive cough. Chest radio-

graphs are recommended for symptomatic patients.

The radiograph may be normal in the early course of

disease or may show bilateral and basilar irregular

linear opacities. Later in the disease, radiographs may

reveal honeycombing and decreased lung volumes.

Acute inflammatory changes may be distinguished

from chronic scarring with high-resolution CT, an

important distinction regarding anticipated response

to treatment. Alveolar consolidation and ground glass

opacities without significant honeycombing may

identify patients with reversible disease. Pulmonary

function tests typically reveal restrictive lung physi-

ology with reduced vital capacity, total lung capacity,

and diffusing capacity but with normal ratio of forced

vital capacity in 1 s (FEV1) and forced vital capacity

(FVC). Bronchoscopy with lavage or transbronchial

biopsy, or laparoscopic or open lung biopsy, may

eventually be necessary in many patients. Bronchial

lavage often shows increased inflammatory cells,

cytokines, and growth factors. Lung biopsies reveal

interstitial fibrosis and lymphocytic infiltrates with

peribronchial lymphoid hyperplasia. In more

advanced ILD, extensive fibrosis of the alveolar

Figure 3. High-resolution chest CT scan demonstrating acute lupus

pneumonitis with diffuse bilateral ground glass opacities, distended

interlobular septa, and small bilateral pleural effusions.

Table 4

Conditions with interstitial infiltrates that can mimic acute lupus

pneumonitis ^ alveolar hemorrhage

Infectious pneumonia

Coagulopathy

Uremia

Pulmonary embolism

Congestive heart failure

Wegener’s granulomatosus

Microscopic polyangiitis

Goodpasture’s syndrome

Behçet’s disease

Pulmonary lymphangiomatosis

Pulmonary capillary hemangiomatosis

Idiopathic pulmonary hemosiderosis
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wall with honeycomb changes is present. Immune

complexes are deposited on the alveolar septae. These

complexes have also been found in the lungs of lupus

patients with acute lupus pneumonitis, pulmonary

hemorrhage, and pulmonary hypertension.

Systemic steroids and immunosuppressive agents

are routinely used to treat symptomatic ILD in SLE,

although their effectiveness has not been established

by controlled trials. In contrast to idiopathic ILD,

which typically results in a rapid deterioration and

severe restrictive lung disease, the clinical course of

ILD in most lupus patients is slowly progressive and

stabilizes over a period of time (Weinrib et al., 1990).

3.3. Small airway disease

Bronchiolitis obliterans, very uncommon in SLE, is

airflow limiting caused by inflammation and fibrosis

in the submucosal and peribronchiolar regions,

typically in the absence of diffuse parenchymal

inflammation. Findings on high-resolution CT are

most commonly focal, sharply defined areas of

decreased lung attenuation associated with reduced

vessel sizes. These changes represent a combination

of air trapping and oligemia (mosaic perfusion) in the

absence of parenchymal consolidation. Both central

and peripheral bronchiectasis may be present as well

(Webb et al., 1996; Kim et al., 2000).

Cryptogenic organizing pneumonia (COP), pre-

viously known as bronchiolitis obliterans organizing

pneumonia (BOOP), has been reported in a few cases

(Fig. 4). It is a pathologic entity characterized by the

formation of plugs of fibrous tissue in bronchioles and

alveolar ducts (Gammon et al., 1992; Otsuka et al.,

1996; Min et al., 1997). In this airway disease,

cytotoxic therapy is typically reserved for patients

who do not respond to corticosteroid treatment

(Godeau et al., 1991; Min et al., 1997).

3.4. Infectious pneumonia

Infection is the most common cause of acute paren-

chymal disease in SLE and should be the primary

consideration in the evaluation of new pulmonary

infiltrates. Patients with SLE are susceptible to usual

bacterial and opportunistic pathogens, and multiple

pathogens may coexist. Bacterial bronchopneumonia

was found in 44% of lupus patients in one autopsy

series (Purnell et al., 1955) and in 76% of patients in

another series (Haupt et al., 1981). It is important to

recognize mycobacterial infections in patients with

SLE, especially in areas where tuberculosis is

endemic. The diagnosis of tuberculosis may be

delayed since weight loss and fever may be mis-

takenly attributed to the underlying SLE. Miliary

dissemination of tuberculosis and patchy consolida-

tion are more common than cavitation on radiographs

in patients with SLE (Kim et al., 1999). Similarly,

because Nocardia asteroids targets the lungs and

causes pulmonary infiltrates, pleural effusion, and

central nervous system abnormalities, infection by

this pathogen can be confused with the clinical

manifestations of SLE. Physicians should suspect

the presence of Nocardia species when chest wall

extension is evident by CT scan. Although it is rare,

this opportunistic infection is curable. The high

mortality is usually caused by delay in diagnosis

and treatment (Mok et al., 1997).

3.5. Pulmonary edema

When cardiac or renal failure leads to congestive heart

failure, pulmonary edema can arise from volume

overload by a process similar to that occurring during

the development of pleural effusion. Whereas some

cases of cardiac failure/cardiomyopathy are due to

myocarditis, many are due to ischemic heart disease

Figure 4. Chest radiograph demonstrating resolving cryptogenic

organizing pneumonia (COP) with bibasilar interstitial thickening.
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from accelerated atherosclerosis, hypertension, renal

failure from lupus nephritis, valvular disease, or

toxicity from medications.

4. Pulmonary vascular diseases

4.1. Pulmonary hypertension

SLE-associated pulmonary hypertension is more

common than previously recognized, with prevalence

ranging from 5 to 14% (Simonson et al., 1989; Li and

Tam, 1999). Pulmonary artery pressures at rest and

during exercise have been shown to be higher in

unselected SLE patients than in normal subjects

(Winslow et al., 1993). Therefore, it is likely that

asymptomatic increases in pulmonary artery pressures

are more common than symptomatic disease, particu-

larly since pulmonary hypertension is more difficult to

diagnose in early and mild cases. In a 5-year follow-up

study of lupus patients, the prevalence of pulmonary

hypertension increased from 14 to 43% even though

systolic pulmonary artery pressures increased only

modestly (23.4–27.5 mm Hg) (Winslow et al., 1995).

Raynaud’s phenomenon was also found to be more

prevalent in patients with pulmonary hypertension

(75 vs. 40%). Pulmonary hypertension is more

common in younger lupus patients (18–49 years)

and exhibits a striking female predominance

(10:1, female:male). Symptoms include insidious

onset of dyspnea on exertion, chest pain, and

nonproductive cough. In cases of right heart failure

or cor pulmonale, peripheral edema can be present.

Physical examination may reveal a loud pulmonary

heart sound (P2), a holosystolic murmur of tricuspid

regurgitation, and signs of right ventricular enlarge-

ment. Enlargement of the pulmonary vasculature,

cardiomegaly, and clear lung fields are typical

findings on chest radiographs. Pulmonary pressure,

right ventricular chamber size, and tricuspid insuffi-

ciency can be estimated with high sensitivity by

echocardiography with Doppler. Increased right

heart pressure in the setting of normal wedge

pressure on cardiac catheterization confirms the

diagnosis. In some cases, a pulmonary angiogram

may be needed to rule out pulmonary embolism as

the cause of increased right heart pressure.

The overall outcome of pulmonary hypertension

in SLE is poor. Sudden cardiac death due to

arrhythmia or cardiac failure accounts for the high

mortality rates in patients with severe disease.

Multiple factors are likely involved in the pathogen-

esis of pulmonary hypertension. Pulmonary arterial

vasospasm may be a contributing factor in light of

the frequent occurrence of Raynaud’s phenomenon

and its association with decreased survival in lupus

patients with pulmonary hypertension (Simonson

et al., 1989). Antiphospholipid antibodies may be

important contributing factors since pulmonary

vessel thrombosis has been noted in patients with

antiphospholipid syndrome and pulmonary hyperten-

sion (De Clerck et al., 1991). Serum endothelin may

also play a role since higher levels of this highly

potent vasoconstrictor have been detected in lupus

patients with pulmonary hypertension than in lupus

patients without it (Shen et al., 1999). In addition,

serum levels of endothelin strongly correlated with

the severity of pulmonary artery pressure measured

by Doppler. Although rare, pulmonary hypertension

can also be a complication of long-standing inter-

stitial lung disease. Since pulmonary artery vasculitis

is uncommon, it is not a likely cause of pulmonary

hypertension (Badui et al., 1985). However, partial

improvement of hemodynamic abnormalities upon

treatment with corticosteroids and cyclophosphamide

suggest that vasculitis may have a contributory role.

Prostacyclin and prostaglandin E1 have been tried

successfully in SLE-associated pulmonary hyperten-

sion (Ignaszewski et al., 1993). In a multicenter,

placebo-controlled trial, orally administered dual

endothelin-receptor antagonist bosentan improved

exercise capacity, indicated by the 6-min walking

distance, in patients with pulmonary arterial hyper-

tension (primary or associated with connective tissue

diseases, such as systemic sclerosis and systemic

lupus) (Rubin et al., 2002). In a subset of these

patients, bosentan therapy resulted in improved right

ventricular function and left ventricular early dias-

tolic filling as detected by echocardiographic and

doppler measures (Galie et al., 2003). Anticoagula-

tion therapy should be considered in all lupus

patients with pulmonary hypertension to prevent in

situ thrombosis. Heart–lung transplantation may be

an option for patients with severe pulmonary

hypertension and otherwise quiescent disease.
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4.2. Pulmonary embolism

Clinicians should suspect pulmonary embolism in any

lupus patient having pleuritic chest pain and dyspnea,

particularly if the patient has antiphospholipid

antibodies or antiphospholipid syndrome. Approxi-

mately 35–42% of lupus patients with antipho-

spholipid antibodies experience thromboembolic

events (Love and Santoro, 1990), the most common

of which are deep vein thrombosis affecting the

lower limbs and pulmonary embolism (Amigo and

Khamashta, 2000).

Pulmonary angiography (Stein et al., 1992), spiral

CT scans (Goodman et al., 1995; Remy-Jardin et al.,

1996; van Rossum et al., 1996a,b; Mayo et al., 1997),

and/or ventilation/perfusion scans (V/Q) (The

PIOPED Investigators, 1990) can be used to docu-

ment pulmonary embolism. Each of these imaging

techniques has it own advantages and disadvantages.

Although pulmonary angiography has been the

‘gold standard’ for confirming the presence of

pulmonary emboli, it is an invasive procedure that

causes major complications in 1–3% of patients and

contributes to mortality in 0.3% (Stein et al., 1992).

V/Q scans, which use radioisotopes, may be prefer-

able to spiral CT and pulmonary angiography

because these procedures use intravenous contrast

material, which is contraindicated in patients with

renal insufficiency. However, V/Q scans may be

abnormal in conditions other than pulmonary embo-

lism, such as pneumonia or emphysema. Spiral CT

visualizes pulmonary emboli located in the central or

segmental pulmonary arteries better than in the

smaller peripheral arteries. It can also detect

mediastinal tumors, bronchogenic carcinoma, aortic

dissection, and hilar abnormalities.

4.3. Acute reversible hypoxemia syndrome

Abramson et al. (1991) first described a small group of

acutely ill SLE patients with reversible ‘unexplained’

dyspnea with marked diffusion abnormalities but

normal chest radiographs. Diffuse reversible injury

to the lungs may result from aggregation of neutro-

phils following complement activation in active

lupus. The patients described by Abramson responded

to corticosteroid therapy within 72 h. It is possible that

this syndrome is an early presentation of acute lupus

pneumonitis that may be missed on routine chest

radiographs (Susanto and Peters, 1997).

5. Diaphragm

5.1. ‘Shrinking lung’ syndrome

Hoffbrand and Beck (1965) first described a group of

patients with unexplained dyspnea and restricted lung

expansion with one or both hemidiaphragms elevated

in chest radiographs, and thus coined the term

‘shrinking lung syndrome’. This syndrome is a rare

manifestation of SLE and is characterized by reduced

lung volume, normal parenchyma, and a restrictive

pulmonary function test with normal diffusion

capacity. Weak respiratory muscles are evidenced

by marked reduction of inspiratory transdiaphrag-

matic pressures (Martens et al., 1983). It has also been

postulated that diaphragmatic dysfunction in SLE

may result from a neuropathic process involving the

phrenic nerve (Hardy et al., 2001). It is not entirely

clear whether the muscle weakness is an isolated

process affecting the diaphragm and respiratory

muscles or is part of a generalized lupus-associated

myopathy (Warrington et al., 2000; Hawkins et al.,

2001). There are few pathologic studies. In one

autopsy report, both hemidiaphragms of the patient

were markedly thin with diffuse fibrotic changes

(Rubin and Urowitz, 1983).

Shrinking lung syndrome has an insidious clinical

course. The restrictive defect does not appear to be

progressive. In a follow-up study over 38.5 patient-

years (Martens et al., 1983), there was no relationship

between functional pulmonary impairment and the

extent of other organ involvement. The use of

corticosteroid therapy for shrinking lung syndrome

remains anecdotal because the etiology has not been

established and defined therapy is lacking. Case

reports of immunosuppressive agents such as metho-

trexate, azathioprine, and cyclophosphamide have

shown varying results (Singh et al., 2002). In

symptomatic patients, systemic corticosteroid therapy

(prednisone 30–60 mg daily) may be beneficial

(Walz-Leblanc et al., 1992). Lung function improves
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gradually over time in most patients (Bernstein et al.,

1982). However, in patients who develop shrinking

lung syndrome late in their disease and have no

evidence of active lupus, the prognosis may not be as

favorable (Mirinda et al., 2001).

6. Conclusion

There is a broad range of pulmonary manifestations

associated with SLE. Although the most common is

pleuritis, patients can also suffer from the insidious

onset of ILD to the acute and potentially lethal DAH

due to acute lupus pneumonitis. The severity of lung

involvement ranges from clinically insignificant to

life threatening in spite of aggressive treatment.

Physicians should exclude infection as the cause of

pulmonary involvement, since patients with SLE are

susceptible to bacterial and opportunistic pathogens as

a result of chronic immunosuppressive therapy.

Randomized controlled clinical trials are needed to

establish improved treatment regimens for pulmonary

complications, and future research should be aimed at

refining our knowledge of the pathogenesis of lung

disease in SLE.
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1. Introduction

The antiphospholipid syndrome (APS) is a systemic

autoimmune disorder characterized by a combination

of arterial and/or venous thrombosis, recurrent fetal

loss, often accompanied by a mild-to-moderate throm-

bocytopenia, and elevated titers of antiphospholipid

antibodies (aPL), namely, the lupus anticoagulant (LA)

and/or anticardiolipin antibodies (aCL) and/or anti-

bodies tob2 Glycoprotein 1 (Greaves et al., 2000). The

APS may be divided into two categories. ‘Primary’

APS occurs in patients without clinical evidence of any

major autoimmune disease (Asherson et al., 1989),

whereas ‘secondary’ APS occurs in association with

autoimmune diseases, mainly systemic lupus erythe-

matosus (SLE) but also with other conditions e.g. other

‘autoimmune’ conditions, carcinomas, vasculitic syn-

dromes and drug administration (Font et al., 1989;

Levine et al., 2003). A recent consensus statement

provides simplified criteria for the diagnosis of the

antiphospholipid syndrome (Wilson et al., 1999).

Pulmonary manifestations which may be associ-

ated with this syndrome in both the primary and

secondary forms include pulmonary embolism and

infarction (Espinosa et al., 2002), pulmonary hyper-

tension (Piette and Hunt, 2000; Luchi et al., 1992),

adult respiratory distress syndrome (ARDS) (Ghosh

et al., 1993), intraalveolar hemorrhage (Howe et al.,

1988) and primary thrombosis of lung vessels, both

large (Cucurull et al., 1996) and small (Maggiorini

et al., 1997), as well as pulmonary capillaritis (Gertner

and Lie, 1993). Less frequently, a postpartum

syndrome (Branch et al., 1986) and fibrosing alveolitis

(Savin et al., 1994) associated with the APS have been

documented. Many of these manifestations are

interrelated and have been reported as occuring

simultaneously in the same patient (Hillerdal, 1997).

2. Pulmonary manifestations in the APS

2.1. Pulmonary embolism and infarction

The first major pulmonary complication to be

documented was pulmonary thromboembolic disease.

This does not differ clinically from ‘ordinary’ embolic

disease in aPL negative patients. It constitutes the

most frequent pulmonary manifestation of the APS

and may be the first manifestation of the disease

(Espinosa et al., 2002). In the study of the Euro-

Phospholipid Project Group performed on 1000

patients with APS, pulmonary embolism was the

presenting manifestation in 9% of patients and

appeared during the evolution of disease in 14%

(Cervera et al., 2002). Pulmonary embolism most

commonly originates from the deep veins of the lower

extremities, but may also arise from many other sites,
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including the inferior vena cava and other large vessels

(Mintz et al., 1984), tricuspid valve vegetations

(Brucato et al., 1994) or right-sided intracardiac

thrombosis (Day et al., 1995; O’Hickey et al.,

1993). The last site underlines the need to system-

atically perform an echocardiographic investigation in

all patients with APS and pulmonary embolism.

Recurrent pulmonary emboli may give rise to

pulmonary hypertension (Brucato et al., 1994) which

may, unusually and in severe cases, be accompanied

by isolated tricuspid valve insufficiency (Cucurull

et al., 1996; Turjanski et al., 1998). Pulmonary

embolism can also evolve to infarction occurring in

10–15% of cases and cavitation has been reported in

up to 7% of patients with pulmonary infarction (Libby

et al., 1985). Recently, Bertoli et al. (2002) described

the case of a female patient with a diagnosis of

primary APS, pulmonary thromboembolism and

infarction followed by lung cavitation.

The management of the acute thrombotic event is no

different in APS patients to that in a general population.

Patients are required to be anticoagulated with heparin

followed by warfarin. Long term (possibly life-long)

oral anticoagulation is the optimum prophylactic

treatment for recurrent thrombosis and appears to be

more effective than antiaggregants (Khamashta et al.,

1995; Muñoz-Rodrı́guez et al., 1999). Nevertheless,

the recommended therapeutic International Normal-

ized Ratio (INR) remains controversial. Because

increasing the target INR from a range of 2.0–3.0 to

a range of 3.1–4.0 is likely to be associated with a

doubling of the risk of major hemorrhage, it is

important to know whether the higher intensity

treatment is more effective. Retrospective studies

suggest that patients with antiphospholipid antibodies

have a high risk of recurrent thrombosis while

receiving moderate intensity warfarin (INR 2.0 to

3.0) and that this risk is lower with a higher intensity of

anticoagulant therapy (target INR, 3.1 to 4.5) (Kha-

mashta et al., 1995; Krnic-Barrie et al., 1997; Rosove

and Brewer, 1992). However, these results must be

interpreted with caution, because the studies were

retrospective, recurrent thrombosis was not confirmed

by independent adjudication, and the INR at the time of

the thrombotic events was uncertain.

Recently, a Canadian consortium reported the

results of a prospective, randomized, controlled study

of the use of two doses of warfarin for prevention of

thrombosis in patients with the APS who had previous

thrombosis (Crowther et al., 2003). A total of 114

patients were treated with either moderate-intensity

warfarin (target INR, 2.0 to 3.0) or high-intensity

warfarin (target INR, 3.1 to 4.0). In both treatment

groups, the rate of recurrent thrombosis was low, and

the lower dose of warfarin was as effective as the higher

dose. Adverse effects were similar among patients in

the two groups. These results balance those of a

previous report of treatment with higher doses of

anticoagulant agents (Ruiz-Irastorza et al., 2002). In

that study, 66 patients with APS and previous

thrombosis were included. All received oral anti-

coagulation to a target international normalized ratio of

3.5. The authors concluded that the risk of intracranial

and fatal bleeding in patients with definite APS and

previous thrombosis treated with oral anticoagulation

to a target INR of 3.5 was similar to that in groups of

patients treated to lower target ratios.

Multicenter prospective trials are needed to

determine the optimal range of anticoagulation

which is not associated with an increased risk of

bleeding. While awaiting these results, we rec-

ommend that the INR be maintained between 2.5

and 3.5 (Muñoz-Rodrı́guez et al., 1999).

2.2. Pulmonary hypertension

The prevalence of pulmonary hypertension in APS

associated to SLE and the primary APS has been

estimated to be between 1.8 and 3.5%, respectively

(Vianna et al., 1994). In the Indiana cohort of primary

APS patients, 3% had symptomatic pulmonary

hypertension (McCarty, 2000). In the study performed

by the Euro-Phospholipid Project Group including

patients with APS (primary and secondary), the

prevalence of pulmonary hypertension was 2.2%

(Cervera et al., 2002).

The development of pulmonary hypertension in

APS may result from various causes. Recurrent

pulmonary embolism is the leading cause of pulmon-

ary hypertension in APS (Piette and Hunt, 2000). The

prevalence of the aPL in patients with chronic

thromboembolic pulmonary hypertension varies

between 10% (Moser et al., 1990; Jamieson et al.,

1993) and 20% (Sandoval et al., 1996). It is likely that

chronic thromboembolic pulmonary hypertension
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following pulmonary thromboembolism develops

more frequently in the presence of aPL. In a study

of 24 consecutive medical patients with chronic

thromboembolic pulmonary hypertension, 12 had

aPL, and 75% had at least one abnormality associated

with hypercoagulability (Colorio et al., 2001). The

association of pulmonary hypertension with aPL was

first documented in 1983 (Asherson et al., 1983).

Since this original communication, there have been

many other reports describing this association, not

only with SLE (Tam and Li, 1998; Asherson et al.,

1986; Mackworth-Young et al., 1984; Anderson and

Ali, 1984; Asherson et al., 1986) but also in the

primary APS (Asherson et al., 1989; Font et al., 1991;

Jeffrey et al., 1989; Alarcón-Segovia et al., 1989;

Nagai et al., 1997). In a prospective analysis of 500

patients with SLE, a statistically significant associ-

ation between pulmonary hypertension and the

presence of IgA aCL above 2 SD has been described

(Alarcón-Segovia et al., 1989). An extended study

performed on 667 patients with SLE confirmed the

association of pulmonary hypertension with aPL,

but the criteria used were not precisely defined

(Alarcón-Segovia et al., 1989). On the other hand,

there are several studies which have failed to

demonstrate any association with pulmonary hyper-

tension and the presence of aPL (Petri et al., 1987;

Miyata et al., 1993). Several cases of ‘primary’ (non-

thromboembolic) pulmonary hypertension complicat-

ing primary APS have been described (Asherson et al.,

1989; Luchi et al., 1992; Nagai et al., 1997; De la

Mata et al., 1994; Rana et al., 2001). Luchi et al.

(1992) interpreted their case as the coexistence of

pulmonary thrombosis with primary pulmonary

hypertension, which would explain the plexogenic

lesions found on lung biopsy. However, plexogenic

lesions are also known to occur in chronic throm-

boembolic pulmonary hypertension. Rana et al.

(2001) described a case of 55-year-old male with

APS who developed pulmonary hypertension induced

by in situ thrombosis in pulmonary microvasculature.

The role of aPL in the pathophysiology of

‘idiopathic’ primary pulmonary hypertension is

unclear at this time. In a group of 30 patients with

idiopathic (non-SLE) primary pulmonary hyperten-

sion, four had aPL (LA in two and low IgG aCL in

three) (Asherson et al., 1990). Karmochkine et al.

(1996) determined the prevalence of aPL in 38

patients with primary and secondary (heart failure,

congenital heart defect and various lung diseases)

pulmonary hypertension. Eleven patients (29%) had

aPL without differences between primary and sec-

ondary pulmonary hypertension. Positive aPL were

detected only in patients with precapillary pulmonary

hypertension. The authors concluded that aPL might

play a role in the initiation and/or progression of in

situ thromboses frequently observed in precapillary

pulmonary hypertension. Conversely, a recent study

described a higher prevalence of aPL in thromboem-

bolic pulmonary hypertension compared to primary

pulmonary hypertension (Wolf et al., 2000). Keeping

in mind that all forms of severe pulmonary hyperten-

sion may be complicated by superimposed in situ

thrombosis (Rana et al., 2001; Chaouat et al., 1996),

there is a risk in categorizing some patients with

pulmonary hypertension as suffering from a definite

APS (Wilson et al., 1999). Other possible expla-

nations include a role for activated platelets, an

interaction between aPL and endothelial cells on the

pulmonary vasculature leading to vascular remodel-

ing, and the implication of endothelin-1, a peptide that

induces vasoconstriction and stimulates the prolifer-

ation of vascular muscle cells. High levels of

endothelin-1 have been found in both plasma and

lung tissue of patients with primary pulmonary

hypertension (Cacoub et al., 1997), as well as in

plasmas of APS patients with arterial thrombosis

(Atsumi et al., 1998). Portal hypertension (Bayraktar

et al., 2001) or pulmonary veno-occlusive disease

(Hussein et al., 1999) associated with pulmonary

hypertension may also occasionally be encountered

with aPL positivity.

Regarding management of these cases, chronic

anticoagulation is required in all cases in order to

prevent new thrombotic events (Haworth, 1998) and

this seems particularly true for patients with APS

(Khamashta et al., 1995). If pulmonary hypertension is

secondary to recurrent thromboembolism, an inferior

vena cava filter may be recommended (Auger et al.,

1995). In some patients with very severe disease,

successful thromboendarterectomy has been per-

formed (Cucurull et al., 1996; Sandoval et al., 1996;

Ando et al., 1998). Other modalities of treatment are

those used in ‘idiopathic’ or connective tissue disease-

associated primary pulmonary hypertension. It is

recommended that patients be given vasodilators
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such as calcium channel blockers; unfortunately, only

one-third of patients respond to this vasodilator therapy

(Tam and Li, 1998; Rich et al., 1992). Furthermore,

in severe cases, continuous intravenous prosta-

cyclin infusion with a pump may be useful (Humbert

et al., 1998) and bosentan — the new anti-endothelin 1

agent — is a promising drug. Cyclophosphamide has

also appeared to be beneficial in connective tissue

disease-associated primary pulmonary hypertension,

but there is no experience of this therapy in APS-

associated primary pulmonary hypertension (Tam and

Li, 1998). Finally, diverse surgical procedures (atrial

septectomy and double lung, single lung or heart–lung

transplantation) in patients refractory to medical

regimens are documented. The mortality remains

high and, in general, the outcome in patients with

pulmonary hypertension and APS is usually fatal

(Luchi et al., 1992; Anderson and Ali, 1984; Asherson

et al., 1990), although a patient with primary APS and

primary pulmonary hypertension has been described

with a survival from the time of diagnosis of more than

20 years (Nagai et al., 1997).

2.3. Pulmonary arterial thrombosis

In some patients, the thrombotic obstruction occurs at

the level of the large, elastic pulmonary arteries. Six

such patients with APS and major pulmonary arterial

thromboses have been described up to the present time

(Luchi et al., 1992; Cucurull et al., 1996; Sandoval

et al., 1996; Nakagawa et al., 1992). Five were treated

with thromboendarterectomy, the procedure being

successful in four. A fatal outcome in the remaining

patients was, in fact, expected because of the severe

clinical and hemodynamic abnormalities which were

present. Despite good results with surgical interven-

tion, maintenance of long-term oral anticoagulation is

considered prudent.

2.4. Pulmonary microthrombosis

A minority of APS patients have presented with

widespread thrombotic occlusions involving the small

pulmonary arteries or alveolar capillary lumens

(Ghosh et al., 1993; Maggiorini et al., 1997; Gertner

and Lie, 1993; Brucato et al., 1994; Kerr et al., 1997).

Three of these six patients showed isolated

microthromboses on lung biopsy without evidence

of pulmonary capillaritis or alveolar hemorrhage

(Maggiorini et al., 1997; Gertner and Lie, 1993;

Brucato et al., 1994). These three patients had been

diagnosed previously as primary APS. Clinically, the

first presented with fever, cough, mild haemoptysis

and shortness of breath at rest and at minimal exercise.

Chest radiography showed bilateral patchy infiltrates.

With pulse methylprednisolone followed by 50 mg

prednisone daily and heparin the patient’s condition

improved dramatically within days. The second

patient presented with fever and pain in her left

chest, showing a consolidation of the left lingula and a

pleural effusion on chest radiography. Unfortunately,

the treatment and evolution of this patient was not

reported. The third patient presented with dyspnea and

pulmonary hypertension with involvement of tricus-

pid and mitral valves. His clinical course deteriorated

progressively in spite of high doses steroids and

continuous intravenous heparin, and he died of

intractable cardiac failure. The remaining cases

demonstrated alveolar hemorrhage and pulmonary

capillaritis on the lung biopsies, presenting with the

clinical picture of ARDS. Two of these patients died,

one of them despite high dose steroids, heparin,

aspirin and azathioprine. The remaining patient

improved gradually with the administration of i.v.

pulses of methylprednisolone.

2.5. Adult respiratory distress syndrome

The adult respiratory distress syndrome (ARDS) is an

uncommon, devastating clinical syndrome of acute

lung injury with non-cardiac pulmonary edema,

characterized by an acute onset with arterial

hypoxemia refractory to treatment with supplemental

oxygen. Radiographically, there are bilateral infil-

trates which may be patchy or asymmetric and there

may be accompanying pleural effusions (Ware and

Matthay, 2000). To date, 61 patients with ARDS and

the APS have been reported (Ghosh et al., 1993;

Hillerdal et al., 1991; Ingram et al., 1987; Argento

and DiBenedetto, 1998; Asherson et al., 1998, 2001).

Fifty-five of them were suffering from catastrophic

APS (Asherson et al., 1998, 2001) with a mortality of

54%, despite treatment with full anticoagulation,

high-dose steroids and immunosupression. Histologic
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examination of lung specimens revealed extensive

small vessel thromboses, intraalveolar hemorrhage,

and hyaline membrane formation with or without

pulmonary capillaritis. The mechanism of ARDS in

APS is unclear. Antiphospholipid antibodies were

detected in the bronchoalveolar lavage of patients

with ARDS, suggesting involvement of autoimmune

mechanisms in the pathogenesis of ARDS (Nakos

et al., 2001; Wiedermann et al., 2003). In the absence

of inflammatory changes, an acute increase in

hydrostatic pressure by an occluding embolus may

cause exudation of fluid from blood vessels

into the lung parenchyma (Ingram et al., 1987).

Pulmonary microembolism may cause vascular

injury in the pulmonary circulation and increase the

transport of proteins through the pulmonary micro-

vascular barrier into the parenchyma (Ghosh et al.,

1993). The management consists of, in addition to

anticoagulation, high-dose steroids, and occasionally

pulse cyclophosphamide and plasma exchange.

2.6. Intraalveolar pulmonary hemorrhage

Diffuse alveolar hemorrhage is always a potentially

life-threatening situation and may be the initial

manifestation of APS (Gertner, 1999). Patients are

usually middle-aged with a male predominance and

may present with symptoms of cough, dyspnea, and

fever, with or without hemoptysis, progressing to

acute respiratory failure (Specks, 2001). The main

laboratory features encountered are hypoxemia and

anemia and chest radiography shows rapidly changing

and extensive alveolar infiltrates. The diagnosis is one

of exclusion and, as with other systemic autoimmune

disease, other causes of diffuse alveolar hemorrhage

such as uremia, coagulopathy, pulmonary embolus or

infection need to be excluded. Bronchioalveolar

lavage may be useful showing hemosiderin-laden

macrophages. Lung biopsy should only be considered

if potentially diagnostic tissue cannot be obtained from

any other site (Crausman et al., 1995). Histopatholo-

gically, alveolar hemorrhage and microvascular

thrombosis with or without pulmonary capillaritis are

the main findings (Gertner and Lie, 1993; Hillerdal

et al., 1991; Asherson et al., 2001). Almost all patients

who were treated with corticosteroids have

improved, regardless of additional treatment with

cyclophosphamide. Therefore, the treatment of

diffuse alveolar hemorrhage in APS should com-

mence with corticosteroids (usually with high dose

intravenous, e.g. 1 g methylprednisolone daily for

3–5 days) if the patient presents with severe

respiratory distress. Two patients who did not

respond to intravenous hydrocortisone and pulse

methylprednisolone improved with plasma exchange

(Howe et al., 1988; Waterer et al., 1999), and one

patient improved upon institution of intravenous

immunoglobulin therapy (Gertner, 1999). With

respect to anticoagulation, if there is active bleeding

it may be necessary to withhold it, but with a view to

the reinstitution of therapy as soon as the pulmonary

status improves. Another point of importance is the

potential for relapse without immunosupressive

therapy. This occurred in three patients (Gertner,

1999; Aronoff and Callen, 1997). Thus, a subset of

patients may require long-term immunosupression, as

is the case in other types of pulmonary capillaritis.

2.7. Other pulmonary manifestations

2.7.1. Postpartum syndrome
Branch et al. (1986) described, in several patients, a

clinical picture consisting of spiking fevers, pleuritic

chest pain and dyspnea with chest radiographs

showing pleural effusions and patchy infiltrates.

Cardiac conduction defects were present in one

patient. Another case with similar characteristics

was described in 1994 by Kupferminc et al. (1994).

A woman developed fever, pulmonary infiltrates,

cardiac conduction defects, and renal insufficiency

following severe preeclampsia in the postpartum

period.. She tested positive for LA and aCL, and

responded to steroid therapy and plasmapheresis.

These cases may, in fact, be examples of microangio-

pathy and possible catastrophic APS.

2.7.2. Fibrosing alveolitis
Only three case reports to date have documented

the association of fibrosing alveolitis and APS

(Savin et al., 1994; Kelion et al., 1995; Magro

et al., 2001). The first was a male with primary

APS who developed insidious diffuse pulmonary

infiltrates. Histopathologic examination of the lung

showed alveolitis and fibrosis. The second was a
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patient with cryptogenic fibrosing alveolitis who

developed pulmonary embolism and myocardial

infarction with APS. The third was a 28-year-old

man who underwent a single lung transplantation

for rapidly progressive interstitial pneumonitis.

Following transplantation, primary APS was diag-

nosed following a thromboembolic event and

continued dyspnea. Review of his native lung and

allograft tissue showed diffuse hemorrhage second-

ary to capillary injury, probably reflecting aPL

effects on endothelium. It is possible that this rare

association might simply reflect the concurrence of

two entities in the same patient without a causal

relationship between aPL and this condition.

3. Final remarks

In conclusion, patients with APS may develop a broad

spectrum of pulmonary involvement, pulmonary

thromboembolism and pulmonary hypertension

being the most frequent complications described. In

addition to these manifestations, patients with micro-

vascular pulmonary thrombosis, pulmonary capillar-

itis and alveolar hemorrhage have also been

documented. Clinicians should seriously consider

these types of vascular injury when evaluating

patients with APS who present with dyspnea, fever

and infiltrates on chest radiography. These conditions

might occur as separate entities or may, in fact, form

part of ARDS. Therefore, in the presence of these

clinical features, clinicians must consider searching

and testing for aPL when no other etiology can be

determined. There is a high frequency of ARDS in

patients with catastrophic APS.

As regards treatment, long-term anticoagulation

is essential in all cases, in order to prevent the

occurrence of new thrombotic events. There is

insufficient experience with immunosupression in

APS-associated pulmonary hypertension. High-dose

steroids may be useful in cases of non-inflammatory

vasculopathy (ARDS, pulmonary microthrombosis

and alveolar hemorrhage). The role of cyclopho-

sphamide and other therapeutic modalities such as

plasma exchange or the administration of immuno-

globulins has not, as yet, been well researched. The

clinical setting will usually dictate whether additional

treatments are required in these cases.
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CHAPTER 8

Rheumatoid Arthritis and the Lung

Joel David*, Sally Edmonds
Department of Rheumatology, Nuffield Orthopaedic Centre, Oxford OX3 7LD, UK.

1. Introduction

Rheumatoid arthritis (RA) is the most common

inflammatory disease (Tanoue, 1998), the hallmark

of which is a small and large joint inflammatory

erosive arthritis. The cause of the disease remains

unknown; however, a large number of observed

immunological phenomena are recognised, many of

which are utilised in targeted therapy. Pulmonary

complications of rheumatoid are common. Autopsy

studies suggest pulmonary involvement in up to 50%

of patients (Hunninghake and Fauci, 1979; King,

1998). However, with more sensitive diagnostic tools

such as high resolution CT (HRCT), up to 70% of

patients will be found to have some pulmonary

abnormality. The identification of systemic disease

is important as it is associated with a greater mortality,

especially in patients less than 50 years of age

(Gordon et al., 1973).

Drugs used to treat RA may cause pulmonary side-

effects that may be indistinguishable from pulmonary

manifestations of the RA itself. HRCT, brocho-

alveolar lavage and even biopsy may be required in

the diagnosis.

Smoking confers a worse prognosis on RA and also

increases susceptibility to methotrexate-related pul-

monary injury. The treatment of RA-related lung

disease remains challenging.

2. Epidemiology

RA occurs worldwide in about 1% of the adult

population (Lawrence et al., 1989), although its

regional and temporal prevalence is variable. There

is a suggestion of a decline in the incidence of RA

over the last 40 years (Doran et al., 2002). RA affects

women more commonly than men (2:1 to 3:1),

although some of the extra-articular manifestations,

including rheumatoid nodules and lung disease, are

more common in men (Weyand et al., 1998). These

differences could also result from associated factors

such as smoking, rather than genetic factors or

hormonal differences between the genders (Saag

et al., 1997). The peak age of onset of RA is in the

fifth decade (Yukioka et al., 1998), but it may occur as

early as the second. It also appears that new onset RA

is occurring in much older individuals than was

previously the case (Imanaka et al., 1997).

RA is a multi-factorial disease and, given its

increased prevalence in women, it seems likely that

hormones have an important, if not completely

elucidated, influence. In most women, the disease

remits during pregnancy, only to return, often more

severely than before, in the post partum period

(Nicholas and Panayi, 1988). There are conflicting

data on the relationship between both oral contra-

ceptives and hormone replacement therapy and RA

(Vandenbroucke et al., 1986; Carette et al., 1989;

Brennan et al., 1997).

Family studies indicate a genetic predisposition to

RA. Monozygotic twins are at least four times more

likely to be concordant for RA than dizygotic twins

(Aho et al., 1986). One of the major genetic factors in
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the aetiology of RA is the class II major histocompat-

ability complex (MHC) gene product HLA-DR4

(Walport et al., 1992). Up to 70% of patients with

classic or definite RA express HLA-DR4, compared

with 28% of control individuals. In some ethnic

groups, there is an association between RA and HLA-

DR1 and HLA-Dw16. These observations form the

basis for the suggestion that shared epitopes deter-

mine susceptibility to RA (Gregersen et al., 1987).

Other characteristics, in addition to the genetic,

gender and age-related factors mentioned above,

almost certainly predispose to the development of

RA. These include socio-economic status (Berkano-

vic et al., 1996), educational level (Callahan and

Pincus, 1988), and stress (Persson et al., 1999).

Smoking not only appears to predispose to the

development of RA, but may also influence the

severity and predispose to the development of some of

the extra-articular manifestations (Doyle et al., 2000).

The prevalence and incidence of many of the extra-

articular features of RA, including lung disease, is not

accurately known. There is a striking tendency for

patients to develop more than one extra-articular

feature. For example, nodules, vasculitis and pulmon-

ary involvement frequently coexist (Scott et al.,

1981a,b). Pleuropulmonary disease is clinically

apparent in about 10% of patients with RA, but is

detected in over half of patients with early disease

when detailed investigations are used (Gabbay et al.,

1997). The natural history of both RA and associated

pulmonary disease is changing with the increased use

of immunosuppressive drugs such as methotrexate

and, more recently, the biologics. Refractory pleural

effusions and obstructive airways disease such as

bronchiolitis obliterans are becoming less common.

There is an emergence of pulmonary tuberculosis and

other infections associated with the use of the

biologics (Keane et al., 2001). For most expressions

of rheumatoid-related lung disease, male sex, rheu-

matoid factor (RF) positivity and the presence of

subcutaneous rheumatoid nodules remain the main

risk factors. The course of extra-articular manifes-

tations of rheumatoid does not always parallel joint

disease and may even dominate clinical expression.

Intra-thoracic complications of rheumatoid may

precede the onset of joint disease in up to 20%

(King, 1998).

3. Clinical manifestations

The spectrum of rheumatoid-associated lung disease

is broad (Table 1).

3.1. Serositis and effusions

Pleural disease is common in RA, and in post-

mortem series the incidence has been between 38 and

73% (King, 1998). Involvement of the pleura may be

silent clinically or may result in pleurisy or a pleural

effusion, or both. As is true of most of the other

pulmonary manifestations of RA, serositis and effu-

sions are more common in men than in women.

Pleural effusions occur in approximately 5% of

patients with RA (Shannon and Gale, 1992). They

may resolve spontaneously or become chronic or

recurrent. Rheumatoid effusions are usually unilateral

(Light, 1990) and small to moderate in size. They may

cause symptoms such as chest pain, dyspnoea and

fever and about one third of patients will have

Table 1

Pulmonary manifestations of rheumatoid arthritis

Pleural disease

Pleuritis

Effusion

Pneumothorax

Bronchpleural fistula

Empyema

Nodulosis

Rheumatoid nodulosis

Caplan’s syndrome

Airway disease

Crico-arytenoid arthritis

Upper airway involvement

Sjogren’s syndrome

Airway obstruction

Bronchiectasis

Bronchiolitis obliterans with organising pneumonia

Bronchiolitis obliterans

Interstitial lung disease

Pulmonary vascular disease

Vasculitis

Primary pulmonary hypertension

Secondary pulmonary hypertension

Drug related disease

Pulmonary infection

Other

Fibrobullous disease

Amyloidosis
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concurrent interstitial lung disease (ILD) or pulmon-

ary rheumatoid nodules (Light, 1990).

Rheumatoid pleural effusions are exudates,

with high protein and lactate dehydrogenase levels

(Lillington et al., 1971; Light, 1990). There is a low

glucose concentration (Carr and Power, 1960) which

is thought to be caused by impaired glucose transport

from blood to pleural fluid (Dodson and Hollings-

worth, 1966), in contrast to empyema and malignant

effusions, where the low glucose content is probably

secondary to increased consumption of glucose by

cells within the effusion. Rheumatoid effusions

usually have a low pH (,7.2) and leukocyte counts

within them are generally less than 10,000/ml, with a

lymphocytic or polymorphonuclear predominance

(Light, 1990; Shannon and Gale, 1992). Other

findings include reduced pleural fluid C3, C4 and

CH50 levels and increased RF levels (Light, 1990;

King, 1998), although these do not help to distinguish

rheumatoid effusions from other causes of effusion

such as SLE, tuberculosis, bacterial empyema and

malignancy. Cytology may reveal granular leukocytes

with cytoplasmic inclusion bodies known as RA cells

(Feagler et al., 1971; Light, 1990), but these may

occur in other conditions and are, therefore, non-

specific (Joseph and Sahn, 1993). Hyaluronan levels

have also been shown to be high in rheumatoid pleural

fluid, perhaps secondary to the local production of

pro-inflammatory cytokines (Söderblom et al., 1999).

3.2. Nodules

Rheumatoid pulmonary nodules have the same

histology as those found in subcutaneous tissue and

seem to be more common in patients with extra

pulmonary nodules (Maini and Zvaifler, 1998).

Pulmonary rheumatoid nodules are thought to be the

only specific pleuropulmonary manifestation of RA

(King, 1998), and are strongly associated with sero-

positivity, rarely occurring in patients who are

negative for RF (Maini and Zvaifler, 1998). The

prevalence of pulmonary nodules varies, depending

on whether they are identified by plain chest X-ray

(CXR), CT of the chest or by post-mortem or lung

biopsy. In one large series of 516 patients, only two

nodules were identified by plain CXR (Walker and

Wright, 1968). In a series of 77 patients who

underwent HRCT of the chest, 17 (22%) were found

to have nodular densities (Cortet et al., 1995). In

another series of 40 patients who underwent open lung

biopsy, microscopic nodules were identified in 13

(32%) (Yousem et al., 1985). The significance of such

micro nodular disease is unclear, particularly because

such findings are often seen in normal people without

connective tissue disease. Nodules are usually

asymptomatic, but if they are close to the pleural

surface, may result in pleural effusion, pneumothorax,

pyopneumothorax and bronchopulmonary fistula

(Shannon and Gale, 1992; King, 1998). Cavitation

of nodules within the parenchyma may also rarely

lead to haemoptysis and infection (Dieppe, 1975;

King, 1998). Of all the pulmonary manifestations of

RA, nodules are associated with the most favourable

prognosis (Yousem et al., 1985). Nodules, whether

pulmonary or subcutaneous, may antedate clinical

arthritis. If they occur in the context of RA, other

causes of nodulosis must be excluded: in particular,

malignancy and infection. More widespread nodulosis

may also occur, particularly in men with RA,

so-called ‘rheumatoid nodulosis’ (Wisnieski and

Askari, 1981). This is a distinct entity from Caplan’s

syndrome, which was first described in 1953 in Welsh

coal miners with RA, who had multiple pulmonary

nodules, probably related to silica deposition in the

lung (Caplan, 1953).

3.3. Interstitial lung disease

ILD is the most common symptomatic pulmonary

manifestation of RA. It is seen more often in men than

women, especially in the context of a high RF titre and

severe articular disease. Radiographically, ILD

associated with RA is indistinguishable from idio-

pathic pulmonary fibrosis (IPF) and ILD associated

with other connective tissue diseases. The most

common finding is of asymmetrical bilateral basal

interstitial abnormalities (Walker and Wright, 1968;

Remy-Jardin et al., 1994). HRCT is the most sensitive

method of detecting ILD; the prevalence using this

technique is reported as being up to 47% (Fujii et al.,

1993; Remy-Jardin et al., 1994). However, a recent

study using HRCT has shown evidence of ILD in 19%

of hospital outpatients with RA (Dawson et al., 2001).
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As with any fibrosing lung disease, ILD in RA is

associated with a reduction in lung volumes and

pulmonary compliance and abnormalities in diffusing

capacity for carbon monoxide (DLCO) (Shannon and

Gale, 1992; King, 1998). RA patients with ILD tend to

demonstrate a neutrophilic alveolitis and an increase

in the absolute number of macrophages, as assessed

by bronchoalveolar lavage (BAL) (Gilligen et al.,

1990; King, 1998). A recent prospective study

correlated HRCT, lung function tests (PFT) and

BAL cytology in patients with ILD associated with

RA (Biederer et al., 2003). HRCT appeared to be the

most appropriate investigation for the detection and

follow up of ILD, and PFT and BAL only partially

correlated with lesion profusion or grading on HRCT,

but they provided valuable information about

dynamic lung function and differential diagnoses.

The symptoms of ILD usually occur after the onset

of arthritis, but in approximately one fifth of patients,

lung disease predates articular disease (King, 1998).

Patients may be asymptomatic, but the commonest

complaints are dyspnoea and cough (Roschmann and

Rothenberg, 1987). As with other causes of lung

fibrosis, finger clubbing is common and may be seen

in up to 75% of cases (King, 1998), although probably

not as frequently as in idiopathic lung fibrosis

(Rajasekaran et al., 2001). In general, ILD associated

with RA tends to follow a more benign course than the

idiopathic form of the disease, but patients may

develop end stage respiratory failure (Dixon et al.,

1957). It does appear, however, that RA patients

with ILD carry a worse prognosis than RA patients

with other lung diseases such as pulmonary nodules or

BOOP (Hakala, 1988). It is important, therefore,

that ILD is diagnosed as early as possible and

monitored so that the appropriate therapy may be

initiated.

3.4. Bronchiectasis

The prevalence of bronchiectasis may be as high as

40% (Despaux et al., 1998) but changes on HRCT can

be seen in up to 70% (Perez et al., 1998).

Bronchiectasis in RA is often asymptomatic; the

prevalence of symptomatic disease is probably much

lower, around 3% in one study (Allain et al., 1997).

The predilection for bronchiectasis in RA may be

related to an increased susceptibility to airway

infection (Bamji and Cooke, 1983). There may also

be a genetic susceptibility in some patients (Hillarby

et al., 1993). More recently, it has been suggested that

a mutation on the cystic fibrosis transmembrane

conductance regulator gene may predispose to the

development and severity of bronchiectasis in RA

patients (Puechal et al., 1999). The co-existence of

RA and bronchiectasis confers a worse prognosis,

with a reduced five-year survival when compared to

RA alone (Swinson et al., 1997).

3.5. Bronchiolitis obliterans with organising

pneumonia

Bronchiolitis obliterans with organising pneumonia

(BOOP) may be associated with RA, other

connective tissue diseases, infection and drug

toxicity. It is characterised pathologically by the

presence of granulation tissue in the lumen of the

bronchioles and alveolar ducts (Muller and Miller,

1995). Organising pneumonia usually occurs distal

to this process.

Patients with BOOP present with non-specific

symptoms, which include productive cough, dys-

pnoea, weight loss and fever (Rees et al., 1991).

Crackles are usually heard on auscultation. The CXR

typically shows patchy bilateral infiltrates and the CT

scan may show consolidation in these areas (Cohen

et al., 1994). BOOP tends to show a restrictive, rather

than an obstructive, picture on lung function testing

(Muller and Miller, 1995). The diagnosis of BOOP

may be confirmed by either surgical or transbronchial

biopsy. In a series of 40 patients with RA undergoing

lung biopsy, BOOP was the second most common

histological abnormality (Yousem et al., 1985). On

the whole, the prognosis for BOOP is better than for

either ILD or obliterative bronchiolitis (OB). Patients

may, however, progress to end stage respiratory

failure and death, and it may be that BOOP associated

with connective tissue disease has a worse prognosis

than other types of BOOP (Epler et al., 1985). In the

more severe cases, it is possible that BOOP either

coexists with or predates the development of fibrotic

lung disease (Cohen et al., 1994).
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3.6. Obliterative bronchiolitis

The association of OB with RA was first noted in 1977

(Geddes et al., 1977). Unlike the other pulmonary

manifestations of RA, OB seems to be more common

in women. The cause of OB remains unclear, but

usually occurs in patients who are RF positive and

have well-established joint disease. Patients most

often present with dyspnoea and a non-productive

cough, which usually worsen rapidly—in contrast to

the other types of lung disease associated with RA.

The CXR is usually normal, but may show signs of

hyperinflation.

OB is less common than BOOP, and is character-

ised pathologically by the presence of submucosal and

peribronchiolar fibrosis resulting in extrinsic narrow-

ing and obliteration of the bronchiolar lumen (Muller

and Miller, 1995). Small bronchi and bronchioles are

primarily involved. Histologically, the typical finding

is of fibrosis with little active inflammation (Muller

and Miller, 1995). The diagnosis of OB should be

considered in any RA patient who has rapidly

progressive air flow obstruction accompanied by

dyspnoea and cough. The outlook for these patients

is poor.

3.7. Rheumatoid drugs and the lung

3.7.1. Nonsteroidal anti-inflammatory drugs
Nonsteroidal anti-inflammatory drugs (NSAIDs) may

be associated with hypersensitivity and bronchospasm

in susceptible individuals (Zilnik, 1997). Patients will

experience cough, fever, dyspnoea and skin rash,

usually accompanied by peripheral eosinophilia. The

CXR may show bilateral interstitial infiltrates and the

BAL fluid shows marked eosinophilia. Symptoms

resolve on cessation of the NSAID (Tanoue, 1998).

The newer cyclooxygenase II inhibitor (COX II)

drugs are associated with fluid retention and non-

cardiogenic pulmonary oedema may rarely occur

(author’s experience).

3.7.2. Gold
Gold-induced pulmonary disease may be difficult

to diagnose, particularly when interstitial pneumonia

appears in the course of therapy. Tomioka and

King (1997) defined the clinical features and prog-

nosis in order to differentiate it from that secondary to

the rheumatoid process itself. They identified 140

cases of gold-induced pulmonary disease. Interest-

ingly, the development of pulmonary disease most

often followed improvement in systemic disease,

presumably induced by gold. Features that distinguish

gold-induced disease from rheumatoid lung include

female sex, the presence of fever and rash, eosino-

philia, raised IgE levels, proteinuria, thrombocytope-

nia, post injection reactions to gold (Scott et al.,

1981a,b) and the absence of subcutaneous nodules or

clubbing. Lymphocytosis on BAL and more recently

CT scan findings (Sinha et al., 2001) have been useful

in making a diagnosis. Alveolar opacities occur along

the broncho-vascular bundles on CT scanning. Gold-

induced pulmonary disease may be considered a

distinct entity distinguishable from rheumatoid lung.

It usually improves with cessation of therapy or

treatment with corticosteroids.

Chakravarty and Webley (1992) treated 62 RA

patients with gold, penicillamine and azathioprine and

monitored their lung function over a two-year period.

They found 46% of patients treated with gold and

21% treated with penicillamine, developed a restric-

tive defect after two years and there was a significant

reduction in vital capacity and gas transfer ð p ,

0:001Þ in both groups. A significant improvement in

pulmonary function occurred in the gold treated

patients ð p , 0:05Þ a year after treatment was

discontinued. Alveolar macrophages obtained at

BAL demonstrate that gold is retained for prolonged

periods in pulmonary tissue following treatment. This

does not, however, demonstrate in itself any relation-

ship between gold and chronic lung disease (Garcia

et al., 1987).

3.7.3. D-Penicillamine
D-Penicillamine is rarely used nowadays for RA.

There are three forms of pulmonary disease with

which it has been associated: OB, ILD and a

pulmonary-renal syndrome with alveolar haemor-

rhage (Stein et al., 1980; Zitnik and Cooper, 1990)

3.7.4. Sulphasalazine
Pulmonary toxicity is a rare side effect of sulphasa-

lazine. Parry et al. (2002) described 50 cases.
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The typical presentation was of new onset dyspnoea

and infiltrates on CXR. Commonly the patients

presented with cough and fever. Eosinophilia was

noted in half the cases. Sputum production, allergy

history, rash, chest pain and weight loss were incon-

sistent findings. The commonest pulmonary pathology

was that of an eosinophilic pneumonia with interstitial

infiltrate with or without fibrosis. Fatal reports were

infrequent. Most patients were managed by drug

withdrawal although 40% required corticosteroids.

3.7.5. Methotrexate
Methotrexate is the most commonly used second-line

agent for RA in the western world. It is a folic

acid antagonist. Pulmonary toxicity is described in

0.5–12% although most papers suggest about 3%

(Zisman et al., 2001). Perhaps the most accurate

estimate of prevalence, based on the largest prospec-

tive series to date, is 1% (Cannon and Finck, 2000).

The most frequent symptom is that of sub-acute

progression over several weeks of a dry cough,

dyspnoea, fever and bi-basal crackles. Peripheral eosi-

nophilia occurs in about a third of cases. The CXR

maybe normal, but more commonly reveals bilateral

interstitial or mixed interstitial and alveolar infiltrates

with a predilection for the bases. HRCT scanning may

demonstrate diffuse ground glass opacification, reti-

cular opacities, centrilobular nodules, septal lines or

widespread consolidation (Arakawa et al., 2003).

Pulmonary function studies may reveal a restrictive

ventilatory defect and/or impaired gas exchange.

Histological findings in methotrexate induced pul-

monary disease show cellular interstitial infiltrates,

granulomas, fibrosis and atypical epithelial cells.

There is most often diffuse alveolar damage. Once

methotrexate-induced lung disease is suspected, the

drug should be withdrawn. Corticosteroids may

accelerate resolution. The prognosis is usually favour-

able but occasionally the outcome may be fatal.

There is no evidence that methotrexate is associ-

ated with chronic lung disease (Dawson et al., 2003).

Alarcon et al. (1997) examined patients for

potential risk factors for the development of metho-

trexate-induced lung injury. They and other workers

(Ohosone et al., 1997) found that older age groups,

diabetes, existing rheumatoid pleuropulmonary invol-

vement and previous reactions to disease modifying

drugs (DMARDs) all increase the chances of devel-

oping methotrexate-induced lung disease. Surfactant

proteins have been used to detect and monitor

methotrexate-associated lung injury (Miyata et al.,

2002).

Methotrexate-induced pneumonitis appears to be

more common in patients with RA than in those where

the methotrexate is used for psoriatic arthritis (Salaffi

et al., 1997). This may be because pre-existing lung

disease is more common in RA; there may also be a

disease susceptibility gene for this.

BAL cell profile in methotrexate induced pneumo-

nitis suggests a lymphocytic alveolitis with a

preferential increase in CD4þ cells (Schnabel et al.,

1997). This pattern differs from that of ILD due to RA

and may, therefore, also assist in making an earlier

diagnosis.

Some patients may complain of a persistent

isolated dry cough on methotrexate therapy and all

their pulmonary investigations are normal including

HRCT and BAL cytology. This may occur as a result

of an irritant effect of methotrexate on the airways

(Schnabel et al., 1996).

Opportunistic infection such as pneumocystis

carinii is important to exclude when pulmonary

symptoms occur in a rheumatoid patient treated with

methotrexate. This infection is particularly likely to

occur with concurrent corticosteroid therapy, when

NSAIDs are used or when there is renal impairment

(Krebs and Gibbons, 1996).

There have been a few recent reports of a

pneumonitis that has occurred in RA patients treated

with methotrexate and biologics. This suggests that

anti-TNF therapy may have a permissive or synergis-

tic role in the expression of methotrexate pneumonitis

(Courtney et al., 2003).

3.7.6. Biologics
Anti-TNF drugs such as infliximab, etanercept and

adalimumab are increasingly used for aggressive RA

either at onset, or in those patients who have already

received numerous DMARDs. These patients may

have pre-existing pulmonary disease. Gomez-Reino

et al. (2003) reviewed infliximab and etanercept

safety. They reported the results of 71 participating

centres, which comprised 1578 treatments with

infliximab (86%) or etanercept (14%) in 1540 patients.

J. David, S. Edmonds152



There were 17 cases of tuberculosis (TB) treated with

infliximab. The estimated incidence of TB associated

with infliximab in the rheumatoid population was

significantly greater than background rates prior to

2001 (Keane et al., 2001; Mayordomo et al., 2002).

Delayed hypersensitivity reactions and acute

respiratory distress syndrome following infliximab

infusions have been described (Riegert-Johnson et al.,

2002). In these cases an eosinophilic pneumonia

occurs, responsive to corticosteroid therapy. Etaner-

cept, too, has been linked with lung injury in the

form of non-caseating pulmonary granulomas. With-

drawal of the drug achieved clinical stabilisation

(Peno-Green et al., 2002).

3.8. Smoking and rheumatoid arthritis

Studies looking for a causal relationship between

cigarette smoking and RA have been inconsistent,

although overall, smoking probably does have a small

contributory role to play, particularly in men. A

prospective population study in Finland suggested

that exposure to tobacco smoke, or some factor or

cluster of factors associated with smoking, may

trigger the production of RF, and this, in men, may

subsequently contribute to the development of RA

(Heliövaara et al., 1993). Other studies have also

shown a link between smoking and RF production or

the development of sero-positive arthritis (Tuomi

et al., 1990; Symmons et al., 1997). In a nationwide

study of disease-discordant twins, Silman et al. (1996)

showed clear evidence of an association between

smoking and disease, in spite of the fact that the

majority of the twin pairs were concordant for

cigarette smoking. This latter study was true for

both sexes, and whilst men seem to be at most risk of

developing RA in association with smoking, one

study has shown that the duration, although not the

intensity, of cigarette smoking is associated with a

modest increased risk of RA in women as well

(Karlson et al., 1999). Further studies have shown a

positive relationship between the number of cigarettes

smoked and the development of RA (Hutchinson et al.,

2001; Reckner Olsson et al., 2001). Interestingly,

smoking in RA patients without a family history of

RA was more prevalent than in RA patients with a

positive family history of RA; this is true for the

number of pack years smoked, for smoking at the time

of disease onset and even in those with a simple

history of having previously smoked. A recent study

has attempted to quantify the influence of cigarette

smoking on the risk of developing RA (Stolt et al.,

2003). This case-control study over four years found

that current smokers, ex-smokers, and ever-smokers

of both sexes had an increased risk for sero-positive

RA, but not for sero-negative RA. The increased risk

was only apparent among subjects who had smoked

for 20 years or more, was evident at an intensity of

smoking of 6–9 cigarettes a day and remained for up

to 10–19 years after smoking cessation. The risk

increased with increasing cumulative dose of

smoking.

Smoking also has an effect on RA disease activity

and severity. In a study of 336 patients with RA, Saag

et al. (1997) showed that smokers with more than 25

pack years were 3.1 times more likely to be RF

positive (IgM and IgA) and 2.4 times more likely to

show radiographic erosions than never smokers. In

another study of 63 women with advanced RA,

Másdóttir et al. (2000) found that the patients who

were heavy smokers (more than 20 pack years)

develop more severe RA than those who smoked less

or not at all. Wolfe (2000) confirmed the relationship

of smoking, disease severity and RF positivity but did

not demonstrate alterations in day-to-day disease

activity measures. The mechanism by which smoking

influences RA susceptibility/severity is still unclear.

Mattey et al. (2002) postulated that genes associated

with detoxification or activation of chemicals in

tobacco smoke could be important. This group had

already found that increased severity in RA is

associated with a null polymorphism at the gluta-

thione S-transferase (GST) M1 locus (Mattey et al.,

1999). The GSTM1 enzyme detoxifies known or

suspected carcinogens found in tobacco smoke. Their

data suggest firstly that disease outcome in female RA

patients with a history of smoking is significantly

worse than those who have never smoked. Secondly,

the data provide evidence that the risk of developing

severe disease in women with RA is increased in those

who have the GSTM1-null polymorphism and who

have also smoked. The authors suggest that this

association may be due in part to a relationship

between the GSTM1 polymorphism and RF pro-

duction in smokers.

Rheumatoid Arthritis and the Lung 153



Smoking appears to be one of the main predictors

for the development of some of the extra-articular

manifestations of RA including pericarditis, pleuritis,

cutaneous vasculitis, Felty’s syndrome, neuropathy,

ophthalmological manifestations, glomerulonephritis

and other types of vasculitis (Turesson et al., 2003).

This association was independent of RF, and the

authors suggest that smoking in some way drives the

rheumatoid process towards extra-articular involve-

ment and that this is perhaps because of the effect that

smoking has on blood vessels. Vascular abnormalities

are clearly pivotal in rheumatoid vasculitis, but may

also be important in other extra-articular manifes-

tations such as pericarditis and rheumatoid nodules. In

addition, smoking is a well-known predictor of

cardiovascular disease, and it is now well documented

that patients with RA have increased cardiovascular

morbidity (McEntegart et al., 2001). Smoking may

also exert its deleterious effects by altering nitric

oxide pathways (Farrell and Blake, 1996).

There is evidence of a downward trend in the

incidence of extra-articular manifestations of RA,

especially rheumatoid vasculitis, observed with a

decrease in worldwide tobacco use and overall

improved mortality in RA (Albano et al., 2001).

This having been said, it is interesting to note that the

commonest cause of respiratory symptoms in RA

patients is chronic airways obstruction related to

smoking (Banks et al., 1992).

4. Morbidity and mortality of rheumatoid
lung disease—comparison with other
autoimmune lung diseases

The excess mortality associated with RA arises

largely from its extra-articular involvement (Leigh

and Fries, 1991), including increased frequency of

infections and cardiovascular, renal, and pulmonary

diseases (Wolfe, 1996). Overall, infection is the

leading cause of death in RA, and even where there

is underlying lung disease, such as pulmonary fibrosis,

superimposed infection poses a greater risk than the

fibrosis itself (Hakala, 1988). Like RA, systemic lupus

erythematosus (SLE) may affect all the components of

the respiratory system. Infection rates are also

increased in SLE, particularly patients treated with

glucocorticoids, and are an important cause of

morbidity and mortality (Nived et al., 1985). BOOP

in both RA and SLE carries a good prognosis and is

steroid responsive. In both diseases, ‘pure’ OB carries

a much worse prognosis than BOOP and is generally

not treatment responsive. A rare complication of SLE,

not seen in RA, is the ‘shrinking lung syndrome’. The

long-term prognosis of this condition is reasonable

and may respond to immunosuppressive therapy

(Karim et al., 2002). Two other conditions associated

with lupus and not usually with RA, are acute lupus

pneumonitis and pulmonary haemorrhage, both of

which carry a poor prognosis (Wiedemann and

Matthay, 1992). Whilst ILD is common in RA, it is

not as prevalent as in systemic sclerosis (SSc), in

which it is said to occur in some form in most patients

(White, 2003). In addition, the prognosis is much

worse in SSc with some 15% of patients progressing

to severe restrictive lung disease. Pulmonary fibrosis

remains a major cause of death in patients with SSc.

Primary pulmonary hypertension (PAH) occurs in RA

(Dawson et al., 2000), but is usually milder than in

SSc (Denton and Black, 2003) or dermatomyositis

and polymyositis (in which pulmonary hypertension

is usually associated with pulmonary fibrosis) (Yazici

and Kagan, 2002). Similarly, ILD tends to be less

progressive than in patients with anti-Jo-1 antibody

positive myositis, who may develop a rapidly

progressive, diffuse alveolitis, which may decompen-

sate into adult respiratory distress syndrome, with a

poor prognosis and an often fatal outcome (Clawson

and Oddis, 1995).

Thus, whilst pulmonary manifestations are com-

mon in patients with RA, they tend to be more benign

than those associated with the other connective tissue

diseases.

5. Treatment of rheumatoid lung disease

The treatment of rheumatoid lung disease is largely

anecdotal as there are no good randomised controlled

trials. Progressive ILD due to RA is difficult to treat.

Traditionally high doses of oral corticosteroids with

the addition of cyclophosphamide or chlorambucil

have been used (Nanki et al., 2002).
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Pneumonitis, when it occurs in RA, may be due to

low dose oral methotrexate, infection or the rheuma-

toid process itself, and these processes may be difficult

to distinguish. Methotrexate lung injury is treated by

withdrawing the drug, oxygen therapy, and, rarely,

steroids are needed. In one case report (Suwa et al.,

1999), where infection had been excluded, there had

been no response to the withdrawal of methotrexate

and treatment with corticosteroids. It was only when

intravenous cyclophosphamide was initiated that rapid

physiological and radiographic improvement

occurred.

There have been several anecdotal reports of

azathioprine and D-penicillamine being useful for

rheumatoid ILD (Chang et al., 2002). Cyclosporin-A

in conjunction with cyclophosphamide has also been

used with good effect in some cases (Puttick et al.,

1995).

Rheumatoid effusions do not generally require

specific treatment, although if they are large and

causing significant breathlessness, they may need

draining. They usually respond to the DMARDs used

to treat the articular disease.

BOOP is generally steroid responsive. This con-

trasts with OB alone, which is not treatment responsive

and consequently carries a worse prognosis.

There have been recent reports of clinical response

of RA associated pulmonary fibrosis to the use of

biological agents. Vassallo et al., 2003 describes a

patient who had sustained improvement in dyspnoea,

cough and exercise tolerance following TNF Alpha

inhibition therapy, with stabilisation of pulmonary

function.

When rheumatoid lung disease is associated with

drug toxicity (NSAIDs, sulphasalazine and gold),

resolution usually occurs with cessation of the drug. In

approximately 40%, corticosteroids will aid in this

resolution.
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CHAPTER 9

Sjögren’s Syndrome and the Lung

Spyros A. Papirisa,1, Haralampos M. Moutsopoulosb,*
aDepartment of Critical Care and Pulmonary Services, 45–47 Ipsilantou Str., “Evangelismos Hospital”, School of

Medicine, National and Kapodistrian University of Athens, GR 10675, Athens, Greece
bDepartment of Pathophysiology, “Laiko Hospital”, School of Medicine, National and Kapodistrian University of

Athens, 76 M. Asias Str., Goudi, GR 11527, Athens, Greece.

1. Introduction

Sjögren’s syndrome, an autoimmune epithelitis, is a

chronic, slowly progressive inflammatory auto-

immune disease, characterized by lymphocytic infil-

tration of the exocrine glands and epithelia in multiple

sites, leading to diminished or absent glandular

secretions and to a more or less generalized, mucosal

dryness (Moutsopoulos et al., 1980; Talal et al., 1987;

Moutsopoulos, 1994; Moutsopoulos, 2001). Sjögren’s

syndrome presents with a wide spectrum: from

lacrimal and salivary exocrinopathy to systemic

disease (lungs, liver, kidneys, and other organs or

tissues), and, later in the illness and in a small number

of patients (<5%), an associated B-cell lymphoid

malignancy (Bunim and Talal, 1963; Kassan et al.,

1978; Royer et al., 1997; Voulgarelis et al., 1999).

Sjögren’s syndrome can occur alone (primary Sjö-

gren’s syndrome) or in association with almost all of

the other rheumatic autoimmune disorders (secondary

Sjögren’s syndrome) (Moutsopoulos et al., 1980). The

co-existing rheumatic disease may be already present

at the time of diagnosis of Sjögren’s syndrome, or

may later become apparent. Pulmonary manifes-

tations have been reported in both the primary

and the secondary forms of the syndrome (Alarcón-

Segovia et al., 1965; Kelly et al., 1991; Cairns et al.,

1992). In the latter case the co-existing rheumatic

disorder influences the pattern of pulmonary

expression (Papiris et al., 1999a).

Pulmonary involvement was first recognized

60 years ago, by Henrik Sjögren (1933), who

described similar histopathological changes in the

exocrine glands of the bronchi to those commonly

observed in the salivary glands. Since then, pulmon-

ary involvement in primary Sjögren’s syndrome has

been the subject of various studies and several pul-

monary manifestations have been described, includ-

ing bronchial and bronchiolar disease, interstitial

pneumonia, and a spectrum of lymphoproliferative

diseases (Table 1). However, pulmonary manifes-

tations, though frequent and pleomorphic, are rarely

clinically severe (Hunnighake and Fauci, 1979; Segal

et al., 1981; Constantopoulos et al., 1985; Papathana-

siou et al., 1986; Gardiner, 1993; Papiris et al., 1999a;

Cain et al., 1998; Davidson et al., 2000).

In primary Sjögren’s syndrome, some discrepancy

in the available literature still exists concerning the

frequency, the pattern of abnormalities, and the

clinical significance of the respiratory involvement.

This may be attributed to the fact that previous studies
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have focused on a single abnormality, included

exclusively symptomatic patients, or have failed

to distinguish between primary and secondary

disease (Gardiner, 1993; Cain et al., 1998; Papiris

et al., 1999a).

2. Prevalence

The prevalence of primary Sjögren’s syndrome is

approximately 0.5–1% in the general population, and

10–30% in patients with other rheumatic autoimmune

disorders. The prevalence of respiratory involvement

in Sjögren’s syndrome can be estimated from a

number of manifestations, such as symptoms (cough,

dyspnea) (Constantopoulos et al., 1985; Mialon et al.,

1997), functional (Kelly et al., 1991) or radiological

abnormalities (Franquet et al., 1997; Uffmann et al.,

2001), and bronchoalveolar lavage findings (Hatron

et al., 1987; Dalavanga et al., 1991). Therefore, any

statement of prevalence is influenced by methodology

and also by the referral values used. In one of the

largest series to date, Kelly et al. (1991), performing

standard spirometry and measurement of diffusing

capacity, and using standardized residuals to control

values, reported abnormal pulmonary function in

24 of 100 unselected patients with primary

Sjögren’s syndrome.

3. Epidemiology

Sjögren’s syndrome affects predominantly middle-

aged women (female-to-male ratio 9:1) although it

occurs in all ages, including childhood. Accordingly,

respiratory manifestations are present, almost exclu-

sively, in middle-aged women.

4. Etiology/Pathogenesis

This generalized exocrinopathy is associated with

dense lymphocytic infiltrates of glandular tissues and

a marked B lymphocytic cell hyperreactivity which is

manifested by various serum autoantibodies directed

against non-organ specific antigens such as immuno-

globulins (rheumatoid factor) or extractable nuclear

and cytoplasmic antigens (Ro/SSA, La/SSB).

The majority of tissues infiltrating lymphocytes,

including those of the airways (Papiris et al., 1997),

are CD4 T-cells (Adamson et al., 1983) that bear the

a/b T-cell receptor (TCR) and express various mar-

kers of activation, including class II major histocom-

patibility complex (MHC) HLA-DR proteins,

adhesion molecules, and the cytokines interleukin-2

(IL-2) and interferon-g (IFN-g) (Fox et al., 1985;

Moutsopoulos et al., 1986; Brookes et al., 1995).

Several lines of evidence indicate that epithelial

cells may have a critical role in the induction and

perpetuation of the immune responses in the inflamed

tissues. The glandular epithelial cells of patients with

Sjögren’s syndrome display an activated phenotype.

They inappropriately express the oncogenes c-myc and

p53 (Skopouli et al., 1992; Tapinos et al., 1999),

whereas the expression of nuclear autoantigenic

proteins (La/SSB) is translocated to the cell-surface

(Yannopoulos et al., 1992; De Wilde et al., 1996;
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Table 1

Respiratory manifestations in Sjögren’s syndrome

Upper airways disease

Nasal mucosa infiltration and dryness (‘rhina sicca’)

Epistaxis

Sinusitis

Oral cavity major and minor salivary glands involvement

(xerostomia)

Lymphocytic infiltration of the tracheobronchial submucosal glands

(xerotrachea)

Subepithelial bronchial and bronchiolar lymphocytic infiltration

(lymphocytic bronchitis/bronchiolitis)

Bronchial hyperresponsiveness

Lymphoproliferative disorders

Diffuse lymphoid hyperplasia of the lungs

Peribronchiolar (reactive lymphoid hyperplasia/follicular

bronchiolitis)

Diffuse alveolar interstitial, (lymphoid interstitial pneumonia,

LIP)

Pseudolymphoma

Lymphomatoid granulomatosis.

Malignant B-cell non-Hodgkin’s lymphoma

Other diffuse interstitial pneumonias

Pulmonary fibrosis, usual interstitial pneumonia (UIP) type

Non-specific interstitial pneumonia (NSIP)

Cryptogenic organizing pneumonia (COP)

Diffuse panbronchiolitis

Multiple lung cysts or bullae

Vasculitis and primary pulmonary hypertension

Pulmonary amyloidosis

Pleural disease (mainly in the secondary Sjögren’s syndrome)



Haneji et al., 1997). Furthermore, in patients with

Sjögren’s syndrome, the glandular epithelial cells

express molecules implicated in the lymphoid recruit-

ment and in the expansion of the inflammation, such as

the lymphoattractant chemokines BCA-1, ELC,

STCP-1/MDC, SLC and TARC (Xanthou et al.,

2001), ICAM-1 adhesion molecules (Kapsogeorgou

et al., 2001), and the proinflammatory cytokines IL-1,

IL-6 and tumor necrosis factor-a (TNFa) (Boumpa

et al., 1995). Most importantly, glandular epithelial

cells of Sjögren’s syndrome patients appear suitably

equipped for the presentation of antigenic peptides and

the transmittance of activation signals to T-cells.

They express MHC class I and class II molecules

(Moutsopoulos et al., 1986; Lindahl et al., 1985;

Fox et al., 1986), functional B7 costimulatory

molecules (Manoussakis et al., 1999; Kapsogeorgou

et al., 2001), and CD40 molecules (Dimitriou et al.,

2002). These phenomena support the capacity of the

epithelial cells of the exocrine glands to act as non-

classic antigen-presenting cells and most likely

indicate that they are actively involved in the

regulation of the local immune responses and the

pathogenesis of Sjögren’s syndrome.

Programmed cell death, or apoptosis, is considered

to be an important pathogenetic mechanism in various

autoimmune disorders, by which intracellular auto-

antigens are presented to the immune system. In

Sjögren’s syndrome, apoptotic processes are thought

to play a major role in the destruction of the salivary

epithelia. Increased apoptosis is detected in the

salivary gland tissues obtained from Sjögren’s

syndrome patients by DNA fragmentation and

TUNEL assay (Polichronis et al., 1998). The

increased expression of Fas (Apo1/CD95) protein

and its ligand (FasL/CD95L) among the epithelial

cells of patients suggest their intervention in the

apoptotic mechanisms that operate in epithelial

cells (Kong et al., 1997; Polichronis et al., 1998;

Matsumura et al., 1998; Fujihara et al., 1999;

HumphreysBeher et al., 1999; Abu-Helu et al.,

2001). The expression of anti-apoptotic Bcl-2 mol-

ecules (Polichronis et al., 1998), as well as apoptosis-

inducing enzymes (perforin, granzymes) (Xanthou

et al., 1999) by the infiltrating lymphocytes most

likely indicates their role in the induction of epithelial

destruction. Moreover, recent data from studies on

cultured salivary gland epithelial cells attest the

injurious role of T-cell derived cytokines, which are

produced in the inflammatory glandular lesions of

Sjögren’s syndrome patients and particularly that of

IFNg, in the survival of epithelial tissues (Abu-Helu

et al., 2001). Such noxious effects were demonstrated

to occur through the induction of Fas-mediated

programmed cell death and anoikia only if IFNg is

present (Abu-Helu et al., 2001).

5. Clinical manifestations

5.1. Upper airways involvement

‘Rhina sicca’, dryness and crusting of the nasal

mucosa, is not an uncommon complaint of patients

with Sjögren’s syndrome. Epistaxis and sinusitis may

occasionally occur, and are considered complications

of nasal dryness and crusting (Case records of the

Massachusetts General Hospital, 2001). Xerostomia,

due to involvement of the major and minor salivary

glands of the oral cavity, is one of the most classic

manifestations of Sjögren’s syndrome. Dryness also

extends to the pharynx. However, upper airways

involvement does not appear to have any significant

respiratory implications.

5.2. Lower airways involvement

5.2.1. Large airways involvement
The lower airways appear to be a frequent respiratory

target in well-classified patients with primary

Sjögren’s syndrome. Indeed, the most common

clinical manifestation of airways involvement in

primary Sjögren’s syndrome is a dry cough of variable

intensity, which may be observed in up to 50% of

patients (Mialon et al., 1997). A ‘sicca’ cough is

usually considered the result of the desiccation of the

tracheobronchial tree (‘xero-trachea’ from the Greek

jhró6 ¼ dry) due to the involvement of the

bronchial glands by the inflammatory process (Ellman

and Parkes Weber, 1949; Ellman et al., 1951;

Constantopoulos et al., 1984). Inflammatory cell

infiltration of the submucosal glands of the large

airways (bronchial inflammatory exocrinopathy) was

first described 60 years ago by Sjögren (1933).

However, very few studies have since attempted to
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characterize systematically the histopathological

changes and/or the pattern of the cellular infiltrate at

glandular or extraglandular sites of the large airways.

Andoh et al. (1993) in a study of six autopsied patients

with Sjögren’s syndrome (two with primary and four

with secondary Sjögren’s syndrome) reported hyper-

plasia of airway secretory cells and submucosal

glands, suggesting that airways exocrine gland

destruction may not be invariably present (or at least

may not be present at all phases of the course of

disease), and that factors other than exocrine gland

destruction may be related to the presence of a cough

in at least some of these patients. Furthermore, Papiris

et al. (1997) performed endobronchial biopsies and

studied the extraglandular cellular infiltrate of large

bronchi of patients with Sjögren’s syndrome (six with

the primary and four with the secondary form of the

syndrome) using histochemistry and immunohisto-

chemistry. The pathology showed an increased

number of CD4 positive T lymphocytes in the lamina

propria (defined as the 100m beneath the subepithelial

basement membrane) of the bronchial mucosa of the

large airways, outside of the bronchial submucosal

glands, suggesting that in Sjögren’s syndrome in the

large airways the same infiltrate that is observed in the

major salivary glands may also involve the sub-

epithelial extraglandular tissues (lymphocytic bron-

chitis). However, further studies are necessary to

characterize better the pattern and significance of the

involvement of large airways in Sjögren’s syndrome.

5.2.2. Small airways involvement
All patterns of functional abnormalities (obstructive,

restrictive, and mixed) in patients with primary

Sjögren’s syndrome have been described in the

available literature (Gardiner, 1993; Cain et al.,

1998). This might reflect, in part, the pleomorphy of

lung involvement (airways and/or parenchymal dis-

ease) as well as failure to distinguish between the

primary and the secondary forms of the disease. In our

experience and in that of others, probably the most

frequent functional abnormality in well-selected

patients with primary Sjögren’s syndrome is small

airways obstruction, which is usually mild. Constan-

topoulos et al. (1985) reported, in eight out of 36

patients with primary Sjögren’s syndrome, isolated

small airways obstruction with significantly

diminished maximal expiratory flows at 25% of vital

capacity (MEF25) and suggestive flow-volume curves.

Segal et al. (1981) found obstructive abnormalities in

nine out of 13 patients with primary Sjögren’s

syndrome. Newball and Brahim (1977) reported

airways obstruction in six out of 13 patients with

primary Sjögren’s syndrome. Papiris et al. (1999b), in

a controlled study, found a high prevalence of mild

obstructive abnormalities in a large population of 61

non-smoking patients with primary Sjögren’s syn-

drome, using the MEF50, and the MEF25 as sensitive

indices to detect minor degrees of small airways

obstruction. Lahdensuo et al. (1995) detected, in half

of their patients with primary Sjögren’s syndrome,

pulmonary hyperinflation as defined by a higher

residual volume to total lung capacity ratio

(RV/TLC), in association with diminished peripheral

flows. Mialon et al. (1997) reported reduced MEF25 in

72% of patients, also suggesting peripheral airways

obstruction. Small airways obstruction in patients

with primary Sjögren’s syndrome is probably the

result of a chronic mononuclear cell infiltration

(lymphocytic bronchiolitis) around the small

bronchioles with or without hyperplasia of the

bronchus-associated lymphoid tissue (BALT)

(Ellman et al., 1951; Newball and Brahim, 1977;

Sutinen et al., 1977; Constantopoulos et al., 1985;

Cairns et al., 1992; Gardiner et al., 1993; Yousem

et al., 1985; Colby, 1998). However, as a result of the

indolent course of the disease in the majority,

relatively few patients have been studied histologi-

cally and there is a lack of sufficient data in the

literature regarding the morphological status of both

small and large airways in patients with primary

Sjögren’s syndrome. Bronchial hyperresponsiveness

of uncertain clinical and pathogenetic significance has

also been described in Sjögren’s syndrome patients

(Potena et al., 1990; Gudbjörnsson et al., 1991).

5.2.3. Clinical implications and

pathogenetic considerations

of lower airways involvement
Lymphocytic bronchitis/bronchiolitis in primary

Sjögren’s syndrome, though frequent, is rarely

clinically important and does not seem to predispose

to infective exacerbations. Mialon et al. (1997)

describe a low prevalence of recurrent respiratory
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infection. The diagnosis of Sjögren’s related bron-

chitis/bronchiolitis may be difficult since the small

airways represent the ‘silent zone’ of the lung, and

large airways involvement does not seem to signifi-

cantly influence lung volumes and flows. Abnormal-

ities may also be absent on conventional chest

radiograms and diffuse or focal signs of hyperinflation

and air trapping are only observed in the most severe

cases, which is uncommon in primary Sjögren’s

syndrome. High-resolution computerized tomography

(HRCT) lung scanning with additional expiratory

images is more sensitive, and suggestive diagnostic

findings of bronchiolar involvement include bronch-

iolar wall thickening with a ‘tree-in-bud’ appearance,

peribronchial nodules, bronchiolectasis/bronchiecta-

sis, mosaic perfusion, air trapping, and cystic lesions.

Simple spirometry is usually normal and more

sophisticated physiologic maneuvers such as expira-

tory airflow at low lung volumes, closing volumes,

and dynamic compliance may be necessary to detect

small airways involvement. Histologic confirmation

by transbronchial or preferably by video-assisted lung

biopsy is required for confident diagnosis only when

the coexistence of other lung complications, such as

follicular bronchiolitis and/or any form of interstitial

pneumonia, or lymphoma development is suspected

(Papiris et al., 1999a).

The pathogenetic significance of lymphocytic

bronchitis/bronchiolitis in primary Sjögren’s syn-

drome remains obscure. Lymphocytic infiltrates out-

side the salivary and lacrimal glands have been also

described in other tissues such as the liver and

kidneys. Renal biopsies of patients with Sjögren’s

syndrome show focal lymphocytic infiltrates around

tubules that extend and occupy the interstitium,

resulting clinically in a tubular defect with or without

acidosis (Siamopoulos et al., 1986). Skopouli et al.

(1994) reported that the main histopathological

finding in the liver biopsies of patients with Sjögren’s

syndrome and circulating antimitochondrial anti-

bodies and/or elevated liver enzymes is a lymphocytic

infiltration around cholangial ducts similar to that

found in stage I biliary cirrhosis.

5.2.4. Current theory
Moutsopoulos (1994) proposed that Sjögren’s syn-

drome should be referred to as ‘Autoimmune

Epithelitis’ and advanced the hypothesis that the

extraglandular manifestations in Sjögren’s syndrome

might be related to the attraction by immune effector

cells to epithelia, such as those of renal tubules,

bronchi and cholangial ducts, that maintain an

exocrine function or, at least, have common ion

transporting properties. These epithelia might share

common antigens with the exocrine glands that appear

to attract the ‘attention’ of the immune system, which

mounts a cellular and humoral immune response

against these molecules, leading to dysfunction and

disease. According to this concept, at least some of the

extraglandular manifestations of the disease (lung,

kidney, and liver involvement) might not represent a

strictly extraglandular localization of the disease, but

might be part of the generalized exocrine dysfunction

observed in the syndrome. Carbonic anhydrase II, a

basic metalloenzyme important for the regulation of

acid–base status (Spicer et al., 1984; Okazaki et al.,

1989; Inagaki et al., 1991; Nishimori et al., 1993,

1994, 1995) and alpha-fodrin, an actin-binding

protein found at the periphery of chromaffin cells

involved in secretion (Haneji et al., 1997), are among

the candidate autoantigens in Sjögren’s syndrome.

Although this hypothesis is very intriguing, further

studies are necessary to clarify the detailed pathoge-

netic mechanisms of the extraglandular manifes-

tations in Sjögren’s syndrome, and to determine the

relationship between the respiratory tract and other

sites of involvement.

5.3. Lymphoproliferative diseases

Sjögren’s syndrome is at the crossroads of auto-

immune disease and lymphoid malignancy since it

may express a spectrum of lymphoproliferative

diseases. Infiltrative lung lesions in which the

lymphocytes are the main cellular component, as in

Sjögren’s syndrome, include a divergent group of

disorders spanning a spectrum from inflammatory

lesions to malignant neoplasms (Colby and Carrington,

1983). Minor lymphocytic proliferation in the lung is

thought to derive from BALT. In Sjögren’s syndrome,

lung lymphoproliferative diseases range from

benign to malignant lymphomatous infiltration,

including diffuse lymphoid hyperplasia of the lungs,

which may be peribronchiolar (reactive lymphoid
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hyperplasia/follicular bronchiolitis) and/or alveolar

interstitial (lymphocytic interstitial pneumonia, LIP),

pseudolymphoma, lymphomatoid granulomatosis,

and malignant (usually B-cell non-Hodgkin’s) lym-

phoma (Bunim and Talal, 1963; Kassan et al., 1978;

Zulman et al., 1978; Yousem et al., 1985; Anderson

and Talal, 1972; Bonner et al., 1973; Liebow and

Carrington, 1973; Fortul et al., 1985; Katzenstein,

1997; Royer et al., 1997; Kobayashi et al., 1988;

Voulgarelis et al., 1999; Mariette, 1999). The

evolution from benign lymphocytic infiltration to

malignant non-Hodgkin’s lymphoma is probably a

multistep process, the underlying molecular events of

which are still unknown.

Small, usually inconspicuous aggregates of lym-

phoid tissue occur along the bronchial tree,

especially at division points and adjacent to distal

respiratory bronchioles, and are known as BALT or

‘pulmonary microtonsills’. BALT in association with

the analogous tissue in the gastrointestinal tract, the

gut-associated lymphoid tissue (GALT), comprise

the so-called mucosal-associated lymphoid tissue

(MALT). This system in the lung is thought to play

an essential role in the prevention of infection of

inhaled microorganisms, by serving as the pulmonary

site for secondary lymphoid differentiation, where the

naı̈ve lymphocytes initially contact an inhaled antigen

to become antigen specific memory or immune effec-

tor cells. Once primed by the antigen, memory cells

circulate throughout the BALT compartment and the

remaining lung parenchyma awaiting exposure to the

same provoking antigen (Agostini et al., 1993).

BALT can be the source of various pathologic

lesions, ranging from various forms of hyperplasia to

malignant neoplasms (Katzenstein, 1997).

Follicular bronchiolitis may present idiopathically

as a separate syndrome but is most commonly

observed in rheumatoid arthritis (with or without

Sjögren’s syndrome), HIV infection, or as a sequel to

viral infections (Yousem et al., 1985). In patients with

primary Sjögren’s syndrome, follicular bronchiolitis

usually coexists with lymphocytic bronchitis/bronch-

iolitis, reactive lymphoid hyperplasia and/or LIP.

Histopathologically, it is characterized by lymphoid

hyperplasia surrounding terminal bronchioles, with

protrusion into their lumen (BALT hyperplasia

associated with small airways obstruction). Small

germinal centers are usually present in the lymphoid

tissue. Intraluminal inflammation or fibrosis and

mural scarring are absent. In rare cases, follicular

bronchiolitis may be associated with destruction of

the alveolar walls and cyst or bullae formation

(Kobayashi et al., 1988). The clinical and radiologic

manifestations may ‘paradoxically’ mimic interstitial

lung disease with reticular and reticulo-nodular

infiltrates on the chest radiogram, while physiologic

tests may disclose restriction or obstruction (Wells

and du Bois, 1993). A tree-in-bud pattern seen on

HRCT in a patient with Sjögren’s syndrome is

highly suggestive of follicular bronchiolitis, provided

that infection is excluded. Transbronchial, video-

assisted or open lung biopsy is necessary to obtain

histologic confirmation. In symptomatic patients,

glucocorticosteroids may be administered with a

favorable response.

Lymphoid interstitial pneumonia is a diffuse

infiltrative lung disorder first described by Carrington

and Liebow (1966). It is a classic but uncommon

component of primary Sjögren’s syndrome (<5% of

patients, accounting for more than 25% of all LIPs),

but occurs also in HIV infection, other infections

(e.g. Epstein-Barr virus, Legionella pneumophila),

allogeneic bone marrow transplantation, common

variable immunodeficiency, chronic liver disease

and a few other conditions (Swigris et al., 2002).

Histologically, it is characterized by an interstitial

infiltrate of mature lymphocytes, plasma cells, and

other lymphoreticular elements, which expand the

interstitial septa and fill the alveolar spaces (Katzen-

stein, 1997). Interstitial lymphoid nodules with

germinal centers may be visible in some areas.

Frequently, it coexists with lesions typical of

follicular bronchiolitis (it is hypothesized that the

pulmonary lesions may have originated in the

bronchial wall at sites of BALT hyperplasia) (Swigris

et al., 2002) and the overlapping list of causes of the

two conditions suggests a close relation. In addition

both follicular bronchiolitis and LIP may evolve into

malignant lymphoma. Clinically patients with LIP

present with cough and progressive dyspnea. Sys-

temic symptoms such as fever, night sweats, and

weight loss are less common. Lung auscultation often

reveals bibasilar crackles. Clubbing is absent. The

chest radiograph shows a diffuse reticular or reticu-

lonodular pattern with lower lobe predominance.

HRCT is the radiographic procedure of choice to

S.A. Papiris, H.M. Moutsopoulos166



better define pulmonary opacities in LIP. Thickened

bronchovascular bundles, nodules of varying sizes,

and ground glass opacities are common. Pulmonary

function studies may document restriction with low

diffusing capacity. Transbronchial or, preferably,

thoracoscopic or open lung biopsy is necessary for

diagnosis. Lymphoid interstitial pneumonia may have

a favorable course.

Pseudolymphoma, or inflammatory pseudotumor,

of the lung is histologically similar to LIP but differs

radiographically, in that it causes isolated mass-like

densities rather than diffuse infiltrates (Saltzstein,

1963; Katzenstein, 1997). Pseudolymphomas may be

solitary or multiple and occasionally bilateral.

Pulmonary pseudolymphomas may occasionally

evolve to malignant lymphomas or be lymphomas

from the beginning, and their differentiation from the

well-differentiated lymphocytic lymphoma (WDLL)

is difficult. Polyclonality characterizes the inflamma-

tory infiltrate in both LIP and pseudolymphoma.

Lymphomatoid granulomatosis (LYG) is a rare,

angiocentric and angiodestructive lymphoreticular

proliferative and granulomatous disease involving

predominantly the lungs, skin, and nervous system

that shares overlapping features between Wegener’s

granulomatosis and malignant lymphoma (Liebow

et al., 1972; Katzenstein et al., 1979). According to

Katzenstein (1997), LYG is not related pathogeneti-

cally to Wegener’s granulomatosis or the other

angiitides and granulomatoses. There is enough

evidence to consider LYG a form of T-cell lymphoma

and to justify a subclassification of LYG into

categories of ‘LYG lymphoma’ and ‘pure LYG’,

when diagnostic lymphomatous areas are absent or,

more probably, have not been sampled. Histologi-

cally, LYG is characterized by a combination of a

dense mononuclear infiltrate, which consists of a

mixture of small lymphocytes, plasma cells, histio-

cytes, immunoblasts, and atypical lymphoid cells, in

association with marked transmural infiltration of

arteries and veins and extensive parenchymal necro-

sis. Video-assisted thoracoscopic or open lung biopsy

is required for its diagnosis. A few cases have been

associated with primary Sjögren’s syndrome (Liebow

et al., 1972; Weisbrot, 1976).

The spectrum of malignant lymphoproliferation in

Sjögren’s syndrome extends from an increased

frequency of mixed monoclonal cryoglobulinemia,

and increased levels of circulating CD5-positive

B-cells, circulating monoclonal immunoglobulins

and free light chains, to malignant non-Hodgkin’s

lymphomas. The occurrence of non-Hodgkin’s lym-

phomas is the most serious complication of Sjögren’s

syndrome (Bunim and Talal, 1963; Kassan et al.,

1978; Zulman et al., 1978; Royer et al., 1997;

Voulgarelis et al., 1999; Mariette, 1999; Voulgarelis

and Moutsopoulos, 2001). In these patients, 20% of

deaths are attributable to lymphoma (Ioannidis et al.,

2002). Bunim and Talal (1963) first reported an

increased incidence of non-Hodgkin’s lymphomas in

patients with Sjögren’s syndrome and suggested that

the chronic antigenic stimulation triggered a malig-

nant transformation event. This finding was followed

by several cases reporting an association between

Sjögren’s syndrome and lymphomas. Kassan et al.

(1978) found that the relative risk of lymphoma in

Sjögren’s syndrome is 44 times higher than in an age,

sex and race matched control population. Sub-

sequently, Zulman et al. (1978) showed that these

lymphomas are primarily of B-cell origin, containing

exclusively IgMk immunoglobulin in their cytoplasm.

B-cell lymphomas are considered to be the result of a

monoclonal expansion of a malignant B-cell clone.

Recently, Royer et al. (1997) described 16 non-

Hodgkin’s lymphomas occurring in patients with

underlying Sjögren’s syndrome. These lymphomas

arose not only in salivary glands (seven cases) but also

in other mucosal extranodal sites, including the

stomach (four cases), the lung (three cases), the skin

(three cases), the buccal mucosa (one case), the

thymus (one case) and in nodal sites (eight cases).

Low-grade marginal zone lymphomas were diagnosed

in 12 of the 16 patients, nine of MALT type in

mucosal sites and three exclusively nodal. The term

‘low-grade marginal zone lymphoma’ has been

proposed to encompass both the monocytoid B-cell

lymphomas, which appear as the nodal counterpart of

MALT lymphomas, and the MALT lymphomas. The

four other patients presented with a high-grade B-cell

lymphoma that was probably a histological trans-

formation of an underlying low-grade marginal zone

lymphoma, involving, in three cases, skin, stomach,

and parotid. In this series, lymphomas were not

associated with viruses known to be present in other

types of lymphoma. Voulgarelis et al. (1999)

described the disease characteristics, the clinical
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course, and the evolution in 33 patients with Sjögren’s

syndrome and malignant lymphomas followed up in

nine European medical centers. Lymphomas in this

study were primarily situated in the marginal zone

(49%), with the manifestations mostly extranodal

(79%) and most often identified in the salivary glands.

The lungs were involved by lymphoma in two patients

(6%). Other lung manifestations were observed in ten

patients (31%). Lymphadenopathy (66%), skin vas-

culitis (33%), peripheral nerve involvement (24%),

low-grade fever (25%), anemia (48%), and lympho-

penia (79%) were observed significantly more fre-

quently in patients with lymphomas than in the

general Sjögren’s syndrome population. Patients

with high-to-intermediate grade lymphoma had a

worse prognosis. The presence of symptoms such as

fever, night sweats, and weight loss, as well as tumor

bulk (.7 cm), were additional independent risk

factors for death. Finally, in a recent study, Ioannidis

et al. (2002) sought to determine the incidence and

predictors of adverse long-term outcomes by studying

723 consecutive patients with primary Sjögren’s

syndrome followed over a 20-year-period. During

this period they recorded 39 deaths (seven due to

lymphoma) and 38 diagnoses of lymphoproliferative

disease, and found that the presence of palpable

purpura and low C4 levels at the first visit may

distinguish high-risk patients (type I primary Sjö-

gren’s syndrome) from patients with an uncompli-

cated disease course (type II, low-risk primary

Sjögren’s syndrome).

Primary lung lymphomas in Sjögren’s syndrome

are uncommon. Strimlan et al. (1976) reported that a

review of 343 patients with Sjögren’s syndrome

revealed three patients with malignant pulmonary

lymphoma. The rare occurrence of primary malignant

tracheal lymphoma has also been described (Kamholz

et al., 1987). Radiographically, pulmonary lympho-

mas may present as solitary or multiple opacities, or

diffuse interstitial infiltrates, and in some cases may

simulate other benign lymphoproliferative lesions

(Fig. 1). Lung cysts are more suggestive of follicular

bronchiolitis with associated lymphoid interstitial

pneumonia and may help in the differential diagnosis

(Honda et al., 1999). However, the patchy and

bronchocentric distribution, the presence of hilar or

mediastinal lymphadenopathy, and the involvement

of the pleural space are characteristics of high-grade

lymphoma. Thoracoscopic or open lung biopsy is

usually necessary to obtain adequate tissue. Histo-

logical elements in favor of lymphoma include a

patchy distribution, lymphangitic spread, and the

demonstration by immunocytochemical stains of a

monoclonal cell line as opposed to the polyclonality

observed in the diffuse lymphoid hyperplasia of the

lungs and the pseudolymphomas.

5.4. Other forms of interstitial pneumonias

Recently, an international Consensus Statement

defining the clinical manifestations, pathology, and

radiologic features of patients with idiopathic inter-

stitial pneumonias has been produced and published

as a collaborative effort by the American Thoracic

Society and the European Respiratory Society (2002).

The new classification comprises the following

clinicopathologic entities with their relative histo-

logical patterns in order of relative frequency:

(1) idiopathic pulmonary fibrosis (IPF), usual inter-

stitial pneumonia pattern, (2) non-specific interstitial

pneumonia (NSIP), non-specific interstitial pneumo-

nia pattern, (3) cryptogenic organizing pneumonia

(COP), formerly called bronchiolitis obliterans orga-

nizing pneumonia (BOOP), organizing pneumonia

pattern, (4) acute interstitial pneumonia, diffuse

alveolar damage pattern, (5) respiratory bronchiolitis-

associated interstitial lung disease (RB-ILD), respira-

tory bronchiolitis pattern, (6) desquamative interstitial

pneumonia (DIP), desquamative interstitial pneumo-

nia pattern, and (7) lymphoid interstitial pneumonia

(LIP), lymphoid interstitial pneumonia pattern. Sev-

eral of the above-described clinicopathological enti-

ties may also be secondary to different conditions such

as rheumatic autoimmune disorders, drugs-related

pulmonary toxicity or lung damage related to the

inhalation of inorganic or organic dusts. Furthermore,

several of the above, in addition to the classic LIP

previously described, have been reported (though

infrequently) in Sjögren’s syndrome patients.

Interstitial pulmonary fibrosis in the form of the

usual interstitial pneumonia pattern is rather uncom-

mon in patients with Sjögren’s syndrome. In the series

of 343 patients studied by Strimlan et al. (1976),

pulmonary fibrosis was histopathologically diagnosed

in only two patients. In this series, however, there was
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no distinction between the primary and secondary

form of Sjögren’s syndrome. Since then, most reports

of interstitial pulmonary fibrosis in patients with

Sjögren’s syndrome have been found in patients with

the secondary form of the syndrome (Gardiner, 1993).

Pulmonary fibrosis has also been described in patients

with primary Sjögren’s syndrome, although the

histopathologic changes have been poorly documen-

ted and the diagnosis was usually based on radiologi-

cal and functional data alone (Gardiner et al., 1993).

Sjögren’s Syndrome and the Lung 169

Figure 1. This 73-year-old woman was presented with keratoconjounctivitis sicca, xerostomia and recurrent swelling of the parotid glands

12 years before. A posteroanterior chest radiograph (A) performed during a routine visit on March 2002 shows clear lung fields. A few months

later the patient gradually developed progressive dyspnea on exertion, fatigue, and weight loss. A new posteroanterior chest radiograph (B)

performed on July 2003 revealed multiple wedge-shaped peripheral-based opacities on both lungs. The computerized tomography of the chest

(C and D) performed soon after disclosed multiple peripheral nodular or wedge-shaped opacities in both lungs. Video-assisted lung biopsy

permitted the identification of an extranodal pulmonary marginal zone B-cell lymphoma. In (E) the parenchymal consolidation due to

lymphocytic infiltration and hyalinosis of the stroma is evident (hematoxylin and eosin, original magnification: 20 £ magnification). In (F)

small B lymphocytes with lymphoplasmocytoid features (immunophenotype: CD20 þ ve, CD5 2 ve, CD23 2 ve, CD10 2 ve, cyclin

D1 2 ve, IgMk) infiltrate the bronchial epithelium–lymphoepithelial lesion (hematoxylin and eosin, original magnification: 200 £

magnification). (Histopathology slides are courtesy of Dr D. Rontogianni.)



Deheinzelin et al. (1996) performed open lung biopsy

in 12 patients with primary Sjögren’s syndrome and

found a spectrum of interstitial lung disease, from

follicular bronchiolitis to LIP to fibrosis with

honeycombing. Azathioprine, either alone or in

combination with corticosteroids, obtained a favor-

able response in pulmonary function. Recently,

Yamadori et al. (2002) performed surgical biopsies

in nine patients with primary Sjögren’s syndrome and

found six patients with UIP histology and three

with NSIP. Non-specific interstitial pneumonia is a

form of idiopathic interstitial pneumonia with similar

clinical features to those of idiopathic pulmonary

fibrosis, UIP type, but with a better prognosis.

It appears to be more common than UIP in some

autoimmune rheumatic disorders, in particular in

scleroderma and polymyositis/dermatomyositis.

Cryptogenic organizing pneumonia (COP), for-

merly called bronchiolitis obliterans organizing

pneumonia (BOOP), is defined pathologically by the

presence of granulation tissue plugs, composed of

fibroblasts and a connective tissue matrix within the

Figure 1. (continued )
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lumens of the distal airspaces (bronchioles, alveolar

ducts and alveoli) (Epler et al., 1985). The clinical

picture is usually that of a non-resolving pneumonia.

COP represents a non-specific reaction to acute lung

injury and can been seen in a variety of circumstances

including several of the autoimmune rheumatic

disorders (Wright et al., 1992). A few cases

have been reported in primary Sjögren’s syndrome

(Matteson and Ike, 1990; Usui et al., 1992). Most

cases of COP are steroid-responsive, but some cases

may progress rapidly to respiratory insufficiency and

death (Usui et al., 1992; Cohen et al., 1994).

5.5. Diffuse panbronchiolitis

Diffuse panbronchiolitis is a unique form of chronic

obstructive lung disease of unknown etiology, associ-

ated with sinusitis, and largely restricted to Japan

(Homma et al., 1983). Histologically, it is character-

ized by a transmural infiltrate of lymphocytes and

plasma cells around the respiratory bronchioles.

Foamy macrophages fill the adjacent alveoli and

mucus and neutrophils fill the lumen of the affected

bronchioles. The natural history of the disease is

slowly progressive (several years) and death may

occur due to respiratory failure. The clinical course

may improve with the introduction of prolonged

treatment with macrolide antibiotics. Two cases have

been reported in association with Sjögren’s syndrome

(Okano et al., 1991; Ubucata et al., 1991).

5.6. Multiple lung cystic lesions or bullae

Bulla formation is a rare but well-described pulmon-

ary manifestation in Sjögren’s syndrome and usually

accompanies other lung lesions such as follicular

bronchiolitis, and lymphoid interstitial pneumonia

(Bonner et al., 1973; Kobayashi et al., 1988; Inase

et al., 1990; Case records of the Massachusetts

General Hospital, 2001; Meyer et al., 1997; Sakamoto

et al., 2002; Hubscher et al., 2002). On CT scanning

Honda et al. (1999) found that lung cysts were the

most helpful finding in distinguishing lymphoid

interstitial pneumonia from malignant lymphoma.

Cyst formation is believed to be related to bronchiolar

obstruction and distal overinflation due to a check-

valve mechanism (Bonner et al., 1973).

5.7. Vasculitis and primary pulmonary
hypertension

Pulmonary hypertension is another very rare com-

plication of primary Sjögren’s syndrome due to

the primary involvement of lung circulation, and

very few cases have been reported in the literature

thus far (Case records of the Massachusetts General

Hospital, 1975).

5.8. Pulmonary amyloidosis

Amyloidosis is the extracellular deposition of the

fibrous protein amyloid in one or more sites of the

body. The secondary or reactive form of the disease,

usually associated with chronic infectious or inflam-

matory diseases, is the form described in Sjögren’s

syndrome, though primary amyloidosis has also been

described associated with MALT lymphoma

(Kobayashi et al., 1988; Bonner et al., 1973;

Sugai, 2002).

5.9. Pleural disease

Pleural effusions appear to be an extremely rare

manifestation of Sjögren’s syndrome and, when

present, are largely confined to the secondary form

of the disease. In the series published by Bloch et al.

(1965) none of the 62 patients with Sjögren’s

syndrome presented with a pleural effusion. However,

in the series of Strimlan et al. (1976) that included 349

patients, five had pleural effusion (,1%). Of these

five patients, three had rheumatoid arthritis, or

systemic lupus erythematosus, but two had no other

autoimmune rheumatic disorder associated. Pleural

fluid characteristics have been described in two

patients and were lymphocyte-predominant exudates

with normal pH and glucose levels and low

adenosine deaminase levels (Alvarez-Sala et al.,

1989; Ogihara et al., 1995).

6. Diagnostic investigations

Recently a joint American–European Consensus

group proposed a modified classification criteria set,

new rules for correctly classifying patients with
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primary and secondary Sjögren’s syndrome, and a

list of exclusion criteria (Vitali et al., 2002).

The classification criteria set includes:

I. Ocular symptoms: a positive response to at least

one of the following questions:

1. Have you had daily, persistent, troublesome

dry eyes for more than three months?

2. Do you have a recurrent sensation of sand or

gravel in the eyes?

3. Do you use tear substitutes more than three

times a day?

II. Oral symptoms: a positive response to at least

one of the following questions:

1. Have you had a daily feeling of dry mouth

for more than three months?

2. Have you had recurrently or persistently

swollen salivary glands as an adult?

3. Do you frequently drink liquids to aid in

swallowing dry food?

III. Ocular signs: that is, objective evidence of ocular

involvement defined as a positive result of at

least one of the following two tests:

1. Schirmer’s test, performed without anaes-

thesia (#5 mm in 5 min)

2. Rose bengal score or other ocular dye score

($4 according to van Bijsterveld’s scoring

system)

IV. Histopathology: focal lymphocytic sialoadenitis

in minor salivary glands (obtained through

normal-appearing mucosa), 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 mm2 of glandular tissue.

V. Salivary gland involvement: defined by a positive

result for at least one of the following diagnostic

tests:

1. Unstimulated whole salivary flow (#1.5 ml

in 15 min)

2. Parotid sialography showing the presence of

diffuse sialectasias (punctate, cavitary or

destructive pattern), without evidence of

obstruction in the major ducts

3. Salivary scintigraphy showing delayed

uptake, reduced concentration and/or

delayed excretion of tracer

VI. Autoantibodies to Ro(SSA) or La(SSB) antigens,

or both.

Accordingly, in patients without any poten-

tially associated disease, primary Sjögren’s

syndrome may be defined as follows:

A. The presence of any four of the six items is

indicative of primary Sjögren’s syndrome,

as long as either item IV (Histopathology) or

VI (Serology) is positive

B. The presence of any three of the four

objective criteria items (that is, items III,

IV, V, VI)

C. The classification tree procedure represents a

valid alternative method for classification,

although it should be more properly used in

clinical–epidemiological survey.

Otherwise, 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 con-

sidered as indicative of secondary Sjögren’s syndrome.

Exclusion criteria include: past head and neck

radiation treatment, hepatitis C infection, acquired

immunodeficiency syndrome, pre-existing lym-

phoma, sarcoidosis, graft-versus-host disease and,

finally, use of anticholinergic drugs.

6.1. Radiological

The frequency of abnormalities on the chest radio-

graph varies considerably in different series from

1.7 to 33% (Silbiger and Peterson, 1967; Whaley

et al., 1973; Strimlan et al., 1976). A reticulonodular

pattern of basal predominance is most frequently

observed. Lung biopsy performed in a small number

of patients has shown that this pattern may be

caused by different histological abnormalities such

as follicular bronchiolitis, lymphoid interstitial

pneumonia, interstitial fibrosis or even frank lym-

phoma (Fig. 1). HRCT lung scanning is more

sensitive than plain films. Uffmann et al. (2001)

examined by HRCT 37 consecutive, asymptomatic

patients with primary Sjögren’s syndrome and

normal chest radiographs and found abnormalities,

such as interlobular septal thickening, micronodules,

ground glass attenuation, and parenchymal cysts,

in a large proportion of cases (65%). Intralobular
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opacities, honey-combing, bronchial wall thicken-

ing, bronchiectasis, and pleural irregularities were

less commonly observed (Uffmann et al., 2001).

Overall, HRCT abnormalities are reported in 4–

65% of patients with Sjögren’s syndrome, and

specific findings of airway involvement such as

bronchial wall thickening, bronchiolectasis, and

patchy or diffuse air-trapping are observed in

22–50% (Meyer et al., 1997; Franquet et al.,

1997, 1999; Uffmann et al., 2001; Taouli et al.,

2002) (Fig. 2). Franquet et al. (1999) evaluated with

expiratory HRCT 34 patients with primary Sjögren’s

syndrome and disclosed a mosaic pattern of lung

attenuation, a sign of bronchiolar disease, in 50%. In

this study the extent of air trapping did not correlate

with functional indices, which according to the

authors might suggest the existence of a subclinical

bronchiolar inflammatory process that may precede

detectable abnormalities in lung function studies.

Furthermore, Franquet et al. (1997) evaluated with

HRCT 50 non-smoking patients with primary

Sjogren’s syndrome and found that interstitial

fibrosing alveolitis and small airways disease

represented the majority of the abnormalities. In

their series, bronchiolar abnormalities and linear

opacities were seen in 65% of the patients, ground

glass opacities in 41%, rounded opacities in 29%,

honeycombing in 24% and patchy areas of airspace

consolidation in 6%. Bronchiolar abnormalities

alone were found in 23% of patients (Franquet

et al., 1997). In the series of Taouli et al. (2002),

54% of patients with primary Sjögren’s syndrome

had HRCT signs of airway disease, 20% had

interstitial fibrosis and 14% had a pattern suggestive

of LIP. In the same study, a good correlation with

pulmonary function tests was shown. Cystic changes

of 5–30 mm in diameter with air trapping may be

ascribable to bronchiolar obstruction and develop-

ment of a valve mechanism on the basis of

lymphocytic wall infiltration (Meyer et al., 1997).

In the series of Johkoh et al. (1999), including 22

patients with LIP, 10 of whom had Sjogren’s

syndrome, cystic lesions were reported in 68%.

HRCT findings in the context of diffuse interstitial

pneumonia include patchy, predominantly periph-

eral, subpleural, bibasal reticular abnormalities in

UIP, a more or less extensive ground glass pattern

in LIP, a variable combination of both the above

patterns in NSIP, and focal infiltrates in organizing

pneumonia.

6.2. Functional

Pulmonary function tests in Sjögren’s syndrome are

more valuable in the estimation of severity, following

the course of disease, and monitoring responses to

therapy than for diagnosis since, as previously

discussed, all patterns of physiological abnormalities

(obstructive, restrictive, and mixed) have been

described. Among the various pulmonary function

indices, the most precise and reproducible index is the

vital capacity (VC), although in early and mild disease

it may be normal. Vital capacity and diffusing

capacity for carbon monoxide (DLCO) are of

particular value in cases of diffuse interstitial

involvement. Expiratory flows at low lung volumes,

MEF50, and the MEF25, are appropriate indices with

which to detect early airways involvement. Gas

exchange abnormalities and respiratory insufficiency

are uncommon in these patients and may be observed

only in rare cases with advanced stage diffuse

interstitial involvement, from the UIP, NSIP, LIP, or

COP patterns of disease.

Sjögren’s Syndrome and the Lung 173

Figure 2. Asymptomatic 55-year-old woman with primary

Sjögren’s syndrome. High resolution CT scan obtained at the

level of the lower lobes shows, in the periphery of the lung, focal

areas of bronchial wall thickening, with characteristic tree-in-bud

appearance and sparse peribronchial nodules (courtesy of

Dr K. Malagari).



6.3. Biochemistry/Serology/Immunology

B-cell hyperreactivity is a key immunological feature

of Sjögren’s syndrome and manifests with hyper-

gammaglobulinemia, circulating immune complexes,

and multiple autoantibodies directed against both

organ and non-organ specific autoantigens (Harley,

1987). Although not specific for Sjögren’s syndrome,

rheumatoid factors, antinuclear antibodies, antihis-

tone and anti-ds-stranded DNA antibodies are found

in high levels and quite frequently (<70% of

patients). The analysis of the antigenic specificity of

serum antinuclear antibodies most often reveals the

presence of autoantibodies against two distinct

ribonucleoproteins termed Ro (or SSA) and La (or

SSB). Anti-Ro (SSA) and anti-La (SSB) antibodies

are found in 40–60% and 25–40%, respectively, of

primary Sjögren’s syndrome patients, and their

detection constitutes a diagnostic criterion (Vitali

et al., 2002). Their detection in serum of Sjögren’s

syndrome patients is associated with high-intensity

inflammatory infiltration of the minor salivary

glands, earlier onset and longer disease duration,

recurrent parotid gland enlargement, splenomegaly,

lymphadenopathy and vasculitis (Manoussakis et al.,

1986). Furthermore, Davidson et al. (2000) found that

pulmonary disease occurs predominantly in anti-Ro

(SSA) antibody positive patients and presents early in

the course of the disease. However, the cause and role

of anti-Ro (SSA) and anti-La (SSB) autoantibodies

remain unclear. Finally, anti-Ro (SSA) and anti-La

(SSB) antibodies are not entirely specific for primary

Sjögren’s syndrome and may also be found in several

other rheumatic autoimmune disorders (including

systemic lupus erythematosus, subacute cutaneous

lupus, rheumatoid arthritis and polymyositis), whether

associated with secondary Sjögren’s syndrome or not.

In agreement with the increased prevalence of B-cell

lymphomas among Sjögren’s syndrome patients,

evidence of oligoclonal B-cell expansion is found

quite early in the disease course. Monoclonal light

chains or immunoglobulins can be found in the serum

and urine of 80–100% of patients with evidence of

systemic involvement, compared to approximately

25–40% of patients with only glandular disease. In

addition, approximately 30% of patients with primary

Sjögren’s syndrome exhibit high serum levels of

mixed polyclonal–monoclonal cryoglobulins, which

usually contain an IgMk-monoclonal rheumatoid

factor. Cryoglobulinaemia is associated with systemic

disease, antibodies to Ro (SSA), and a higher risk of

developing lymphoma (Tzioufas et al., 1996).

7. Differential diagnosis

The differential diagnosis of Sjögren’s syndrome

includes adverse effects of drugs, sarcoidosis, lipo-

proteinemias (types II, IV, and V) age-related atrophy,

chronic graft-versus-host disease, lymphomas, amy-

loidosis, and infection by human immunodeficiency

virus or hepatitis C virus (Manoussakis and Moutso-

poulos, 2000). The identification of serum autoanti-

bodies to Ro(SSA) or La(SSB) proteins is a strong

indication of primary Sjögren’s syndrome. Therefore,

the correct diagnosis of Sjögren’s syndrome requires

complete clinical, pathological and serological

evaluation of patients, as well as the application

of the recently described international criteria

(Vitali et al., 2002).

8. Prognosis and treatment

Skopouli et al. (2000) studied the evolution of the

clinical picture and laboratory profiles of primary

Sjögren’s syndrome, the incidence and predictors for

systemic sequelae, and the impact of primary

Sjögren’s syndrome on overall survival in a prospec-

tive cohort study of 261 patients with the disease.

They found that the initial presentation of primary

Sjögren’s syndrome determines subsequent outcome.

The presence of palpable purpura, low levels of C4,

and mixed monoclonal cryoglobulins are adverse

prognostic factors. The risk of developing serious

systemic sequelae in the absence of these factors was

minimal. Furthermore, they documented that primary

Sjögren’s syndrome is associated with a significant

increase in mortality compared with the general

population. However, in the absence of any risk

factors, most patients have a mortality rate equal to

that of the general population.

Currently, there is no consensus treatment for

Sjögren’s syndrome, which remains fundamentally
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an incurable disease (Manoussakis and Moutsopoulos,

2001). The treatment is generally aimed at alleviating

the dryness symptoms and related morbidities. More

recent approaches to therapy for Sjögren’s syndrome

have included therapies that increase glandular

excretion using muscarinic (M3) receptor agonists.

Systemic manifestations are treated with steroids, non-

steroidal anti-inflammatory drugs, hydroxychloro-

chine, or cytotoxic agents, but in general these

therapies are marginally effective and have potentially

serious side effects.

The pleomorphy of the respiratory manifestations

and their variability in clinical severity, which may

range from mild to severe and occasionally life-

threatening disease, require special therapeutic

measures. Oily applications and lubricants are not

advised to alleviate symptoms in patients with ‘rhina

sicca’ since their aspiration to the lungs may pose

serious problems (lipoid pneumonia). Sinusitis should

be treated adequately with antibiotics and, if indicated,

with surgical drainage. For severe dry cough due to

‘xerotrachea’, normal saline nebulizations and high

doses of bromexine or analogous expectorants might

be tried (although efficacy is unproven). Muscarinic

(M3) receptor antagonists such as pilocarpine hydro-

chloride, and sivimeline, should not be advised since

bronchial hyper-responsiveness has been described in

these patients and there may be an unacceptable risk of

airways obstruction. Corticosteroids are the most

widely used treatment for follicular bronchiolitis and

LIP, and are thought to arrest or improve symptoms

in a large proportion of patients. Corticosteroids are

also effective in patients with COP and NSIP. In

patients with UIP, low-dose corticosteroids and

azathioprine are usually recommended.

Combined chemotherapy is recommended in

patients with low-grade lymphoma transforming to

high grade and for those with high-grade lymphoma.

A regimen of proven efficacy is cyclophosphamide,

doxorubicin, vincristine and prednisone (CHOP).

Rituximab, a chimeric murine–human anti-CD20

monoclonal antibody that targets B lymphocytes, has

been approved by the Food and Drug Administration

for treatment of relapsed and/or refractory low grade

B-cell non-Hodgkin’s lymphomas (Brown et al., 1989;

Somer et al., 2003). This monoclonal antibody binds

to an epitope of the transmembrane CD20 protein that

is expressed on most mature B lymphocytes, as well as

B-cell lymphoma cells, and causes cell death by

induction of apoptosis, complement-mediated cell

lysis, and antibody-dependent cell-mediated cytotox-

icity (Shan et al., 1998). Improvement in Sjögren’s

syndrome general manifestations following therapy

with Rituximab for marginal zone lymphoma has been

recently described (Somer et al., 2003) and opens

new roads for exploration.
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Key points

† Sjögren’s syndrome, an autoimmune

epithelitis, is characterized by: (a) a T

lymphocytic infiltration of the exocrine

glands and epithelia in multiple sites,

including those of the upper and lower

airways, leading to diminished or absent

glandular secretions and to a more or less

generalized, mucosal dryness, and (b) a

marked B lymphocytic cell hyperreactivity

manifested by various serum autoanti-

bodies, such as those directed against the

Ro(SSA) and La(SSB) ribonucleoproteins, or

immunoglobulins (rheumatoid factor).

† Pulmonary involvement in primary Sjö-

gren’s syndrome includes: (a) upper and

lower, large and small airways disease

(common, but mild in severity),

(b) different patterns of diffuse interstitial

pneumonia, such as chronic organi-

zing pneumonia (COP), non-specific inter-

stitial pneumonia (NSIP), and usual

interstitial pneumonia (UIP) (uncommon,

but of variable severity), and (c) a spectrum

of lymphoproliferative diseases, extending

from follicular bronchiolitis to lymphocytic

interstitial pneumonia (LIP) and, finally, to
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drome. Arthritis Rheum. 8, 427.

One of the first articles that tried to characterize lung
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disease in primary Sjögren’s: clinical pathological evaluation

and response to treatment. Am. J. Respir. Crit. Care Med. 154,

794.

De Wilde, P.C.M., Kater, I., Bodeutsch, C., van den Hoogen, F.H.J.,

van de Putte, L.B.A., van Venrooij, W.J. 1996. Aberrant

expression pattern of SS-B/La antigen in the labial salivary
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Sjögren’s syndrome. Clin Exp. Rheumatol. 16, 561.

Matteson, E.L., Ike, R.W. 1990. Bronchiolitis obliterans organizing
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syndrome. Clin. Exp. Rheumatol. 15, 349.

Moutsopoulos, H.M. 1994. Sjögren’s syndrome: autoimmune
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CHAPTER 10

Interstitial Disease in Systemic Sclerosis

Nicole S. Goh, Roland M. du Bois*

Interstitial Lung Disease Unit, Royal Brompton Hospital, Sydney Street, London SW3 6NP, UK

1. Introduction

The term ‘scleroderma’ is used to encompass a

heterogenous group of conditions linked by the

presence of varying degrees of skin sclerosis (Black,

1993). The simplest division of the scleroderma-

related disorders is into localised and systemic forms.

The term ‘systemic sclerosis’ (SSc) is used for the

latter form and is a reflection of the frequent

involvement of internal organs.

SSc is further subdivided into limited (lcSSc) and

diffuse cutaneous subsets (dcSSc), which are princi-

pally distinguished by the extent of skin fibrosis and

the forms of organ involvement. Patients with lcSSc

typically have skin sclerosis limited to the hands, and

to a lesser extent, the face and neck. Vascular

manifestations are prominent and they classically

suffer from the CREST syndrome (calcinosis, Ray-

naud’s phenomenon, oesophageal dysmotility, scler-

odactyly and telangiectasia).

Patients with dcSSc, in contrast, have extensive

skin involvement, extending proximally, often to the

chest and abdominal wall. They are also at greater risk

for developing renal, lung and cardiac complications.

SSc is, therefore, a connective tissue disease

characterised clinically by varying degrees of skin

fibrosis and visceral organ involvement (Leroy et al.,

1988; Medsger, 1997). Pulmonary involvement

is common in SSc and includes a variety of

manifestations (see Table 1.), pulmonary interstitial

fibrosis (PIF) and pulmonary vascular disease being

the most common.

Since the advent of ACE inhibitors and effective

gastrointestinal drugs, pulmonary involvement has

become the most common cause of scleroderma-

related death. The early detection and treatment of

lung disease is, therefore, important to halt pro-

gression and, in certain cases, reverse disease. The

course of disease, however, is highly variable, ranging

from indolent to rapidly progressive. Treatments

available are potentially toxic, carrying their own

risk of morbidity and mortality. A vigilant surveil-

lance of disease detection, assessment of disease

prognosis and timing of treatment is, therefore,

imperative in the management of patients.

The most common interstitial lung disease (ILD) in

SSc is diffuse interstitial fibrosis (PIF/SSc) and unless

otherwise stated, the rest of the chapter will focus on

this manifestation of SSc.

2. Prevalence

Interstitial fibrosis is the most common pulmonary

manifestation in SSc, occurring in roughly 80% of

patients (Arroliga et al., 1992). The definition of

prevalence is, however, not entirely straightforward

and depends on the criteria used. Respiratory

symptoms, present in well over 50% of patients, are

an unreliable marker. They do not discriminate

between PIF and pulmonary vascular disease and

can be confounded by musculoskeletal disease or

general debility. On the other hand, some patients

q 2004 Elsevier B.V. All rights reserved.
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present late due to the same confounders. Chest

radiography abnormalities have been reported in

25–65% of patients (Minai et al., 1998) and computed

tomography (CT) further detects limited disease in a

proportion of patients with normal chest radiography

(Harrison et al., 1989). Autopsy series have reported a

prevalence of up to 75% of patients (D’Angelo et al.,

1969; Wiedemann and Matthay, 1989) and lung

function abnormalities have been seen in up to 90%.

In addition, PIF is one of the American Rheumatism

Association’s (ARA) preliminary diagnostic criteria

for the disease (Masi et al., 1980), and can precede the

systemic disease, sometimes by years, and thus can

impact on true prevalence figures.

3. Epidemiology

The epidemiology of SSc is not fully defined due

to the relative rarity of the disease, the difficulty

in diagnosis and its extreme clinical variability. SSc

is predominantly a disease of women, with a female

to male ratio ranging from 3:1 to 8:1 (Steen et al.,

1997). The peak incidence is between 45 and 64

years of age (Medsger, 1997) and there appears to be

an increased incidence in blacks, with an earlier

onset than in whites (Laing et al., 1997). Black

patients have also been reported to have more diffuse

disease, associated with worse survival (Laing et al.,

1997). Although women are affected more frequently

than men, the factors responsible for this are not

apparent.

An excess of female cases compared with male

cases has been observed to be more marked in the

child-bearing years than in older age groups (Steen

et al., 1997). In a study comparing female patients

with SSc and controls (Beebe et al., 1997), no

significant associations were seen with age at

menarche, ever being pregnant, or oral contra-

ceptive use, although oestrogen replacement therapy

was associated with a small but significant

increased risk of developing SSc. In contrast, a

reduced risk of SSc among parous women com-

pared with nulliparous women has been reported

(Pisa et al., 2002).

In a retrospective study on the issue of parity on

disease progression, it was observed that nulliparous

women had an earlier onset of disease, more diffuse

disease, more severe lung involvement, and a higher

SSc related mortality (Artlett et al., 2002b).

In contrast, it has also been reported that women

with PIF had more children than those without PIF

(Launay et al., 2001). In addition, nulliparous women

were no more likely to have diffuse disease than those

with one or more children.

4. Aetiology/Pathogenesis

4.1. Aetiology

The aetiology of SSc is unknown. It is, however,

generally accepted that the disease results from

complex interactions between environmental factors

in a genetically susceptible hosts, leading to variable

disease expression.

4.1.1. Genetic factors
Strong evidence for genetic factors in SSc is

supported by (1) the observation of familial clustering

and the increased prevalence in twin studies; (2) the

increased prevalence of autoantibody positivity and

other autoimmune diseases in the relatives of patients

with SSc; (3) differences in SSc prevalence and

clinical manifestations among different ethnic

groups; (4) HLA associations with the disease and

more strongly, with specific autoantibodies; (5) the

potential influences of various genetic polymorphisms

on the severity and progression of disease (Johnson

et al., 2002).

Table 1

Pulmonary manifestations of SSc

Pulmonary interstitial fibrosisa

Pulmonary vascular diseasea

Pleural disease

Aspiration pneumonia

Organising pneumoniab

Diffuse alveolar damageb

Cuirasseb

Alveolar haemorrhageb

Drug-associated pneumonitis

a Most common.
b Rare.
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SSc has been shown to cluster in families, although

at a low frequency of about 1.5% (Englert et al., 1999;

Arnett et al., 2001). In the first large population-based

study in SSc from Sydney, Australia, a population

prevalence rate of roughly 1.4 per million was

observed in 715 SSc patients (710 families) (Englert

et al., 1999). Given the low prevalence of the disease,

estimated to be between 0.021 and 0.024% (Chandran

et al., 1995; Mayes et al., 2003), the occurrence of

disease seen in family members of patients with SSc

confers the highest relative risk for the disease.

Although the concordance of SSc among identical

twins is only 5.9%, this lends further support to the

role of genetic factors in the pathogenesis of SSc

(Feghali and Wright, 1995).

The familial occurrence of SSc with other

autoimmune diseases, such as systemic lupus erythe-

matosus (SLE), has been well reported (Hagberg et al.,

1961; du Bois et al., 1971; Flores et al., 1984; Arnett

et al., 1984; Maddison et al., 1993). In a study of 63

family members of patients with SSc, multiple cases

of SSc were seen in one family with similar disease

expressions. Other connective tissue diseases were

found in nine families, and other non-specific features

of connective tissue diseases such as Raynaud’s

phenomenon and arthritis occurred commonly,

especially in female relatives. ANA have also been

detected more frequently in relatives than in controls

(Maddison et al., 1993; McHugh et al., 1994; Whyte

et al., 1994); relatives with anti-Scl-70 (Whyte et al.,

1994) and anti-centromere antibodies (McHugh et al.,

1994) also had SSc in these studies.

A high prevalence of SSc has been found in

Choctaw-Native Americans in the state of Okla-

homa (Arnett et al., 1996a). The prevalence of SSc

in this population was at least 20 times greater than

in the general population and appeared to be

associated with differences in MHC allele

expressions when compared to other ethnic groups.

Disease expression also appears to be different

among ethnic groups. African American patients are

more likely to have anti-Scl-70 antibodies, and more

systemic involvement with a higher occurrence of

PIF. In contrast, Caucasian patients are more likely

to have anti-centromere antibodies with more

limited disease and less systemic manifestations

(Johnson et al., 2002).

Certain HLA haplotypes have been associated

with SSc. These include HLA-DR5 (DRB1p1101

and 1104, DQA1p0501, DQB1p0301) and DR3

(DRB1p0301, DQA1p0501, DQB1p0201) haplo-

types in American and European white populations

(Gladman et al., 1981; Arnett et al., 1990), and

HLA-DR2 (DRB1p1502, DQB1p0601) (Kuwana

et al., 1993b) in Japanese. In particular relation to

the lungs, Briggs et al. (1991) found that the

presence of DR3/DRw52a or anti-Scl-70 antibodies

gave a relative risk of 16.7 for the development of

PIF. More recently, Gilchrist et al. (2001) found

strong associations between clinical phenotypes and

autoantibody status. In a study of over 200 patients,

the presence of Scl-70 was associated with PIF, and

Scl-70 was in turn found to be associated with

HLA-DPB1p1301 and HLA-DRB1p11. The pre-

sence of anticentromere autoantibody on the other

hand was linked to HLA-DRB1p04 and HLA-

DRB1p08. Table 2 outlines genetic associations

with other autoantibody subsets.

The potential influence of various genetic poly-

morphisms on the severity and progression of the

fibrotic process by promoting increased collagen gene

expression have been studied in SSc. Two different

single nucleotide polymorphisms in the gene for

transforming growth factor b (TGFb 1), a potent

profibrotic cytokine, have been reported to be present

in higher frequency in patients with SSc than in

normal individuals (Crilly et al., 2002), although other

studies have not confirmed this.

Fibrillin-1 is an important structural protein

expressed in many tissues, including skin, and is a

major component of elastic microfibrils found in the

extracellular matrix (ECM). A genetically determined

mutant fibrillin protein is responsible for the type I

tight skin (Tsk) mouse model of scleroderma

(Jimenez and Gershwin, 1996; Falkner et al., 1998).

By analogy, certain single nucleotide polymorphism

in the non-coding region of the fibrillin-1 gene

has been found to be associated with development

of SSc in Choctaw and Japanese populations

(Tan et al., 2001).

Type I collagen is produced in excess in patients

with SSc. The presence of certain nucleotide repeats

associated with higher expression of COL1A2 (gene

for type I collagen) were found more frequently in

SSc cases (Hata et al., 2000).
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4.1.2. Environmental factors

4.1.2.1. Infectious agents. Infectious agents have been

considered to play a possible causative role in SSc.

This hypothesis is based on observations that

production of specific autoantibodies in SSc may be

due to an antigen-driven response triggered by

‘molecular mimicry’ between self-antigens sharing

structural similarities to a foreign protein of viral or

bacterial origin. The two most recently implicated

viruses are the parvovirus and the human cytomega-

lovirus (HCMV). Ferri et al., (1999) detected

parvovirus B19 infection in the bone marrow of 12

out of 21 SSc patients and it was also observed that

SSc patients with bone marrow B19 infection showed

a shorter mean disease duration to presentation or

death than B19-negative patients. Autoantibodies

against cell surface antigens have been considered

pathogenic by inducing endothelial cell damage. A

higher prevalence of IgG-anti HMCV antibodies

capable of binding the HCMV late protein UL-94

and inducing apoptosis in human endothelial cells has

been observed (Lunardi et al., 2000).

4.1.2.2. Chemicals. A number of chemicals have been

implicated in the aetiology of SSc, based on either

case reports or epidemiology studies. One of the

earliest associations was seen with silica dust

(Bramwell, 1914), although more recent evidence

has not supported this (Silman and Jones, 1992).

Vinyl chloride polymers (Veltman et al., 1975), and

organic solvents such as benzene, xylene and

trichloroethylene (Nietert et al., 1998; Nietert et al.,

1999), have all been implicated. In addition, an

association between solvent-associated hobbies and

the development of SSc with anti-Scl-70 antibodies

has also been observed (Nietert et al., 1999).

Associations between silicone breast implants and

the development of SSc have been previously

reported (van Nunen et al., 1982; Kumagai et al.,

1984). However, further evidence has not supported a

causative relationship (Hochberg and Perlmutter,

1996; Edworthy et al., 1998; Janowsky et al., 2000).

‘Epidemics’ caused by the ingestion of contaminated

rapeseed oil (toxic oil syndrome) (Tabuenca, 1981)

and L-tryptophan (Silver et al., 1990a; Kamb et al.,

1992) lend further support to the notion that toxic

exposures could play a role in the development of

SSc, at least in some patients, perhaps those with a

genetic predisposition.

4.2. Microchimerism

The exchange of cells between the mother and the

foetus in both directions has been recognised during

normal human pregnancy (Hall et al., 1995; Lo et al.,

1996). Perhaps more surprising is the observation that

the exchange can persist both in the foetus (Maloney

et al., 1999) and the mother (Bianchi et al., 1996) for a

prolonged period of time; well into adulthood for the

Table 2

Human leucocyte antigens associations with autoantibodies seen in patients with SSc

Autoantibody HLA associations Ethnic group References

ACA DR1 (DRB1p0101: DQB1p0501)

DRB1p0104

Choctaw, White, African,

Japanese, Hispanics

Whites, Hispanics

Reveille et al. (1992b, 2001),

Morel et al. (1995)

Anti Scl-70 DR5/11 (DRB1p1101, 1104)

DQB1p0301; DPB1p1301

DR2 (DRB1p1502; DQB1p0601; DPB1p0901)

DR2 (DRB1p1602; DQB1p0301; DPB1p1301)

White

African

Japanese, Choctaw

Reveille et al. (1992a, 2001),

Kuwana et al. (1993b),

Tan et al. (1999)

Anti-PM-Scl DR3 (DRB1p0301, DQB1p0201) White Marguerie et al. (1992)

Anti-Th/To DR5/11 (DRB1p1104, DQB1p0301) Falkner et al. (1998)

Anti-RNAP ? DQB1p0201 Fanning et al. (1998), Falkner

et al. (2000)

Anti-U3-RNP/

antifibrillarin

DR6/13 (DRB1p1302: DQB1p0604) White and Africans Arnett et al. (1996b)
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foetus and decades after the completion of pregnancy

for the mother. It has been recently proposed that an

allogeneic foeto-maternal reaction, possibly a mani-

festation of an intergenerational HLA incompatibility,

may be involved in the pathogenesis of SSc (Nelson

et al., 1998; Artlett et al., 1998). These engrafted cells

have been postulated to become activated by an

environmental trigger and subsequently mount a

graft-vs.-host reaction towards the mother or the

offspring, which may result in the development of

SSc. A higher concentration of male DNA in both

peripheral blood (Nelson et al., 1998; Artlett et al.,

1998) and skin (Artlett et al., 1998) was detected in

SSc females who had given birth to sons compared to

control females. Microchimerism of maternal origin

in blood and tissues of the offspring has also been

observed and might explain the occurrence of SSc in

nulliparous women and in men (Maloney et al., 1999).

This hypothesis is still controversial as several

studies have shown that foetal Y chromosome DNA is

present in normal controls. Other studies have,

however, suggested that it may be the quantity and

not the mere presence of foetal cells that may be the

crucial contributory factor in the pathogenesis of SSc

(Ohtsuka et al., 2001; Artlett et al., 2002a).

4.3. Pathogenesis

Although the pathogenesis of SSc is complex and

incompletely understood, dysregulation of cellular

and humoral immunity, vascular injury and wide-

spread tissue fibrosis are important in the develop-

ment of the disease. Cell–cell, cell–cytokine, and

cell–matrix interactions are involved. It is generally

accepted that early immunological events and vas-

cular changes result in the generation of a population

of activated fibrogenic fibroblasts, which is generally

considered to be the effector cell in the disease.

The earliest structural features of ILD in

SSc include pulmonary capillary endothelial and

epithelial injury, interstitial oedema and inflammatory

cell infiltration. It is likely that endothelial

and/or epithelial injury precede inflammation and

fibrosis although the initiating factor is not known

(Harrison et al., 1991b).

Although the mechanisms which lead to the

deposition of excess collagen and other ECM in the

lungs are not well understood, it is thought that

mediators released after lung injury play a crucial role

in the activation of fibroblasts. There are many

potential sources of fibroblast growth factors in the

lung. These include alveolar macrophages (Rom et al.,

1988; Wallaert et al., 1988; Kinsella et al., 1989),

injured or regenerating endothelial and epithelial cells

(Gibbons and Dzau, 1990), inflammatory cells such as

lymphocytes and mast cells (Agelli and Wahl, 1986;

Reiser and Last, 1986), and mesenchymal cells such

as interstitial fibroblasts, myofibroblasts and smooth

muscle cells. Mediators may also enter the lung

interstitium from the circulation as a result

of endothelial cell injury and capillary leakage

(Harrison et al., 1990).

The ECM most relevant to fibrosis are the

collagens, proteoglycans, fibronectin, fibrillin, tenas-

cin, and SPARC (secreted protein, acidic and rich in

cysteine; osteonectin; BM-40). Adhesive receptors

(integrins) on fibroblasts and other connective tissue

cells that are specific for ECM macromolecules also

play important roles in fibrosis. Avila et al. (1999)

found a strong association between fibronectin poly-

morphisms and interstitial fibrosis. Fibronectin,

released by alveolar macrophages, has been found to

be overexpressed in the respiratory tract of scler-

oderma patients with interstitial fibrosis. This may

contribute to the recruitment and attachment of the

fibroblasts in scleroderma lung disease (Silver et al.,

1990b).

Many cytokines and growth factors have been imp-

licated in the pathogenesis of fibrosis (see Table 3).

Transforming growth factor-beta (TGF-b) is con-

sidered one of the key molecules involved in the

pathogenesis of SSc (Smith and Leroy, 1990). It is

secreted in a latent form and has to be activated in

order to exert its profibrotic action. Sources of TGF-b

include macrophages, lymphocytes, platelets, fibro-

blasts, epithelial and endothelial cells.

One of the important effects of TGF-b is the

stimulation of ECM synthesis (Varga et al., 1987;

Kissin et al., 2002). TGF-b also decreases the

synthesis of collagen-degrading metalloproteinases

and stimulates the production of protease inhibitors

such as the tissue inhibitor of metalloproteinase-1

(TIMP-1). Increased TGF-b signalling appears to
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Table 3

Cytokines and growth factors implicated in the pathogenesis of fibrosis

Growth factor/cytokine Potential cellular sources in fibrosis References

Transforming growth factor-beta (TGF-b) Macrophages/monocytes, lymphocytes,

platelets, fibroblasts, endothelial cells,

epithelial cells

Fine and Goldstein (1987), Raghu et al. (1989), Smith and Leroy

(1990), Deguchi and Kishimoto (1991), Corrin et al. (1994), Coker

et al. (2001)

Connective tissue growth factor (CTGF) Fibroblasts Sato et al. (2000b), Leask et al. (2002)

Platelet derived growth factor (PDGF) Macrophages, platelets, fibroblasts,

endothelial cells

Ohba et al. (1994), Ludwicka et al. (1995), Shimizu et al. (2000)

Tumour necrosis factor (TNF) Monocytes/macrophages, fibroblasts Postlethwaite and Seyer (1990), Bolster et al. (1997), Hasegawa

et al. (1997b), Sime et al. (1998), Pantelidis et al. (2001), Young

et al. (2002)

Insulin growth factor (IGF) Macrophages, fibroblasts, endothelial cells Rom et al. (1988), Harrison et al. (1994)

Basic fibroblast growth factor (bFGF) Macrophages, mast cells, neutrophils, eosinophils Vaillant et al. (1996), Denton et al. (1997)

Endothelin Endothelial cells Cambrey et al. (1994), Vancheeswaran et al. (1994), Abraham et al.

(1997)

Oncostatin M T lymphocytes, macrophages Ihn et al. (1997), Ihn and Tamaki (2000), Luzina et al. (2002)

Interleukin-1 (IL1) Macrophages, fibroblasts, endothelial cells Postlethwaite et al. (1984), Shahar et al. (1996), Luzina et al. (2002)

Interleukin-4 (IL4) Th2 lymphocytes Postlethwaite and Seyer (1991), Postlethwaite et al. (1992), Atamas

and White (1999), Sakkas et al. (1999)

Interleukin-6 (IL6) Macrophages, fibroblasts, Th2 lymphocytes,

endothelial cells

Duncan and Berman (1991), Fries et al. (1994), Shahar et al. (1996),

Hasegawa et al. (1999)

Interleukin-8 (IL8) Endothelial cells, Th2 lymphocytes Southcott et al. (1995), Pantelidis et al., (1997), Kadono et al.,

(1998), Furuse et al. (2003)

Interleukin-13 (IL13) Th2 lymphocytes Hasegawa et al. (1997a), Oriente et al. (2000), Fallon et al. (2000)

Tissue inhibitor metalloproteinase-1

(TIMP-1)

Fibroblasts Kirk et al. (1995), Kikuchi et al. (1997), Susol et al. (2000),

Young-Min et al. (2001)

Monocyte-chemotactic protein (MCP-1) Macrophages, fibroblasts Zhang et al. (1994), Suga et al. (1999), Hasegawa et al. (1999),

Yamamoto et al. (2001), Moore et al. (2001), Galindo et al. (2001),

Luzina et al. (2002)

Pulmonary and activation-regulated

chemokine (PARC)

Macrophages, epithelial cells Hieshima et al. (1997), Pardo et al. (2001), Luzina et al. (2002),

Atamas et al. (2003)
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result from a number of pathways. TGF-b can act in

an autocrine loop to sensitise fibroblasts and maintain

them in a persistently activated state. Activated

monocytes can also secrete TGF-b, and it appears

that the SSc fibroblasts might also express increased

numbers of TGF-b receptors.

Collagen gene activation via TGF-b is an intricate

process (Massague, 2000) and involves the Smad

family of proteins (Wrana and Attisano, 2000).

Bioactive TGF-b binds to the cell surface TGF-b

receptor in target cells and becomes activated via

phosphorylation. Signalling from the phosphorylated

receptor to the nucleus occurs through Smad 2, 3 and 4.

Smad 7 is an inhibitory Smad that can bind to the

TGF-b receptor complex and prevent the action of

Smad 2 and 3. It has been recently suggested that

reduced levels of Smad 7 may play an important role

in the pathogenesis of SSc (Dong et al., 2002),

although more recent data point to Smad7

overexpression in SSc (Asano et al., 2004). The role

of Smad-independnet signaling is unclear but may be

central to maintaining a persistent profibrotic fibro-

blast phenotype.

Increased levels of TGF-b mRNA and protein have

been demonstrated in the lungs of SSc patients with

PIF (Deguchi and Kishimoto, 1991; Corrin et al.,

1994; Ludwicka et al., 1995; Coker et al., 2001).

Bronchoalveolar mononuclear cells were found to

have more than a 10-fold enhancement in TGF-b gene

transcription compared to controls (Deguchi and

Kishimoto, 1991). Immunohistochemistry on lung

biopsies of patients with PF/SSc demonstrated the

presence of intracellular TGF-b in alveolar macro-

phages, bronchial epithelium and hyperplastic type II

pneumocytes, and the presence of extracellular TGF-b

in fibrous tissue immediately beneath the bronchial

and hyperplastic alveolar epithelium. In contrast, the

alveolar epithelium and interstitium were negative for

both forms in a normal lung (Corrin et al., 1994).

TGF-b has been shown to stimulate the synthesis of

procollagen, fibronectin and glycosaminoglycans by

lung fibroblast cell lines (Fine and Goldstein, 1987;

Raghu et al., 1989; Dubaybo and Thet, 1990;

McAnulty et al., 1991). In vitro, TGF-b has also

been found to stimulate procollagen production in

fibroblasts derived from the lungs of patients with SSc

(Raghu et al., 1989; Harrison et al., 1991a).

Connective tissue growth factor (CTGF) is a

TGFb-induced protein strongly implicated as an

inducer of tissue fibrosis (Leask et al., 2002). CTGF

is synthesised by fibroblasts and endothelial cells

under the influence of TGF-b. Elevated serum

CTGF levels found in patients with SSc were found

to correlate with the extent and severity of skin

sclerosis and the severity of pulmonary fibrosis

(Sato et al., 2000b).

Increased levels of platelet growth factor (PDGF)

have been found in bronchoalveolar lavage fluid

(BAL) from patients with SSc (Ohba et al., 1994;

Ludwicka et al., 1995). This increase may reflect

activation of the coagulation cascade. Thrombin,

found to be significantly increased in the lungs of

SSc patients compared to controls, increased the

expression of PDFG and upregulated PDGF receptors

to modulate fibroblast proliferation (Ohba et al., 1994;

Shimizu et al., 2000).

The SSc fibroblast (both lung and skin) has been

shown to be different from normal fibroblasts.

It produces more ECM, including collagens I, III,

V, VI and VII, tenascin, proteoglycans, fibronectin,

laminin and fibrillin-1 (Varga and Bashey, 1995;

Shi-Wen et al., 1997). In addition, it proliferates

faster, is more resistant to apoptosis (Jelaska and

Korn, 2000; Santiago et al., 2001) and shows

exaggerated responses to subsequent cytokine stimu-

lation (Yamakage et al., 1992; Denton et al., 1997;

Yamamoto et al., 2001). The proportion of alpha-

smooth muscle actin (a-SMA)-positive cells is

elevated in cultures of SSc fibroblasts (Jelaska and

Korn, 2000). As these fibroblast-derived cells display

morphological and biochemical features of both

fibroblasts and contractile muscle cells, they are

called myofibroblasts. Myofibroblasts appear to play a

role in matrix synthesis and they have been shown to

synthesise increased amounts of collagens, TIMP and

other ECM components in vitro (Kirk et al., 1995).

In addition, myofibroblasts appear to be a major

source of TGF-b and chemokines in various tissues

during the fibrotic process (Zhang et al., 1995).

TGF-b is a potent inducer of a-SMA synthesis and

myofibroblast transdifferentiation (Desmouliere et al.,

1993; Vaughan et al., 2000). During physiological

processes of matrix remodelling, myofibroblasts

undergo apoptosis. TGF-b not only induces the

generation of myofibroblasts, but also suppresses
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their apoptosis (Zhang and Phan, 1999). Hence,

TGF-b appears to play an important role in the

persistence of myofibroblasts in tissues during

pathological fibrosis.

5. Clinical manifestations

An insidious onset of breathlessness on exertion, a dry

cough and fatigue are the most common symptoms in

patients with PIF/SSc. A substantial proportion of

patients, however, may not present till late in the

disease due to other co-morbidities. Chest pain is

uncommon and haemoptysis rare; if present, another

cause should be looked for. The earliest examination

findings consist of bibasilar, fine inspiratory crackles.

As the disease progresses, these crackles may become

coarser, continue into the expiratory phase and extend

upwards to involve the upper zones. Although often

accompanied by other systemic signs, the pulmonary

findings of SSc may precede the other signs. Digital

clubbing is rare.

6. Diagnostic investigations

6.1. Radiological

6.1.1. Chest radiography
The classical abnormality of PIF/SSc on chest

radiography consists of a reticulonodular pattern in

the bases and periphery. As the disease progresses,

there is loss of lung volume associated with more

extensive changes. In early disease, however, the

chest radiograph is not a sensitive tool and should be

used as an initial screen only in conjunction with other

investigations.

6.1.2. Computed tomography
CT scanning has revolutionised the approach to ILD

in SSc. Not only is it highly sensitive for the detection

(Harrison et al., 1989), quantification of severity and

characterisation of PIF/SSc, but also its role in

prognosis is becoming more apparent.

CT is highly sensitive for the detection of

abnormality and is able to identify limited disease in

patients with normal chest radiographs (Harrison et al.,

1989). The characteristic CT findings in PIF/SSc

consist of bilateral reticular shadowing, in a periph-

eral, subpleural distribution, most predominant pos-

teriorly at the bases but becoming more anterior as the

disease progresses. This probably represents a com-

bination of fine intralobular fibrosis and inflammation.

It is often difficult to determine which of these

predominates but the co-existence of traction of

the small airways confirms that at least some of the

change is due to fibrosis (Wells et al., 1992). In the

majority of patients with SSc and diffuse lung disease,

the CT pattern resembles that seen in idiopathic non-

specific interstitial pneumonia (NSIP).

CT has been used to distinguish variations in

diffuse lung disease pattern that suggest different

histopathological subtypes. Although most CT studies

have concentrated on idiopathic pulmonary fibrosis

(IPF), a disease that has a much worse prognosis than

PIF/SSc, the principles of CT interpretation are likely

to be the same in rheumatological diseases.

Diagnosis of IPF requires the presence of a

histopathological pattern of usual interstitial pneumo-

nia (UIP) (consensus statement 2002). Until relatively

recently, the diagnostic label ‘IPF’ included patients

whose biopsies comprised a mixture of histopatholo-

gic patterns including UIP, NSIP, desquamative

interstitial pneumonia and diffuse alveolar damage

(DAD). It has now become clear that idiopathic NSIP

has a better prognosis than idiopathic UIP (clinically

IPF by the new definition) (Daniil et al., 1999;

Nicholson et al., 2000). There is increasing evidence

that CT appearances are highly predictive of the

histopathologic pattern in IPF (Flaherty et al., 2002,

2003b). In a study exploring the relationships between

CT and histopathological patterns on survival in

patients with NSIP and UIP, Flaherty et al. (2003b)

found that patients with a histopathological pattern of

UIP, with a CT interpretation that was not that of

probable or definite UIP, fared better than patients

with histopathological UIP and a CT pattern that was

indicative of definite or probable UIP (i.e. pathology

and CT concordant) and worse than those with a

histopathological diagnosis of NSIP. The role of CT in

discriminating between different histopathologic pat-

terns in idiopathic interstitial pneumonias is becoming

increasingly clear, and this has important implications

for the assessment of prognosis. These prognostic
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statements cannot yet be extrapolated to patients with

PIF/SSc or other rheumatological diseases, as will be

discussed subsequently.

CT is, nonetheless, a reliable tool for quantifying

severity of disease in patients with PIF/SSc. It has

been shown to be a sensitive and reproducible method

of determining the morphological extent of disease

(Schurawitzki et al., 1990; Collins et al., 1994).

6.2. Functional

6.2.1. Lung function testing
A restrictive ventilatory defect together with a

reduction in gas transfer is typically seen in patients

with PIF. Hypoxia is common but hypercapnia is

generally a late sign.

A reduced gas transfer, which is often minor, is

present in the majority of patients (Owens et al.,

1983). A greater reduction, however, can be a

reflection of either interstitial fibrosis or pulmonary

vascular disease. If there is no loss of volume, then

lone pulmonary vascular disease is the most likely

explanation. The pattern of likely lung disease can

often be predicted from the autoantibody profile. In

the presence of a positive anti-Scl 70, a reduced gas

transfer (DLCO) is likely to indicate interstitial

fibrosis. In the absence of pulmonary vascular

disease, DLCO is a reliable functional marker of

morphological severity of interstitial fibrosis. In a

large cohort of patients with PIF, DLCO correlated

better than other lung function indices with the

total morphological extent of disease on CT (Wells

et al., 1997b).

In a study of patients with severe interstitial

fibrosis, Steen et al. (1994a) observed that despite

being asymptomatic early in the course of the disease,

the greatest reduction in forced vital capacity (FVC)

was seen in the first 4 years of the disease.

Arterial blood gas (ABG) estimation commonly

reveals a reduced PaO2 with a normal or low PaCO2:

Hypoxia is usually not marked until late in the disease

process. Hypercapnia, if present, is often a preterm-

inal event. Exercise increases both ventilation–

perfusion mismatching and diffusion abnormalities.

This results in increasing hypoxia, widening of the

alveolar-arterial oxygen gradient and increasing dead

space ventilation (a rise in dead space volume;

increased VD=VT ratio).

6.2.2. 99mTc-DTPA clearance
The clearance of inhaled 99mTc-DTPA (technetium

labelled diethylene-triamine-penta-acetate) from the

lung is a measure of epithelial barrier integrity. An

increased clearance (t1=2 , 40 min) is considered

abnormal and has been described in a variety of

ILDs, including PIF/SSc (Harrison et al., 1989;

Wells et al., 1993a) and IPF (Wells et al., 1993a;

Mogulkoc et al., 2001). The rapidity of 99mTc-

DTPA clearance has been shown to have prognostic

value. Normal clearance predicts subsequent disease

stability defined by lung function tests. A persist-

ently abnormal test puts the patient in a group that

includes those individuals who are more likely to

have a subsequent decline in lung function.

6.2.3. Bronchoalveolar lavage
Although the cell constituents of BAL are not specific

for the diagnosis of PIF/SSc, the value of BAL is in

excluding complicating infections, drug reactions,

coexisting disease and malignancy. In PIF/SSc, the

most common abnormality is an increase in neutrophil

numbers but in some patients eosinophils ^

lymphocyte numbers may also be increased in various

combinations. An increased cellularity has been

reported in subclinical disease (Wallaert et al., 1986;

Wallaert, 1990). The significance of subclinical

alveolitis, however, remains uncertain. Broncho-

alveolar lavage is viewed as an index of prognosis

in some centres.

6.3. Biochemistry/Serology/Immunology

No features of routine full blood count and biochem-

istry profile are specific for scleroderma. Anaemia of

chronic disease may be present. Abnormalities due to

disease elsewhere, such as renal dysfunction, may be

identified. Abnormal liver function, thyroid function,

and muscle enzymes may identify a co-existing

autoimmune disease.

Antinuclear antibodies (ANAs) and, more specifi-

cally, extractable nuclear antigens are serologic

hallmarks of patients with systemic autoimmune
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disease (Hahn, 1998) that may allow subclassification

of patients with an established diagnosis of an

autoimmune or connective tissue disease (Phan et al.,

2002). A positive ANA is seen in more than 95% of

patients with scleroderma (Bunn et al.).

ANAs produce a wide range of patterns and reflect

the presence of antibodies to one or a combination of

nuclear antigens. The nuclear staining pattern,

however, has a relatively low sensitivity and speci-

ficity for different autoimmune diseases. The different

patterns include homogenous or diffuse, peripheral or

rim, speckled, nucleolar and centromeric. In the

context of scleroderma, a speckled pattern (suggesting

the presence of anti-Scl-70 (antitopoisomerase I)),

a nucleolar pattern (suggesting the presence of

proteins of the small nucleolar RNP complex (anti-

fibrillarin, Mpp10 and hU3-55K), and anti Th/To

antibodies), or a centromeric pattern (suggesting the

presence of anti-centromere antibodies) are useful.

Anti-RNApolymerase and anti-topoisomerase reac-

tivities may also give anti-nucleolar staining.

The autoantibodies classically associated with

subsets of SSc are anti-centromere antibodies (ACA)

and anti-Scl-70 (otherwise known as anti-topoisome-

rase I). When a patient presents with their lung disease

before the more systemic features, ACA and anti-

Scl-70 antibodies are very useful in distinguishing

patients with SSc from otherwise healthy individuals

with Raynaud’s syndrome, from patients with other

connective tissue disease, and from unaffected family

members. In general, the sensitivity is between 20 and

35% with a specificity of .95% (Reveille et al.,

2003). Whereas ACA is predictive of limited skin

involvement, anti-Scl-70 is more often associated

with diffuse skin involvement and the development of

pulmonary fibrosis and other internal organ involve-

ment. The presence of ACA and anti-Scl70 are almost

mutually exclusive, with rare exceptions reported in

the literature (Dick et al., 2002).

ACA has been reported in 20–30% of patients

with SSc, depending on the ethnicity of the patient.

In a study of 230 patients, individuals with ACA were

more likely to have abnormal DLCO but a normal

chest radiograph and FVC, indicating the presence of

pulmonary vascular disease (Jacobsen et al., 1998).

ACA has been associated with a lower frequency

of radiographic IPF and a lesser severity of

disease (Steen et al., 1988; Kuwana et al., 1994;

Kane et al., 1996).

Anti-topoisomerase-1 antibodies are found in

15–20% of patients with SSc and are independent

of ethnicity; they are found in about 40% of patients

with dcSSc and less than 10% of patients with lcSSc

(Spencer-Green et al., 1997; Reveille et al., 2003).

Reactivity is associated with both the presence

(Reveille et al., 2003) and severity of radiographic

PIF (Steen et al., 1988; Jacobsen et al., 1998).

Other antinucleolar reactivities (ANoA) (Reimer

et al., 1988) in SSc include anti-PM-Scl (Oddis et al.,

1992), anti-U3-RNP/antifibrillarin (Blaszczyk et al.,

1990), anti-Th/To (Reddy et al., 1983), and the anti-

RNA polymerase family (RNAP), including anti-

RNA polymerase I (Reimer et al., 1987), II (Kuwana

et al., 1993a) and III (Okano et al., 1993). ANoA have

been reported in 15–40% of patients with SSc

(Bernstein et al., 1982; Steen et al., 1988). Anti-PM-

Scl (Kuwana et al., 1994; Harvey et al., 1997)

and Anti-Th/To (Harvey et al., 1997; Jacobsen et al.,

1998; Kuwana et al., 2002) antibodies are predictive

of limited skin involvement, whereas Anti-RNA

polymerase (Okano et al., 1993; Kuwana et al.,

1994; Chang et al., 1998; Harvey et al., 1999) and anti

U3-RNP (Reimer et al., 1988; Kuwana et al., 1994;

Arnett et al., 1996b; Jacobsen et al., 1998; Tormey

et al., 2001) antibodies are predictive of diffuse

cutaneous involvement.

6.4. Investigational assays

Lung epithelium-specific proteins, in particular Krebs

von den Lungen 6 (KL-6), surface protein A (SP-A)

and surface protein D (SP-D), have been studied in

patients with PIF/SSc.

KL-6, a mucin-like glycoprotein, is expressed on

type II pneumocytes and respiratory bronchiolar

epithelial cells in normal lungs (Kohno et al., 1988).

Proliferating and regenerating type II pneumocytes,

however, have been found to express the antigen more

strongly than normal type II pneumocytes (Kohno

et al., 1989; Hamada et al., 1992). KL-6 has been

found to be a sensitive indicator of damage to alveolar

type II cells. Increased serum levels of KL-6 have been

associated with the presence of pulmonary fibrosis

in SSc (Yamane et al., 2000; Sato et al., 2000a).
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In addition, the levels of KL-6 have also been found to

reflect the severity of pulmonary fibrosis, with

increased levels correlating inversely with DLCO

and FVC. Serial measurements have also suggested

that KL-6 might reflect activity of disease (Nakajima

et al., 2000; Yanaba et al., 2003). In a longitudinal

study of 39 patients with SSc, increasing levels of

KL-6 were accompanied by progressive PIF. In

contrast, stable levels of KL-6 paralleled non-

progressive disease (Yanaba et al., 2003).

Surface protein A and D (SP-D and SP-A) are two

of the specific proteins found in pulmonary surfactant.

Pulmonary surfactant is a complex material covering

the alveolar surface of the lung. Its major function is

to reduce surface tension at the air–liquid interface

to prevent alveolar collapse during expiration. Like

KL-6, elevated levels of both SP-A and SP-D have

been found to reflect the presence of PIF/SSc

(Takahashi et al., 2000). SP-D levels have also been

found to be associated with disease severity (Maeda

et al., 2001; Asano et al., 2001).

6.5. Histopathology

Although NSIP is by far the most common histopatho-

logic pattern in PIF/SSc (Fujita et al., 2001; Nicholson

et al., 2002; Bouros et al., 2002; Kim et al., 2002), it is

not specific for PIF/SSc and can be associated with

other aetiologies, including other connective tissue

disorders, drug reactions and also idiopathic disease.

NSIP, first described by Katzenstein and Fiorelli in

1994 (Katzenstein and Fiorelli, 1994), is characterised

by a temporally homogenous process with varying

proportions of interstitial inflammation and fibrosis

and is divided into three subgroups: (1) cellular NSIP,

consisting predominantly of interstitial inflammation;

(2) mixed NSIP, consisting of both interstitial

inflammation and fibrosis; and (3) fibrotic NSIP,

consisting predominantly of interstitial fibrosis.

In a study of surgical lung biopsies in 80 patients

with PIF/SSc, Bouros et al. (2002) confirmed that

NSIP was the most prevalent histopathologic pattern

in SSc. The histopathologic patterns of UIP and end

stage lung (advanced fibrosis) were the next most

frequent histopathological patterns. Although not

included in the analyses, four patients were found to

have the histopathologic features of respiratory

bronchiolitis-interstitial lung disease (RB-ILD) (all

current smokers); one patient, sarcoidosis (had past

history of sarcoidosis) and one patient, organising

pneumonia (was taking D-penicillamine).

UIP, the less frequent histopathologic pattern

associated with PIF/SSc, in contrast, is characterised

by a temporally heterogenous appearance of predo-

minantly interstitial fibrosis with minimal inflam-

mation. The hallmark of UIP is the fibroblastic focus,

which consists of actively proliferating myofibro-

blasts and fibroblasts, which constitute microscopic

sites of ongoing alveolar epithelial injury and

activation associated with evolving fibrosis (Kuhn

et al., 1989; Kuhn and McDonald, 1991; Katzenstein

and Myers, 1998). Honeycomb areas are common.

Unlike the idiopathic interstitial pneumonias (IPF

and idiopathic NSIP), the prognostic significance of the

two histopathologic patterns in SSc remains uncertain

(Bouros et al., 2002; Kim et al., 2002; Flaherty et al.,

2003a), largely because by far the majority of patients

have the NSIP pattern of histopathology.

7. Differential diagnoses

The clinical presentation of PIF in the presence of

other features of SSc makes the diagnosis straightfor-

ward. However, if interstitial fibrosis precedes all

other symptoms and signs, which can occasionally be

by years, the underlying systemic disease may be

elusive to diagnose. PIF associated with other

autoimmune diseases, in particular polymyositis/

dermatomyositis (PM/DM) and rheumatoid arthritis

(RA), can also present in advance of the systemic

process. The identification of specific autoantibodies

(anti-Scl-70 for SSc, anti-Jo-1 for PM/DM and

rheumatoid factor for RA) greatly assists establishing

the true diagnosis. It is suggested that all patients with

diffuse fibrosing lung disease should have serological

screening with ANA and rheumatoid factor.

Drug associated pneumonitis, although rare, needs

to be considered. The pattern is most commonly

different from the classical pattern of disease in

PIF/SSc and the drugs generally used for SSc

uncommonly cause diffuse lung disease. However,

there are some reports of lung disease being caused

by cyclophosphamide, but generally not with the

doses used to treat PIF/SSc. The incidence of
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cyclophosphamide-induced lung toxicity is difficult to

estimate, in part due to the frequent associations with

other confounding variables, such as other cytotoxic

drugs, opportunistic infections, coexisting lung malig-

nancy and complications from radiation therapy.

Cyclophosphamide has been reported to cause ILD

that includes the spectrum of DAD, organising

pneumonia (OP), and NSIP (Rossi et al., 2000).

Reports of cyclophosphamide-induced lung toxicity

have been largely associated with treatment of

malignancies, in particular lymphomas (Topilow

et al., 1973) and Wegener’s granulomatosis (Malik

et al., 1996); it must be pointed out that there have been

no reported cases in patients treated for SSc. The

reactions are generally idiosyncratic, with no relation-

ship between development of lung injury and dose or

duration of therapy. Reports of lung toxicity have

occurred between 2 weeks and 13 years after the

commencement of cyclophosphamide (Cooper et al.,

1986; Meyers, 1997).

Two distinct patterns of interstitial pneumonitis,

early-onset and late-onset, have been described, each

with a separate clinical course and outcome. Patients

with early-onset interstitial pneumonitis developed

acute onset of symptoms of cough and dyspnoea;

fever and fatigue were often prominent. Patients were

also likely to improve after cessation of cyclopho-

sphamide with good response to corticosteroid treat-

ment. Open lung biopsy specimens have shown an

NSIP picture (Spector et al., 1979; Malik et al., 1996).

Late-onset interstitial pneumonitis, in contrast,

developed in patients who had received prolonged

treatment over several months to years, with some

cases occurring years after discontinuation of the

drug. The patients had an insidious onset of

symptoms, of a non-productive cough and dyspnoea.

Pleural thickening was often an accompanying feature

of diffuse reticulo-nodular infiltrates on CXR (chest

X-ray).

There have been rare case reports of lung disease in

patients taking azathioprine. In a case series of

seven renal transplant patients who had received

azathioprine for immunosuppression, open lung

biopsies were taken after the development of bilateral

pulmonary infiltrates. These showed changes ranging

from DAD to UIP culminating in pulmonary fibrosis

(Bedrossian et al., 1984).

8. Prognosis

Pulmonary involvement is itself a significant deter-

minant of outcome in SSc (Altman et al., 1991; Steen

and Medsger, 2000; Ferri et al., 2002; Scussel-

Lonzetti et al., 2002; Simeon et al., 2003); in the

last 10 years, it has emerged as the most common

disease-related cause of death. In an Italian series

containing 1012 patients, a 10-year survival of 70%

was observed, and mortality from lung disease, with

or without concurrent cardiac disease, was substan-

tially higher (33% of deaths) than mortality from renal

disease (12% of deaths) (Ferri et al., 2002).

Progression of PIF/SSc is more likely within the

first 5 years of systemic disease (Greenwald et al.,

1987; Steen et al., 1994a; Steen, 2003). Hence careful

surveillance of disease, especially in the early years, is

crucial.

Although pulmonary involvement is associated

with a relatively high mortality in patients with SSc,

the course of PIF/SSc is variable and can range from

indolent to rapidly progressive. It is, therefore,

imperative that severity of functional impairment at

presentation and subsequent functional longitudinal

behaviour are established. Several markers of severity

and prognosis in PIF/SSc have emerged:

8.1. Pulmonary function tests

The most widely used index to assess disease severity

is pulmonary function testing. The rate of change of

lung function has been explored in a number of

studies (Greenwald et al., 1987; Steen et al., 1994a;

Bouros et al., 2002). Although these changes are

often seen within the first 2 years of onset of

SSc, careful monitoring in long-standing disease

is advocated. A reduction of total gas transfer

(DLCO) (Bouros et al., 2002; Scussel-Lonzetti et al.,

2002; Morgan et al., 2003) and FVC (Steen et al.,

1994a; Steen and Medsger, 2000; Bouros et al., 2002;

Morgan et al., 2003) have been observed to predict

increased mortality in PIF/SSc. In a study of 80 patients

with PIF/SSc, the overall mortality was associated with

lower initial DLCO and FVC levels. Increased

mortality was associated with lower initial DLCO

levels and deterioration in DLCO levels during the next

3 years (Bouros et al., 2002).

N.S. Goh, R.M. du Bois192



8.2. Computed tomography

Although ground glass attenuation on CT can

correlate with a biopsy showing predominantly

cellular infiltrate and hence reversible disease, it is

more likely to be indicative of fine fibrosis in PIF/SSc

(Wells et al., 1992, 1993b).

CT features of PIF/SSc have been well correlated

with histopathologic subsets (Wells et al., 1993b;

MacDonald et al., 2001; Desai et al., 2003); the most

common histopathologic subset seen in patients with

PIF/SSc is NSIP (Fujita et al., 2001; Bouros et al.,

2002; Kim et al., 2002). The major role of CT in

predicting prognosis of PIF/SSc appears to be in the

assessment of disease severity, which is reflected by

the extent of disease on CT (Wells et al., 2003).

Increasingly extensive disease on CT has been

associated with a shorter time to decline in FVC

(Goh et al., 2003b).

8.3. Bronchoalveolar lavage

The pattern of BAL cell profile has been advocated

as a predictor of likely progression and as an

indicator of the need for treatment (Silver et al.,

1990b; Behr et al., 1996; White et al., 2000). A BAL

neutrophilia has been linked to more progressive

disease, especially in untreated patients. However,

patients with a BAL neutrophilia tend to have lower

DLCO levels (Wells et al., 1998; White et al., 2000).

It has, therefore, been suggested that BAL neutro-

philia is linked to the extent of reticular fibrotic

abnormalities on CT (Wells et al., 1998). In a

comparison between PIF/SSc and IPF, a much more

progressive disease, BAL neutrophil levels did not

differ between the two diseases after adjustment for

the extent of disease on CT and the severity of

functional impairment (Wells et al., 1998). There-

fore, it would seem likely that a BAL neutrophilia is

a reflection of more extensive disease rather than an

intrinsic marker of more progressive disease.

A BAL eosinophilia, on the other hand, appears to

have prognostic significance independent of disease

severity, and has been associated with limited disease

in PIF/SSc (Wells et al., 1994b). In addition, Bouros

et al. (2002) found that a BAL eosinophilia was

linked to a significantly higher mortality in patients

with PIF/SSc, despite treatment.

8.4. 99mTc-DTPA clearance

The rapidity of clearance of 99mTc-DTPA clearance

has been found to be a prognostic indicator in

PIF/SSc. Normal 99mTc-DTPA clearance is strongly

predictive of stability of disease over the next 2–3

years, whereas rapid 99mTc-DTPA clearance

(especially persistently rapid clearance) identified

an increased likelihood of deterioration (Goh et al.,

2003a). The association between increased clear-

ance of 99mTc-DTPA and a more rapid subsequent

deterioration in FVC was independent of morpho-

logical severity of disease on CT (Goh et al.,

2003a).

8.5. Histopathology

The prognosis of patients with PIF/SSc has been

reported to be significantly better than patients with

IPF (Wells et al., 1994a, 1997a). This is probably

largely due to the fact that the most common histo-

pathological pattern seen in PIF/SSc is NSIP (Bouros

et al., 2002; Kim et al., 2002). The significance of the

less frequent histopathologic pattern of UIP in PIF/

SSc, however, remains uncertain. Bouros et al. (2002)

found no difference in survival between patients with

NSIP or UIP (5-year survival 91 vs. 82%, respect-

ively). Moreover, survival did not differ significantly

between cellular and fibrotic NSIP. However, it must

be pointed out that there were only six patients with

UIP. In comparison, in a study of 19 patients with PIF/

SSc, Kim et al. (2002) suggested that patients with an

NSIP pattern had a better prognosis than those with a

UIP pattern. Comparing the UIP pattern in IPF and

connective tissue disease, Flaherty et al. (2003a)

found that connective tissue-associated UIP had

fewer fibroblastic foci and a better survival. There

were, however, only nine patients with a connective

tissue disease, of which only one had SSc, compared to

99 patients with IPF. This does nonetheless probably

reflect, in general, a much lower prevalence of UIP

associated with connective tissue diseases.
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8.6. Antibody status

Although autoantibody status has been shown to be

predictive of the development of PIF, its role in

predicting survival is not as well established. Recent

studies, however, have suggested that patients with

ACA may have a lower mortality than those with anti-

Scl-70 antibodies or ANoA (Ferri et al., 2002;

Scussel-Lonzetti et al., 2002).

Although most studies do not find a correlation

between disease activity and anti-Scl 70 (de Rooij

et al., 1989; Weiner et al., 1991; Hildebrandt et al.,

1993; Vazquez-Abad et al., 1995; Henry et al., 2000)

and ACA (Tramposch et al., 1984; Weiner et al.,

1991; Vazquez-Abad et al., 1995) levels, a study of

sequential anti-Scl-70 measurements in 28 patients

(Kuwana et al., 2000) found that the antibody had

disappeared in six patients over a 10-year period.

These patients were found to have a lower frequency

of diffuse cutaneous SSc, a less progressive PIF and

better survival rates compared with patients in whom

anti-Scl-70 persisted.

8.7. Risk of malignancy

The association between PM/DM and malignancy is

widely reported (Sigurgeirsson et al., 1992; Chow

et al., 1995; Davis and Ahmed, 1997; Maoz et al.,

1998; Stockton et al., 2001; Hill et al., 2001;

Buchbinder et al., 2001; Wakata et al., 2002), with

the risk higher in DM than PM; in a population-based,

retrospective cohort study from Australia, a standar-

dised incidence ratio of 6.2 was associated with DM

and 2.0 with PM (Buchbinder et al., 2001). Although

associated with a wide variety of cancers, there have

been reports of bronchogenic carcinoma being the

most common tumour (Andreev, 1978).

The association between SSc and malignancy is less

well recognised. Although several studies have not

supported this association (Duncan and Winkelmann,

1979; Black et al., 1982; Chatterjee et al., 2000), the

majority of the studies have shown an increased risk

for all cancers of about 2-fold (Roumm and Medsger,

1985; Rosenthal et al., 1993, 1995; Abu-Shakra et al.,

1993). Breast (Forbes et al., 1989) and lung (Talbott

and Barrocas, 1980; Peters-Golden et al., 1985; Yang

et al., 2001; Hill et al., 2003) cancers have been most

frequently reported, although cancers arising from

other sites have also been reported (Mattingly and

Mowat, 1979; Bielefeld et al., 1996).

The lung is the site with the greatest reported risk,

with relative risks of up to 16.5 (Peters-Golden et al.,

1985). In a recent large population-based cohort study

(Hill et al., 2003), the relative risk of lung cancer was

found to be 5.9. Although both the diffuse and limited

forms of SSc were associated with an increased risk of

cancer, the diffuse form was linked with a higher

relative risk (2.73) compared to the limited form

(1.85). This observation is in keeping with another

population-based study by Rosenthal et al. (1995).

Although the study did not show any association with

antibody status, previous studies (Rothfield et al.,

1992) have shown an association between the

presence of anti-Scl-70 and cancer.

In a review of the literature on the clinical features

of patients with SSc who developed lung cancer,

Yang et al. (2001) found that there was a significant

female predominance, and that there was no relation-

ship between smoking and the development of lung

cancer. In contrast with the general population, the

most common histopathological subtype was found to

be bronchoalveolar and adenocarcinoma, not squa-

mouas cell carcinoma. The cancer was also found to

arise more frequently in areas of previously damaged

or fibrotic lung. This association with diffuse fibrosis

has also been observed in other forms of pulmonary

fibrosis, such as IPF (Ma et al., 2001).

9. Treatment

In the absence of any double-blind placebo-controlled

trials, there is no conclusive evidence that any drug

alters the course of PIF/SSc. Previous small studies

have been retrospective and uncontrolled, consisting

of heterogenous patient populations; treatment

periods were variable with response assessed over a

relatively short period, usually 6–12 months.

Treatment options should be individually tai-

lored and the goals made clear at the outset of

treatment, both in the minds of the clinician and

the patient. In early disease, the need and timing of

treatment require careful evaluation of disease

prognosis; aiming to obtain significant improvement
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in this scenario is not unrealistic. In advanced

disease, treating to halt disease progression should

be viewed as a success. In very advanced disease,

supportive therapy, including oxygen, may be the

treatment of first choice. In selected cases, referral

for transplantation (Rosas et al., 2000) should be

considered and the timing of this is crucial.

Although there are no clear guidelines, our

institution refers for transplantation when the gas

transfer (DLCO) falls below 25% of predicted, as

long as this is not confounded by significant

pulmonary vascular disease or major systemic

disease.

9.1. Corticosteroids and cyclophosphamide

The major drugs that are currently used to treat

PIF/SSc are corticosteroids and cyclophosphamide.

D-penicillamine is of no value in the treatment of

PIF/SSc. Although a number of studies suggest that

penicillamine might be beneficial (Steen et al., 1985;

de Clerck et al., 1987), in a controlled trial of 134

patients on the use of D-penicillamine for skin disease,

treatment was not associated with improvement in

lung function parameters and some patients developed

interstitial fibrosis whilst receiving treatment

(Clements et al., 1999).

Historically, corticosteroids have been the main-

stay of treatment for PIF/SSc. The evidence for the

use of corticosteroids in PIF/SSc, however, is

conflicting, with studies both supporting (Kallenberg

et al., 1984) and refuting (Rossi et al., 1985) its use. It

has been suggested that corticosteroids might be more

beneficial if used in combination with cyclopho-

sphamide (Johnson et al., 1989; Silver et al., 1993;

White et al., 2000). Recently, however, the use of

corticosteroids has been cautioned with reported

associations with scleroderma renal crisis (Steen and

Medsger, 1998; DeMarco et al., 2002). Doses as low

as 7.4 mg/day were an independent risk factor for the

development of scleroderma renal crisis, although this

occurred only in the presence of high skin scores and

large joint contractures (DeMarco et al., 2002).

There have been studies suggesting that oral

cyclophosphamide might be efficacious (Silver et al.,

1993; Akesson et al., 1994; Steen et al., 1994b; Behr

et al., 1996; White et al., 2000), although it has to be

pointed out that these studies have limitations,

including uncontrolled subjects in small numbers,

evaluated in a retrospective fashion. In a study of 103

patients, White et al. (2000) found that patients with a

BAL alveolitis (neutrophilia and/or eosinophilia) who

received oral cyclophosphamide experienced stabil-

isation or improvement in FVC and DLCO and a better

survival compared to untreated patients. In addition,

the outcome of patients who received treatment was as

good as in untreated patients without a BAL alveolitis.

Oral cyclophosphamide has been associated with a

fairly high percentage of adverse events in the

treatment of patients with PIF/SSc; leukopenia,

thrombocytopenia, pneumonia and haemorrhagic

cystitis have all been reported (Silver et al., 1993;

Akesson et al., 1994). The excessive toxicities

associated with oral cyclophosphamide have prompted

studies of the role of intravenous cyclophosphamide as

an alternative. Although the use of intravenous

cyclophosphamide in PIF/SSc has shown some

promise, the comparative efficacy and toxicity of oral

vs. intravenous cyclophosphamide is still to be defined.

Following two promising pilot studies (Varai et al.,

1998; Davas et al., 1999), there have been three pros-

pective studies evaluating the efficacy and safety of

intravenous cyclophosphamide in PIF/SSc

(Pakas et al., 2002; Griffiths et al., 2002; Giacomelli

et al., 2002). Both improvements in physiological

indices (DLCO and or FVC) (Pakas et al., 2002;

Giacomelli et al., 2002) and regression of disease on

CT (Pakas et al., 2002; Griffiths et al., 2002) were

documented. After receiving a course of pulsed

intravenous methylprednisolone and cyclophospha-

mide over 6 months (six doses, approximately 4

weeks apart), patients were found to have stable lung

function indices in the first 12 months. However, the

majority deteriorated subsequently on longer follow

up (Griffiths et al., 2002).

9.2. Issues

Despite uncontrolled evaluation, there appears to be

sufficient evidence to support the use of either oral or

intravenous cyclophosphamide in PIF/SSc. However,

corticosteroids have been used in conjunction with

cyclophosphamide in many studies, thus making it

impossible to exclude the possibility that regression of
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pulmonary disease with cyclophosphamide is, in part,

ascribable to corticosteroids. In addition, it is not clear

from the literature for how long treatment should be

continued and if another immunosuppressive agent

should be instituted after pulsed intravenous cyclo-

phosphamide to consolidate any response. Azathiopr-

ine with low dose prednisolone is the recommended

treatment for IPF (2002) but there is no firm evidence

base for this approach at present; azathioprine does,

however, have a better side effect profile.

There are two large, ongoing prospective placebo-

controlled studies that may offer a more definitive

guide to treatment of PIF/SSc in the future. One

involves the use of oral cyclophosphamide (multi-

centre NIH-sponsored trial in the US) and the other

intravenous cyclophosphamide (multi-centre ARC-

sponsored trial in the UK).

10. Other forms of ILDs in SSc

Pulmonary fibrosis is by far the most common

manifestation of ILD in SSc. Other rarer manifesta-

tions include DAD, OP and alveolar haemorrhage.

10.1. Diffuse alveolar damage

Although rare, DAD has been reported to be

associated with SSc (Griffin et al., 1990). The

histopathologic pattern of DAD can be caused by

various insults and may occur as an overlap syndrome

with other connective tissue diseases, in particular

SLE. Clinically, patients have acute respiratory

distress with refractory hypoxaemia and pulmonary

oedema, and are rapidly ventilator-dependent. The

prognosis is poor. In the exudative phase, the chest

radiograph typically shows bilateral airspace opacifi-

cation with air bronchograms. As the disease

progresses, the process becomes less consolidated

with the appearance of irregular linear opacities.

High-resolution CT shows ground glass attenu-

ation in the exudative phase, with consolidation,

traction bronchiectasis, architectural distortion or

cystic lesions in the proliferative/organising phase

(Akira, 1999).

10.2. Organising pneumonia

OP is most commonly associated with RA and PM/DM

(Wells and du Bois, 1993). There have, however, been

rare reports of OP complicating SSc (Bridges et al.,

1992; Boehler et al., 1996). In one report, it was noted

that the patient was receiving D-penicillamine (Boeh-

ler et al., 1996), an association that has been previously

described in RA (Anaya et al., 1995).

Patients present with a clinical presentation of

pneumonia, multi-focal areas of consolidation both on

chest radiography and CT and a restrictive ventilatory

defect. Although a good response is generally seen in

OP associated with RA and PM/DM, it is difficult to

provide any reliable prognostic information about

OP in SSc as there have been only a handful of cases

reported.

10.3. Alveolar haemorrhage

There have been several case reports of alveolar

haemorrhage complicating SSc (Kallenbach et al.,

1977; Helfrich et al., 1989; Griffin et al., 1990; Endo

et al., 1994; Nishi et al., 1994; Phillips et al., 1998;

Chaer et al., 2001).

Recently, SSc has been added to the list of causes

of pulmonary renal syndrome (Bar et al., 2001), a

combination of diffuse pulmonary haemorrhage and

glomerulonephritis. It occurs in a variety of contexts,

including Goodpasture’s syndrome, various forms of

primary systemic vasculitis, cryoglobulinemia, SLE,

antiphospholipid syndrome, environmental factors,

and drugs (Green et al., 1996).

In a review of pulmonary renal syndrome in SSc,

Bar et al. (2001) suggested that previous pulmonary

fibrosis and treatment with D-penicillamine might be

predisposing factors. It was also noted that pulmonary

renal syndrome in SSc occurred on average 6.4 years

after the onset of SSc, compared to the shorter interval

of 3.2 years between the diagnosis of SSc and

scleroderma renal crisis. Renal failure in this context

was also noted to be associated with a normal blood

pressure. The prognosis in all 11 patients reviewed was

poor, all dying within 6 months of diagnosis. It was,

however, pointed out that not all patients received

corticosteroids and none received cyclophosphamide.
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CHAPTER 11

Pulmonary Complications of Polymyositis and Dermatomyositis
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1. Introduction

Polymyositis (PM) and dermatomyositis (DM) are

rare inflammatory myopathies of unknown etiology

which may give rise to systemic or pulmonary

manifestations (Dalakas, 1991; Schwarz, 1992;

Adams-Gandhi et al., 1996; Bohan and Peter, 1975).

The estimated prevalence of PM ranges from 0.5 to

8.4 cases per million (Cronin and Plotz, 1990).

Polymyositis is 3–4 times more common in women;

the age distribution is bimodal, with an early peak at

5–15 years, and a later peak at 50–60 years of age

(Adams-Gandhi et al., 1996). Major criteria for the

diagnosis of PM include: symmetric proximal muscle

weakness; a muscle biopsy showing inflammatory cell

infiltrates and necrosis; elevated muscle enzymes (e.g.

creatinine (CK) and aldolase); and a characteristic

electromyogram (EMG) (Adams-Gandhi et al., 1996;

Dalakas, 1991; Bohan and Peter, 1975). Proximal

muscle weakness is the most common feature of PM,

present in more than 80% of patients at the onset

of illness (Dalakas, 1991; Schwarz, 1992; Adams-

Gandhi et al., 1996). Patients with PM and a typical

rash are considered to have DM (Bohan and Peter,

1975). The rash of DM often exhibits a violaceous

discoloration of the upper eyelids (heliotrophic rash)

with periorbital edema or an erythematous to violac-

eous scaly rash (Gottron’s papules) involving the

knuckles, knees, elbows, or trunk. In DM, the rash

antedates clinical myopathy in 56% of patients;

myopathy precedes the rash in 16%; the rash and

myopathy occur simultaneously in 28% (Adams-

Gandhi et al., 1996). Amyotrophic DM (i.e. typical

cutaneous features of DM but no clinically evident

muscle involvement) can also occur (el-Azhary and

Pakzad, 2002; Cottin et al., 2003; Caproni et al., 2002;

Krain, 1975). Pulmonary complications occur in up to

46% of patients with DM or PM (Dickey and Myers,

1984), and are associated with shortened survival

(Lakhanpal et al., 1987; Arsura and Greenberg, 1988;

Marie et al., 2002). Other sites of involvement

with PM or DM include the gastrointestinal tract

(predominantly due to smooth muscle involvement),

heart, and joints (Dalakas, 1991; Schwarz, 1992;

Adams-Gandhi et al., 1996; Hochberg et al., 1986).

Cardiac involvement may give rise to heart block,

cardiomyopathy, congestive heart failure, or pericar-

ditis (Hochberg et al., 1986). Malignancy complicates

DM in 15–25% of patients, and portends a poor prog-

nosis (Adams-Gandhi et al., 1996; Sigurgeirsson et al.,

1992). PM or DM may also occur in patients meeting

criteria for other collagen vascular disorders (CVDs)

(e.g. rheumatoid arthritis (RA), systemic lupus

erythematosus (SLE), or progressive systemic scler-

osis (PSS)). In this context, the term Overlap Synd-

rome is applied. Individuals with Overlap Syndrome

and high-titer antibodies to U1 ribonucleoprotein
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(the nuclear antigen RNP) have been designated as

having mixed connective tissue disease (MCTD)

(Sharp et al., 1972; Sullivan et al., 1984), but this

designation is not universally accepted.

In this chapter, we limit our discussion to

pulmonary complications of DM or PM, with an

emphasis on interstitial lung disease (ILD) complicat-

ing PM or DM (Takizawa et al., 1987; Lakhanpal

et al., 1987; Arsura and Greenberg, 1988; Marie et al.,

2002; Lynch et al., 1999). Pulmonary complications

and malignancy are the most common causes of death

in PM or DM (Benbassat et al., 1985; Lakhanpal et al.,

1987; Marie et al., 2001; Sigurgeirsson et al., 1992).

Pulmonary involvement in PM or DM can be

classified as follows:

(1) complications of neuromuscular weakness (e.g.

aspiration pneumonia, ventilatory insufficiency

due to respiratory muscle weakness),

(2) interstitial lung disease,

(3) complications of drug therapy (e.g. drug-induced

pneumonitis, opportunistic infections),

(4) primary lung malignancies (Fujita et al., 2001;

Hidano et al., 1986, 1992; Manchul et al., 1985;

Sigurgeirsson et al., 1992) (these will not be

further discussed in this chapter).

2. Respiratory complications of
muscular weakness

Muscular weakness can give rise to aspiration

pneumonia (as a result of discoordinated swallowing)

or respiratory insufficiency (reflecting respiratory

muscle dysfunction) (Baumann, 1999). Myopathic

inflammation involving the striated muscle of the

pharynx and upper esophagus can lead to dysphagia

(Baumann, 1999), which has been cited in 12–67%

of patients in various series (Benbassat et al., 1985;

Dickey and Myers, 1984; Marie et al., 1998; Lakhanpal

et al., 1987; Bohan et al., 1977; Hochberg et al., 1986;

Baumann, 1999). This, along with respiratory muscle

weakness, places patients with DM/PM at consider-

able risk for aspiration pneumonia (Baumann, 1999).

Aspiration pneumonia occurs in 14–20% of patients

with PM/DM (Dickey and Myers, 1984; Schwarz,

1998; Medsger et al., 1971; Marie et al., 2001;

Benbassat et al., 1985); in this context, dysphagia

is invariably present (Dickey and Myers, 1984;

Medsger et al., 1971). Dysphagia is independently

associated with a greater degree of proximal

muscle weakness (Medsger et al., 1971) and is

associated with a poor prognosis (Benbassat et al.,

1985; Baumann, 1999). Swallowing studies via

cineradiography or manometry are the best methods

to diagnose esophageal muscle dysfunction (i.e.

diminished or absent esophageal peristalsis and

laryngeal aspiration) (Turner et al., 1973; Baumann,

1999). Airway protection is critical in PM patients

with severe dysphagia; in severe cases, tracheotomy

may be necessary while awaiting the impact of

medical therapy for the underlying myopathy

(Baumann, 1999).

A more unusual manifestation of myopathy is

hypercapnic respiratory failure from respiratory

muscle weakness (DePalo and McCool, 2002;

Gilchrist, 2002; Baumann, 1999). Clinically signifi-

cant respiratory muscle weakness has been cited in

7–22% of patients with PM/DM (Dickey and Myers,

1984; Marie et al., 1998; Schwarz, 1998). Severe

respiratory insufficiency requiring mechanical

ventilatory support or leading to death has been

described in 2 – 7% of patients with PM/DM

(Blumbergs et al., 1984; Dickey and Myers, 1984;

Sano et al., 1994; Astudillo et al., 2001; DeVere and

Bradley, 1975). Rarely, bilateral diaphragmatic

paralysis has been reported in DM (Schiavi et al.,

1984). Respiratory muscle weakness may be the

initial presentation of PM, but this is rare (Blumbergs

et al., 1984).

Pulmonary function tests (PFTs) in patients with

severe neuromuscular weakness reveal a restrictive

pattern with reduced lung volumes (e.g. total lung

capacity (TLC) and forced vital capacity (FVC)

(DePalo and McCool, 2002; Braun et al., 1983). In

contrast, residual volume (RV) is increased when

expiratory muscle weakness is severe (DePalo and

McCool, 2002). Forced expiratory flow rates are

reduced proportionate to reductions in FVC; how-

ever, the ratio of forced expiratory volume in one

second (FEV1) to FVC is preserved (DePalo and

McCool, 2002). Lung volumes are relatively insen-

sitive, as respiratory muscle strength must be reduced

nearly by half before changes in VC or TLC are

evident (Braun et al., 1983). Reductions in maximal
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static inspiratory and expiratory pressures (PI max

and PE max) are more sensitive than lung volumes

for detecting respiratory muscle weakness (DePalo

and McCool, 2002; Braun et al., 1983). However,

other factors such as sub-maximal effort or air leaks

around the mouthpiece may also cause low values.

Measurement of PI max during maximal sniff

maneuvers enhances accuracy (DePalo and McCool,

2002). Specific tests of diaphragmatic function such

as transdiaphragmatic pressures are invasive and

uncomfortable. Reductions in maximum voluntary

ventilation (MVV) may reflect weakness, poor

coordination, or reduced endurance of respiratory

muscles, but this is nonspecific (DePalo and McCool,

2002). Diffusing capacity for carbon monoxide

(DLCO) may be reduced, but is normal or increased

when corrected for alveolar ventilation (VA).

Hypercapnea and hypoxemia are late findings

(Braun et al., 1983). Respiratory muscle strength

(RMS), calculated by an average of PI max and PE

max, is linearly related to paCO2, but only after RMS

falls below 50% (Braun et al., 1983). In PM/DM,

inspiratory and expiratory muscles are equally

affected, whereas expiratory muscle weakness is

manifest in patients with amyotrophic lateral scler-

osis (ALS), myasthenia gravis, and myotonic dystro-

phies (Braun et al., 1983). Serial measurements of

FVC, PI max, and PE max are useful to diagnose

respiratory muscle weakness and monitor the course

of the disease (DePalo and McCool, 2002; Braun

et al., 1983).

On histopathology, the inflammatory and degen-

erative changes characteristic of PM/DM are

present in the intercostal muscles, diaphragm, and

accessory muscles (Dickey and Myers, 1984).

Atrophy of the diaphragm has been found on

autopsy (Lakhanpal et al., 1987). Inflammatory

myopathies affecting respiratory muscles usually

respond to corticosteroids (CS) and/or immunosup-

pressive (IS) agents (Bohan and Peter, 1975; Bohan

et al., 1977; Dickey and Myers, 1984; Marie et al.,

2001). When muscle weakness persists in patients

treated with high dose, chronic CS, steroid myo-

pathy should be considered. The presence of type II

muscle fiber atrophy when other pathologic features

have improved on muscle biopsy or when CK

levels have normalized suggests steroid myopathy

(Bunch et al., 1980).

3. Interstitial lung disease in PM/DM

3.1. Prevalence

ILD has been cited in 5 to.30% of patients with PM or

DM in retrospective studies (Frazier and Miller, 1974;

Bohan et al., 1977; Songcharoen et al., 1980; Salmeron

et al., 1981; Dickey and Myers, 1984; Nambu et al.,

1994; Hidano et al., 1986, 1992; Takizawa et al., 1987;

Grau et al., 1996; Marie et al., 1998, 2002; Douglas

et al., 2001; Schnabel et al., 2003; Wells et al., 2003).

Prospective studies assessing the prevalence of ILD

in PM or DM are lacking. The large variability in

reported prevalence likely reflects differences in

referral patterns, heterogeneous patient populations,

and differences in the sensitivity of diagnostic

techniques (Songcharoen et al., 1980; Schwarz,

1998; Schnabel et al., 2003). In three studies compris-

ing 360 patients with PM/DM, aberrations on chest

radiographs consistent with ILD were cited in 5–10%

(Frazier and Miller, 1974; Dickey and Myers, 1984;

Salmeron et al., 1981). However, two small series cited

ILD in 47% (7 of 15) and 64% (9 of 14) of patients with

PM/DM (Takizawa et al., 1987; Songcharoen et al.,

1980). Japanese authors reported prevalence rates of

ILD in PM/DM ranging from 40 to 80% (Yoshida et al.,

1983; Hirakata and Nagai, 2000; Takizawa et al.,

1987). The reason for the discrepancy between the

Japanese and Western literature is not clear, but could

reflect genetic differences (Fig. 1). The prevalence of

ILD may be lower in patients with amyotrophic DM

(el-Azhary and Pakzad, 2002; Cottin et al., 2003;

Caproni et al., 2002; Krain, 1975). In two recent series

comprising 37 (el-Azhary and Pakzad, 2002) and 13

patients (Caproni et al., 2002) with amyotrophic DM,

no case of ILD was identified. However, in a recent

report, diffuse alveolar damage (DAD) was described

in three patients with amyotrophic DM and acute

respiratory failure (Lee et al., 2002).

3.2. Epidemiology

As with DM and PM in general, ILD is 3–5 times

more common in women than in men (Arsura and

Greenberg, 1988; Duncan et al., 1974; Dickey and

Myers, 1984; Schwarz et al., 1976; Nambu et al., 1994;
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Figure 1. (a) Polymyositis. PA chest radiograph from a 70-year-old male with polymyositis and a restrictive ventilatory defect reveals bilateral

reticular opacities, with a basilar predominance. A left cardiac pacemaker is in place. Transbronchial lung biopsies revealed chronic interstitial

inflammation and fibrosis. (b) Polymyositis. PA chest radiograph from the same patient 3 months later following high dose corticosteroid

therapy has completely normalized. (Reproduced with permission from Lynch and Chavis, 1992.)
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Arakawa et al., 2003; Cottin et al., 2003). The mean

age of presentation is 50–55 years, although ILD can

present at any age (Duncan et al., 1974; Frazier and

Miller, 1974; Schwarz et al., 1976; Dickey and Myers,

1984; Douglas et al., 2001; Arakawa et al., 2003;

Cottin et al., 2003). ILD is more common with PM

than DM (Schwarz, 1992; Schwarz et al., 1976;

Dickey and Myers, 1984; Arsura and Greenberg,

1988). As will be discussed in detail later, circulating

autoantibodies to transfer RNA (tRNA) synthetases

(particularly anti-Jo-1) are present in 70–85% of

patients with PM and ILD, and are typically

associated with a constellation of features including

myositis, ILD, arthritis, and various cutaneous and

vascular components (Marguerie et al., 1990; Yoshida

et al., 1983; Schmidt et al., 2000) (Table 1).

3.3. Clinical manifestations

Although the spectrum of PM/DM-associated ILD is

broad, the onset is usually insidious, progressing over

weeks to months (Schwarz et al., 1976; Dickey and

Myers, 1984; Grau et al., 1996; Schwarz, 1998; Marie

et al., 2002). Dyspnea and nonproductive cough are

the primary symptoms (Schwarz et al., 1976; Dickey

and Myers, 1984; Grau et al., 1996; Schwarz, 1998;

Marie et al., 2002). Physical examination typically

reveals crackles; clubbing is uncommon (Arsura and

Greenberg, 1988; Dickey and Myers, 1984;

Grathwohl et al., 1995; Grau et al., 1996; Schwarz

et al., 1976). Raynaud’s phenomenon is present in

50–60% of PM patients with anti-Jo-1 syndrome

(Schmidt et al., 2000) or ILD (Hidano et al., 1992;

Schnabel et al., 2003) and is associated with a worse

survival (Arsura and Greenberg, 1988; Schwarz,

1992). Importantly, the severity and extent of

pulmonary parenchymal involvement does not corre-

late with the course of the muscle disease, muscle

enzymes, or systemic features (Lakhanpal et al., 1987;

Tazelaar et al., 1990). However, arthritis and

arthralgias are far more common in PM patients

with ILD (48–100% prevalence) (Schwarz, 1998;

Marie et al., 2002; Dickey and Myers, 1984;

Lakhanpal et al., 1987; Hidano et al., 1992; Grau

et al., 1996; Douglas et al., 2001; Yoshida et al., 1983;

Schnabel et al., 2003) compared to patients without

ILD (5–39% prevalence) (Lakhanpal et al., 1987;

Schnabel et al., 2003; Grau et al., 1996). The arthritis

mostly involves the hands, wrists, or knees in a

symmetrical fashion (Grau et al., 1996; Yoshida et al.,

1983; Schumacher et al., 1979; Delbrel et al., 2001).

ILD can occur at any point in the course of the

disease (Schwarz et al., 1976; Dickey and Myers,

1984; Marie et al., 2002; Yang et al., 2002). In a series

of 156 consecutive patients with DM/PM, 36 (23%)

patients developed ILD (Marie et al., 2002). ILD

onset preceded PM/DM in 7 (20%); it developed

concurrently with PM/DM in 15 (42%), and after PM/

DM onset in 14 (38%). However, in another series of

DM patients with ILD, pulmonary disease preceded

the onset of muscular symptoms in 75% of patients

(Grau et al., 1996). The diagnosis may be missed in

patients presenting with predominant respiratory

symptoms. Furthermore, treatment with CS or IS

agents for presumed idiopathic ILD may mask the

myopathy, delaying the diagnosis for weeks or even

years (Douglas et al., 2001). ILD developing con-

currently or within 6 months of the onset of DM has

been associated with a rapidly progressive course in

some patients; in contrast, ILD occurring before or at

least 1 year after the onset of DM has a better

prognosis (Hidano et al., 1986, 1992).

Rarely, patients present more acutely, with fevers,

dyspnea, and cough evolving over a few days or

weeks (Marie et al., 2002; Lee et al., 2002). In this

context, fulminant progression to acute respiratory

failure may occur. This syndrome resembles idio-

pathic acute interstitial pneumonia (AIP) and is asso-

ciated with a histopathological pattern of DAD on

lung biopsy or necropsy (Arsura and Greenberg, 1988;

Table 1

PM-associated ILD: typical clinical features

Restrictive ventilatory defect, low DLCO

Abnormalities on HRCT (e.g. thickened interlobular septa;

reticulation; GGO; consolidation)

Nonspecific interstitial pneumonia (NSIP) most common

histological pattern

Raynaud’s phenomenon (50–60%)

Arthralgias (.70%)

Auto-antibodies to transfer RNA (tRNA) synthetase (e.g. anti-Jo-1,

anti-PL7, antiPL12)

BAL lymphocytosis and/or neutrophilia

Course of ILD does not correlate with severity of muscle or

systemic disease
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Frazier and Miller, 1974; Tazelaar et al., 1990;

Duncan et al., 1974; Schwarz et al., 1976; Dickey

and Myers, 1984). High dose ‘pulse’ intravenous (IV)

methylprednisolone in this context may be lifesaving

(Lee et al., 2002; Marie et al., 2002).

3.4. Diagnostic investigations

3.4.1. Radiographic studies
Chest radiographs in PM-associated ILD typically

demonstrate diffuse reticular (interstitial) infiltrates

with a basilar predominance (Schwarz et al., 1976;

Dickey and Myers, 1984). Alveolar opacities may also

be observed (Schwarz et al., 1976; Grau et al., 1996).

Pleural effusions or intrathoracic lymphadenopathy

are not found. High-resolution computed tomographic

(HRCT) scans are far more sensitive than chest

radiographs in detecting ILD (Schurawitzki et al.,

1990; Wells et al., 2003; Mino et al., 1997) and have

prognostic and diagnostic value (discussed later)

(Akira et al., 1999; Ellis and Hansell, 2002; Arakawa

et al., 2003; Schnabel et al., 2003; Marie et al., 2002).

Salient CT features of PM-associated ILD include:

thickened interlobular septa (.90%); linear (reticu-

lar) opacities (43–92%); irregular interfaces (80%);

ground-glass opacities (GGO) (33–100%); parench-

ymal nodules (27 – 73%); patchy consolidation

(22–100%); honeycomb change (0–19%); and trac-

tion bronchiectasis or bronchiolectasis (0–17%)

(Ikezoe et al., 1996; Mino et al., 1997; Douglas

et al., 2001; Saito et al., 2002; Arakawa et al.,

2003; Akira et al., 1999; Kim et al., 2002b;

Cottin et al., 2003; Marie et al., 2002) (see Table 2).

Similar to idiopathic and CVD-associated pulmonary

fibrosis, PM/DM-associated ILD exhibits a predilec-

tion for basilar and peripheral regions (Mino et al.,

1997; Douglas et al., 2001; Arakawa et al., 2003;

Schnabel et al., 2003; Saito et al., 2002). The

prevalence of specific CT features is difficult to assess

since terminology and CT features evaluated were not

uniform and patient populations were heterogeneous

in the various publications (Fig. 2).

Certain CT features correlate with histological

patterns. Airspace consolidation is a prominent

feature of bronchiolitis obliterans organizing pneu-

monia (BOOP), nonspecific interstitial pneumonia

(NSIP), or DAD (Cottin et al., 2003; Arakawa et al.,

2003; Marie et al., 2002). However, consolidation is

more uniform and extensive with DAD (Cottin et al.,

2003; Ikezoe et al., 1996). A combination of patchy

GGO, intra-lobular reticular opacities, and traction

bronchiectasis without HC suggests NSIP (Cottin

et al., 2003; Arakawa et al., 2003). Subpleural lines,

parenchymal bands, traction bronchiectasis, HC, and

minimal or no GGO suggest usual interstitial

pneumonia (UIP) (Ikezoe et al., 1996; Mino et al.,

1997; Akira et al., 1999; Kim et al., 2002b). Specific

features on CT have prognostic value. Consolidation

or GGO often reverse with CS or IS therapy

whereas HC never improves and may progress

(Schnabel et al., 2003; Mino et al., 1997; Akira et al.,

1999; Arakawa et al., 2003). In one study, serial CT

scans improved with treatment in 16 of 17 (94%)

patients with PM-associated ILD (Mino et al., 1997).

Table 2

Polymyositis-associated ILD: CT features

HRCT feature Reference and number of patients

Ikezoe et al.

(1996), N ¼ 25

Mino et al.

(1997), N ¼ 19

Saito et al.

(2002), N ¼ 42

Marie et al.

(2002), N ¼ 36

Thickened interlobular septa 92% 100% 100% NA

Ground glass opacities 92% 100% 33% 50%

Linear opacities 92% NA 43% 75%

Irregular interfaces 88% 79% NA 83%

Consolidation 52% 100% 45% NA

Parenchymal micronodules 28% NA 73% 30%

Honeycomb change 16% 0 19% 6%
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Patchy consolidation, parenchymal bands, and peri-

bronchovascular thickening resolved, but were often

replaced by prominent interlobular septa, subpleural

lines, or GGO. In another study, serial CT scans were

performed in 14 patients with PM/DM and NSIP; after

institution of CS or IS therapy, CT scans improved in

13 (93%) (Arakawa et al., 2003). Using semi-

quantitative analyses, improvement was noted in the

following parameters: GGO (12 of 14); reticular

opacities (11 of 14); consolidation (5 of 6); and

traction bronchiectasis (4 of 12). However, complete

resolution of all radiographic abnormalities was never

seen. When consolidation improved, it evolved into

GGO mixed with variable degrees of reticulation. No

patient developed HC at a mean follow-up of 27.6

months. A decrease in total area of increased

opacities, GGO, or reticular opacities correlated

with improvement in FVC. Although long-term data

are sparse, we believe CT scans are invaluable to

identify patterns that are amenable to therapy and

monitor evolution of the disease.

3.4.2. Pulmonary function tests
PFTs in PM/DM-associated ILD reveal a restrictive

pattern, with decreased lung volumes and DLCO

(Salmeron et al., 1981; Dickey and Myers, 1984;

Lakhanpal et al., 1987; Schwarz, 1998; Grau et al.,

1996; Cottin et al., 2003; Marie et al., 2002). In a

recent study, severe reduction in DLCO (#45% of

predicted values) was associated with a heightened

mortality (Marie et al., 2002). Airflow obstruction is

not a feature of PM-ILD (Dickey and Myers, 1984;

Grau et al., 1996). Arterial blood gases may

demonstrate hypoxemia at rest, which worsens upon

exertion (Duncan et al., 1974; Schwarz et al., 1976;

Songcharoen et al., 1980; Dickey and Myers, 1984;

Salmeron et al., 1981; Schwarz, 1992; Cottin et al.,

2003). With CS and/or IS therapy, PFTs may improve

(Arakawa et al., 2003). In one recent study, physio-

logical improvement coincided with regression (on

CT scan) of total lung opacities, reticular opacities,

or GGO (Arakawa et al., 2003). In 13 patients, the

total area of increased opacity (on CT) improved;

the decrease in CT extent correlated inversely with

changes in FVC ðr ¼ 20:65; p ¼ 0:03Þ: The decrease

in GGO correlated inversely with changes in

FVC ðr ¼ 0:76; p ¼ 0:012Þ and DLCO ðr ¼ 20:67;

p ¼ 0:04Þ:

3.4.3. Histological features
Early reports of PM-associated ILD described varying

degrees of interstitial lymphoplasmacytic and mono-

nuclear inflammation and fibrosis (Salmeron et al.,

1981; Takizawa et al., 1987; Lakhanpal et al., 1987;

Tazelaar et al., 1990; Schwarz, 1992; Duncan et al.,

1974). The distribution of lesions was often

heterogeneous, with normal lung parenchyma

Figure 2. (a) Dermatomyositis. HRCT demonstrates diffuse

ground-glass attenuation in a patient with DM, dyspnea, and a

restrictive ventilatory defect. (b) HRCT from the same patient 3

weeks after institution of high dose corticosteroid therapy showing

marked improvement. (Reproduced with permission from Lynch

et al., 1999.)
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interspersed with areas of pathology (Salmeron et al.,

1981; Lakhanpal et al., 1987; Takizawa et al., 1987).

Additional features cited included: hyperplasia of type

II pneumocytes (Salmeron et al., 1981; Lakhanpal

et al., 1987; Takizawa et al., 1987; Tazelaar et al.,

1990); foamy macrophages (Salmeron et al., 1981;

Takizawa et al., 1987; Lakhanpal et al., 1987); and

germinal centers (Tazelaar et al., 1990).

More recent studies categorized PM-associated

ILD according to histopathological patterns endorsed

by recent International Consensus Statements of

idiopathic interstitial pneumonias (IIPs) (American

Thoracic Society, 2000, 2002) (Katzenstein and

Myers, 1998). Although PM or DM may give rise to

diverse histological patterns, NSIP is most common

(comprising 45–82% of cases); BOOP, UIP, DAD,

and lymphocytic interstitial pneumonia (LIP) may

also be observed (Douglas et al., 2001; Marie et al.,

2002; Cottin et al., 2003; Takizawa et al., 1987;

Tazelaar et al., 1990) (see Table 3). Importantly, NSIP

can occur in other CVDs (Cottin et al., 1998;

Katzenstein and Fiorelli, 1994; Kim et al., 2002a;

Bouros et al., 2002). In two recent series of patients

with PSS who had SLBx, NSIP was observed in 62 of

80 (77%) (Bouros et al., 2002) and 13 of 19 patients

(68%) (Kim et al., 2002a); only 7 and 26% of cases,

respectively, exhibited UIP pattern. Histological

features of NSIP complicating CVD are similar to

idiopathic disease (Martinez et al., 2003). Defining

features include: temporal homogeneity; diffuse

involvement of alveolar walls with varying degrees

of inflammation or fibrosis; preservation of the

alveolar architecture; and minimal or no fibroblastic

foci (Douglas et al., 2001; Martinez et al., 2003).

Since prospective studies assessing the prevalence

of histological subtypes in PM-associated ILD are

lacking, over-representation of NSIP or BOOP in

published data could reflect a selection bias, since

patients with HRCT features typical of UIP would be

less likely to undergo SLBx.

Histological patterns also correlate with the

clinical presentation and prognosis. Acute onset of

lung disease suggests BOOP or DAD whereas an

insidious onset usually reflects NSIP or UIP (Schwarz,

1998). Furthermore, the histologic patterns of

BOOP or NSIP are far more responsive to treatment

than the UIP pattern (Tazelaar et al., 1990; Schwarz,

1992; Clawson and Oddis, 1995; Grau et al., 1996;

Douglas et al., 2001; Marie et al., 2002). The

prognosis of DAD is variable, but may respond to

IV pulse methylprednisolone (Lee et al., 2002; Marie

et al., 2002).

3.4.4. Bronchoalveolar lavage
The use of bronchoalveolar lavage (BAL) in assessing

severity and prognosis is controversial (Arsura and

Greenberg, 1988; Marie et al., 2002). Both BAL

lymphocytosis and neutrophilia have been described

in DM/PM-associated ILD (Wallaert et al., 1986;

Enomoto et al., 2003; Grau et al., 1996; Yamadori

et al., 2001; Cottin et al., 2003; Marie et al., 2002). In

one recent study of 14 patients with PM or DM and

ILD, BAL revealed lymphocytosis (.25% lympho-

cytes) in seven (50%); neutrophilia (.10% neutro-

phils) in three (21%); mixed pattern in two (14%); and

eosinophilia in one; BAL was normal in one

patient (Cottin et al., 2003). Several groups noted

Table 3

Polymyositis-associated ILD: histological patterns

Reference (number of surgical lung biopsies) Histological pattern number (percent)

NSIP UIP BOOP DAD LIP

Tazelaar et al. (1990) ðn ¼ 15Þ 1 (7%) 5 (33%) 6 (40%) 3 (20%) 0

Douglas et al. (2001) ðn ¼ 22Þ 18 (82%) 1 (4.5%) 1 (4.5%) 2 (9%) 0

Arakawa et al. (2003) ðn ¼ 22Þ 18 (82%) 2 (9%) 1 (4.5%) 1 (4.5%) 0

Cottin et al. (2003) ðn ¼ 18Þ 11 (65%) 2 (11%) 2 (11%) 0 1 (5%)

Marie et al. (2002) ðn ¼ 11Þ 4 (36%) 5 (45%) 2 (18%) 0 0

NSIP, nonspecific interstitial pneumonia; UIP, usual interstitial pneumonia; BOOP, bronchiolitis obliterans organizing pneumonia; DAD,

diffuse alveolar damage; LIP, lymphocytic interstitial pneumonia.
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elevated CD8 þ cells and low CD4/CD8 ratios in

PM-associated ILD (Sauty et al., 1997; Kourakata

et al., 1999; Komocsi et al., 2001; Enomoto et al.,

2003; Yamadori et al., 2001). BAL neutrophilia

appears to predict a worse prognosis. In one recent

study, BAL was performed in 20 patients with PM/

DM-associated ILD; lymphocytosis was noted in

seven (35%); neutrophilia in 13 (65%). Importantly,

all nine patients whose ILD deteriorated manifested

BAL neutrophilia; in contrast, among patients whose

disease improved or stabilized, seven had lympho-

cytic alveolitis; four, neutrophilic alveolitis (Marie

et al., 2002). In another study of 20 patients with PM-

associated ILD, 10 worsened and 10 stabilized or

improved (Schnabel et al., 2003). Median BAL

neutrophil counts were higher (10.5%) in the cohort

exhibiting disease progression (worsening) compared

to the nonprogressive group (mean of 2.5%)

( p ¼ 0.002) (Schnabel et al., 2003). BAL neutro-

philia was present in 8 of 10 patients whose disease

worsened but in only 2 of 10 in the nonprogressive

group. These data support previous studies in fibros-

ing alveolitis complicating other CVDs that BAL

neutrophilia identifies a subset of patients who are

more likely to deteriorate (Silver et al., 1990; Wallaert

et al., 1986; White et al., 2000; Komocsi et al., 2001).

3.4.5. Laboratory tests
The likelihood of developing ILD does not correlate

with the severity of muscular or cutaneous disease

(Frazier and Miller, 1974; Dickey and Myers, 1984;

Schwarz, 1992). Although one study noted that

patients with high levels of CK, aldolase, and muscle

necrosis had an increased risk for developing ILD

(Songcharoen et al., 1980), several studies found no

such relationship (Frazier and Miller, 1974; Schwarz

et al., 1976; Hidano et al., 1992; Dickey and Myers,

1984; Grau et al., 1996; Marie et al., 1998; Yang et al.,

2002). In fact, in one study, the incidence of ILD was

higher (65%) in patients with normal CK levels at the

onset of myositis compared to patients with elevated

CK (20% incidence) (Nawata et al., 1999). Similarly,

in another study, 77% of DM patients with normal CK

levels developed ILD (Takizawa et al., 1987).

The presence of low CK in PM/DM has been

associated with a worse outcome in ILD. In one study

of PM/DM-associated ILD, 17 of 19 (89%) with high

CK levels responded to CS compared to only 3 of 17

(18%) with normal CK levels (Nawata et al., 1999).

One-year survival rates were 89 and 31%, respect-

ively. Lee and colleagues reported five patients with

fulminant DM–PM associated ILD (all died within

5 months of onset of symptoms); CK levels were

normal in all five (Lee et al., 2002). Several reports

affirm that DM patients with low CK levels have more

rapidly progressive ILD (Fudman and Schnitzer,

1986; Takizawa et al., 1987, 1996; Yamanishi et al.,

1999; Hirakata and Nagai, 2000; Sontheimer and

Miyagawa, 2003; Kuroda et al., 2003; High et al.,

2003). In addition, ILD associated with amyopathic

DM (i.e. dermatomyositis sine myositis (Euwer and

Sontheimer, 1994)) appears to have a worse prognosis

(Sontheimer and Miyagawa, 2003).

3.4.6. Autoantibodies to t-RNA synthetases
Antibodies to a group of cellular enzymes, transfer

RNA (tRNA) synthetases (anti-Jo1, anti-PL7, anti-

PL12) (Marguerie et al., 1990), KJ (Targoff et al.,

1989; Sauty et al., 1997; Targoff, 1994), or Mi-2

(Adams-Gandhi et al., 1996) are present in only 30%

of PM/DM patients, but correlate strongly with the

presence of ILD (Targoff, 1994; Schmidt et al., 2000).

ILD is present in 75–100% of PM/DM patients with

antibodies to these various tRNA synthetases but in

only 3–37% of PM/DM patients without these

antibodies (Marguerie et al., 1990; Targoff et al.,

1989; Hirakata et al., 1992; Yoshida et al., 1983;

Hochberg et al., 1984; Grau et al., 1996; Marie et al.,

1998; Schnabel et al., 2003; Schmidt et al., 2000;

Arnett et al., 1981). These auto-antibodies are rarely

present in other CVDs (Marguerie et al., 1990;

Targoff et al., 1989; Schnabel et al., 2003; Schmidt

et al., 2000). In one study of 213 patients with

scleroderma, anti-tRNA synthetase antibodies were

never found (Vazquez-Abad and Rothfield, 1996).

The most common of these auto-antibodies is

directed against the Jo-1 antigen, a cytoplasmic

histidyl-t-RNA synthetase (Marguerie et al., 1990;

Bernstein et al., 1984; Hirakata and Nagai, 2000;

Delbrel et al., 2001; Arnett et al., 1981; Yoshida et al.,

1983; Hochberg et al., 1984; Schmidt et al., 2000).

The presence of this circulating antibody is usually

associated with a clinical syndrome characterized by

ILD, polyarthritis, myositis, and additional cutaneous
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or vascular features (Schmidt et al., 2000; Targoff,

1994). Auto-antibodies directed at other cytoplasmic

aminoacyl- or glycyl-tRNA synthetases (e.g. PL-7,

PL-12, EJ, OJ), are associated with clinical features

similar to the anti-Jo-1 syndrome (Targoff, 1990,

1994; Cottin et al., 2003; Marguerie et al., 1990), but

in the aggregate are 5–6 times less common than anti-

Jo-1 (Schmidt et al., 2000; Targoff, 1994; Hirakata

et al., 1992).

Studies from Europe, the United States, and Japan

affirmed a strong relationship between anti-Jo1

antibodies and ILD among patients with PM or DM

(Bernstein et al., 1984; Yoshida et al., 1983; Hochberg

et al., 1984; Grau et al., 1996; Marie et al., 1998;

Schnabel et al., 2003). In one sentinel Japanese study,

ILD was present on chest radiographs in all nine PM/

DM patients with anti-Jo-1 antibodies but in only 5 of

23 patients (22%) lacking these antibodies (Yoshida

et al., 1983). Similarly, a study in the United States

cited ILD in 5 of 10 patients (50%) with anti-Jo-1

antibody but in only 5 of 34 (13%) anti-Jo-1 negative

patients (Hochberg et al., 1984). In Europe, anti-Jo-1

antibodies were detected in 75% of PM/DM patients

with ILD but in only 3 (Grau et al., 1996) and 12%

(Schnabel et al., 2003) of PM/DM patients lacking

these antibodies. Cases of rapidly progressive and

treatment-refractory ILD may occur among anti-Jo-1

positive patients (Clawson and Oddis, 1995), but two

retrospective studies of PM/DM patients with ILD

noted similar long-term survival rates (Douglas et al.,

2001) and clinical course (Marie et al., 2002) among

anti-Jo-1 positive and anti-Jo-1 negative patients with

ILD. Although ILD is the most common pulmonary

feature observed in PM patients with anti-Jo-1

antibodies, anecdotal cases of organizing pneumonia

(OP) (Chan et al., 1995), acute respiratory distress

syndrome (ARDS) (Clawson and Oddis, 1995), and

capillaritis with diffuse alveolar hemorrhage

(Schwarz et al., 1995) have been described; these

manifestations are rare.

The salient clinical and laboratory features of anti-

Jo-1 syndrome were detailed in a comprehensive

review of 231 patients with anti-Jo1 antibodies

gleaned from 46 publications (Schmidt et al., 2000)

(Table 4). Concomitant laboratory features included:

elevated erythrocyte sedimentation rate (ESR) (77%);

elevated C-reactive protein (CRP) (73%); anti-

nuclear antibody (ANA) (36%); and rheumatoid

factor (RF) (27%). Importantly, the following auto-

antibodies were rarely evident (0–5%): anti-centro-

mere, anti-U1-RNP; anti-La; anti-double-stranding

(ds) DNA, antinuclear cytoplasmic antibody (ANCA)

(Table 5). Anti-SCL-70 was never found (Schmidt

et al., 2000). Similarly, in two series comprising 58

patients with anti-tRNA syntetases (including 44 with

anti-Jo-1 antibodies), anti-SCL-70 was never found;

anti-La, anti-U1-RNP, anti-centromere, anti-DNA,

and anti-Sm antibodies were detected in 4–11%

(Love et al., 1991; Hausmanowa-Petrusewicz et al.,

1997).

Although not specific for DM/PM, other serum

markers may be biomarkers of ILD. KL-6 is a

mucinous glycoprotein present in the circulation and

on alveolar type II pneumocytes (Ohnishi et al.,

2002). Elevated levels of serum KL-6 have been

noted in CVD-associated ILD, hypersensitivity

pneumonia, and idiopathic interstitial pneumonias

Table 4

Clinical features of anti-Jo-1 syndrome (adapted from Schmidt et al.,

2000)

Clinical features (231 patients) Percent

Myositis 91

Interstitial lung disease 75

Arthritis 74

Raynaud’s phenomenon 50

Sicca syndrome 34

Sclerodactyly 26

Dermatomyositis 22

Mechanic’s hands 21

Telangiectasia 18

Table 5

Laboratory features of anti-Jo-1 syndrome (adapted from Schmidt

et al., 2000)

Clinical features (231 patients) Number of patients/percent

Elevated ESR 57 of 74 (77%)

Elevated C-reactive protein (CRP) 46 of 63 (73%)

Antinuclear antibody (ANA) 41 of 114 (36%)

Anti-Ro 7 of 89 (8%)

Anti-U1-RNP 4 of 88 (5%)

Anti-La 1 of 31 (3%)

Anti-double stranded DNA 2 of 71 (2%)

Anti-SCL-70 0 of 26 (0%)

ANCA 0 of 26 (0%)
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compared to patients without ILD (Kobayashi and

Kitamura, 1995; Nakajima et al., 2000; Ohnishi et al.,

2002). Furthermore, serum levels may correlate with

disease activity (Kobayashi and Kitamura, 1995;

Nakajima et al., 2000; Ohnishi et al., 2002). These

findings also extend to patients with ILD complicating

PM/DM (Bandoh et al., 2000; Kubo et al., 2000).

High serum levels of surfactant protein-D are also

associated with various ILDs (Honda et al., 1995;

Takahashi et al., 2000a,b; Ohnishi et al., 2002) but

sensitivity and diagnostic accuracy is less than KL-6

(Ohnishi et al., 2002). Like KL-6, SP-D appears to be

a marker for PM/DM-associated ILD (Ihn et al.,

2002).

3.4.7. Differential diagnosis
Pulmonary infiltrates in the setting of treated patients

with PM or DM can reflect opportunistic infections or

even drug-induced pulmonary toxicity. Both metho-

trexate (MTX) and cyclophosphamide (CP) can cause

lung injury. Methotrexate-induced pneumonitis

occurs in 0.5–14% of patients receiving low doses

of the medication (Zisman et al., 2001). Methotrexate

most commonly causes hypersensitivity pneumonia

with dry cough, fever, dyspnea, and peripheral

eosinophilia (Lynch and McCune, 1997; Zisman

et al., 2001). The toxic effects of MTX on the lung

can occur at any time during the course of therapy, at

any dose, and with any route of administration.

Treatment includes stopping MTX and, in severe

cases, initiating CS therapy.

Cyclophosphamide-induced lung toxicity is

characterized by either acute pneumonitis or chronic,

progressive pulmonary fibrosis (Lynch and McCune,

1997; Malik et al., 1996). The acute form usually

occurs within the first 6 months of treatment, while the

chronic fibrosing pneumonitis occurs with long-term

use (Malik et al., 1996). The diagnosis may go

unrecognized for years after cessation of the drug.

Acute pneumonitis usually improves with CS

therapy, but the chronic pattern generally is progress-

ive and often fatal (Malik et al., 1996). Fortunately,

CP-induced pneumonitis is rare in the absence of

other possible risk factors, such as radiation

therapy and concurrent use of cytotoxic agents (e.g.

bleomycin).

3.4.8. Treatment
Optimal treatment for PM-associated ILD has not

been elucidated, as randomized, controlled thera-

peutic trials have not been done. As has been

discussed, the clinical course and prognosis of PM-

associated ILD is heterogeneous, and treatment needs

to be individualized. Nonetheless, ILD is a serious and

potentially fatal complication of PM/DM. In two

separate retrospective surveys of dermatologic insti-

tutions in Japan, fatality rates among patients with

DM-associated ILD were 45 and 42% (Hidano et al.,

1986, 1992). Similarly, retrospective studies in the

USA and France cited 5-year mortality rates exceed-

ing 40% (Arsura and Greenberg, 1988; Douglas et al.,

2001; Marie et al., 2002). The presence of ILD

complicating PM/DM was associated with heightened

mortality in some (Lakhanpal et al., 1987; Arsura and

Greenberg, 1988; Cottin et al., 2003), but not all

(Marie et al., 2002; Grau et al., 1996), studies.

Survival depends upon the underlying lung histology

in PM/DM-associated ILD; the prognosis of UIP

pattern is worse than NSIP (Arakawa et al., 2003;

Clawson and Oddis, 1995; Grau et al., 1996; Douglas

et al., 2001; Marie et al., 2002) or BOOP (Tazelaar

et al., 1990) patterns.

The decision to treat PM-associated ILD depends

upon numerous factors including the acuity and

severity of the disease, extent of pulmonary dysfunc-

tion, type and extent of aberrations on HRCT, and

presence or absence of contraindications to CS or IS

therapy. For patients requiring treatment, most

authors consider CS as the preferred initial therapy

(DeVere and Bradley, 1975; Caproni et al., 2002;

Frazier and Miller, 1974; Duncan et al., 1974;

Schwarz et al., 1976; Salmeron et al., 1981; Saito

et al., 2002; Tazelaar et al., 1990; Nawata et al., 1999).

Optimal dose and duration have not been studied in

randomized trials, but initial therapy with oral

prednisone 0.75–1.0 mg/kg per day (or equivalent),

with gradual taper is reasonable. For more severe or

fulminant disease, high-dose IV methylprednisolone

(1.0 gm daily for 3 days) may be administered

(Hirakata and Nagai, 2000; Oddis, 2000; Sauty et al.,

1997; Nawata et al., 1999). Patients failing CS or

experiencing adverse effects from CS should be

treated with IS or cytotoxic agents (Douglas et al.,

2001; Yamadori et al., 2001; Cottin et al., 2003;
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Marie et al., 2002). Although data are limited to small

series and case reports, responses have been noted

with: cyclophosphamide (CP) (IV or oral) (al-Janadi

et al., 1989; Marie et al., 1998, 2002; Schnabel et al.,

1998; Knoell et al., 1999; Yoshida et al., 1999;

Tanaka et al., 2000; Sugisaki et al., 2002; Mok et al.,

2003; Maccioni and Colebatch, 1990; Shinohara et al.,

1997); azathioprine (AZA) (Rowen and Reichel,

1983; Sauty et al., 1997; Marie et al., 1998, 2002;

Mok et al., 2003; Grau et al., 1996), methotrexate

(MTX) (Chang and Lee, 2003; Itoh et al., 1999;

Songcharoen et al., 1980), cyclosporin A (CsA)

(Gruhn and Diaz-Buxo, 1987; Sauty et al., 1997;

Stedeford and Wordsworth, 1991; Mehregan and Su,

1993; Maeda et al., 1997; Nawata et al., 1999;

Sugisaki et al., 2002; Miyake et al., 2002; Kuroda

et al., 2003), and tacrolimus (Oddis et al., 1999), even

in patients failing CS.

Early reports suggested a relatively poor prognosis

and response to therapy among patients with PM-

associated ILD (Lynch and Hunninghake, 1992;

Arsura and Greenberg, 1988; Hidano et al., 1986,

1992), but recent studies suggest the prognosis is

favorable provided treatment is initiated early (Cottin

et al., 2003; Arakawa et al., 2003; Mino et al., 1997;

Nawata et al., 1999). In two studies evaluating serial

CT scans in PM-associated ILD, short-term improve-

ment was noted with medical therapy in 16 of 17

(94%) (Mino et al., 1997) and 13 of 14 (93%) patients,

respectively (Arakawa et al., 2003). In another study,

favorable responses were achieved with CS in 20 of

36 (56%) patients with PM-associated ILD; however,

responses were much lower (3 of 17 (18%) among

patients with normal CK levels) (Nawata et al., 1999).

Investigators from the Mayo Clinic retrospectively

reviewed 70 patients with PM/DM and ILD (Douglas

et al., 2001). Initial treatment included CS in 67

patients (96%); additional agents were added when

response to CS was suboptimal. The most commonly

employed IS agents included: AZA ðn ¼ 25Þ; MTX

ðn ¼ 14Þ; hydroxychloroquine ðn ¼ 10Þ; CP ðn ¼ 7Þ;

CsA ðn ¼ 3Þ: Efficacy of individual treatment regi-

mens was not analyzed. Among 58 patients diagnosed

after 1989, 3- and 5-year survival rates were 74 and

60%, respectively (Douglas et al., 2001). French

investigators described clinical outcomes in 17

patients with PM-associated ILD treated with various

regimens (CS ðn ¼ 16Þ; IS ðn ¼ 12Þ; IV polyclonal

gamma-globulins ðn ¼ 5Þ; plasma exchange ðn ¼ 1Þ

(Cottin et al., 2003). The pulmonary disease improved

in 11 (complete in two), but five relapses occurred in

three patients with taper or discontinuation of therapy.

At long-term follow-up, 12 patients were alive; five

died of respiratory failure (at a mean of 3.5 years

following SLBx); one patient underwent transplan-

tation. One-, two- and five-year survival rates were

100, 93, and 50%, respectively. Importantly, the

outcome of the muscle disease was not always

concordant with the pulmonary process. Marie et al.

retrospectively evaluated 36 patients with PM/DM

and ILD (Marie et al., 2002). All patients received CS;

half of the patients also received CP ðn ¼ 10Þ or AZA

ðn ¼ 8Þ: During a median follow-up of 53 months,

ILD resolved completely in 27 (75%) (partial in 20;

complete in 7) and worsened in 9 (25%) (Marie et al.,

2002). Survival rates at 3- and 5-years were 90 and

86.5%, respectively (Marie et al., 2002). In another

recent study, 14 patients with NSIP complicating PM

were treated with CS combined with IS (Arakawa

et al., 2003). One patient died of respiratory failure;

the remaining 13 patients improved (by CT or PFT

parameters). In one study, 12 patients with PM/DM

and NSIP were treated with pulse methylprednisolone

(followed by a CS taper) plus pulse CP (once

weekly £ 3 weeks) (Yamadori et al., 2001). All 12

‘improved’ but no additional data were provided.

Favorable responses have been noted with the

calcineurin inhibitors, cyclosporin A (CsA) or tacro-

limus. In one study, five of five patients with CS-

recalcitrant ILD responded to CsA (Nawata et al.,

1999). In another study, three patients with CS-

recalcitrant NSIP complicating PM responded to a

combination of CsA plus AZA (Sauty et al., 1997).

4. What is the role of lung biopsy in
patients with PM-associated ILD?

Management and treatment of ILD in the setting of

PM/DM is complex and should be individualized. For

patients with mild disease or an indolent course, we

recommend baseline studies to include PFTs and

HRCT. Invasive studies (e.g. flexible fiberoptic

bronchoscopy (FFB) with BAL and transbronchial

lung biopsies (TBBs) or surgical lung biopsy) are
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reserved for selected patients. We perform FFB with

BAL and TBBs in PM/DM patients with new-onset

pulmonary infiltrates, particularly when the disease is

focal or consolidation is present. When bronchoscopic

findings are not definitive, SLBx should be con-

sidered. Histological confirmation is mandatory when

an infectious process is suspected (e.g. when fever,

sweats or chills are present), particularly when

patients have received CS or IS therapy. Broncho-

scopy with appropriate cultures and biopsies may

establish a diagnosis of BOOP or infection in some

patients, but cannot unequivocally diagnose other IIPs

such as NSIP or UIP. Surgical lung biopsy often

provides a definitive diagnosis, but its role to diagnose

PM-associated ILD is controversial. Histological

findings on SLBx are prognostically useful (i.e.

discriminating BOOP, NSIP, UIP, etc.), but may

have minimal impact on treatment. Further, SLBx is

associated with potential morbidity and (rarely)

mortality (Tazelaar et al., 1990). For these reasons,

indications for SLBx should be circumscribed. We see

little role for SLBx in previously untreated patients

with classic DM/PM, positive anti-Jo-1 antibody,

reticular (interstitial) infiltrates, and an indolent

course. In this context, empirical treatment with CS

is reasonable after obtaining appropriate baseline

studies (e.g. PFTs, serologies, or HRCT scan)

(Duncan et al., 1974; Schwarz, 1992). Conversely,

the development of focal pulmonary infiltrates in PM

or DM patients on high dose CS or IS therapy could

reflect opportunistic infection. In this setting, an

invasive approach, employing FFB or video-assisted

thoracoscopic surgical lung biopsy (VATS), is

advised.

When infection has been definitely excluded,

treatment with high dose CS is warranted, particularly

for patients with a subacute course or severe disease.

However, not all PM patients with ILD should be

treated, particularly when surrogate markers of

inflammation are lacking. Findings on HRCT scan

may be invaluable to identify best or worst candidates

for treatment. Extensive GGO on CT suggests the

presence of an active inflammatory alveolitis, and

warrants prompt treatment with CS and/or IS agents

(provided infection has been excluded). By contrast,

the presence of a pure reticular pattern or HC and no

GGO suggests a low likelihood of responsiveness to

therapy. In this context, aggressive treatment is

usually ill advised. In this context, particularly

among patients with mild to moderate symptoms

and an indolent course, treatment may be withheld

pending an observation period (weeks to months).

Serial PFTs and CT scans should be performed to

monitor the course of the disease. When the disease

progresses (worsens), aggressive treatment with CS

and/or IS agents should be considered.

As we have discussed, optimal therapy of DM-

associated ILD has not been investigated in controlled,

randomized trials. Unless specific contraindications

to CS exist, we initiate treatment with CS and assess

response clinically and by PFTs. Patients failing or

experiencing adverse effects from CS are treated

with IS agents. In this setting, oral AZA or MTX are

first-line agents for in less severe cases. We reserve CP

(IV or oral) for patients failing AZA or MTX or

with life-threatening disease. Calcineurin inhibitors

(e.g. cyclosporin A or tacrolimus) are reserved for

patients failing CS and/or additional IS agents.

Key points

† ILD can complicate PM or DM at any point in

the disease, and is associated with signifi-

cant potential morbidity and mortality.

† Predominant physiological aberrations of

PM-associated ILD include a restrictive

ventilatory defect, impaired gas transfer

and impaired oxygenation.

† Respiratory failure due to neuromuscular

weakness can also give rise to a restrictive

ventilatory defect and hypoxemia and needs

to be excluded.

† The clinical presentation and course of PM-

associated ILD is variable, and in part

depends upon underlying the histological

pattern (assessed by surgical lung biopsy).

† NSIP is the most common histological

pattern observed in patients with ILD com-

plicating PM or DM, but other patterns can

be seen.

† Surgical lung biopsy may be important to

exclude opportunistic infections and estab-

lish a precise histological diagnosis, but is

not always essential provided other features

are characteristic.
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CHAPTER 12

Pulmonary Involvement in Miscellaneous Connective Tissue

Diseases

Athol U. Wells*, Gary Davies
Royal Brompton Hospital, Chelsea, London, UK.

1. Introduction

This chapter covers the lung manifestations of a

number of miscellaneous connective tissue disorders:

mixed connective tissue disease (MCTD), relapsing

polychondritis (with the exception of the associated

vasculitis, which is discussed elsewhere in this

volume), ankylosing spondylitis (AS) and the Marfan

syndrome (MS). These conditions have in common

the fact that pulmonary involvement is well recog-

nised, may be life threatening, but is infrequently

encountered in routine clinical practice, either

because the systemic disorder is rare (especially

relapsing polychondritis), or because lung involve-

ment occurs infrequently.

2. Mixed connective tissue disease

Disorders with overlapping features of more than one

rheumatological disease have long caused classifi-

cation difficulties. The terminology used to describe

the mixture of features of systemic lupus erythema-

tosus (SLE), systemic sclerosis (SSc) and polymyo-

sitis/dermatomyositis (PM/DM) has included overlap

syndrome, undifferentiated connective tissue disease

and mixed collagenosis (Ginsburg et al., 1983;

Prakash, 1992, 1998). The concept that this spectrum

of disease can be unified into a single disorder has

fuelled considerable debate. It has been argued that

overlap syndromes should be viewed as intermediate

disorders, with many patients ultimately meeting

criteria for a single predominant rheumatological

disorder (SLE, SSc or PM / DM) (van den Hoogen

et al., 1994), with differentiation into an individual

disorder in part genetically determined (Gendi et al.,

1995; Kallenberg, 1993). However, it is now broadly

accepted that serological data justify the use of the

term ‘mixed connective tissue disease’ (MCTD), first

proposed in 1972 (Sharp et al., 1972). The presence of

high titres of circulating autoantibodies to a nuclear

ribonucleoprotein antigen (anti-(U1)-Sn-RNP) is a

prerequisite for the diagnosis of MCTD (Maddison,

1991). In the initial classification of Sharp (Sharp and

Anderson, 1980), diagnostic criteria for MCTD were

as follows.

Major criteria:

(1) severe myositis

(2) lung involvement (DLco , 70% or proliferative

vascular lesions on biopsy)

(3) Raynaud’s phenomenon or esophageal

dysmotility

(4) swollen hands or sclerodactyly

(5) anti-RNA . 1/10,000, with positive anti-RNP

and negative anti-Sm antibodies.

Minor criteria: alopecia, leukopenia, anaemia,

pleuritis, pericarditis, arthritis, trigeminal neuralgia,
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malar rash, thrombocytopenia, mild myositis, history

of swollen hands.

In this classification system, MCTD is considered

to be definite if four major criteria are met, anti U1

RNP titres exceed 1/4000 and anti-Sm antibodies are

absent. MCTD is considered to be probable if anti U1

RNP titres exceed 1/4000 and either three major

criteria are met and anti-Sm antibodies are absent or

two major criteria and one minor criterion are met.

However, the ephemeral nature of the clinical features

of MCTD is amply illustrated by the existence of three

alternative classification systems (Amigues et al.,

1996), all requiring the presence of anti U1 RNP

antibodies, but a variable selection of clinical features.

The most pragmatic classification, that of Kahn

(Amigues et al., 1996), consists of:

(1) serological criteria: presence of high titre anti-

RNP, corresponding to speckled ANA at titres

.1/2000

(2) clinical criteria: (a) Raynaud’s phenomenon;

(b) synovitis; (c) myositis; (d) swollen fingers.

The diagnosis of MCTD requires positive serolo-

gical criteria, Raynaud’s phenomenon and satisfaction

of two of the remaining three clinical criteria.

The distinctive features of the Kahn criteria are that

precision in the designation of clinical features is not

required, and histological evaluation is unnecessary.

This has obvious advantages in a disorder which tends

to evolve clinically as disease progresses, and in

which individual clinical criteria may be ephemeral.

The drawback of the multiplicity of classification

systems, applying especially to the Kahn criteria, is

that published series necessarily contain highly

variable patient sub-groups and it is, therefore,

difficult to compare populations and standardise

clinical evaluation. The prevalence of MCTD, more

than three decades after the syndrome was proposed,

has not been precisely defined but probably approxi-

mates 1 in 10,000 (Venables, 1998). The disease

develops most frequently in females in the fourth

decade and no racial predilection has been documen-

ted. In addition to the clinical features proposed by

Sharp, generalised lymphadenopathy is present in up

to 50% and renal involvement in 10–20% (Sullivan

et al., 1984). Cardiac manifestations include pericar-

ditis and, less commonly, myocarditis and left

ventricular impairment, occasionally resulting in left

ventricular failure (Alpert et al., 1983).

Pulmonary involvement in MCTD encompasses

the full range of lung disease seen in SSc, PM / DM

and SLE, described in detail elsewhere in this volume.

Amongst a large number of manifestations of lung

involvement, the three most frequent are pleural

effusion, interstitial fibrosis and pulmonary hyperten-

sion, in keeping with the most prevalent pulmonary

complications of SSc, PM/DM and SLE (Table 1).

The prevalence of pulmonary disease in MCTD is

critically dependent upon the level and duration of

evaluation. In a retrospective series of 81 MCTD

patients, only 25% were considered to have pleur-

opulmonary disease, most commonly basal interstitial

fibrosis (Prakash et al., 1985). However, in a

prospective study of 34 patients, abnormal infiltrates

on chest radiography compatible with interstitial lung

disease were present in 85% (Sullivan et al., 1984).

The marked differences between these two reports

may reflect variations in patient subsets in a

notoriously heterogeneous disorder, but also differ-

ences in the duration of follow-up.

Pleural disease in MCTD occurs most frequently in

MCTD patients with predominantly SLE-like clinical

features; the pleura are very seldom involved in SSc

or PM / DM. Pleuritic pain is reported in up to 40% of

patients (Sullivan et al., 1984), but despite this high

prevalence, pleural abnormalities are very seldom the

initial manifestation of disease (unlike SLE) (Beier

et al., 1992). In the few reported cases in which

Table 1

In MCTD, it is clinically useful to characterise the nature of lung

involvement as typical of SSc, PM/DM or SLE

SLE PM / DM SSc

Interstitial fibrosis þ þþ þþþ

Organising pneumonia ^ þþ ^

Lymphocytic interstitial pneumonia ^ ^ ^

Obliterative bronchiolitis ^ ^

Bronchiectasis ^

Pleural involvement þþþ

Respiratory muscle weakness þþ þþ ^

Pulmonary hypertension þþ þ þþþ

Diffuse alveolar haemorrhage þ ^ ^

The prevalence of pulmonary complications in these three

disorders is shown semi-quantitatively: þþþ : common; þþ :

fairly frequent; þ : occasional; ^ : rare.
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pleural involvement is the primary presenting feature

of MCTD, exudative effusions have tended to be

associated with pericarditis (Beier et al., 1992;

Richard et al., 1996), although this is not invariably

the case (Hoogsteden et al., 1985). Pleural effusions

may be unilateral or bilateral, are usually small and

generally resolve spontaneously (Prakash, 1998).

Interstitial fibrosis is probably the most prevalent

pulmonary complication in MCTD (Prakash, 1992)

and is predominantly basal in distribution on lung

auscultation (Sullivan et al., 1984) and on chest

radiography (Prakash et al., 1985). Histological

abnormalities consist of alveolar septal infiltration

by lymphocytes, plasma cells and type III collagen,

with appearances similar to those in SSc (Wiener-

Kronish et al., 1981); this description is compatible

with an underlying histological pattern of non-specific

interstitial pneumonia, the most frequent fibrotic

interstitial pattern in SSc (Bouros et al., 2002) and

PM / DM (Douglas et al., 2001). Perhaps surprisingly,

organising pneumonia appears to be relatively

infrequent in MCTD, despite a high prevalence in

PM / DM. In a recent high resolution CT evaluation of

41 patients with MCTD and overt lung involvement,

appearances were typical of non-specific interstitial

pneumonia, with prominent ground-glass attenuation

and fine fibrotic abnormalities but little honeycomb-

ing (Kozuka et al., 2001). In this series, air-space

consolidation (compatible with organising pneumo-

nia) was present in a quarter of cases but was very

limited in extent. Thus, interstitial disease in MCTD

appears to be largely fibrotic and irreversible, most

closely resembling interstitial lung involvement in

SSc, although there are no definitive evaluations of

the rapidity of disease progression on MCTD.

Pulmonary function studies suggest a high preva-

lence of sub-clinical interstitial lung abnormalities in

MCTD. Gas transfer (DLco) levels are reduced in

two-thirds of patients with no respiratory symptoms,

and a restrictive ventilatory defect is present in a large

minority (Sharp and Anderson, 1980). Bronchoalveo-

lar lavage abnormalities have also been reported in

asymptomatic MCTD patients (believed to denote

subclinical alveolitis), although the nature of the

abnormality has been variably neutrophilic (Wallaert

et al., 1990) and lymphocytic (Enomoto et al., 2003).

The clinical significance of mild lung function

impairment, limited CT abnormalities and increased

bronchoalveolar lavage cellularity in asymptomatic

MCTD patients is often difficult to judge; there is no

evidence, as yet, that subclinical alveolitis is a

precursor of progressive interstitial fibrosis.

Pulmonary vascular disease is well recognised in

MCTD, with fatal pulmonary hypertension reported in

a number of cases, typically in women aged less than

40 (King, 1998). Underlying mechanisms may

include vasoconstriction due to pulmonary artery

hyper-reactivity (Ueda et al., 1984), severe pulmonary

vasculitis (Alpert et al., 1983; Wiener-Kronish et al.,

1981; Demedts, 1990), and pulmonary thromboem-

bolism, especially in MCTD with SLE-like features,

with or without circulating prothrombotic antibodies

(Hainaut et al., 1986). Overall, it appears that

pulmonary vascular histological abnormalities in

MCTD most often resemble those of SSc, with

marked intimal and medial thickening in small to

medium-sized arteries and endarteritis obliterans

(Wiener-Kronish et al., 1981; Ueda et al., 1984;

Hosoda et al., 1987); vasculitis and thromboembo-

lism, both features of pulmonary vascular disease in

SLE, are less prevalent. Although clinically overt

pulmonary vascular disease is less frequent than

interstitial fibrosis, it is an important cause of

morbidity and mortality in MCTD.

Other pulmonary disorders in MCTD vary with the

nature of systemic disease. In patients with a

predominant picture of PM/DM, respiratory muscle

weakness is occasionally a manifestation of inflam-

matory myositis and may even result in respiratory

failure (Martyn et al., 1988), although respiratory

muscle function is normal in most patients (Derderian

et al., 1985). In patients with an SLE-like disease,

severe diffuse alveolar haemorrhage has occurred

(Germain and Davidman, 1984; Sanchez-Guerrero

et al., 1989). When the systemic profile is predomi-

nantly that of SSc or PM / DM, esophageal dysmotility,

hypotonicity and dilatation are common (Prakash

et al., 1985). Evidence of small airways involvement,

as judged by studies of dynamic compliance, was

frequent in one report (Izumiyama et al., 1993), but

tests of small airways function are notoriously

difficult to interpret in early interstitial lung disease

and in any case, clinical significant obliterative

bronchiolitis has yet to be reported in MCTD. Finally,

opportunistic infection may complicate immunosup-

pressive therapy, exactly as in other connective tissue
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diseases; lung infection has presented as cavitary

lung nodules in a number of cases (Webb and

Gamsu, 1981).

There are no controlled data on which to base

therapy for lung involvement in MCTD but the same

reservation largely applies to other connective tissue

diseases. It is generally accepted that lung involve-

ment should be characterised as most closely

resembling lung disease in SSc, PM / DM or SLE;

this exercise provides a guide to likely prognosis and

allows the accumulated therapeutic experience in

these disorders to be applied to MCTD. Thus, pleural

effusions can usefully be treated as in SLE, organising

pneumonia as in PM / DM, and interstitial fibrosis

or pulmonary hypertension as in SSc. The nature of

the predominant lung process is often obvious when

pulmonary function tests, echocardiography and high

resolution CT are evaluated in conjunction, and it is

now seldom necessary to resort to a surgical lung

biopsy in most MCTD patients. The regimens used for

the various lung disorders of MCTD are described in

detail elsewhere in this volume, in sections dealing

with SLE, SSc and PM/DM. Broadly, most disorders

are treated with corticosteroids and/or immunosup-

pressive agents, in keeping with an autoimmune

pathogenesis. Interstitial fibrosis is irreversible but, as

in other connective tissue diseases, treatment may be

warranted in the hope of preventing or slowing

disease progression. Regimens used for interstitial

fibrosis in SSc (Latsi and Wells, 2003) appear

appropriate and usually consist of low dose steroids

in combination with an immunosuppressive agent

such as cyclophosphamide or azathioprine.

In general, pleural effusions and organising

pneumonia often respond well to corticosteroid

therapy, although an immunosuppressive agent may

need to be added when organising pneumonia is

refractory.

The exceptions to immunosuppressive treatment

are pulmonary hypertension and opportunistic infec-

tion. Pulmonary hypertension will occasionally par-

tially respond to vasodilating agents such as captopril

(Alpert et al., 1992) and nifedipene (Alpert et al.,

1991) and the more recently discovered Bosentan

(Kenyon and Nappi, 2003) and Epoprostenol (Strange

et al., 2000). Pulmonary hypertension is seldom

completely reversible, except in occasional cases

with a vasculitic pathogenesis.

Long-term outcome has not been quantified with

any precision. However, it is clear that the natural

history and treated course of the various lung

disorders are highly heterogeneous. In some cases,

involvement is limited, indolent or responds well to

treatment; a good outcome with immunosuppressive

treatment was seen in the majority of cases in a

prospective evaluation of 34 cases (Sullivan et al.,

1984). However, a minority of patients progresses

inexorably in spite of intervention, and this applies

especially to those with pulmonary hypertension

(Wiener-Kronish et al., 1981) or an SSc-like systemic

profile (Sullivan et al., 1984).

3. Relapsing polychondritis

Relapsing polychondritis is a rare multi-system

disease in which recurrent progressive inflammation

of cartilaginous structures results in widespread

degenerative change. Sites involved include the

elastic cartilage of the nose and ears, the hyaline

cartilage of peripheral joints, and fibrocartilage at

axial sites (such as the ribs). Pulmonary involvement

consists of degradation of cartilage in the tracheo-

bronchial tree. The disease is generally multifocal;

inflammation may also develop in other structures

rich in proteoglycans, including the blood vessels,

eyes, inner ear, heart and kidneys. The spectrum of

systemic and pulmonary disease in relapsing poly-

chondritis is reviewed in a number of articles

(Tanoue, 1992; Lee-Chiong, 1998; Letko et al., 2002).

Relapsing polychondritis was first reported as

‘polychondropathia’ by Jaksch-Wartenhorst (1923)

and the widespread nature of the disease was

documented by Alther (1936). Synonyms have

included chondromalacia, diffuse perichondritis,

chronic atrophic polychondritis, diffuse chondrolysis

and dyschondroplasia; the term “relapsing polychon-

dritis” was coined in an influential article by Pearson

et al. (1960). It was, by then, apparent that the disease

was exceedingly rare; the accumulated experience of

relapsing polychondritis now amounts to over 700

published cases. Cartilaginous involvement occurs

most frequently in the ears (85 – 95%), nose

(50–60%), upper respiratory tract (30–50%), and

ribs; the other most frequent complications consist of
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ocular inflammation, non-erosive arthropathy, and

vestibulo-cochlear dysfunction (Zeuner et al., 1997;

Isaak et al., 1986).

The compilation of sites of involvement in

relapsing polychondritis is complicated by the high

prevalence of other autoimmune disorders; thus, it is

uncertain, in many cases, whether apparent sites of

disease activity merely represent the manifestations of

associated diseases. Vasculitis of small and large

arteries is extremely common (Burlew et al., 1992)

and is discussed in detail elsewhere in this volume, in

the chapter by Bennett and D’Cruz. Other auto-

immune diseases, fulfilling formal diagnostic criteria,

are present in approximately 30% of cases and

these include rheumatoid arthritis, SLE, Sjogren’s

syndrome, AS, polyarteritis nodosa, Wegener’s

granulomatosis, Bechet’s disease and Reiter’s syn-

drome (Tanoue, 1992; Eng and Sabanathan, 1991;

Hunninghake and Fauci, 1979; Higenbottam and

Dixon, 1979; Small et al., 1980). Thus, although the

cause of relapsing polychondritis is unknown, an

autoimmune pathogenesis appears likely, with possible

triggers including trauma, infection, allergy and

altered enzyme proteolysis (Burlew et al., 1992).

The frequent presence of both autoantibodies and

cellular immune reactions to type II collagen in

relapsing polychondritis (Dolan et al., 1966; Ebringer

et al., 1981; Foidart et al., 1978) lends further support

to an autoimmune aetiology. The fact that titres

against native type II collagen are higher than titres

against constituent alpha-1 chains suggests that

antibody formation to type II collagen is likely to

be pivotal, rather than a non-specific result of

inflammation (Foidart et al., 1978).

An incidence of 3.5 cases per million has been

estimated (Luthra, 1988). It is believed by some

that the disease has a predilection for Caucasians

(Trentham and Le, 1998), although this view has been

challenged (Luthra, 1988). The peak prevalence

occurs in the fifth and sixth decades, with reported

range from 5 to 84 years of age. There is a slight male

predominance. No strong genetic predisposition has

been identified, although an association with HLA-

DR4 (with no predominant sub-type) has been

reported (Lang et al., 1993). Survival rates of 70%

at 4 years, 74% at 5 years and 55% at 10 years have

been reported (McAdam et al., 1976; Michet et al.,

1986). A recent improvement in survival to 94% at

8 years (Trentham and Le, 1998) may be attributable

to improvements in medical and surgical treatment.

The difficulties in characterising relapsing poly-

chondritis are cogently summarised by Letko et al.

(2002), and these apply equally to pulmonary and

systemic disease. In common with other rare diseases,

the diagnosis tends to be made when involvement is

obvious, resulting in a bias towards severe disease.

Cases tend to be reported shortly after diagnosis and,

thus, the prevalence of involvement of specific sites is

understated; in most patients, involvement becomes

more extensive as disease progresses. The paucity of

follow-up information has led to uncertainties about

the natural history and treated course. To these

constraints can be added the difficulty in making a

secure diagnosis in many cases, especially when

relapsing polychondritis is associated with other

autoimmune disorders. The single most useful

diagnostic test is a cartilage biopsy, but appearances

are sometimes indeterminate and, therefore, the

diagnosis is generally clinical. The most widely

applied diagnostic criteria are those first proposed

by McAdam et al. (1976) and Zeuner et al. (1997).

The presence of three or more of the following clinical

features is required:

(1) bilateral auricular chondritis

(2) non-erosive, sero-negative inflammatory polyar-

thritis

(3) nasal chondritis

(4) ocular inflammation

(5) respiratory tract involvement (either upper or

lower respiratory tract)

(6) cochlear with or without vestibular abnormality.

Biopsy of affected cartilage is not amongst the

McAdam criteria and is often unnecessary, although

pivotal to diagnosis in some cases; auricular biopsy is

the most frequent procedure, but it is sometimes

necessary to biopsy the tracheal rings. Similarly,

specific laboratory tests are not a formal part of

diagnosis, although the presence of anti-cartilage

antibodies may be helpful; it is likely that this

serological feature will be incorporated when the

diagnostic criteria are eventually revised. Other

abnormalities in laboratory tests include anaemia,

elevation of inflammatory markers, and autoanti-

bodies found in associated autoimmune diseases
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(e.g. positive serology for rheumatoid factor or

antinuclear antibodies, hypergammaglobulinaemia).

Involvement of the respiratory tract accounted for

over half of deaths ascribable to relapsing polychon-

dritis in the series of McAdam et al. (1976). As the

condition became increasingly recognised and the

diagnosis was made in less severe disease, mortality

from lung involvement became less frequent;

although no definitive estimates exist, respiratory

complications (tracheal involvement or pneumonia)

are the primary cause of death in perhaps 10–15% of

patients (Michet et al., 1986). Laryngotracheal

involvement is now widely recognised as a malignant

prognostic determinant, especially in patients aged

below 50. Involvement of the glottis, trachea and

larger bronchi is the primary presenting feature in up

to 25% of cases (Michet et al., 1986), occurring more

frequently in females (Adliff et al., 1997). Respiratory

tract involvement may be generalised or limited to

focal areas; the most frequent focal site is the larynx

and upper trachea, but isolated single large bronchial

or small airways abnormalities have been reported

(Eng and Sabanathan, 1991). Pulmonary parenchymal

disease is rare with the exception of vasculitis, which

is often present but is not always clinically overt.

The histological appearances in involved areas in

the respiratory tract are typical of those seen in

involved cartilage in other sites (Kaye and Sones,

1964). Early in disease, inflammation predominates;

the latter course is characterised by replacement of

cartilage by granulation tissue and, eventually, by

marked tissue thickening, cyst formation, calcification

and, occasionally, bone formation. The clinical profile

mirrors the histological evolution of disease (Arkin

and Masi, 1975). At presentation, tracheal or lar-

yngeal tenderness, wheezing and hoarseness are

typical (McAdam et al., 1976). Subsequently, severe

airway compromise may supervene, due to stricture

formation, leading to fixed airflow obstruction,

dyspnoea and, ultimately, to respiratory failure and

death. Lower respiratory tract infection is a common

late complication and is largely ascribable to retention

of secretions, due equally to airway narrowing and

ineffective cough (resulting from dynamic upper

airway collapse) (Mohsenifar et al., 1982). Therefore,

symptoms suggestive of respiratory tract involve-

ment should prompt immediate radiological assess-

ment of the airways (radiography and CT) and

pulmonary function evaluation (McAdam et al.,

1976; Mohsenifar et al., 1982).

Chest and lateral neck radiographic evaluation may

reveal ectopic calcification in tracheal or laryngeal

cartilage and occasionally reveals narrowing of the

trachea or large bronchi (although this is seldom overt

on plain radiography) (Kilman, 1978). The chest

radiograph may also show evidence of pneumonia or

atelectasis, resulting from airway narrowing or

collapse (Michet et al., 1986). However, in many

cases, chest and lateral neck radiography is insensi-

tive, even in patients with prominent symptoms.

Laryngography, as a means of delineating the upper

airways, is contraindicated because of the risk of acute

airway compromise (Tanoue, 1992). Thus, the most

useful radiological procedures is CT, which com-

monly discloses smooth thickening of airway walls as

well as increased airway wall attenuation, with or

without calcification (Behar et al., 2002). Abnormal-

ities may extend to the lobar and segmental airways

and this is readily appreciated on high resolution CT.

Focal or diffuse narrowing of airways (including the

trachea) is seen less frequently on inspiratory CT;

tracheal and bronchial abnormalities are more readily

visualised by expiratory CT which may unmask

airway collapse or lobar air-trapping (Behar et al.,

2002). Dynamic CT scanning (cineradiography) may

also help to localise large airway disease by

demonstrating airway collapse during expiration

(Tanoue, 1992).

Pulmonary function tests are an essential part of

evaluation, both in initial diagnosis and as an aid to

monitoring disease progression. Tracheal involve-

ment is characterised by a reduction in expiratory and

inspiratory flow rates, with a plateau pattern in early to

mid inspiration and expiration (Gibson and Davis,

1974; Mohsenifar et al., 1982). This typical finding is

present in a minority of patients but expiratory airflow

obstruction is frequent; reductions in expiratory flow

rates in association with preservation of static recoil

pressures are highly suggestive of intrinsic structural

airway abnormalities (as opposed to parenchymal

disease) (Krell et al., 1986). In general, non-fixed

extra-thoracic airway abnormalities tend to have their

greatest effect upon inspiratory flow rates, whereas

dynamic intra-thoracic disease causes expiratory

airflow obstruction. Thus, pulmonary function tests

help to identify the predominate site of disease and to
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distinguish between fixed and dynamic abnormalities

(Fig. 1).

Bronchoscopy may demonstrate severe endobron-

chial inflammation or obvious airway stenosis or

collapse (Eng and Sabanathan, 1991), but seldom adds

usefully to pulmonary function testing in the evalu-

ation of disease severity. Generally, spirometric

findings correlate well with intrathoracic broncho-

scopic observations (Krell et al., 1986) and have

obvious advantages in routine monitoring. Further-

more, bronchoscopic appearances are often misleading

in the evaluation of the upper respiratory tract; the

larynx may appear normal despite major reductions in

inspiratory flow rates. Nonetheless, bronchoscopic

evaluation is probably worthwhile at presentation to

confirm that expiratory airflow obstruction is due to

airway-centred disease, and also because Wegener’s

granulomatosis, which can mimic the clinical features

of respiratory tract involvement in relapsing poly-

chondritis, is occasionally diagnosed by biopsy of an

endobronchial mass. In severe disease, bronchoscopic

evaluation should be undertaken with great caution as

it has been reported to precipitate acute airway

obstruction (Eng and Sabanathan, 1991).

The decision to treat and the selection of

therapeutic agent is entirely dependent upon disease

severity. Because of the paucity of cases and wide

variety of presentations, there are no universally

accepted regimens and no controlled treatment data.

The episodic nature of disease, with unpredictable

relapses and spontaneous remissions, justifies the

institution of treatment on a symptomatic basis. Mild

inflammation of the joints or respiratory tract may be

controlled by non-steroidal anti-inflammatory agents,

colchicine or dapsone, and in systemic disease,

dapsone has been efficacious in several reports

(Matoba et al., 1984; Barranco et al., 1976; Ridgway

et al., 1979). Systemic corticosteroid therapy is used

in acute exacerbations and it is sometimes possible to

withdraw treatment without relapse. In acute airway

involvement, high dose intravenous corticosteroid

therapy (pulsed methyl-prednisolone) is warranted. In

life-threatening disease, steroid-resistant disease and

with repeated relapses, corticosteroid therapy in

combination with an immunosuppressive agent, such

Figure 1. Flow volume loop of a patient with relapsing polychondritis. The patient’s predicted normal curve is also drawn for comparison. This

shows reduction in expiratory and inspiratory flow rates.

Figure 2. The chest X-ray shows the same patient as in Fig. 1,

following surgery and the insertion of a tracheal stent and right and

left bronchial stents.
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as cyclophosphamide, is usual (Mohsenifar et al.,

1982; Mahindrakar et al., 1970; Dolan et al., 1966).

However, although inflammation generally regresses

with corticosteroid treatment in the short-term and the

likelihood of relapse is reduced by prolonged

immunosuppression, disease progression and vital

organ involvement are not prevented. In the most

definitive review of published experience, encom-

passing 159 reported cases, 75% of patients required

prolonged treatment and although this was sympto-

matically effective in the intermediate term, there was

little evidence that the long-term course of disease

was materially influenced (McAdam et al., 1976).

Surgical intervention, in order to provide and

maintain airway patency, is occasionally life-saving

in severe focal respiratory tract involvement. Tra-

cheostomy may be required for severe glottic or sub-

glottic obstruction (Eng and Sabanathan, 1991).

Stenting (Figs. 2–4) is occasionally indicated for

airway collapse or refractory airway stenosis; self-

expanding stents can be inserted through a rigid

bronchoscope under general anaesthesia (Shah et al.,

1995). Tracheal strictures have been successfully

resected, with end-to-end anastomoses (Eng and

Sabanathan, 1991; Spraggs et al., 1997). Major airway

obstruction has occasionally been dealt with by

resection of an inflammatory mass (Eng and Saba-

nathan, 1991). However, surgical intervention is

impracticable in many cases, due to the diffuse nature

of respiratory tract involvement, as it often triggers

flares in inflammation and sometimes results in

devastating infection. Intraluminal stenting may be

complicated by haemorrhage due to erosion through

the trachea, sudden asphyxia due to stent displace-

ment, mucosal ulceration or scarring, or retention

of secretions due to ineffective cough (Eng and

Sabanathan, 1991; Montgomery, 1965). Thus, surgery

should be undertaken only as a last resort.

4. Ankylosing spondylitis

AS is a chronic seronegative spondyloarthritis associ-

ated with the major histocompatibility antigen HLA

B27 (Schlosstein et al., 1973). The prevalence of AS

is much higher in Caucasian males (approximately

0.15% (Calin and Fries, 1975)) than in black males

and the male to female ratio is 10:1 (Tanoue, 1992).

The cardinal site of disease is the vertebral column. In

early disease, sacroiliac inflammation is usual, with or

without more widespread vertebral involvement. As

the disease progresses, inflammation progresses to

fibrosis and ossification, resulting in calcification of

the spinal ligaments, syndesmophyte formation and

joint ankylosis. The peripheral joints are affected in

approximately a third of patients (Hunninghake and

Fauci, 1979).

The cause of AS remains uncertain but associated

disorders include ulcerative colitis, psoriasis and SSc

and, therefore, an autoimmune pathogenesis appears

likely. A microbial trigger, cross-reacting with

histocompatability antigens, has been proposed,

based upon the identification of Klebsiella related

antigens. AS is a multi-system disorder with involve-

ment of a number of extra-articular sites. Non-

granulomatous anterior uveitis occurs in up to 25%

of patients and is often an early feature of disease

(Hunninghake and Fauci, 1979). Asymptomatic

inflammation of the thoracic aorta is present in

20–30%, with echocardiographic evidence of dilata-

tion of the aortic root (LaBresh et al., 1985); in 10% of

AS patients, clinically important aortic incompetence

or dilatation of the ascending aorta develops (Graham

and Smythe, 1958). Other less frequent systemic

features include renal disease, urethritis, chronic

prostatism and spinal cord stenosis. Pulmonary

disease may take the form of extra-pulmonic restric-

tion or parenchymal disease.

Extra-pulmonic restriction results from immobil-

isation of the chest wall, due to fusion of the

costovertebral joints or sternoclavicular joint involve-

ment, which is frequently present (Fournie et al.,

1997). These abnormalities are often asymptomatic

and functional impairment is generally mild, consist-

ing of reductions in vital capacity, total lung capacity

and maximal inspiratory and expiratory pressures

(Hunninghake and Fauci, 1979). The residual volume

is increased, denoting fixation of the chest wall at a

high resting volume. The surprisingly mild reduction

in pulmonary function indices may reflect the fact that

the diaphragm is able to compensate for chest wall

immobilisation when the resting volume is elevated

(Hunninghake and Fauci, 1979). Gas transfer levels

are almost always preserved in the absence of

parenchymal disease (Franssen et al., 1986). Exercise
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tolerance is usually unimpaired provided that an

active lifestyle is maintained, despite a restrictive

ventilatory pattern and limitation of chest wall

movement (Seckin et al., 2000). Chest wall fixation

tends to increase in prevalence and severity in disease

of longer duration and is not influenced by anti-

inflammatory treatment (Franssen et al., 1986). Thus,

intervention is confined to the maintenance of general

fitness with exercise programmes, and spinal exten-

sion exercises.

Parenchymal disease in AS is rare and, when

present, is often mild. Typically, fibrobullous abnorm-

alities are confined to the lung apices, with or without

cavitation (Rosenow et al., 1977; Appelrouth and

Gottlieb, 1975; Hillerdal, 1983). The prevalence of

apical fibro-bullous disease in AS has been overstated

in some small series, probably as a result of selection

biases. In the largest chest radiographic series of 2080

patients followed at the Mayo Clinic, pleuropulmon-

ary abnormalities were evident in only 28 patients

(1.3%), including 26 cases of apical fibrosis (Rosenow

et al., 1977). In that series, serial radiographic

evaluation established that disease generally begins

unilaterally and progresses to bilateral apical bullous

and cystic disease, associated with fibrosis and, in

advanced disease, cavitation with hilar distortion.

Apical pleural thickening is common and may be

striking in advanced disease, but is confined to lung

regions in which there is adjacent interstitial fibrosis

(Rosenow et al., 1977). Disease is seldom extensive,

except in severe spinal disease (Chakera et al., 1975)

and in patients with a long history of AS. Apical

fibrobullous disease in AS is almost exclusively seen

in males (Boulware et al., 1985) and develops an

average of 15 years after the onset of systemic disease

(Rumancik et al., 1984), although it occasionally

precedes systemic manifestations. Despite having a

low prevalence of apical fibrosis, AS is an important

cause of predominantly apical interstitial fibrosis at

large, being present in over 20% of patients with

progressive apical fibrocystic disease (Kentala et al.,

1978; Repo et al., 1981).

As in other connective tissue disorders, the

prevalence of parenchymal disease is critically

dependent upon the investigative modality used. In a

prospective study, lung abnormalities were seen on

high resolution CT in 18 of 26 AS patients (69%) and

in all but four cases, chest radiographic appearances

were normal. Findings on CT included interstitial lung

disease ðn ¼ 6Þ; bronchial wall thickening with or

without bronchiectasis ðn ¼ 6Þ and paraseptal emphy-

sema ðn ¼ 3Þ; interstitial lung disease was confined to

the apices in only two cases (Fenlon et al., 1997). In

two subsequent series containing AS patients with

normal chest radiographs, CT abnormalities were

evident in 15 of 21 patients (71%) (Turetschek et al.,

2000) and in 18 of 28 patients (64%) (Kiris et al.,

2003), including mosaic attenuation (denoting uneven

regional ventilation), bronchial wall thickening and

parenchymal abnormalities, ranging from septal

thickening to areas of interstitial fibrosis. As observed

in chest radiographic studies, parenchymal abnorm-

alities, on high resolution CT, increase in prevalence

in long-standing disease, being present in 11 of 12

patients with a disease duration of over 11 years in a

recent report (Senocak et al., 2003). Similarly,

bronchoalveolar lavage studies have shown that a

sub-clinical lymphocytic alveolitis is frequent in AS

(Jeandel et al., 1994). The clinical importance of these

findings is difficult to interpret. However, there is no

evidence that ‘subclinical alveolitis’ progresses to

clinically important pulmonary fibrosis in connective

tissue disease and the significance of limited abnorm-

alities on high resolution CT, in the absence of

symptoms or radiographic abnormalities, is equally

uncertain. Thus, it is difficult to justify routine CT or

bronchoalveolar lavage as screening procedures in

AS; rather, both modalities should be reserved for the

Figure 3. This shows the corresponding CT scan to the chest X-ray

and illustrates the tracheal stent in situ. Mucus can also be seen

posteriorly within the stent.
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evaluation of AS patients with respiratory symptoms

or evidence of lung disease on chest radiography.

The pathogenesis of apical fibro-bullous disease is

likely to represent evolution from inflammation to

fibrosis, as in other extra-articular manifestations such

as uveitis and aortitis. Histological evaluation reveals

fragmented elastic tissue with degeneration of con-

nective tissue and intra-alveolar fibrosis, without

vasculitis or granulomatous disease (Jessamine,

1968; Cohen et al., 1971). However, the particular

vulnerability of the lung apices is unexplained.

Diminished upper lobe ventilation was believed to

be an important contributing factor, based on the

observation of a regional reduction in apical venti-

lation, as judged by xenon-133 scanning, in AS

(Stewart et al., 1976). However, this finding was not

reproduced in a larger group of AS patients (Parkin

et al., 1982). There is no evidence that infection plays

a role in pathogenesis, although it becomes a major

source of morbidity and mortality in advanced

pulmonary disease; in a large cohort of 88 AS

patients, lung infection was found to be very

infrequent (Zorab, 1962). The most plausible expla-

nation is that the thoracic spinal immobilisation

results in increased apical mechanical stress, leading

to bullous degeneration, secondary fibrosis and an

increased prevalence of pneumothoraces (Rosenow

et al., 1977).

Many AS patients with lung involvement are

asymptomatic (Hunninghake and Fauci, 1979).

Cough, sputum production and dyspnoea are mani-

festations of advanced disease and often reflect

secondary bacterial or fungal infection. Haemoptysis,

which may be massive, is a feature of intracavitary

mycetoma formation. Thus, life-threatening compli-

cations of lung involvement in AS most commonly

result from secondary infection in cavities, which

have developed within distorted fibrotic apical tissue

(Rosenow et al., 1977; Hunninghake and Fauci, 1979;

Jewkes et al., 1983). Chronic, clinically overt,

infection by fungi or mycobacteria occurs in up to

30% of AS patients with apical cavitation (Rumancik

et al., 1984), with Aspergillus fumigatus isolated in

up to 60% (although not always associated with

morbidity) (Davies, 1972). Other organisms found

less frequently include atypical mycobacteria

species (Mycobacterium kansasii, Mycobacterium

avium complex, Mycobacterium fortuitum, Mycobac-

terium scrofulaceum) and fungi (Candida albicans,

Aspergillus niger, Aspergillus terreus) (Rosenow

et al., 1977; Hunninghake and Fauci, 1979; Hillerdal,

1983; Gacad and Hamosh, 1973; Kennedy et al.,

1972; Levy et al., 1988). It is not clear that

tuberculosis is increased in prevalence in AS, despite

initial reports (Dunham and Kautz, 1941; Campbell

and Macdonald, 1965); empirical anti-tuberculous

therapy is often instituted in AS, without confirmation

by culture, because the radiological manifestations of

lung involvement closely resemble those of tubercu-

losis (Hillerdal, 1983; Jessamine, 1968; editorial,

1971), and this led to an erroneous perception that

tuberculosis might be responsible for the apical

fibrocystic pulmonary disease of AS (Tanoue, 1992).

Respiratory mortality in AS is largely ascribable to

secondary infection. In AS at large, parenchymal

disease is the primary cause of death in less than 4%

of fatal outcomes, whereas cardiovascular involve-

ment is responsible for 35% of fatalities (Lehtinen,

1980). Mortality due to lung disease in AS has been

reported in two contexts.

In AS patients treated with radiation for spinal

disease, death from respiratory infection or other

respiratory disease is 2.5 times higher than expected

(Brown and Doll, 1965), whereas in patients not

receiving radiotherapy, respiratory mortality is only

1.5 times higher than expected (Radford et al., 1977).

Figure 4. This again shows the corresponding CT scan to the chest

X-ray and illustrates the right and left bronchial stents.
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It has been argued that radiotherapy may predispose to

subsequent pulmonary infection or bronchogenic

carcinoma (Brown and Doll, 1965), but this hypoth-

esis is contentious. It is equally possible that

therapeutic radiotherapy and advanced lung involve-

ment are both associated with prolonged severe AS

and are linked for that reason, and not because of a

causative relationship.

In the largest published series, severe pulmonary

infection occurred only in patients with lung cavita-

tion (Rosenow et al., 1977). Thus, for practical

therapeutic purposes, the risk of a fatal respiratory

outcome in AS can be viewed as largely restricted to

this clinical context.

Therapeutic intervention in parenchymal disease

is confined to infective complications. No treatment

exists to retard the development of apical fibrosis;

resistance to corticosteroid therapy is the rule

(Hunninghake and Fauci, 1979; Boulware et al.,

1985). Thus, in most patients, careful observation

without treatment is appropriate, with specific

antimicrobial therapy based upon organisms isolated

in the context of symptomatic cavitatary disease. Due

to the paucity of cases, it is inconceivable that

intervention will ever be based on controlled data. It

is usual to resort to the empirical administration of

anti-bacterial or antifungal agents, given systemically

or by intracavitary instillation. However, although

medical treatment may be efficacious in invasive

aspergillosis, it is seldom successful when cavities

harbour Aspergillus fumigatus (Hunninghake and

Fauci, 1979). For this reason, treatment of asympto-

matic aspergilloma is generally unnecessary and

futile. The greatest therapeutic dilemma is the patient

with major haemoptysis, which is sometimes but

not always controllable by medical treatment,

bronchial artery embolisation or direct intracavitary

instillation (Jewkes et al., 1983; Stiksa et al., 1976;

Elliott et al., 1989; Hargis et al., 1980). There may be

no option but to proceed to surgical resection of the

cavity (usually by means of lobectomy) but this

should be regarded as a treatment of last resort.

There is an exceedingly high prevalence of up to

50% of post-operative bronchopleural fistula or

empyema, and a high risk of a fatal outcome

(Hunninghake and Fauci, 1979; Jewkes et al., 1983;

Boushea and Sundstrom, 1989).

5. Marfan syndrome

MS is the inherited disorder of connective tissue

constitute in which the respiratory system is most

frequently involved. MS is an autosomal dominant

disorder of variable penetrance, with 15% of cases

resulting from spontaneous mutation. The prevalence

of classic MS is approximately 5/100,000 (Pyeritz and

McKusick, 1979), but with the inclusion of milder

variants, the real prevalence is probably much higher.

There is no predilection for race or gender. MS is

characterised by abnormalities of fibrous connective

tissue with abundant type I collagen, in association, in

some cases, with mutations on chromosome 15

(Kainulainen et al., 1990). The most frequent sites

of involvement are the skeleton (joint laxity long

limbs, arachnodactyly, pectus excavatum, and

kyphoscoliosis), eyes (subluxation of the lens, retinal

detachment) and cardiovascular system (aortic or

mitral regurgitation, aneurysm of the ascending

aorta). The diagnosis is made when two of the four

diagnostic criteria of Pyeritz and McKusick (1979)

are present:

(1) positive family history

(2) skeletal abnormalities

(3) cardiovascular abnormalities

(4) ocular abnormalities.

Cardiovascular abnormalities are present in over

60% and are largely responsible for the reduced life

expectancy of MS. No effective treatment exists to

reverse disease or slow disease progression.

Pulmonary involvement in MS can be subdivided

into extra-pulmonary (thoracic cage) abnormalities

and parenchymal disease. As the lung has a high

collagen content, it is somewhat surprising that

pulmonary involvement in MS is relatively infrequent

and seldom severe; pulmonary abnormalities are

apparent in approximately 10–15% of MS patients

(Dwyer and Troncale, 1965; Wood et al., 1984). In

MS patients without major chest wall deformity or

overt parenchymal disease, lung volumes are normal

(Streeten et al., 1987; Fuleihan et al., 1963).

Thoracic cage involvement in MS, present in over

50% of patients (Pyeritz and McKusick, 1979), takes

the form of pectus excavatum or scoliosis. Lung

volumes, gas transfer and arterial gases are usually
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normal in isolated pectus excavatum (Weg et al.,

1967). By contrast, severe scoliosis is generally

associated with lung restriction; the functional effects

of scoliosis in MS do not appear to differ from those of

scoliosis in the general population (Pyeritz, 1985).

However, nocturnal desaturation may amplify

hypoxia in MS patients with scoliosis; increased

upper airway collapsibility during sleep is common in

MS and is probably responsible for an association

between MS and obstructive sleep apnoea (Cistulli

and Sullivan, 1995). This mechanism may also

account for the development of fatal cor pulmonale

in MS (Wanderman et al., 1975).

The most frequent parenchymal abnormality in

MS, pneumothorax, has a prevalence of 5–10%

(Wood et al., 1984; Hall et al., 1984), which is over

a 100-fold higher than in the non-MS population.

Pneumothoraces in MS are often recurrent and

bilateral. The presenting features (pleuritic chest

pain, dyspnoea, and, in tension pneumothoraces,

haemodynamic compromise) are typical of pneu-

mothorax in the general population but in MS, the

differential diagnosis of dissection of the ascending

aorta should not be forgotten. Pneumothoraces are

likely to result from the rupture of sub-pleural bullae.

In many MS patients with pneumothoraces, there is

chest radiographic evidence of underlying emphy-

sema (Wood et al., 1984; Hall et al., 1984). The long

thin body habitus and consequent increases in

mechanical stress in the lung apices of MS may be

an additional predisposing factor, as observed in

pneumothoraces in the general population.

Emphysema in MS, occurring in a small minority,

is believed to result from the underlying connective

tissue defect in some cases; in two series, alveolar

elastic tissue was characterised by distorted and

fragmented elastic fibres (Reye and Bale, 1973;

Sayers et al., 1975). However, these abnormalities

are not invariably present in MS patients with

emphysema and it has been suggested that increased

small airway collapsibility resulting from subtle

abnormalities in the supporting tissue might lead to

hyperinflation and emphysema (Bolande and Tucker,

1964). Generalised emphysema in non-smoking MS

patients has been reported in adults and children and is

sometimes fatal in early childhood (Dominguez et al.,

1987). Localised bulla formation in the lung apices,

which may be striking, has been reported in adults and

children (Wood et al., 1984; Hall et al., 1984; Turner

and Stanley, 1976).

Other pulmonary parenchymal abnormalities in

MS are rare. Otherwise unexplained bilateral upper

lobe pulmonary fibrosis has been described (Wood

et al., 1984), and there are occasional reports of

bronchiectasis, although it is not clear whether this

results from the underlying connective tissue disease

or is unrelated. Rare congenital pulmonary malfor-

mations associated with MS include absence of the

right middle lobe and abnormal lobulation of the left

lung (Dwyer and Troncale, 1965).

No medical treatment exists that reverses the

pulmonary abnormalities of MS. Scuba-diving is

contraindicated in patients with pulmonary parenchy-

mal disease because of the risk of bullous rupture.

Pneumothoraces should be treated as in the general

population with pleurodesis and pleurectomy war-

ranted if episodes are recurrent. Surgical intervention is

seldom necessary for isolated pectus excavatum but

may be required in severe scoliosis, on symptomatic

grounds or in the setting of increasing lung restriction.

6. Summary

Mixed connective tissue disease

† Lung involvement should be characterised as

most closely resembling the lung disease of SLE,

SSc or PM/DM, as this approach gives the best

guide as to prognosis and treatment.

† Interstitial lung disease is the most frequent

complication and has a highly variable

prognosis.

† Pulmonary vascular disease is less frequent but

not uncommon, and is often lethal.

Relapsing polychondritis

† There is a frequent association with other

autoimmune diseases, which should be detected

and characterised.

† Respiratory tract disease is common and often

severe. Symptoms and signs of stricture forma-

tion/airway laxity should be investigated urgently

with CT and pulmonary function tests.
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† All patients should be routinely staged and

monitored for respiratory tract involvement

using pulmonary function tests.

Ankylosing Spondylitis

† Extra-pulmonic restriction is frequently mild and

though a restrictive ventilatory pattern may be

present, exercise tolerance is rarely affected if

patient stays active.

† Interstitial lung disease is rare and largely consists

of fibro-bullous apical abnormalities.

† Secondary infection is the major determinant

of a fatal respiratory outcome. Treatment of

parenchymal disease should be aimed at infec-

tive complications only, as no treatment is

effective at slowing rate of fibrosis.

Marfan syndrome

† Pectus excavatum and scoliosis are common. The

former is generally benign. The latter may cause a

restrictive pattern and can lead to fatal cor

pulmonale.

† Pneumothorax is the only frequent parenchymal

lung disorder.

References

Adliff, M., Ngato, D., Keshavjee, S., Brenaman, S., Granton, J.T.

1997. Treatment of diffuse tracheomalacia secondary to

relapsing polychondritis with continuous positive airway

pressure. Chest 112, 1701–1704.

Alpert, M.A., Goldberg, S.H., Singsen, B.H., Durham, J.B.,

Sharp, G.C., Ahmad, M., Madigan, N.P., Hurst, D.P.,

Sullivan, W.D. 1983. Cardiovascular manifestations of

mixed connective tissue disease in adults. Circulation 68,

1182–1193.

Alpert, M.A., Pressly, T.A., Mukerji, V., Lambert, C.R.,

Mukerji, B., Panayiotou, H., Sharp, G.C. 1991. Acute and

long-term effects of nifedipine on pulmonary and systemic

hemodynamics in patients with pulmonary hypertension

associated with diffuse systemic sclerosis, the CREST

syndrome and mixed connective tissue disease. Am.

J. Cardiol. 68, 1687–1691.

Alpert, M.A., Pressly, T.A., Mukerji, V., Lambert, C.R.,

Mukerji, B. 1992. Short- and long-term hemodynamic

effects of captopril in patients with pulmonary hypertension

and selected connective tissue disease. Chest 102,

1407–1412.

Alther, F. 1936. Uber einen fall von systematisierter chondroma-

lacie. Virchows Archiv Pathological Anatomy and Histopathol-

ogy 297, 445–479.

Amigues, J.M., Cantagrel, A., Abbal, M., Mazieres, B. 1996.

Comparative study of 4 diagnosis criteria sets for mixed

connective tissue disease in patients with anti-RNP antibodies.

Autoimmunity Group of the Hospitals of Toulouse.

J. Rheumatol. 23, 2055–2062.

Anonymous, 1971. The lungs in ankylosing spondylitis. Br. Med. J.

3, 492–493.

Appelrouth, D., Gottlieb, N.L. 1975. Pulmonary manifestations of

ankylosing spondylitis. J. Rheumatol. 2, 446–453.

Arkin, C.R., Masi, A.T. 1975. Relapsing polychondritis: review of

current status and case report. Semin. Arthritis Rheum. 5,

41–62.

Barranco, V.P., Minor, D.B., Soloman, H. 1976. Treatment of

relapsing polychondritis with dapsone. Arch. Dermatol. 112,

1286–1288.

Behar, J.V., Choi, Y.W., Hartman, T.A., Allen, N.B., McAdams,

H.P. 2002. Relapsing polychondritis affecting the lower

respiratory tract. Am. J. Roentgenol. 178, 173–177.

Beier, J.M., Nielsen, H.L., Nielsen, D. 1992. Pleuritis-pericarditis—

an unusual initial manifestation of mixed connective tissue

disease. Eur. Heart J. 13, 859–861.

Bolande, R.P., Tucker, A.S. 1964. Pulmonary emphysema and other

cardiorespiratory lesions as part of the Marfan abiotrophy.

Pediatrics 33, 356–366.

Boulware, D.W., Weissman, D.N., Doll, N.J. 1985. Pulmonary

manifestations of the rheumatic diseases. Clin. Rev. Allergy 3,

249–267.

Bouros, D., Wells, A.U., Nicholson, A.G., Colby, T.V., Poly-

chronopoulos, V., Pantelidis, P., Haslam, P.L., Vassilakis, D.A.,

Black, C.M., du Bois, R.M. 2002. Histopathologic subsets of

fibrosing alveolitis in patients with systemic sclerosis and their

relationship to outcome. Am. J. Respir. Crit. Care Med. 165,

1581–1586.

Boushea, D.K., Sundstrom, W.R. 1989. The pleuropulmonary

manifestations of ankylosing spondylitis. Semin. Arthritis

Rheum. 18, 277–281.

Brown, W.M., Doll, R. 1965. Mortality from cancer and other

causes after radiotherapy for ankylosing spondylitis. Br. Med. J.

5474, 1327–1332.

Burlew, B.P., Lippton, H., Klinestiver, D., Haponik, E.J. 1992.

Relapsing polychondritis: new pulmonary manifestations. J. La

State Med. Soc. 144, 58–62.

Calin, A., Fries, J.F. 1975. Striking prevalence of ankylosing

spondylitis in ‘healthy’ w27 positive males and females.

N. Engl. J. Med. 293, 835–839.

Campbell, A.H., Macdonald, C.B. 1965. Upper lobe fibrosis

associated with ankylosing spondylitis. Br. J. Dis. Chest 59,

90–101.

Chakera, T.M., Howarth, F.H., Kendall, M.J., Lawrence, D.S.,

Whitfield, A.G. 1975. The chest radiograph in ankylosing

spondylitis. Clin. Radiol. 26, 455–459.

Cistulli, P.A., Sullivan, C.E. 1995. Sleep apnea in Marfan’s

syndrome. Increased upper airway collapsibility during sleep.

Chest 108, 631–635.

Pulmonary Involvement in Miscellaneous Connective Tissue Diseases 239



Cohen, A.A., Natelson, E.A., Fechner, R.E. 1971. Fibrosing

interstitial pneumonitis in ankylosing spondylitis. Chest 59,

369–371.

Davies, D. 1972. Ankylosing spondylitis and lung fibrosis. Q. J.

Med. 41, 395–417.

Demedts, M. 1990. Pulmonary hypertension in connective tissue

disease. Clin. Rheumatol. 9, 20–21.

Derderian, S.S., Tellis, C.J., Abbrecht, P.H., Welton, R.C.,

Rajagopal, K.R. 1985. Pulmonary involvement in mixed

connective tissue disease. Chest 88, 45–48.

Dolan, D.L., Lemmon, G.B. Jr., Teitelbaum, S.L. 1966. Relapsing

polychondritis. Analytical literature review and studies on

pathogenesis. Am. J. Med. 41, 285–299.

Dominguez, R., Weisgrau, R.A., Santamaria, M. 1987. Pulmonary

hyperinflation and emphysema in infants with the Marfan

syndrome. Pediatr. Radiol. 17, 365–369.

Douglas, W.W., Tazelaar, H.D., Hartman, T.E., Hartman, R.P.,

Decker, P.A., Schroeder, D.R., Ryu, J.H. 2001. Polymyositis–

dermatomyositis-associated interstitial lung disease. Am.

J. Respir. Crit. Care Med. 164, 1182–1185.

Dunham, C., Kautz, F. 1941. Spondylarthritis ankylopoietica: a

review and report of 20 cases. Am. J. Med. Sci 201,

232–250.

Dwyer, E.M. Jr., Troncale, F. 1965. Spontaneous pneumothorax

and pulmonary disease in the Marfan syndrome. Report of

two cases and review of the literature. Ann. Intern. Med. 62,

1285–1292.

Ebringer, R., Rook, G., Swana, G.T., Bottazzo, G.F., Doniach, D.

1981. Autoantibodies to cartilage and type II collagen in

relapsing polychondritis and other rheumatic diseases. Ann.

Rheum. Dis. 40, 473–479.

Elliott, J.A., Milne, L.J., Cumming, D. 1989. Chronic necrotising

pulmonary aspergillosis treated with itraconazole. Thorax 44,

820–821.

Eng, J., Sabanathan, S. 1991. Airway complications in relapsing

polychondritis. Ann. Thorac. Surg. 51, 686–692.

Enomoto, K., Takada, T., Suzuki, E., Ishida, T., Moriyama, H.,

Ooi, H., Hasegawa, T., Tsukada, H., Nakano, M., Gejyo, F.

2003. Bronchoalveolar lavage fluid cells in mixed connective

tissue disease. Respirology 8, 149–156.

Fenlon, H.M., Casserly, I., Sant, S.M., Breatnach, E. 1997.

Plain radiographs and thoracic high-resolution CT in patients

with ankylosing spondylitis. Am. J. Roentgenol. 168,

1067–1072.

Foidart, J.M., Abe, S., Martin, G.R., Zizic, T.M., Barnett, E.V.,

Lawley, T.J., Katz, S.I. 1978. Antibodies to type II

collagen in relapsing polychondritis. N. Engl. J. Med. 299,

1203–1207.

Fournie, B., Boutes, A., Dromer, C., Sixou, L., Le Guennec, P.,

Granel, J., Railhac, J.J. 1997. Prospective study of anterior chest

wall involvement in ankylosing spondylitis and psoriatic

arthritis. Rev. Rhum. Engl. Ed. 64, 22–25.

Franssen, M.J., van Herwaarden, C.L., van de Putte, L.B., Gribnau,

F.W. 1986. Lung function in patients with ankylosing

spondylitis. A study of the influence of disease activity and

treatment with nonsteroidal antiinflammatory drugs.

J. Rheumatol. 13, 936–940.

Fuleihan, F.J., Suh, S.K., Shepard, R.H. 1963. Some aspects of

pulmonary function in the Marfan syndrome. Bull. Johns

Hopkins Hosp. 113, 320–329.

Gacad, G., Hamosh, P. 1973. The lung in ankylosing spondylitis.

Am. Rev. Respir. Dis. 107, 286–289.

Gendi, N.S., Welsh, K.I., van Venrooij, W.J., Vancheeswaran, R.,

Gilroy, J., Black, C.M. 1995. HLA type as a predictor of mixed

connective tissue disease differentiation. Ten-year clinical and

immunogenetic followup of 46 patients. Arthritis Rheum. 38,

259–266.

Germain, M.J., Davidman, M. 1984. Pulmonary hemorrhage and

acute renal failure in a patient with mixed connective tissue

disease. Am. J. Kidney Dis. 3, 420–424.

Gibson, G.J., Davis, P. 1974. Respiratory complications of relapsing

polychondritis. Thorax 29, 726–731.

Ginsburg, W.W., Conn, D.L., Bunch, T.W., McDuffie, F.C. 1983.

Comparison of clinical and serologic markers in systemic lupus

erythematosus and overlap syndrome: a review of 247 patients.

J. Rheumatol. 10, 235–241.

Graham, D.C., Smythe, H.A. 1958. The carditis and aortitis of

ankylosing spondylitis. Bull. Rheum. Dis. 9, 171–174.

Hainaut, P., Lavenne, E., Magy, J.M., Lebacq, E.G. 1986.

Circulating lupus type anticoagulant and pulmonary hyperten-

sion associated with mixed connective tissue disease. Clin.

Rheumatol. 5, 96–101.

Hall, J.R., Pyeritz, R.E., Dudgeon, D.L., Haller, J.A. Jr. 1984.

Pneumothorax in the Marfan syndrome: prevalence and therapy.

Ann. Thorac. Surg. 37, 500–504.

Hargis, J.L., Bone, R.C., Stewart, J., Rector, N., Hiller, F.C.

1980. Intracavitary amphotereicin B in the treatment of

symptomatic pulmonary aspergillomas. Am. J. Med. 68,

389–394.

Higenbottam, T., Dixon, J. 1979. Chondritis associated with fatal

intramural bronchial fibrosis. Thorax 34, 563–564.

Hillerdal, G. 1983. Ankylosing spondylitis lung disease—an

underdiagnosed entity? Eur. J. Respir. Dis. 64, 437–441.

Hoogsteden, H.C., van Dongen, J.J., van der Kwast, T.H.,

Hooijkaas, H., Hilvering, C. 1985. Bilateral exudative pleuritis,

an unusual pulmonary onset of mixed connective tissue disease.

Respiration 48, 164–167.

Hosoda, Y., Suzuki, Y., Takano, M., Tojo, T., Homma, M. 1987.

Mixed connective tissue disease with pulmonary hyperten-

sion:a clinical and pathological study. J. Rheumatol. 14,

826–830.

Hunninghake, G.W., Fauci, A.S. 1979. Pulmonary involvement in

the collagen vascular diseases. Am. Rev. Respir. Dis. 119,

471–503.

Isaak, B.L., Liesegang, T.J., Michet, C.J. Jr. 1986. Ocular and

systemic findings in relapsing polychondritis. Ophthalmology

93, 681–689.

Izumiyama, T., Hida, W., Ichinose, M., Inoue, H., Takishima, T.,

Okazaki, T., Shirato, K. 1993. Small airway involvement in

mixed connective tissue disease. Tohoku J. Exp. Med. 170,

273–283.

Jaksch-Wartenhorst, R. 1923. Polychondropathia. Wien. Arch. Int.

Med. 6, 93–100.

A.U. Wells, G. Davies240



Jeandel, P., Bonnet, D., Chouc, P.Y., Molinier, S., Raphenon, G.,

Martet, G., Merouze, F., de Muizon, H. 1994. Demonstration of

subclinical pulmonary alveolitis in spondylarthropathies. Rev.

Rhum. Ed. Fr. 61, 301–309.

Jessamine, A.G. 1968. Upper lung lobe fibrosis in ankylosing

spondylitis. Can. Med. Assoc. J. 98, 25–29.

Jewkes, J., Kay, P.H., Paneth, M., Citron, K.M. 1983. Pulmonary

aspergilloma: analysis of prognosis in relation to haemoptysis

and survey of treatment. Thorax 38, 572–578.

Kainulainen, K., Pulkkinen, L., Savolainen, A., Kaitila, I., Peltonen,

L. 1990. Location on chromosome 15 of the gene defect causing

Marfan syndrome. N. Engl. J. Med. 323, 935–939.

Kallenberg, C.G. 1993. Overlapping syndromes, undifferentiated

connective tissue disease, and other fibrosing conditions. Curr.

Opin. Rheumatol. 5, 809–815.

Kaye, R.L., Sones, D.A. 1964. Relapsing polychondritis. Clinical

and pathologic features in fourteen cases. Ann. Intern. Med. 60,

653–664.

Kennedy, W.P., Milne, L.J., Blyth, W., Crompton, G.K. 1972. Two

unusual organisms, Aspergillus terreus and Metschnikowia

pulcherrima, associated with the lung disease of ankylosing

spondylitis. Thorax 27, 604–610.

Kentala, E., Repo, U.K., Lehtipuu, A.L., Vuornos, T. 1978. HLA-

antigens and pulmonary upper lobe fibrocystic changes with and

without ankylosing spondylitis. A report of seven cases. Scand.

J. Respir. Dis. 59, 8–12.

Kenyon, K.W., Nappi, J.M. 2003. Bosentan for the treatment of

pulmonary arterial hypertension. Ann. Pharmacother. 37,

1055–1062.

Kilman, W.J. 1978. Narrowing of the airway in relapsing

polychondritis. Radiology 126, 373–376.

King, T. 1998. In: M.I. Schwarz, T. King (Eds.), Interstitial

Lung Disease. BC Decker Inc., Hamilton, London, pp.

451–505.

Kiris, A., Ozgocmen, S., Kocakoc, E., Ardicoglu, O., Ogur, E. 2003.

Lung findings on high resolution CT in early ankylosing

spondylitis. Eur. J. Radiol. 47, 71–76.

Kozuka, T., Johkoh, T., Honda, O., Mihara, N., Koyama, M.,

Tomiyama, N., Hamada, S., Nakamura, H., Ichikado, K. 2001.

Pulmonary involvement in mixed connective tissue disease:

high-resolution CT findings in 41 patients. J. Thorac. Imag. 16,

94–98.

Krell, W.S., Staats, B.A., Hyatt, R.E. 1986. Pulmonary function in

relapsing polychondritis. Am. Rev. Respir. Dis. 133,

1120–1123.

LaBresh, K.A., Lally, E.V., Sharma, S.C., Ho, G. Jr. 1985. Two-

dimensional echocardiographic detection of preclinical aortic

root abnormalities in rheumatoid variant diseases. Am. J. Med.

78, 908–912.

Lang, B., Rothenfusser, A., Lanchbury, J.S., Rauh, G.,

Breedveld, F.C., Urlacher, A., Albert, E.D., Peter, H.H.,

Melchers, I. 1993. Susceptibility to relapsing polychon-

dritis is associated with HLA-DR4. Arthritis Rheum. 36,

660–664.

Latsi, P.I., Wells, A.U. 2003. Evaluation and management of

alveolitis and interstitial lung disease in scleroderma. Curr.

Opin. Rheumatol. 15, 748–755.

Lee-Chiong, T.L. Jr. 1998. Pulmonary manifestations of ankylosing

spondylitis and relapsing polychondritis. Clin. Chest Med. 19,

ix, 747–757.

Lehtinen, K. 1980. Cause of death in 79 patients with ankylosing

spondylitis. Scand. J. Rheumatol. 9, 145–147.

Letko, E., Zafirakis, P., Baltatzis, S., Voudouri, A., Livir-Rallatos,

C., Foster, C.S. 2002. Relapsing polychondritis: a clinical

review. Semin. Arthritis Rheum. 31, 384–395.

Levy, H., Hurwitz, M.D., Strimling, M., Zwi, S. 1988. Ankylosing

spondylitis lung disease and Mycobacterium scrofulaceum. Br.

J. Dis. Chest 82, 84–87.

Luthra, H. 1988. In: J. Klippel, P. Dieppe (Eds.), Rheumatology,

vol. 27. Mosby, St Louis, pp. 1–4.

Maddison, P.J. 1991. Overlap syndromes and mixed connective

tissue disease. Curr. Opin. Rheumatol. 3, 995–1000.

Mahindrakar, N.H., Libman, L.J. 1970. Relapsing polychondritis.

J. Laryngol. Otol. 84, 337–342.

Martyn, J.B., Wong, M.J., Huang, S.H. 1988. Pulmonary and

neuromuscular complications of mixed connective tissue

disease: a report and review of the literature. J. Rheumatol.

15, 703–705.

Matoba, A., Plager, S., Barber, J., McCulley, J.P. 1984. Keratitis in

relapsing polychondritis. Ann. Ophthalmol. 16, 367–370.

McAdam, L.P., O’Hanlan, M.A., Bluestone, R., Pearson, C.M.

1976. Relapsing polychondritis: prospective study of 23

patients and a review of the literature. Medicine (Baltimore)

55, 193–215.

Michet, C.J. Jr., McKenna, C.H., Luthra, H.S., O’Fallon, W.M.

1986. Relapsing polychondritis. Survival and predictive

role of early disease manifestations. Ann. Intern. Med. 104,

74–78.

Mohsenifar, Z., Tashkin, D.P., Carson, S.A., Bellamy, P.E. 1982.

Pulmonary function in patients with relapsing polychondritis.

Chest 81, 711–717.

Montgomery, W.W. 1965. T-tube tracheal stent. Arch. Otolaryngol.

82, 320–321.

Parkin, A., Robinson, P.J., Hickling, P. 1982. Regional lung

ventilation in ankylosing spondylitis. Br. J. Radiol. 55,

833–836.

Pearson, C.M., Kline, H.M., Newcomer, V.D. 1960. Relapsing

polychondritis. N. Engl. J. Med. 263, 51–58.

Prakash, U.B. 1992. Lungs in mixed connective tissue disease.

J. Thorac. Imag. 7, 55–61.

Prakash, U.B. 1998. Respiratory complications in mixed connective

tissue disease. Clin. Chest Med. 19, ix, 733–746.

Prakash, U.B., Luthra, H.S., Divertie, M.B. 1985. Intrathoracic

manifestations in mixed connective tissue disease. Mayo Clin.

Proc. 60, 813–821.

Pyeritz, R.E. 1985. Connective tissue in the lung: lessons from the

Marfan syndrome. Ann. Intern. Med. 103, 289–290.

Pyeritz, R.E., McKusick, V.A. 1979. The Marfan syndrome:

diagnosis and management. N. Engl. J. Med. 300, 772–777.

Radford, E.P., Doll, R., Smith, P.G. 1977. Mortality among patients

with ankylosing spondylitis not given X-ray therapy. N. Engl. J.

Med. 297, 572–576.

Repo, U.K., Kentala, E., Koistinen, J., Lehtipuu, A.L., Miettinen,

A., Pyrhonen, S., Tiilikainen, A., Vuornos, T. 1981. Pulmonary

Pulmonary Involvement in Miscellaneous Connective Tissue Diseases 241



apical fibrocystic disease. A serologic study. Eur. J. Respir. Dis.

62, 46–55.

Reye, R.D., Bale, P.M. 1973. Elastic tissue in pulmonary

emphysema in Marfan syndrome. Arch. Pathol. 96, 427–431.

Richard, P., Sabouret, P., Vayre, F., Desrame, J., Ollivier, J.P. 1996.

Pleuropericarditis complicated of tamponade disclosing mixed

connective tissue disease. Remission with non-steroidal anti-

inflammatory agents. Apropos of a case. Ann. Cardiol. Angeiol.

(Paris) 45, 513–515.

Ridgway, H.B., Hansotia, P.L., Schorr, W.F. 1979. Relapsing

polychondritis: unusual neurological findings and therapeutic

efficacy of dapsone. Arch. Dermatol. 115, 43–45.

Rosenow, E., Strimlan, C.V., Muhm, J.R., Ferguson, R.H. 1977.

Pleuropulmonary manifestations of ankylosing spondylitis.

Mayo Clin. Proc. 52, 641–649.

Rumancik, W.M., Firooznia, H., Davis, M.S. Jr., Leitman, B.S.,

Golimbu, C., Rafii, M., McCauley, D.I. 1984. Fibro-

bullous disease of the upper lobes: an extraskeletal manifes-

tation of ankylosing spondylitis. J. Comput. Tomogr. 8,

225–229.

Sanchez-Guerrero, J., Cesarman, G., Alarcon-Segovia, D. 1989.

Massive pulmonary hemorrhage in mixed connective tissue

diseases. J. Rheumatol. 16, 1132–1134.

Sayers, C.P., Goltz, R.W., Mottiaz, J. 1975. Pulmonary elastic tissue

in generalized elastolysis (cutis laxa) and Marfan’s syndrome: a

light and electron microscopic study. J. Invest. Dermatol. 65,

451–457.

Schlosstein, L., Terasaki, P.I., Bluestone, R., Pearson, C.M. 1973.

High association of an HL-A antigen, W27, with ankylosing

spondylitis. N. Engl. J. Med. 288, 704–706.

Seckin, U., Bolukbasi, N., Gursel, G., Eroz, S., Sepici, V., Ekim, N.

2000. Relationship between pulmonary function and exercise

tolerance in patients with ankylosing spondylitis. Clin. Exp.

Rheumatol. 18, 503–506.

Senocak, O., Manisali, M., Ozaksoy, D., Sevinc, C., Akalin, E.

2003. Lung parenchyma changes in ankylosing spondylitis:

demonstration with high resolution CT and correlation with

disease duration. Eur. J. Radiol. 45, 117–122.

Shah, R., Sabanathan, S., Mearns, A.J., Featherstone, H. 1995.

Self-expanding tracheobronchial stents in the management of

major airway problems. J. Cardiovasc. Surg. (Torino) 36,

343–348.

Sharp, G.C., Anderson, P.C. 1980. Current concepts in the

classification of connective tissue diseases. Overlap syndromes

and mixed connective tissue disease (MCTD). J. Am. Acad.

Dermatol. 2, 269–279.

Sharp, G.C., Irvin, W.S., Tan, E.M., Gould, R.G., Holman, H.R.

1972. Mixed connective tissue disease—an apparently distinct

rheumatic disease syndrome associated with a specific antibody

to an extractable nuclear antigen (ENA). Am. J. Med. 52,

148–159.

Small, P., Black, M., Davidman, M., de Champlain, M.L., Kapusta,

M.A., Kreisman, H. 1980. Wegener’s granulomatosis and

relapsing polychondritis: a case report. J. Rheumatol. 7,

915–918.

Spraggs, P.D., Tostevin, P.M., Howard, D.J. 1997. Management of

laryngotracheobronchial sequelae and complications of relap-

sing polychondritis. Laryngoscope 107, 936–941.

Stewart, R.M., Ridyard, J.B., Pearson, J.D. 1976. Regional lung

function in ankylosing spondylitis. Thorax 31, 433–437.

Stiksa, G., Eklundh, G., Riebe, I., Simonsson, B.G. 1976. Bilateral

pulmonary aspergilloma in ankylosing spondylitis treated with

transthoracic intracavitary instillations of antifungal agents.

Scand. J. Respir. Dis. 57, 163–170.

Strange, C., Bolster, M., Mazur, J., Taylor, M., Gossage, J.R.,

Silver, R. 2000. Hemodynamic effects of epoprostenol in

patients with systemic sclerosis and pulmonary hypertension.

Chest 118, 1077–1082.

Streeten, E.A., Murphy, E.A., Pyeritz, R.E. 1987. Pulmonary

function in the Marfan syndrome. Chest 91, 408–412.

Sullivan, W.D., Hurst, D.J., Harmon, C.E., Esther, J.H., Agia, G.A.,

Maltby, J.D., Lillard, S.B., Held, C.N., Wolfe, J.F., Sunderrajan,

E.V., et al. 1984. A prospective evaluation emphasizing

pulmonary involvement in patients with mixed connective

tissue disease. Medicine (Baltimore) 63, 92–107.

Tanoue, L.T. 1992. Pulmonary involvement in collagen vascular

disease: a review of the pulmonary manifestations of the Marfan

syndrome, ankylosing spondylitis, Sjogren’s syndrome, and

relapsing polychondritis. J. Thorac. Imag. 7, 62–77.

Trentham, D.E., Le, C.H. 1998. Relapsing polychondritis. Ann.

Intern. Med. 129, 114–122.

Turetschek, K., Ebner, W., Fleischmann, D., Wunderbaldinger, P.,

Erlacher, L., Zontsich, T., Bankier, A.A. 2000. Early pulmonary

involvement in ankylosing spondylitis: assessment with thin-

section CT. Clin. Radiol. 55, 632–636.

Turner, J.A., Stanley, N.N. 1976. Fragile lung in the Marfan

syndrome. Thorax 31, 771–775.

Ueda, N., Mimura, K., Maeda, H., Sugiyama, T., Kado, T.,

Kobayashi, K., Fukuzaki, H. 1984. Mixed connective tissue

disease with fatal pulmonary hypertension and a review of

literature. Virchows Arch. A Pathol. Anat. Histopathol. 404,

335–340.

van den Hoogen, F.H., Spronk, P.E., Boerbooms, A.M., Bootsma,

H., de Rooij, D.J., Kallenberg, C.G., van de Putte, L.B. 1994.

Long-term follow-up of 46 patients with anti-(U1)snRNP

antibodies. Br. J. Rheumatol. 33, 1117–1120.

Venables, P. 1998. In: J.H. Klippel, P. Dieppe (Eds.), Rheumatol-

ogy. Mosby, London, pp. 33.1–33.8.

Wallaert, B., Dugas, M., Dansin, E., Perez, T., Marquette, C.H.,

Ramon, P., Tonnel, A.B., Voisin, C. 1990. Subclinical alveolitis

in immunological systemic disorders. Transition between health

and disease? Eur. Respir. J. 3, 1206–1216.

Wanderman, K.L., Goldstein, M.S., Faber, J. 1975. Letter: cor

pulmonale secondary to severe kyphoscoliosis in Marfan’s

syndrome. Chest 67, 250–251.

Webb, W.R., Gamsu, G. 1981. Cavitary pulmonary nodules with

systemic lupus erythematosus: differential diagnosis. Am.

J. Roentgenol. 136, 27–31.

Weg, J.G., Krumholz, R.A., Harkleroad, L.E. 1967. Pulmonary

dysfunction in pectus excavatum. Am. Rev. Respir. Dis. 96,

936–945.

A.U. Wells, G. Davies242



Wiener-Kronish, J.P., Solinger, A.M., Warnock, M.L., Churg, A.,

Ordonez, N., Golden, J.A. 1981. Severe pulmonary involvement

in mixed connective tissue disease. Am. Rev. Respir. Dis. 124,

499–503.

Wood, J.R., Bellamy, D., Child, A.H., Citron, K.M. 1984.

Pulmonary disease in patients with Marfan syndrome. Thorax

39, 780–784.

Zeuner, M., Straub, R.H., Rauh, G., Albert, E.D., Scholmerich, J.,

Lang, B. 1997. Relapsing polychondritis: clinical and

immunogenetic analysis of 62 patients. J. Rheumatol. 24,

96–101.

Zorab, P. 1962. The lungs in ankylosing spondylitis. Q. J. Med. 31,

267–280.

Pulmonary Involvement in Miscellaneous Connective Tissue Diseases 243



PART VI

Drug-Induced Respiratory Disease



CHAPTER 13

Drug-Induced Respiratory Disease in Connective Tissue Diseases

Philippe Camus
Department of Pulmonary and Intensive Care, University Medical Center Le Bocage and Medical School,

Université de Bourgogne, F-21034 Dijon, France

1. Introduction

Approximately 350 drugs can cause respiratory injury

(http://www.pneumotox.com, 1997), and the list of

drugs and patterns of involvement continues to

increase inexorably (http://www.pneumotox.com,

1997). Drug-induced lung diseases (DILDs) vary in

severity from mild to life threatening. Generally,

DILDs subside upon drug discontinuance, and leave

permanent sequelae in a minority of patients. Less

frequently, DILDs persist unabated, or progress

despite drug withdrawal, requiring specific

management.

The classic drugs used to treat connective tissue

disease (CTD) and related autoimmune conditions,

i.e. aspirin, other nonsteroidal antiinflammatory

drugs (NSAIDs), azathioprine, chlorambucil, colchi-

cine, cyclophosphamide, gold, methotrexate, mino-

cycline, D-penicillamine and sulfasalazine, have long

been known to produce lung injury (White and Ward,

1985; Cannon, 1990; Zitnik and Cooper, 1990;

Cannon, 1997; Roux and Zitnik, 1997; Tomioka

and King, 1997; http://www.pneumotox.com, 1997;

Libby and White, 1998). Novel agents now available

to treat CTD also can cause distinct toxic or

hypersensitivity pulmonary or systemic reactions

(Libby and White, 1998; http://www.pneumotox.

com, 1997; Loorand- Stiver and Murty, 2002).

Novel treatment strategies proposed in the treatment

of CTD have changed the profile of adverse

pulmonary reactions to drugs: methotrexate pneumo-

nitis and adverse effects of anti-TNF agents or

interferons have become more common, while the

adverse reactions to penicillamine and gold have

become increasingly infrequent.

Diagnosing DILD in CTD is an increasingly

complex exercise. Patients may be exposed to more

than one drug causing adverse pulmonary reactions,

and drugs can cause more than one pattern of injury

(http://www.pneumotox.com, 1997). Response to

drug withdrawal is not always convincing (Persoz

et al., 2001), and corticosteroids may complicate the

evaluation of drug dechallenge. The background

disease can involve the lung in a manner (Dawson

et al., 2002; Freemer and King, 2003) and with an

incidence rate (Thomeer et al., 2001a,b) similar to

that of DILD. Conversely, the pattern of injury

produced by drugs can mimic the pulmonary

involvement of naturally occurring CTD, and

drugs can produce systemic conditions (Choi et al.,

2000a). Lastly, several of the drugs used to treat

CTD (e.g. azathioprine, corticosteroids, cyclopho-

sphamide, etanercept, infliximab, leflunomide and

methotrexate) are immunosuppressive agents, and

exposure to these agents increases the risk of

developing opportunistic pulmonary infections

(Lionakis and Kontoyiannis, 2003; Metzler et al.,

2004; White, 2004). The combined effect of back-

ground disease (Ward and Donald, 1999), type of drug

(especially corticosteroids, cyclophosphamide and

methotrexate) (White, 2004), dosage or timing of

drugs (high-dose induction vs. low-dose maintenance

therapy) (Koselj-Kajtna et al., 2002), as well as

q 2004 Elsevier B.V. All rights reserved.
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country of residence (for instance as regards back-

ground rates of tuberculosis, or the risk of airborne

diseases such as histoplasmosis), may impose distinct

risks of opportunistic infections in CTD. Drug-

induced opportunistic infections remain a strong

competing diagnosis, as DILDs are notoriously

difficult to reliably differentiate from an infection

(Lewis et al., 1978; Logan et al., 1995; Cleverley

et al., 2002). Iatrogenic infections have been

reviewed elsewhere (Min and Monaco, 1991;

Libby and White, 1998; Hill et al., 1999; Starzl,

1999a,b; Rolston, 2001; Lionakis and Kontoyiannis,

2003; White, 2004), and are not covered here in

great detail.

This chapter discusses respiratory and systemic

disease induced by drugs used in CTD, including

drugs used to treat the complications of CTD, and

other drugs commonly used in the age range of such

patients (e.g. amiodarone, oral anticoagulants, anti-

convulsants, angiotensin converting enzyme inhibi-

tors (ACEI) and diuretic drugs) (http://www.

pneumotox.com, 1997).

2. Diagnostic criteria

Criteria for the diagnosis of drug-induced respiratory

disease include (Irey, 1976b; Camus, 2003; Flieder

and Travis, 2004) the following:

(1) Correct identification of the drug. This requires

a meticulous drug history, including dose and duration

of treatment, and exposure to over-the-counter

medications (Ashar et al., 2003), illicit drugs,

dietary compounds (Drazen, 2003), home-made

products (Gaine et al., 2000), herbs (Ernst, 1998;

Kessler, 2000; Matsushima et al., 2002; Samenuk

et al., 2002; Adachi et al., 2003) and odd substances

(Yel et al., 2004), the innocuity of which is seriously

challenged (Egermayer, 2000; Matsushima et al.,

2002; Samenuk et al., 2002; Adachi et al., 2003;

Ashar et al., 2003; Kanda et al., 2003; Lontos et al.,

2003; Yoshida, 2003).

(2) Temporal eligibility. Time from the beginning

of treatment to onset of the reaction (also called the

latency period) varies from a few seconds or minutes

in drug-induced anaphylaxis or asthma attacks, to

months or years in treatment with anticonvulsants,

cyclophosphamide, gold, methotrexate and other

drugs. The shorter the latency period, the easier the

recognition of the drug etiology.

(3) Singularity of drug. Patients with CTD are

often exposed to several potentially pneumotoxic

drugs (e.g. combined treatments with multiple

disease-modifying drugs in patients with rheumatoid

arthritis (RA)), and this creates confusion about which

drug is responsible for the pulmonary reaction.

However, weighing the respective responsibility of

each drug is critical to enable selective drug with-

drawal, which minimizes the risk of relapse of the

background disease. A rough estimate of the inci-

dence of adverse effects from a particular drug is

given by the number of reports in the literature (http://

www.pneumotox.com, 1997).

(4) Characteristic clinical imaging and physio-

logic pattern of the reaction to the specific drug.

Many drug reactions are associated with a distinctive

imaging pattern (Padley et al., 1992; Taylor, 1990;

Kuhlman, 1991; Ellis et al., 2000; Rossi et al., 2000;

Collins, 2001; Cleverley et al., 2002; Erasmus et al.,

2002a,b; Camus and Gibson, 2003; Camus, 2003;

Lindell and Hartman, 2004), and this enables easier

recognition of the drug condition. High-resolution

CT (HRCT) is more sensitive than plain chest

radiograph in the detection of mild or early

drug-induced involvement (Padley et al., 1992;

Siniakowicz et al., 2001), and can be used to chose

the area of biopsy.

(5) Characteristic histopathological pattern of

reaction to the specific drug. A lung biopsy is

necessary in a small subset of patients suspect of

having DILD, and a risk-benefit evaluation is not

available (Malhorta et al., 2003). If appropriately

sampled and processed, the lung biopsy will exclude

the presence of underlying disease or infection, and

determine whether the pulmonary reaction is appro-

priate for a particular drug (Walker-Smith, 1990;

Pietra, 1991; Colby et al., 1991; Flieder and Travis,

2004).

(6) Exclusion of other causes for the lung disease.

This is a difficult exercise, especially in patients

with infiltrative lung disease (ILD), because drugs

and the background disease can produce similar

imaging-pathologic patterns of parenchymal invol-

vement (Prakash, 1984; Murin et al., 1998; Primack

and Muller, 1998; Schwarz, 1998; Sullivan and
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Hoffman, 1998; Tanoue, 1998; Mayberry et al.,

2000; Franquet, 2001; Freemer and King, 2003).

Adequate sampling of blood and lung fluids should

be performed to exclude an infection (Shelhamer

et al., 1996).

(7) Remission of signs and symptoms with removal

of the drug. Ideally, all signs and symptoms should

clear after drug withdrawal. Where possible, corti-

costeroids should not be given, to better evaluate the

effects of drug dechallenge. However, patients with

fulminant ILD may not improve after removal of the

drug (Lévy et al., 1997), and also drug-induced

fibrotic conditions (e.g. pulmonary or pleural fibrosis,

pulmonary hypertension, bronchiolitis obliterans

(BO)) do not generally respond convincingly to drug

discontinuance.

(8) Quantification of drug levels in blood or

lung tissue. This may be necessary to confirm

adverse reactions resulting from drug overdose

(Irey, 1976a; Heffner and Sahn, 1981; Merigian and

Blaho, 1995).

(9) In vitro tests. In vitro tests of monocyte

migration, or proliferation and transformation of

lymphocytes harvested in peripheral blood or, less

often, bronchoalveolar lavage (BAL) have been

used (Ripps and Fellner, 1966; Vischer, 1966;

Sarkany, 1967; Denman and Denman, 1968; Walzer

et al., 1972; Pearsall et al., 1974; Houwerzijl et al.,

1977; Pirmohamed et al., 1991; Hertl et al., 1995;

Mauri- Hellweg et al., 1995; Bentur et al., 1997;

Schreiber et al., 1999; Adkinson et al., 2002;

Pichler, 2003). Cytotoxicity and proliferative assays

in the presence of the drug, or the drug and a

metabolic activating system, have yielded positive

results in patients with adverse skin reactions

(Hertl et al., 1995). However, the lack of standard-

ization of these tests, coupled to difficulties inherent

to the rarity and diversity of adverse reactions

to drugs, has not yet yielded consistent results.

Also these tests may lack sensitivity (Drory and

Korczyn, 1993).

(10) Recurrence with rechallenge. Recurrence

with rechallenge is central to the diagnosis of

DILD, but seldom is performed intentionally, as

pulmonary reactions of increased severity and death

may ensue (Kremer et al., 1997). This raises evident

safety and ethical issues, and many will recommend

against deliberate re-exposure, inasmuch as authentic

DILD may not relapse after rechallenge (Fehr et al.,

2003). Rechallenge with increasing amounts of a vital

drug with the purpose of desensitization can be

contemplated (Shepherd, 2003).

3. Patterns of respiratory involvement
caused by drugs used to treat CTD

3.1. Infiltrative lung diseases

Drug-induced ILD (DI-ILD) is a group of con-

ditions characterized by dyspnea, pulmonary infil-

trates on chest film and HRCT (Akira et al., 2002;

Erasmus et al., 2002a,b; Lindell and Hartman,

2004), a physiology of low lung volumes, hypox-

emia, derangements of BAL cell populations, and

inflammation and fibrosis in variable proportions on

lung histology. Patients with DI-ILD present with

the signs and symptoms of cough, dyspnea and,

often, fever. The diagnosis is suggested on imaging

(Ansell, 1969; Kormano, 1974; Morrison and

Goldman, 1979; Bargon, 1984; Taylor, 1990;

Kuhlman, 1991; Ellis et al., 2000; Rossi et al.,

2000; Cleverley et al., 2002; Erasmus et al., 2002a,b;

Lindell and Hartman, 2004), and is supported by

BAL, drug dechallenge and, in some patients, a

lung biopsy (Flieder and Travis, 2004). Disease

severity ranges from simple pulmonary infiltrates

and an asymptomatic state to diffuse consolidation

with acute respiratory failure, or an ARDS picture

(Akira et al., 2002). Obliteration of the airspaces by

the pathologic process of cellular interstitial-,

eosinophilic- and organizing pneumonia, and the

associated features of diffuse alveolar damage

(DAD) or alveolar hemorrhage, characterize those

cases with severe involvement.

It is at times difficult to separate DI-ILD from ILD

resulting from the background CTD, and imaging

does not always aid in this distinction (Logan et al.,

1995). There is, however, a tendency for pulmonary

manifestations of the background disease to slowly

progress with time, except those in lupus erythema-

tosus, whereas the pulmonary manifestations of DI-

ILD have a more protracted course, and are generally

reversible.
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3.1.1. Nonspecific, or cellular, interstitial

pneumonia
Drug-induced nonspecific interstitial pneumonia, also

called cellular interstitial pneumonia, alveolitis or

hypersensitivity pneumonitis, is a common pattern of

drug-induced pulmonary involvement. Drugs causing

the syndrome in patients with CTD include azathiopr-

ine, chlorambucil, chrysotherapy, cyclophosphamide,

interferon alpha and beta, possibly leflunomide,

methotrexate, penicillamine and propylthiouracil

(http://www.pneumotox.com, 1997); Loorand-Stiver

and Murty, 2002 #18638]. Many drugs used outside

the context of CTD (e.g. nitrofurantoin) also produce

the condition (http://www.pneumotox.com, 1997;

Camus, 2003).

Time to onset is from a few days to years into

treatment and is unpredictable, except perhaps for

gold-induced lung disease, which generally occurs

within the first 6 months of treatment (Tomioka and

King, 1997). Onset of the disease is progressive over a

few weeks, or abrupt, especially in patients with

methotrexate lung. Signs and symptoms include

increasing dyspnea, a dry cough, high fevers and

sometimes a skin rash. Changes in liver chemistry are

thought to reflect concomitant liver toxicity (Gomez

et al., 1992; Yalçin et al., 1997). The spectrum of

severity ranges from mild symptoms and ill-defined

pulmonary opacities to extensive consolidation and

respiratory failure, especially with the use of gold or

methotrexate (Tomioka and King, 1997; Imokawa

et al., 2000). Radiographic studies indicate bilateral,

approximately symmetrical, interstitial or alveolar

opacities. A miliary pattern has been reported in a few

patients with the use of chrysotherapy, methotrexate

and sirolimus. The infiltrates may localize in the lung

bases or mid-lung zones, or be diffuse, and the

radiographic density can be discrete haze, ground-

glass, or dense bilateral consolidation with air

bronchograms and volume loss. Pleural effusions

and mediastinal lymphadenopathy are occasional

findings. The CT examination can show thickening

of interlobular or intralobular septa, a crazy-paving-,

ground-glass-, or mosaic pattern, and in cases with

extensive disease, patchy or diffuse dense alveolar

shadowing. Restrictive ventilatory impairment and

hypoxemia correlate with the extent of radiographic

involvement (Akira et al., 2002). The diffusing

capacity may be lower in DI-ILD than in ILD of

other causes (Thomeer et al., 2001a). In azathioprine

pneumonitis, a restrictive physiology and hypoxemia

can coexist with limited radiographic changes (Rubin

et al., 1972).

Fiberoptic bronchoscopy and BAL are indicated.

Appropriate stains, cultures and molecular techniques

should be negative in BAL and other fluids to exclude

an opportunistic infection (Shelhamer et al., 1996).

The BAL usually shows a lymphocyte predominance.

The contribution of lymphocyte typing is unclear,

because increases in CD4þ or in CD8þ subsets

have been observed (Akoun et al., 1986; White et al.,

1989; Salaffi et al., 1997; Fuhrman et al., 2001). A

very low ratio of CD4þ to CD8þ lymphocytes is

suggestive, but not specific for the drug etiology.

Other BAL findings include a neutrophilia, or a

combined pattern of lymphocytosis with neutrophilia

or eosinophilia (Pfitzenmeyer et al., 1992; Leduc et al.,

1993; Costabel et al., 2004).

A lung biopsy may be required in selected cases.

The main histologic features include mild to extensive

interstitial inflammation (Myers, 1993). Pulmonary

granulomas have been described with etanercept,

interferons and methotrexate (Imokawa et al., 2000)

(in addition to intracavitary BCG used to treat

bladder carcinoma (Mooren et al., 2000; Schattner

et al., 2002)). Interstitial fibrosis may also be seen,

but is not the dominant histopathological feature

(Imokawa et al., 2000; Tomioka and King, 1997).

The distinctive pattern of desquamative interstitial

pneumonia suggests exposure to nitrofurantoin

(Bone et al., 1976). Alveolar edema or hemorrhage

may be found as a manifestation of severe pneumo-

nitis from gold (Noseworthy et al., 1983), methotrex-

ate (Lisbona et al., 1973), or nitrofurantoin (Bucknall

et al., 1987).

Overall, the prognosis of cellular drug-induced

pneumonitis is good. High-dose corticosteroids are

recommended in patients with acute respiratory

failure although in some, the disease can subside

after simple drug withdrawal (Berkani et al., 2003).

Fatalities have been reported in patients with severe

gold or methotrexate lung (Tomioka and King, 1997;

Imokawa et al., 2000), in patients who were not given

corticosteroids in time (Smith et al., 1993), and in a

sizable fraction of those who were rechallenged with

the drug (Kremer et al., 1997). Irreversible lung
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fibrosis following recognition and treatment of this

problem is unusual (van der Veen et al., 1995).

Patients should be properly instructed to avoid

inadvertent reexposure to the drug, or to structurally

or pharmacologically related compounds. Rechal-

lenge with the drug will often lead to relapse, and is

not generally recommended because of risks inherent

with the procedure (Kremer et al., 1997).

3.1.2. Pulmonary infiltrates and eosinophilia
Pulmonary infiltrates and eosinophilia (PIE), also

known as eosinophilic pneumonia, can be caused by

multiple chemically-unrelated drugs (http://www.

pneumotox.com, 1997). The disease was first reported

in the 1940s in patients exposed to sulfonamides (Ellis

and McKinlay, 1941), and there was a concern that

sulfone drugs might cause systemic vasculitis and

polyarteritis nodosa (Rich, 1942). Many sulfone

antibiotic and non-antibiotic drugs (e.g. chlorothia-

zide, chlorpropamide, dapsone, furosemide, sulfasa-

lazine), as well as sulfa drugs (sulfadiazine,

sulfamethoxazole), are still in use today, and can

cause systemic and pulmonary adverse reactions (van

der Klauw et al., 1996; Oshitani et al., 1998; Russian

and Levine, 2001; Strom et al., 2003; Dominguez-

Ortega et al., 2003). Most members of certain drug

classes (e.g. antibiotics, antidepressants, ACEI and

NSAIDs) cause PIE. Drugs causing PIE in patients

with CTD and allied conditions include antidepress-

ants (amitriptylline, clomipramine, maprotilin, sertra-

line, trazodone and venlafaxine), aspirin and other

NSAIDs, carbamazepine, chloroquine, interferon,

mesalazine, minocycline, inhaled or parenteral penta-

midine, phenytoin, radiographic contrast material, and

sulfa drugs (http://www.pneumotox.com, 1997).

Recently, cyclooxygenase-2 (COX-2) inhibitors and

infliximab also were implicated (http://www.

pneumotox.com, 1997; Mehandru et al., 2002;

Riegert-Johnson et al., 2002). Methotrexate lung is

often associated with mild eosinophilia in the blood

and BAL (Imokawa et al., 2000), but is not an

eosinophilic pneumonia. Some patients with PIE

exhibit clinical features which overlap with the

systemic angiitis and eosinophilia of Churg–Strauss

syndrome (CSS) (Sitbon et al., 1994; Oermann et al.,

2000), and distinguishing the two conditions may be

problematic. A few drugs, mainly leukotriene receptor

antagonists (LTRA), can produce both conditions

(Weller et al., 2001; Lilly et al., 2002) (see below).

The possibility of a parasitic infection should be

considered in any patient with PIE, because this

requires specific management.

Typically, the syndrome of PIE develops during

oral or parenteral treatments with the causative drug

(http://www.pneumotox.com, 1997); rarely does the

condition develop after termination of treatment

(Cauchie et al., 1989; Riegert-Johnson et al., 2002).

Drugs administered topically (Kohlhäufl et al., 2003),

or via inhalation (Dupon et al., 1993), can also cause

PIE. Risk factors include prior atopy or asthma, a

history of allergic reactions to other or related drugs,

and repeated courses of treatment with the drug,

which can sensitize patients (Sitbon et al., 1994;

Berkes, 2003). Onset is difficult to predict; for

instance NSAIDs-induced PIE develops after 1 week

to 3 years (average 17 weeks) into treatment

(Pfitzenmeyer et al., 1994).

Typical signs and symptoms of PIE include

dyspnea, a dry cough, fever, chest discomfort and a

skin rash (Sitbon et al., 1994). The intensity of

respiratory symptoms and hypoxemia correlate with

the extent of pulmonary infiltrates, and in some

patients, acute eosinophilic pneumonia develops with

or without pleural effusion and respiratory failure

(Fujimori et al., 1999; Riegert-Johnson et al., 2002).

Symptoms are more prominent if an eosinophilic

bronchitis is present, and this is suspected if wheezing

is heard at auscultation (Mahatma et al., 1989).

Systemic symptoms can be present in patients with

elevated levels of blood eosinophils (Diffee et al.,

1986). An eosinophilic pleural effusion (Bravo et al.,

1977; Ueda et al., 2002) and involvement of distant

organs have been described in a few patients

(Grcevska et al., 1993; Zaacks et al., 1999; Hayashi

et al., 2001).

On imaging, the pulmonary infiltrates of PIE are

typically alveolar and symmetrical. The pattern of

‘photographic negative of pulmonary edema’ is

distinctive (Gaensler and Carrington, 1977), but is

not found in all cases. The opacities of PIE may

be diffuse (Tohyama et al., 2002), or migratory

(Fiegenberg et al., 1967), or may appear as faint

shadowing or discrete ground-glass. Kerley ‘B’ lines

suggesting the presence of interstitial fluid have been

consistently described in PIE due to NSAIDs or other
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drugs (Pfitzenmeyer et al., 1994; Fleisch et al., 2000).

On CT, the opacities of PIE range in density from a

discrete haze to patchy subpleural or diffuse shadow-

ing or consolidation (Pfitzenmeyer et al., 1994).

Enlargement of peripheral or mediastinal lymph

nodes is an occasional finding in PIE associated

with exposure to minocycline (Bando et al., 1994) or

certain NSAIDs (Oishi et al., 2001).

PIE is diagnosed by the presence of increased

percentages or numbers of eosinophils in blood

(which can be as high as 80% (Goodwin and Glenny,

1992)), BAL, or lung tissue, although a lung biopsy is

rarely required for diagnosis (Sitbon et al., 1994).

Peripheral eosinophilia is transiently suppressed if

corticosteroids are given (Benzaquen-Forner et al.,

1998). BAL commonly shows an increase in both

eosinophils and lymphocytes (Fujimura et al., 1998;

Pfitzenmeyer et al., 1994). On histology, an interstitial

infiltrate of eosinophils admixed with mononuclear

cells is seen (Myers, 1993), and a Giemsa stain may

help identify eosinophils. Inconspicuous foci of

organizing pneumonia may be present (Myers,

1993). Eosinophils may cluster around arterioles

without, however, invading their walls (Myers,

1993). An active vasculitis raises the suspicion of

CSS (Katzenstein, 2000).

While eosinophilic pneumonia is a common

complication of treatments with drugs, it is a rather

unusual presenting feature of CTD or autoimmune

conditions, except CSS (Freemer and King, 2003).

Therefore, relating PIE to drug exposure is generally

straightforward, especially if patients are exposed to

one single eligible drug, and if drug withdrawal is

followed by improvement. Drug withdrawal may not

translate into improvement in patients with acute

eosinophilic pneumonia (Lévy et al., 1997). If drug

therapy withdrawal is without effect, or if acute

respiratory failure is present, corticosteroids are

indicated and generally quickly reverse all manifes-

tations of PIE (Fleisch et al., 2000). Death in PIE is the

exception (Hara et al., 1998).

Rechallenge with the drug leads to recurrence of

the clinical manifestations of drug-induced PIE, blood

or BAL eosinophilia, and pulmonary infiltrates

(Chetty et al., 1993; Jedynak et al., 1997). However,

the diagnostic contribution of rechallenge is ques-

tionable. Patients with inflammatory bowel disease

who develop PIE as a result of exposure to

sulfasalazine or mesalazine can deliberately be

rechallenged with incremental doses of the drug

(Camus et al., 1993). This has resulted in desensitiza-

tion, reinstatement of the drug and maintained control

of the basic disease (Sullivan, 1987; Camus et al.,

1993; Greenberger, 2000; Parry et al., 2002). Patients

who relapse after graded rechallenge can be rechal-

lenged again, using smaller doses of the drug,

achieving successful desensitization (Miller and

Green, 1962).

3.1.3. Organizing pneumonia—BOOP
Drug-induced organizing pneumonia or bronchiolitis

obliterans organizing pneumonia (OP/BOOP) is a

distinctive pattern of lung response to drugs. How-

ever, the syndrome can also occur as a presenting

feature, or later in the course of CTD, inflammatory

bowel disease and autoimmune or hematologic

conditions (Ryu et al., 2003). Drug-induced OP was

initially reported as a life-threatening event in patients

treated with the early antihypertensive drugs hexam-

ethonium (Doniach et al., 1954) and mecamylamine

(Rosketh and Storstein, 1960). Later, nodular OP

simulating pulmonary metastases on imaging was

described during treatments with bleomycin (Santrach

et al., 1989). Eventually, amiodarone (Camus et al.,

1989; Rossi et al., 2000), b-blocking agents (Camus

et al., 1989; Faller et al., 1997), carbamazepine

(Milesi-Lecat et al., 1997; Banka and Ward, 2002),

gold (Morley et al., 1984; Costabel et al., 1992; Cohen

et al., 1994), interferons (Ferriby and Stojkovic, 2001;

Kumar et al., 2001), methotrexate (Elsasser et al.,

1989; Hollingsworth, 1994), nitrofurantoin (Cameron

et al., 2000; Fawcett and Ibrahim, 2001), penicilla-

mine (Lohr et al., 1997), 3-hydroxy-3-methyl glu-

taryl-coenzyme A (HMG-CoA) reductase inhibitors

(statins) (Nizami et al., 1995), and sulindac (Hollings-

worth, 1994) were recognised to produce an OP

pattern. Several other drugs used outside the context

of CTD and allied conditions can also cause OP

(http://www.pneumotox.com, 1997; Ryu et al., 2003).

The association of OP with ACEI or other NSAIDs is

circumstantial at this time (Nizami et al., 1995).

Clinically, drug-induced OP manifests with dys-

pnea, low-grade fever and, sometimes, lancinating or

acute pleuritic chest pain if the foci of OP abut the

pleural surface. Rarely increasing dyspnea culminates
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in acute respiratory failure (Cohen et al., 1994;

Nizami et al., 1995; Kumar et al., 2001). On imaging,

the disease is suspected when migratory opacities are

seen on chest films taken sequentially over a few

weeks (Camus et al., 1989; Faller et al., 1997). There

may be intervening periods of significant duration

with a normal chest radiograph, despite continued

exposure to the causative drug. The opacities of OP

are in the form of a mass or masses, which may

contain air bronchograms (Moreau et al., 1998;

Cameron et al., 2000). The masses may have a

recognizable segmental or lobar distribution (Camus

et al., 1989), or appear as patchy shadows along the

bronchovascular bundles, a pattern suggestive of

exposure to nitro drugs (Pfitzenmeyer et al., 1992;

Fawcett and Ibrahim, 2001) and, possibly, penicilla-

mine. Other patterns include biapical masses (Camus

et al., 1993), diffuse ill-defined infiltrates (Ogata et al.,

1994), multiple nodules (Milesi-Lecat et al., 1997),

and a pattern of dense diffuse and severe ILD, with

volume loss and acute respiratory failure (Cohen et al.,

1994; Nizami et al., 1995).

No distinctive BAL pattern has been described in

association with drug-induced OP (Majori et al., 2000;

Costabel et al., 2004). Often, however, the percentage

of lymphocytes and sometimes of neutrophils or

eosinophils is increased in BAL (Costabel et al.,

2004). If a lung biopsy is deemed necessary to reliably

establish the diagnosis, the surgical approach is

preferred to transbronchial lung biopsy and is guided

by the results of CT (Flieder and Travis, 2004).

Histology reveals interstitial inflammation and alveo-

lar collapse, superimposed on the dominant back-

ground of alveolar and ductal fibrosis (Myers and

Colby, 1993; Camus et al., 1993; Ryu et al., 2003;

Epler, 2004). In a fraction of patients, significant

tissue eosinophilia is present, making the differen-

tiation of organizing from eosinophilic pneumonia

difficult, and overlapping features of the two con-

ditions may be present in the same lung specimen

(Faller et al., 1997).

Acute fibrinous OP is a recently recognized

pattern of lung involvement (Beasley et al., 2002),

which shares some features with classic OP,

including exposure to drugs (Beasley et al.,

2002). On histology in the former, there is the

dominant pattern of intra-alveolar fibrin and OP,

associated with varying amounts of type 2

pneumocyte hyperplasia, interstitial edema and

acute or chronic inflammation. The clinical impact

of acute fibrinous OP is more severe than that of

classic OP (Beasley et al., 2002).

Distinguishing OP due to drugs from that due to the

background disease can be problematic, as the

condition has been described in association with

multiple CTD as well as inflammatory diseases such

as polymyalgia rheumatica, inflammatory bowel

disease and other conditions (Camus et al., 1993;

Cordier, 2000; Epler, 2001; Freemer and King, 2003).

If patients have moderate symptoms, drug discontinu-

ance is justified, and follow-up will indicate whether

symptoms of OP abate, supporting the drug etiology.

Not all patients with migratory pulmonary opa-

cities and a background of compatible exposure to

drugs actually have OP, as the same imaging pattern

can be seen in patients with drug-induced PIE, and

BAL may not separate the two conditions well. In

patients with migrating opacities and mild symptoms,

the risks of lung biopsy may not be justified. The

patient is observed after drug withdrawal, which

serves as a diagnostic test. Should drug discontinu-

ance not be followed by improvement within a few

weeks, then a lung biopsy or a trial of steroids is

considered (Portel et al., 1998). Multiple relapses of

drug-induced OP can occur, requiring repeated

courses of corticosteroids when the drug condition is

not recognized, and the drug is continued. Organizing

pneumonia associated with amiodarone may relapse

after several weeks or months despite drug with-

drawal, especially during steroid tapering or after

steroid weaning. This is due to the persistence of

amiodarone in lung tissue, and prolonged use or

reinstatement of corticosteroid therapy is indicated

(Camus et al., 2004).

Management of CTD patients with severe OP

while being treated with drugs is more complex, as the

response to drug discontinuance is limited, or the

lung disease can progress despite drug withdrawal

(Sullivan, 1987). Discontinuation of treatment and

institution of corticosteroids are recommended, even

though this complicates the evaluation of drug, as

opposed to background disease, as the cause of OP.

Elevated dosages of i.v. corticosteroids and some-

times cyclophosphamide have been used in patients

with severe OP and in some, this treatment has failed

(Cohen et al., 1994).
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3.1.4. Amiodarone pulmonary toxicity
Patients with CTD may require amiodarone for the

treatment of dysrhythmias associated with their

background disease (Doherty and Siegel, 1985;

Moder et al., 1999), or for incidental reasons.

Amiodarone pulmonary toxicity (APT) is a distinctive

DI-ILD (Martin and Rosenow, 1988a,b; Zitnik, 1996;

Camus et al., 2004). Amiodarone pulmonary toxicity,

a major and common adverse effect of the drug, is

mainly a disease in adults, and is difficult to predict

even if pulmonary function is measured serially (Ohar

et al., 1989). Amiodarone pulmonary toxicity may

occur at any time between a few weeks and several

years of treatment. Time to onset may be shorter in

patients who have been exposed to elevated dosages,

or who have been exposed to a loading dose of

amiodarone. Amiodarone pulmonary toxicity may

develop rapidly following cardiac or pulmonary

surgery (van Mieghem et al., 1994; Liverani et al.,

2001; Handschin et al., 2003). An elevated erythro-

cyte sedimentation rate can precede the clinical onset

of APT (Marchlinski et al., 1982). Onset is insidious,

with dyspnea, crackles, constitutional symptoms,

sometimes a pleuritic chest pain, friction rub and

moderate fever. Classic amiodarone pneumonitis

manifests with bilateral, generally asymmetrical

infiltrates, which may assume a recognizable lobar

distribution. Involvement of the right upper lobe is

suggestive. On CT, involvement is often patchy and

asymmetrical, with areas of haze, ground-glass, intra-

lobular linear or alveolar opacities, or dense con-

solidation with high attenuation numbers (Kuhlman

et al., 1987; Ren et al., 1990; Olshansky, 1997;

Vernhet et al., 2001; Erasmus et al., 2002b). Pleural

thickening is a common finding en face the areas of

parenchymal involvement. Amiodarone pulmonary

toxicity also can manifest as irreversible pulmonary

fibrosis, multiple nodules, wandering opacities, a lone

mass or masses with a center of decreased attenuation,

or a lone exudative pleural effusion.

A restrictive lung dysfunction and arterial hypox-

emia are generally present, and are more severe in

patients with extensive disease. The presence of

tobacco-related emphysema may alter the radio-

graphic expression of APT, and complicate the

interpretation of pulmonary function tests (Cockcroft

and Fisher, 1999). Acute APT manifests with diffuse

alveolar shadowing or mottling, with respiratory

failure or sometimes an ARDS picture. Foamy

macrophages reflecting abnormal phospholipid turn-

over are present in BAL or lung tissue (Myers et al.,

1987; Olshansky, 1997; Malhorta et al., 2003). An

increase of lymphocytes, neutrophils or both cell

types can be found in BAL. Elevated lymphocytes

characterize those cases with early onset and marked

symptoms of the disease. Lung biopsy is rarely needed

to confirm the diagnosis of APT (Malhorta et al.,

2003), and shows distinctive amiodarone-induced

dyslipidotic changes, on a background of inflam-

mation and fibrosis (Myers et al., 1987). There is

general agreement that corticosteroids positively

influence the outcome of APT. Corticosteroids should

be given for months, otherwise APT may recur, owing

to the sequestration of amiodarone in lung tissue, and

a relapse of APT may prove more difficult to control

than the first bout of the disease. Overall, the mortality

is ,10%, but it is substantially higher in patients

requiring admission to hospital (20–33%) (Camus

et al., 2004).

3.1.5. Diffuse alveolar damage
DAD is a common reaction to chemotherapeutic

agents (Limper, 2004); it is an unusual complication

of treatments with noncytotoxic agents (Lock et al.,

2004). In CTD, DAD is particularly associated

with aspirin (Gonzolez et al., 1998), azathioprine

(Bedrossian et al., 1984), carbamazepine (Wilschut

et al., 1997), cyclophosphamide (Anonymous, 1972),

nitrofurantoin (Cameron et al., 2000), narcotics

(Savici and Katzenstein, 2001), penicillamine

(Camus et al., 1982), and simvastatin (Hill et al.,

1995). DAD manifests with dyspnea, pulmonary infil-

trates and hypoxemia or respiratory failure (Camus,

2003). Widespread symmetrical infiltrates are present

on imaging, and the density ranges from diffuse haze

or ground-glass to white lungs. Some patients develop

acute lung injury, or an ARDS picture (Bedrossian

et al., 1984; Wilschut et al., 1997; Woolley et al.,

1997; Gonzolez et al., 1998; Grabe et al., 1999).

DAD is defined histopathologically by the findings

of hyaline membranes, alveolar and interstitial

edema and dysplasia of type 2 pneumocytes (Colby

et al., 1991; Colby, 2000). The abnormal type 2 cells

may be retrieved by BAL (Beskow et al., 2000).
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Determining the histopathologic background in cases

with severe involvement is problematic (Chevrolet

et al., 1991), as severe ILD, pulmonary edema, and

hemorrhage can be undistinguishable from DAD,

and patients may be too ill to undergo a confir-

matory lung biopsy. Corticosteroids may bring some

benefit. However, the prognosis of this condition,

when it relates to chemotherapeutic agents, is poor

(Bedrossian et al., 1984).

3.1.6. Pulmonary fibrosis
Drug-induced pulmonary fibrosis can develop in

patients with CTD during or after treatments with

(http://www.pneumotox.com, 1997) amiodarone

(Kharabsheh et al., 2002), cyclophosphamide

(Stentoft, 1987; Hamada et al., 2003), gold (Tomioka

and King, 1997), methotrexate (Imokawa et al., 2000)

and, possibly, sulfasalazine (Camus et al., 1993).

Given the high incidence of pulmonary fibrosis in

several CTDs, including RA and scleroderma (Minai

et al., 1998), and the fact that pulmonary fibrosis can

also occur sporadically (Gross and Hunninghake,

2001), it is generally difficult to assess drug causality,

unless there is a close temporal association between

drug exposure and the onset of pulmonary fibrosis.

Thus, chest radiographs taken prior to the onset of

treatment should be reviewed. The disease manifests

with basilar or diffuse streaky opacities and loss of

volume. Honeycombing and apical opacities are

unusual findings. Drug withdrawal is rarely followed

by measurable benefit. The response to steroids is

largely unpredictable, and often limited in magnitude

or duration.

A few patients with CTD develop the accelerated

variant of pulmonary fibrosis known as acute

interstitial pneumonia, or the Hamman and Rich

syndrome (Jacobs, 1975; Bedrossian et al., 1979).

The syndrome has been reported in patients exposed

to gold, methotrexate, penicillamine, or other

disease-modifying drugs (Coblyn and Weinblatt,

1981; Camus et al., 1982). However, accelerated

pulmonary fibrosis can also develop without reasons

related to drugs (Pratt et al., 1979). The prognosis

of accelerated lung fibrosis remains poor, despite

drug withdrawal and institution of high-dose

corticosteroids.

3.1.7. Lipoid pneumonia
Alveolar filling by mineral oil can occur in patients

chronically exposed to paraffin to combat constipation

(Volk et al., 1951). Inexplicably, the oil is often given

at night (Rachappa et al., 1984). This may favor lipid

spreading down the airways during sleep. Patients

with swallowing difficulties and the elderly are at risk

(Volk et al., 1951). Lipoid pneumonia may manifest

as basilar or widespread shadowing of low attenuation

(Gondouin et al., 1996). The pulmonary vasculature

may be visible within the areas of parenchymal

involvement on contrast non-enhanced CT (Gondouin

et al., 1996). Ideally, the diagnosis is suggested at

history taking, and is confirmed by the finding of oil

and lipid droplets in fluid and/or cells retrieved in

sputum (Volk et al., 1951), or BAL (Gondouin et al.,

1996). Mineral lipids in BAL cells can be stained

using oil red-0 or Sudan black (Gondouin et al., 1996),

or lipids can be evidenced on BAL fluid chromatog-

raphy (Dongay et al., 1986). A lung biopsy is rarely

needed. Patients may not improve after drug with-

drawal (Gondouin et al., 1996). Corticosteroids

generally offer limited benefit.

3.2. Pulmonary edema

Pulmonary edema has been reported during treat-

ments with many chemically unrelated drugs (Reed

and Glauser, 1991; http://www.pneumotox.com,

1997), and following an overdose of several drugs

(Marshall and Moore, 1973; Hill et al., 1975; Kitson

and Wauchob, 1988; Varnell et al., 1989; Humbert

et al., 1991; Wilschut et al., 1997; Li and Gefter, 1992;

Sporer and Dorn, 2001; Kelly et al., 2003) or illicit

substances (Sporer and Dorn, 2001; Piastra et al.,

2002; Hutter, 2003). Overall, pulmonary edema is

unusual as a complication of treatments with drugs

(Reed and Glauser, 1991; Albertson et al., 1995). In

the setting of CTD, pulmonary edema can be caused

by aspirin, other NSAIDs (Schooley et al., 1977;

Heffner and Sahn, 1981; Chetty et al., 1993; Figueras

et al., 1994; Beji et al., 1995; Gonzolez et al., 1998;

Resta et al., 1999), blood transfusions (Wallis, 2003),

colchicine (Hill et al., 1975), minor analgesics (Beji

et al., 1995; Resta et al., 1999), hydrochlorothiazide

(Biron et al., 1991; Almoosa, 1999), metho-

trexate (Lisbona et al., 1973; Lascari et al., 1977),
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nitrofurantoin (Murray and Kronenberg, 1965;

Frankenfeld, 1967; Sovijärvi et al., 1977; Formgren

et al., 1980; Nyvad and Jensen, 1987), noramido-

pyrine (Resta et al., 1999), opiates (Flacke et al., 1977;

Partridge and Ward, 1986; Stadnyk and Grossman,

1986; Bruera and Miller, 1989; Lao, 1997), quinine

(Krantz et al., 2002), and radiographic contrast

material (Vandenplas et al., 1990; Lieberman and

Seigle, 1999; Bristedt and Tylén, 1998). The attack

rate differs between drugs, and the most common

offenders include aspirin, blood and blood products,

hydrochlorothiazide, and opiates (Cannon, 1990;

Reed and Glauser, 1991; http://www.pneumotox.

com, 1997; Wallis, 2003). Pulmonary edema can

occur as a complication of severe hypersensitivity

pneumonitis, e.g. from gold or methotrexate (Lascari

et al., 1977). Nifedipine, prostacyclin and nitric oxide

used to treat pulmonary hypertension in CTD can also

produce acute pulmonary edema and pleural effusion

(Palmer et al., 1998; Farber et al., 1999; Humbert

et al., 1999; Gugnani et al., 2000). A few cases of

drug-induced myocarditis complicated by left ven-

tricular dysfunction and pulmonary edema have been

reported (Fenoglio et al., 1981; Morrow et al., 1989;

Kwon et al., 2003). Other causes or contexts

associated with pulmonary edema include drug-

induced anaphylaxis (James and Austen, 1964;

Delage and Irey, 1972; Carlson et al., 1981; Daumal

et al., 1984; Shkutin et al., 1989; Vandenplas et al.,

1990; Knowles et al., 1996; Vucicevic and Suskoovic,

1997; Kumar et al., 2002b), administration of

adrenaline/epinephrine (Ersoz and Finestone, 1971;

Pumphrey, 2000), and treatments with glitazones in

type 2 diabetes (Hirsch et al., 1999; Inoue and Sano,

2000; Kelly et al., 2000; Wang et al., 2002; Buse,

2003; Kermani and Garg, 2003). The latter medicines

produce weight gain, fluid retention and pulmonary

edema, suggesting a generalized increase in capillary

permeability (Idris et al., 2003).

Most cases of drug-induced pulmonary edema are

non-cardiac, and result from a drug-mediated increase

in capillary permeability, followed by leakage of

intravascular fluids into the interstitial and alveolar

space (Sovijärvi et al., 1977; Reed and Glauser, 1991).

Accordingly, heart size on imaging, pulmonary

capillary wedge pressure, and cardiac echocardiogra-

phy are essentially normal. The opacities of pulmon-

ary edema can develop within a minute of the first

exposure to the drug (Vandenplas et al., 1990; Biron

et al., 1991; Bristedt and Tylén, 1998), or later, during

chronic treatment (Heffner and Sahn, 1981; Gonzolez

et al., 1998). Pulmonary edema manifests with

dyspnea, and sometimes develops into acute respira-

tory failure, or an ARDS picture (Gonzolez et al.,

1998). Fever, neurologic symptoms, obtundation and

shock are possible associated features (Hoegholm

et al., 1990). On imaging, there are bilateral

symmetrical hazy or ground-glass opacities, and a

crazy paving pattern is visible on HRCT (Bristedt and

Tylén, 1998). The manifestations of drug-induced

pulmonary edema recur after rechallenge (Gonzolez

et al., 1998), and it is not unusual for the diagnosis to

be raised by the patient or family after several relapses

have occurred. Disease severity tends to increase with

sequential rechallenge (Jara Chinarro et al., 2003).

Management includes drug discontinuation and, if

needed, positive pressure breathing. The beneficial

role of corticosteroids is unclear. Diuresis may be

detrimental in dehydrated patients (Wallis, 2003). The

pulmonary opacities of pulmonary edema usually

clear rapidly. Rechallenge with the drug leads to

recurrence, and may require repeated hospital admis-

sion until the drug etiology is eventually recognized.

Transient pulmonary infiltrates closely associated

with a single drug exposure have been referred to as

‘allergic pneumonitis’ or pulmonary edema (Johnson

et al., 1990; Basoglu et al., 1997; Maillard et al., 1999;

Krantz et al., 2002). However, transient pulmonary

infiltrates are not synonymous with pulmonary

edema, as ILD, vasculitis and alveolar damage

have been documented (Geller et al., 1976; Formgren

et al., 1980).

3.3. Alveolar hemorrhage

Diffuse alveolar hemorrhage (DAH) is an unusual

complication of drugs, which consists of diffuse and

probably synchronous bleeding from pulmonary

capillaries. This may or may not be associated with

histologically demonstrable capillaritis (Schwarz and

Fontenot, 2004). Since BAL is an excellent and

minimally invasive diagnostic tool, lung biopsy has

been performed in a minority of patients with this

condition (Dhillon et al., 1999; Schwarz and Fontenot,

2004). Establishing the responsibility of drugs in CTD
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patients who develop DAH is difficult, since DAH

also can develop in the untreated course of many

systemic conditions, including lupus erythematosus,

RA, mixed CTD, systemic sclerosis, polymyositis,

the antiphospholipid syndrome, Henoch–Schönlein

purpura, Behçet disease, Goospasture syndrome,

Wegener’s granulomatosis (WG), IgA nephropathy,

idiopathic glomerulonephritis, myasthenia gravis,

cryoglobulinemia, and primary ANCA-positive or

-negative micropolyangitis (Horiki et al., 1998;

Fontenot and Schwarz, 2003). DAH is not a feature

of drug-induced lupus, as opposed to naturally

occurring systemic lupus erythematosus (Santos-

Ocampo et al., 2000). Drug-induced DAH occurs in

isolation, or in association with involvement of the

kidney or other internal organs (Choi et al., 2000a).

Drugs causing DAH in patients with CTD include

oral anticoagulants, the inhibitor of platelet glyco-

protein IIb/III abciximab (Kalra et al., 2001), allopur-

inol (Choi et al., 1998), aspirin (Gopalakrishnan et al.,

1997), azathioprine (Stetter et al., 1994), clopidogrel

(Kilraru et al., 2001), methotrexate (Kokelj et al.,

1999), and phenytoin (Polman et al., 1998). Drugs

causing thrombocytopenia also can produce bleeding

in the lung (LeBlanc, 1980; Polman et al., 1998).

Occasionally, DAH occurs as a complication of

severe gold-, methotrexate or nitrofurantoin pneumo-

nitis (Noseworthy et al., 1983; Meyer and Meyer,

1994; Kokelj et al., 1999). Hydralazine, penicilla-

mine, propylthiouracil and, less often, azathioprine,

leflunomide, and phenytoin can produce a pneumo-

renal syndrome, which mimics Goodpasture’s or

WG (Stetter et al., 1994; Ohtsuka et al., 1997; Phillips

et al., 1998; Polman et al., 1998; Dhillon et al., 1999;

Katayama et al., 2002; Derk and Jimenez, 2003;

Bruyn et al., 2003) (see drug-induced angiitis below).

Patients with DAH resulting from treatments with

these agents may present with a perinuclear p-ANCA

staining pattern and a anti-myeloperoxidase, -lacto-

ferrin, or -elastase specificity (Choi et al., 1998, 1999,

2000a), contrasted with the cytoplasmic ANCA

(c-ANCA) staining pattern and anti-proteinase 3

specificity of naturally occurring Wegener’s (van der

Geld et al., 2001). Antiglomerular basement mem-

brane (anti-GBM) antibodies are rarely found in drug-

induced DAH (Choi et al., 2000a; Bruyn et al., 2003),

as opposed to naturally occurring Goodpasture’s

disease (Kluth and Rees, 1999; Salama et al., 2001).

DAH can be subclinical or rapidly progressive, and

requires expeditious management to avoid irrever-

sible intra-alveolar clotting (Mark and Ramirez, 1985;

Horiki et al., 1998; Schwarz and Fontenot, 2004). The

spectrum of severity ranges from discrete subclinical

opacities on imaging to an ARDS picture with or

without renal failure. Full-blown disease may cause

general symptoms, arthralgias, dyspnea, alveolar

infiltrates which may assume a batwing distribution,

and anemia (Schwarz and Fontenot, 2004). Hemop-

tysis is not a constant feature, even in patients with

significant alveolar bleeding. An increase in the

diffusing capacity for carbon monoxide suggesting

free hemoglobin in alveolar spaces has been found in

a few patients with DAH (Schwarz and Fontenot,

2004). This indicates massive bleeding, but is not a

reliable or consistent finding. Macroscopically, BAL

is hemorrhagic and demonstrates increased staining in

sequential aliquots (Schwarz and Fontenot, 2004).

Microscopically, BAL shows increased numbers of

red cells. Hemosiderin-laden macrophages, if present,

indicate a background of sub-acute or chronic

bleeding. A search for ANAs, ANCAs, and anti-

GBM autoantibodies is essential in all cases, to

classify drug-induced DAH (autoimmune vs. non-

autoimmune) and separate drug-induced DAH from

DAH related to CTD and systemic illnesses (Choi

et al., 1999; Schwarz and Fontenot, 2004).

Drug causality is suggested when DAH occurs

during treatments with drugs which intentionally

produce coagulation defects, even though coagulation

studies are within an acceptable therapeutic range

(Rostand et al., 1977). Otherwise, causality assess-

ment is more difficult, because DAH can occur in so

many systemic conditions (Fontenot and Schwarz,

2003). Patients who present with DAH and positive

antinuclear (ANA), especially the anti-double strand

DNA subtype, ANCAs with a cytoplasmic staining

and PR3 specificity, or anti-GBM antibodies, are more

likely to have naturally-occurring lupus erythemato-

sus, Wegener’s or Goodpasture’s disease, respect-

ively, rather than a drug condition. A temporal

association of drug exposure, p-ANCA titers, and

DAH is consistent with the drug etiology. A change

in ANCA specificity in a patient with WG during

follow-up may indicate drug-induced disease, rather

than relapse of the background condition (Choi

et al., 1999).
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Drug therapy withdrawal is generally advised and

may suffice in patients with anticoagulant-induced

bleeding. Patients with other forms of DAH and

extensive or persistent bleeding, or evidence of renal

failure, are considered for treatment with corticoster-

oids or immunosuppressive agents, in a manner simi-

lar to autoimmune disease (Schwarz and Fontenot,

2004). However, no current guidelines exist. The role

of factor VIIa is not established (Hicks et al., 2002).

One patient was rechallenged with azathioprine, and

this was promptly followed by relapse of anti-GBM-

negative DAH (Stetter et al., 1994).

3.4. Airway involvement

3.4.1. Upper airway
Upper airway obstruction (UAO) is a rapidly evolving

and potentially life-threatening complication of drugs.

UAO results from edema of the mouth floor, tongue,

laryngeal area, or tracheal walls (Berkes, 2003). This

entity can occur in isolation, or in the context of drug-

induced bronchospasm or anaphylaxis (Delage and

Irey, 1972; Israili and Hall, 1992; Assadi et al., 1999).

Rarely, UAO following exposure to drugs unravels

C1-esterase deficiency (Wong and Gadsden, 2003).

Crucially, ACEI (Zanoletti et al., 2003), less often

angiotensin II antagonists (Chiu et al., 2001a),

azathioprine (Jungling and Shangraw, 2000), betalac-

tams (Romano et al., 2003), NSAIDs and COX-2

inhibitors (Figueras et al., 1994; Mommens et al.,

2003), methotrexate (Alkins et al., 1996), metoclo-

pramide (MacLaren and Shields, 1998) and sulfasa-

lazine (Collins, 1968) can cause UAO with or without

bronchospasm and anaphylaxis. UAO can develop

very shortly after the first exposure to the drug

(Seidman et al., 1990; Israili and Hall, 1992), or

unexpectedly later, after a falsely reassuring period of

treatment (Chin and Buchan, 1990; Schuster et al.,

1999; Mchaourab et al., 1999). UAO can occasion

severe airway compromise (Chiu et al., 2001a,b), and

this requires timely laryngotracheal intubation or

emergency tracheostomy to restore airway patency

(Chiu et al., 2001a; Chiyo et al., 2003), otherwise fatal

asphyxia can occur (Giannocarro et al., 1989; Ulmer

and Garvey, 1992). Prior episodes of tongue swelling

or hoarseness suggestive of the diagnosis may be

overlooked (Israili and Hall, 1992). Usually, the

condition resolves within 48 h of treatment with

corticosteroids and antihistamines (Berkes, 2003).

Drug withdrawal is mandatory: drug continuation

exposes patients to recurrence after variable periods

of further treatment (Gregory and Davis, 1996).

Anticoagulants can produce lingual or mediastinal

hematoma, and this also can result in life-threatening

UAO (Rosenbaum et al., 1979; Gupta et al., 2003).

Anticoagulants and aspirin increase the risk of

bleeding associated with bronchial biopsies (van

Sonnenberg and Wittich, 1998). Hemoptysis in

patients exposed to these drugs may unmask under-

lying bronchial lesions (O’Reilly et al., 1994).

3.4.2. Lower airways

3.4.2.1. Bronchospasm—asthma. Bronchospasm is a

common adverse reaction to drugs, and is prevalent in

patients with CTD. In a series of 187 bronchospastic

episodes reported to the Swiss Monitoring Center for

Adverse Effects of Medicines, 24% were caused by

NSAIDs and analgesics (Leuppi et al., 2001). Asthma

aggravated by therapeutic drugs used to treat

rheumatic conditions is usually seen against a back-

ground of pre-existing asthma. Less commonly, drug-

induced asthma occurs de novo, producing sudden or

catastrophic bronchospasm. Rarely it persists after

exposure to the drug has ceased. The symptoms of

asthma can occur in isolation, or in association with

such symptoms as flushing, alterations in heart rate,

back pain, fever, pruritus, nausea, a skin rash, shock,

or anaphylaxis.

3.4.2.1.1. Aspirin and NSAIDs. Aspirin sensitivity,

known as ‘aspirin-induced or exacerbated asthma’, is

the most widely known form of drug-induced

bronchospasm (Samter and Beers, 1968; Berkes,

2003). Aspirin and many other first-generation

NSAIDs are inhibitors of prostaglandin H1 and H2

synthase (cyclooxygenase-1 or COX1). COX-1 inhi-

bition diverts the metabolic pathway of arachidonic

acid towards bronchoconstrictor leukotrienes

(Stevenson and Zuraw, 2003). This shared effect of

COX-inhibition is also the mechanism for shared

adverse effects (Berkes, 2003). Therefore, to some

extent, aspirin-induced asthma is a misnomer, because

patients cross-react adversely to all COX-1-inhibiting

NSAIDs, not just aspirin, even though these drugs

are structurally dissimilar. Only a few patients
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specifically react to a single NSAID, via allergic IgE-

dependent mechanisms (Berkes, 2003). The risk of

bronchospasm following exposure to aspirin and

NSAIDs is probably enhanced in patients using the

drug on an intermittent basis, and in those with a prior

history of drug allergy or intolerance (Berkes, 2003).

Heteroaryl acetic acids are more likely to induce

adverse reactions than arylpropionic acids (Berkes,

2003). The weak inhibitors of COX-1 acetaminophen

and salsalate require higher concentrations to trigger

bronchospasm (Berkes, 2003). The preferential

COX-2 inhibitors nimesulide and meloxicam cross-

react poorly with aspirin (Berkes, 2003). The newer

and selective COX-2 inhibitors (celecoxib, rofecoxib)

(FitzGerald and Patrono, 2001) cross-react with

aspirin in 1.5–2% of ASA/NSAID-sensitive individ-

uals (Perrone et al., 2003). The lower incidence rate of

adverse response to COX-2 inhibitors is corroborated

by the absence of release of leukotrienes after in vitro

exposure of peripheral blood leukocytes from aspirin-

intolerant asthmatics to celecoxib, as opposed to

aspirin (Kowalski et al., 2003). The above pathophy-

siology has received substantial clinical, experimental

and genetic support. However, the failure of leuko-

triene inhibitors to inhibit the adverse reactions to

COX-1 suggests that other mechanisms may play a

role (Menéndez et al., 1998). Also, the sudden

explosive nature of aspirin/NSAID-induced broncho-

spasm is difficult to reconcile with mere inhibition of

prostaglandin synthesis by these agents.

Aspirin-exacerbated asthma is characterized clini-

cally by recalcitrant sinusitis/polyposis, asthma and

precipitation of asthma after ingestion of aspirin and

most COX-1 inhibitor NSAIDs (Figueras et al., 1994;

Namazy and Simon, 2002). A cross-reaction between

ASA and NSAIDs often occurs with first exposure to

the drug, unlike IgE-mediated allergic drug reactions

or anaphylaxis, which involve an IgE-mediated

response to a specific drug due to prior sensitization

(Berkes, 2003). A fraction of patients with ASA-

intolerance may remain asymptomatic until chal-

lenged with the drug (Szczeklik et al., 2000). The

gravity of drug-induced bronchoconstriction resides

in its unpredictability, the explosive nature of the

asthmatic attack, the possible association with ana-

phylaxis, and the consequent respiratory failure,

which may lead to irreversible brain damage or

death (Samter and Beers, 1968). Although most

accidents occur after oral intake or parenteral

injections, dermal applications and rectal or ophthal-

mic administration of NSAIDs also can trigger an

asthma attack (Kashiwabara and Nakamura, 2001;

Berkes, 2003).

The prevalence of aspirin and NSAID sensitivity is

higher than that of other drug-induced respiratory

disease. It is also easier to ascertain, because temporal

relationships are more straightforward and the

diagnosis can be confirmed by drug challenge

(Szczeklik and Stevenson, 2003). The prevalence of

aspirin-exacerbated asthma varies appreciably,

depending on diagnostic criteria (Hailemeskel et al.,

1997; Stevenson, 1998). Estimates based on history

alone suggest sensitivity in 1–3% of all asthmatic

subjects, but if challenge tests are performed, the

prevalence lies between 5 and 10% (Vally et al., 2002;

Kasper et al., 2003). Prevalence is higher (about 20%)

among subjects prone to chronic rhino-sinusitis,

rhinorrhea or nasal polyps (Larsen, 1996), and

in those with a history of acute asthma attacks

(about 25%) (Marquette et al., 1992; Plaza et al.,

2002). Typically, aspirin-sensitive asthma develops in

the third or fourth decade of life, although sensitivity

also occurs in childhood (Fischer et al., 1983).

Aspirin-sensitive asthma is more common in women

than men (in a ratio of about 2 to 1), and

approximately 60% of the patients have nasal polyps

(Szczeklik et al., 2000). Rhinitis and rhinorrhea

usually precede the development of asthma, with

aspirin sensitivity becoming apparent subsequently

(Szczeklik et al., 2000). Patients with aspirin sensi-

tivity often have difficult-to-control asthma, with

about 50% requiring regular treatment with oral

corticosteroids (Szczeklik and Sanak, 2000). At its

most dramatic, the response to a single tablet of

aspirin or other NSAID is anaphylactoid (Figueras

et al., 1994; Sturtevant, 1999), with a rapid onset of

malaise, urticaria, angioedema and, variably, upper

airway compromise, abdominal cramping, diarrhea,

shock, life-threatening bronchoconstriction, locked

lung, and severe nasal symptoms leading to a choking

sensation, rapid loss of consciousness, and death

within minutes of exposure to the drug (Ibanez et al.,

1991; Pumphrey, 2000). There is an increase in

circulating levels of histamine and tryptase during the

adverse event, and also during controlled challenge

with the drug (Szczeklik et al., 1996; Stevenson and
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Zuraw, 2003), but this is not specific for intolerance,

as opposed to anaphylaxis (Berkes, 2003). Less

sensitive individuals show more gradual development

of ocular and nasal symptoms and bronchospasm

(Bini and Weinshel, 1999).

Treatment of acute bronchospasm induced by

intake of an NSAID requires antihistamines H2

blockers, corticosteroids, and sometimes epinephrine

or ventilatory support (Marquette et al., 1992; Berkes,

2003; Mommens et al., 2003). In many subjects, the

history is sufficiently clear for further investigation to

be unnecessary. When the association is less definite,

or when treatment with an NSAID or aspirin is

desirable, carefully controlled challenge tests are

justified. Challenge is best performed in the intensive

care unit, the patient should have a venous access

placed, and all therapy drugs and resuscitation

equipment should be available. Bronchial challenge

can be performed by using inhaled lysine-aspirin,

which is safe and more rapid than oral challenge,

although a little less sensitive (Nizankowska et al.,

2000). A simpler alternative is nasal challenge with

lysine-aspirin, but this is rather less reliable for

confident exclusion of sensitivity (Milewski et al.,

1998). Since aspirin-exacerbated airways disease very

seldom resolves (Rosado et al., 2003), patients with a

clear history of intolerance to aspirin should be

formally advised to avoid all aspirin-containing

products and other COX-1 inhibitors, and be given a

comprehensive list of prohibited drugs to keep at all

times. Paracetamol (acetaminophen) is safe in normal

therapeutic doses in most patients with NSAID

sensitivity, as only large doses produce reactions in

a minority (Settipane et al., 1995). Patients may take a

COX-2 inhibitor, with a substantially lower risk of

adverse effects (Szczeklik et al., 2001; Marks et al.,

2001; Woessner et al., 2002; Berkes, 2003; Perrone

et al., 2003; Mommens et al., 2003; Layton et al.,

2003). Nevertheless, the prescription of COX-2

inhibitors should be done with caution, since these

drugs can produce severe systemic reactions, includ-

ing anaphylaxis in a minority (Gagnon et al., 2003;

Layton et al., 2003; Mommens et al., 2003).

Desensitization to aspirin can be practiced in CTD

patients who are intolerant to aspirin or NSAIDs, and

need these drugs for the treatment of their basic

rheumatic condition (Berges-Gimeno et al., 2003;

Stevenson, 2003; Szczeklik and Stevenson, 2003).

The observation that a single NSAID challenge results

in a refractory period which can last for up to 5 days

(van Arsdel, 1984) led to desensitizing schedules

using gradually increasing doses, followed by regular

treatment. If desensitization to aspirin is achieved,

intake of aspirin or NSAID is not followed by

detectable bronchospasm or elevations of tryptase

and/or histamine, and there is cross-tolerance to other

NSAIDs as well (Pleskow et al., 1982). In addition,

desensitization improves nasal and sinus signs and

symptoms (Sweet et al., 1990), allows reductions in

corticosteroid dosage, and improves both the control

of asthma and the quality of life (Sweet et al., 1990). If

there is a need to continue NSAID or aspirin for the

treatment of the background inflammatory disease,

daily treatment is required to maintain the refractory

state as otherwise sensitivity returns in a few days

(Pleskow et al., 1982).

The likely pathogenetic mechanisms of NSAID-

induced asthma would suggest that drugs which

inhibit leukotrienes or antagonize their effects might

be useful. Some protection has been shown in single

exposure challenges and in a double-blind study of the

5-lipoxygenase inhibitor, zileuton (Dahlén et al.,

1998). A recent study has shown subjective and

objective improvement in symptom scores and airway

function in aspirin-intolerant asthmatics after 6

months of montelukast (Paganin et al., 2003), but

not all studies confirmed the efficacy of this class of

compounds (Volkman and Pontikes, 2002). Severe

aspirin sensitivity may not be countered by leuko-

triene antagonists (Enrique et al., 1999; Broadfoot

et al., 2002; Volkman and Pontikes, 2002). Subjects

with NSAID sensitivity may not derive greater benefit

from these agents than those with non-ASA-sensitive

asthma.

3.4.2.1.2. b-blockers. b-blockers are commonly

prescribed to patients with a history of myocardial

infarction or systemic hypertension, and these account

for most cases of drug-induced bronchospasm

(Hoigné et al., 1997). Fatal bronchospastic reactions

still occur following exposure to these agents,

especially the older and less selective b-blockers

(Fallowfield and Marlow, 1996). Although meta-

analyses suggest that short-term treatments with

cardioselective b1-blockers are safe in patients with

moderate asthma or chronic obstructive pulmonary
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disease (COPD) (Salpeter et al., 2002, 2003;

Anonymous, 2002; Chen et al., 2001), many challenge

this view, pointing out that the likelihood, magnitude

and time course of bronchospasm during treatments

with b-blockers is unpredictable (Williams and Mill-

ard, 1980; Im Hof, 1995; Chafin et al., 1999; Shulan

et al., 2003). Patients who do not exhibit significant

bronchospasm when challenged with b-blockers in

the clinic may present with severe bronchospasm later

during treatment with the b-blocker, due to the

unstable nature of their asthma, or after an encounter

with an asthma trigger (Chafin et al., 1999). Chronic

treatments with b-blockers may increase the risk of

anaphylactoid reactions to radiographic contrast

material (Lang et al., 1991), or following anesthesia

(Wagner et al., 1994). b-blockers also may blunt the

therapeutic response to b2-agonists, should these

drugs be required for the treatment of an asthma attack

or anaphylaxis (Reid et al., 1993).

Ophthalmic preparations of b-blockers produce

similar adverse bronchial reactions (Diggory and

Franks, 1994; Novack et al., 2002).

3.4.2.1.3. Miscellaneous drugs. ACEIs (Lunde

et al., 1994), antibiotics (Gibbs et al., 2003),

cyclophosphamide (Salles et al., 1991), interferons

(Bini and Weinshel, 1999), methotrexate (Jones et al.,

1991), narcotics (Assem, 1976), penicillamine

(Camus, 1982), inhaled (Katzman et al., 1992) and,

less commonly, intravenous pentamidine (Gearhart

and Bhutani, 1992), ribavirin (Zucker and Meadow,

1995), and radiographic contrast material can also

sometimes cause severe bronchospasm (Morcos,

2003). There is no clear pathophysiologic link with

ASA/NSAID-exacerbated asthma.

Occasionally patients with aspirin sensitivity react

adversely to intravenous hydrocortisone sodium

succinate (Partridge and Gibson, 1978; Dajani et al.,

1981; Hölz et al., 2002). This effect appears to be

related to the succinate ester, and may be avoided by

using hydrocortisone sodium phosphate or a different

corticosteroid. Rare patients demonstrate allergy to

inhaled corticosteroids (Kilpiö and Hannuksela,

2003), which can be substantiated by skin testing

(Kilpiö and Hannuksela, 2003).

3.4.2.2. Bronchiolitis obliterans. BO has been par-

ticularly associated with penicillamine treatment

of RA in women in the 1970s and 1980s

(Geddes et al., 1977). The nature of the association

remains speculative, and a reporting bias cannot be

excluded (Geddes et al., 1977). Chrysotherapy and

tiopronine were also associated with BO (Schwartzman

et al., 1995), but the incidence seems less. Clinically,

patients with BO develop rapidly progressive and

irreversible obstruction to airflow, with FEV1.0 down

to less than 1.0 l and decreased FEV1.0/FVC. The

chest radiograph may remain normal. A discrete

mosaic pattern may be visualized on HRCT examina-

tion (Higenbottam, 1997). Although lung biopsy is not

necessary for diagnosis, which is strongly suggested

by history and the results of pulmonary function tests,

the histology shows diffuse narrowing of small

airways by endoluminal plugs of granulation tissue

or by fibrotic constriction of the airway walls (Yokoi

et al., 1997). The airflow obstruction rarely improves

after drug therapy withdrawal and the addition of

bronchodilators, steroids or immunosuppressive

agents (van de Laar et al., 1985). Although most

cases of drug-induced BO are irreversible, early

diagnosis and withdrawal of the drug has been

followed by stabilization or improvement (Le Loet

et al., 1983). Lung transplantation is an option in

patients with severe drug-induced or dietary BO (Hsu

et al., 2000).

Only a handful of patients developed BO while

receiving penicillamine for the treatment of CTD

other than RA (Camus, 1982; Boehler et al., 1996).

BO also can develop in patients with RA during

treatments with gold or tiopronine (Demaziere et al.,

1993). On the other hand, BO has been reported in

patients with RA who had never been exposed to

drugs (Epler et al., 1979). For these reasons, the

responsibility of penicillamine, as opposed to the

background RA, remains elusive (Epler et al., 1979).

The issue is likely to remain unresolved, as penicilla-

mine is less in use nowadays than it once was.

Several Taiwanese patients developed severe and

irreversible BO after exposure to extracts of the

Malaysian herb Sauropus androgynus (Higenbottam,

1997; Chang et al., 1998; Wang et al., 2000).

3.4.2.3. Sustained coughing. The majority of cases of

drug-induced cough correspond to an adverse reaction

to ACEI (Lee et al., 2000). Three to 20% of patients

taking an ACEI develop the cough (Özkan et al.,

2001). The cough is more common in women with no
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history of asthma or atopy, and may be associated

with certain ACE genotypes (Takahashi et al., 2001).

The cough develops after variable periods of treat-

ment with the ACEI, and sometimes follows an

episode of upper respiratory tract infection. The cough

is typically nonproductive and annoying, and inter-

feres with daily activities and sleep (Poole and

Postma, 1991). Patients may suffer stress rib fractures

(Lee et al., 2000), urinary incontinence, or cough

syncope (Ishizuka et al., 2000). Features characteristic

of asthma, such as wheeze or reversible airway

obstruction, are usually absent. Before considering

ACEI-induced cough, other causes of cough must be

ruled out, as ACEI can unravel tussigenic diseases

such as lung cancer. Cough may also be a presenting

feature of the background CTD, particularly Sjögren’s

syndrome (Birring et al., 2003).

Although bronchodilators, cromolyn, and throm-

boxane inhibitors have been suggested as therapeutic

interventions in ACEI-induced cough, no drug

reliably controls this form of coughing. Withdrawal

of ACEI is followed by the gradual disappearance of

the cough within a few weeks. The cough will

continue or relapse if patients are switched to another

ACEI or rechallenged. The incidence rate of cough

with the angiotensin II antagonists valsartan, cande-

sartan or losartan is not dissimilar to that with a

placebo (Benz et al., 1997; Conigliaro and Gleason,

2000). However, these drugs can induce coughing in a

minority of patients (Mackay et al., 1999; Conigliaro

and Gleason, 1999).

Patients on methotrexate can develop cough due to

methotrexate-induced airway irritation (Schnabel

et al., 1996). As opposed to patients with methotrexate

pneumonitis, those with methotrexate-induced cough

typically have no evidence of ILD on imaging or lung

biopsy, and results of pulmonary function tests are

normal (Schnabel et al., 1996). Although BAL

cellularity is typically lymphocytic, the percentage

of lymphocytes is less than in those with overt

methotrexate pneumonitis (Schnabel et al., 1996). The

cough is controlled by antitussives and drug with-

drawal (Schnabel et al., 1996). Importantly, in some

patients with RA, the cough abated despite continu-

ation of methotrexate (Schnabel et al., 1996).

There are anecdotal reports of cough during

treatments with interferon (Pileire et al., 1999), and

paroxetine (Hamel et al., 2000), with abatement after

withdrawal, and recurrence after rechallenge.

Explosive coughing has been reported as a

complication of general anesthesia with fentanyl,

isoflurane, propofol, or sulfentanyl (Tweed and

Dakin, 2001). Inhaled antiasthma medications may

minimize this form of coughing (Agarwal et al.,

2003).

3.5. Pleural involvement

In general, pleural effusion or pleuritis is more often

related to the background CTD (e.g. RA or systemic

lupus erythematosus) (Sahn, 1988; Freemer and

King, 2003) than to drugs. The drug etiology is

supported by the slow diminution of pleural effusion

after drug discontinuance, and meticulous exclusion

of other causes.

3.5.1. Eosinophilic pleural effusions
Dantrolene, mesalazine, nitrofurantoin, propylthiour-

acil, sulfasalazine, L-tryptophan (the drug was

recalled in the 1990s) and valproate can produce

lone eosinophilic pleural or pleuropericardial effusion

(Sahn, 1988; Morelock and Sahn, 1999; http://www.

pneumotox.com, 1997; Camus, 2004; Huggins and

Sahn, 2004). Eosinophilia can be present in blood,

BAL and pleural tissue, concomitant with eosinophi-

lia in the pleural fluid (Morelock and Sahn, 1999;

Huggins and Sahn, 2004). Rechallenge causes a

recurrence of symptoms (Huggins and Sahn, 2004).

Overall, the prognosis of drug-induced lone eosino-

philic effusions is good after withdrawal of the

causative drug (Camus, 2004).

Eosinophilic pleural effusions can develop in

conjunction with extensive eosinophilic pneumonia

due to ACEI (Benzaquen-Forner et al., 1998),

diflunisal (Rich and Thomas, 1997), minocycline

(Toyoshima et al., 1996), nevirapine (Bourezane et al.,

1998), L-tryptophan (Shore, 1990), and dietary

supplements (Yamawaki et al., 1996; Nakanishi

et al., 2001). Signs and symptoms of eosinophilic

pneumonia and pleural effusion improve in parallel

after drug withdrawal, and quickly return after

rechallenge (Brander and Selroos, 1969; Braun et al.,

1993; Melloni et al., 1994; Bayliff et al., 1997).
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3.5.2. Pleural thickening
Pleural or pleuropericardial thickening is a common

complication of long-term treatments with ergoline

drugs (e.g. bromocriptine or ergotamine) used to treat

migraine and Parkinson’s disease (http://www.

pneumotox.com, 1997; Pfitzenmeyer et al., 1996;

Bleumink et al., 2002). In some patients, this has

resulted in pulmonary encasement by bilateral pleural

fibrosis, with consequent restrictive lung function

defect. The disease is common, with 2–4% of the

treated population affected. Diagnosis is often raised

late in the history (Pfitzenmeyer et al., 1996). Pleural

effusion and thickening are slowly improved upon

drug withdrawal. Residual pleural thickening and

restrictive physiology often persist indefinitely

(Camus, 2004).

Pleural thickening also is a manifestation of the

drug-induced lupus (Camus, 2004).

3.5.3. Other effusions
Approximately 3% of patients with acute nitrofur-

antoin lung present with transient bilateral pleural

effusions of small volume, which are manifested by

acute chest pain and blunting of cardiophrenic angles

(Holmberg and Boman, 1981). Chest pain and the

effusion quickly return upon re-exposure to the drug

(Bayliff et al., 1997).

Pleural effusions develop as an associated feature

in about 10% of patients with methotrexate lung

(Massin et al., 1990), and in about 3% of those with

gold lung (Baethge and Wolf, 1988; Tomioka and

King, 1997). The effusions are often evident a few

days after the height of the pneumonitis.

Pleural effusion is an unusual finding in the course

of drug-induced pulmonary edema: amongst all

reported cases of hydrochlorothiazide-and aspirin-

induced pulmonary edema, pleural effusion was

present in only one patient (Reed and Glauser, 1991;

Camus, 2004).

Pleural effusion has been reported in CTD patients

with pulmonary hypertension or venoocclusive dis-

ease receiving calcium-channel blocking agents or

prostacyclin (Chaouat et al., 1996; Gugnani et al.,

2000).

Hemothorax can complicate treatments with oral

anticoagulants, ticlopidine, and aspirin (Simon et al.,

1969; Rostand et al., 1977, 1995; Cafri et al., 1997;

Quinn and Dillard, 1999). Early recognition is

warranted, as the pleural space can accommodate

substantial amounts of blood, and this complication

can be life-threatening or fatal (Simon et al., 1969).

4. Systemic reactions and CTD
induced by drugs

Drugs have long been known to produce systemic

autoimmune conditions such as the lupus syndrome

(Sahn, 1988; Brogan and Olsen, 2003). Specifically,

drugs used to treat CTD or their complications (e.g.

anticonvulsants for seizures in lupus patients) can

produce systemic inflammatory or autoimmune dis-

ease including anaphylaxis, drug fever, vasculitis,

myositis, and the ‘drug hypersensitivity syndrome’

(Choi et al., 2000a; Pumphrey, 2000; Adkinson et al.,

2002; Sicherer, 2003). These reactions are likely

immune-mediated, and can involve varying target

organs, including the lung and serosal surfaces

(Abbondazo et al., 1995; De Vriese et al., 1995;

Christ et al., 1996; Choi et al., 2000a; Verma et al.,

2000; Sheikhzadeh et al., 2002). Except for anaphy-

laxis, the drug etiology in drug-induced systemic

syndromes may be recognized late, at a time when

progressive or irreversible tissue damage has

occurred, and drug therapy withdrawal may not be

as effective as it is earlier in the course of the disease.

Early clinical recognition and testing for autoanti-

bodies (ANAs, ANCAs, and anti-GBM) are essential

to classify these peculiar adverse reactions to drugs

properly. Improvement follows drug withdrawal.

4.1. Anaphylaxis

Anaphylaxis is an explosive reaction, which generally

results from IgE-mediated release of preformed

mediators in response to insect stings, antigens,

foods (e.g. nuts) and drugs (James and Austen,

1964; Bochner and Lichtenstein, 1991; van der

Klauw et al., 1996; Pumphrey, 2000). Drugs may

cause up to 20–40% of anaphylactic episodes (Kemp

et al., 1995). Exposure to analgesics, anesthetic

agents, antibiotics (amoxicillin, ciprofloxacin, peni-

cillin, sulfamides, sulfamethoxazole, trimethoprime,

vancomycin), aspirin, colloid plasma expanders,
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cortisone, NSAIDs (e.g. diclofenac), COX-2 inhibi-

tors, curares, fluorescein, immunoglobulins, latex,

methotrexate, opiates, heterologous proteins and

radiographic contrast media can cause anaphylaxis

(Johnson et al., 1990; Bochner and Lichtenstein,

1991; Deamer et al., 1992; Alkins et al., 1996; van der

Klauw et al., 1996; http://www.pneumotox.com,

1997; Bijl et al., 1998; Pumphrey, 2000; Berkes,

2003). Most accidents, however, occur after adminis-

tration of analgesics, NSAIDs, and penicillin (van der

Klauw et al., 1993). Disease incidence is greater in

females (Youlten, 1989), in atopics (Kemp et al.,

1995), and in patients with systemic mastocytosis

(Pumphrey, 2000). Clinical manifestations include the

sudden onset of urticaria, itching of the nose or palate,

abdominal pain, vomiting, diarrhea, nasal, ocular or

asthmatic symptoms, and shock. Full-blown reaction

is characterized by hypotension, laryngeal and/or

tracheal angioedema with consequent UAO, bronch-

ospasm, frothy sputum, hemoptysis, internal organ

edema, shock and seizures, followed by cardiac arrest

and death within 15 min of exposure to the causative

drug (Lamson, 1929; Delage and Irey, 1972; Gregory

and Davis, 1996; Pumphrey, 2000). Autopsy studies

indicate marked edema of the epiglottis, larynx and

trachea, pulmonary hyperinflation, edema and hemorr-

hage (Lamson, 1929; Delage and Irey, 1972). These

changes account for the airway compromise and

respiratory difficulties (James and Austen, 1964;

Delage and Irey, 1972).

A recent series indicates that about 20 deaths from

anaphylaxis occur each year in the UK, of which half

are iatrogenic (Pumphrey, 2000). The time to

respiratory or cardiac arrest averaged 5 min. Even

though 28% of the patients were resuscitated, most

died 3– 30 h later from hypoxic brain damage

(Pumphrey, 2000). Anaphylaxis was mistaken for

panic attack in some patients, and the diagnosis was

unnecessarily delayed. Complications of treatment

included fluid overload, adrenaline-induced vomiting

followed by inhalation of the gastric content, adrena-

line-induced myocardial infarction, and pulmonary

edema (Pumphrey, 2000).

Management of anaphylaxis requires prepared-

ness and prompt recognition. Management of the

full-blown disease includes parenteral adrenaline,

to be repeated every 15 min, high-dose cortico-

steroids, and correction of hypovolemia and cardiac

arrhythmias. Ensuring early and adequate access to

the airway is critical, as when laryngeal edema has

developed beyond a certain extent attempts at

laryngotracheal intubation may be unsuccessful

(Berkes, 2003).

4.2. Drug hypersensitivity—the

‘anticonvulsant syndrome’

Drug hypersensitivity is a potentially life-threatening

syndrome with many possible clinical patterns and

significant morbidity. DHS is characterised by fever, a

cutaneous rash, eosinophilia and internal organ

involvement. Prompt recognition and early identifi-

cation and withdrawal of all suspect medicines are

vital. Avoidance of re-exposure to the responsible

agent is essential, otherwise relapse will occur. Cross-

reactivity to structurally related drugs is common, and

first-degree relatives may be predisposed to develop-

ing this syndrome as well. The paucity of reports in

the recent past does not help maintain clinical

awareness. Drug hypersensitivity is also called ‘drug

rash with eosinophilia and systemic symptoms’, the

‘sulfone syndrome’, ‘glandular fever’ or ‘anticonvul-

sant’ or ‘carbamazepine hypersensitivity syndrome’,

depending on the causative drug. DHS is an idiosyn-

cratic reaction defined by the clinical triad of fever,

rash and organ involvement such as hepatitis,

myocarditis, nephritis, or pneumonitis. The disease

typically develops within the first 8 weeks into

treatment with anticonvulsants, with an attack rate

of 1 out of 5000–10,000 patients on the drug

(Rademaker and Maling, 2003).

The variable presentations of DHS lead to

considerable diagnostic confusion and delay in

diagnosis, because dermatological, hematologic (ane-

mia, thrombopenia, leukemic reactions), lymphatic,

or internal organ involvement can mimic systemic

diseases or an infection (Olmer et al., 1952; De Vriese

et al., 1995; Anonymous, 1996). Therefore, a high

index of suspicion is required in patients receiving

drugs, which cause the syndrome (Pichler, 2003;

Shepherd, 2003; Rademaker and Maling, 2003).

These include allopurinol, aromatic anticonvulsants

(particularly carbamazepine and phenytoin), and

sulfonamides. Less common inducers include abaca-

vir, atenolol, azathioprine, captopril, diltiazem, gold
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salts, minocycline, nevirapine, oxicam NSAIDs,

sulfasalazine, and trimethoprim (http://www.

pneumotox.com, 1997; Pichler, 2003; Rademaker

and Maling, 2003). Recently, bupropion and lefluno-

mide were shown to cause the syndrome (Bagshaw

et al., 2003; Mohty et al., 2003).

Onset is gradual, with fever and skin reactions as the

first indicators. Fever is a common early feature

of DHS, followed by a widespread and long-

lasting papulopustular, erythematous skin eruption

(Rademaker and Maling, 2003), which may progress to

exfoliative dermatitis (Roujeau and Stern, 1994). The

severity or extent of the skin-related changes does not

correlate well with the severity or extent of internal

organ involvement, which may remain asymptomatic,

or be life-threatening. Eosinophilia and atypical

lymphocytosis occur in up to 30% of cases (Rademaker

and Maling, 2003; Dosch et al., 1982). DHS can also be

manifested by cytopenia (Cacatian and Rando, 1981;

Gerson et al., 1983; Brain et al., 1984), hemolytic

anemia (Sinnige et al., 1990), transient antibody

deficiency (Dosch et al., 1982), or hypogammaglobu-

linemia (Lillie et al., 1983), or can mimic acute

leukemia (Ray-Chaudhuri et al., 1989; Anonymous,

1996) or a viral infection (Brain et al., 1984). Organ

involvement in DHS is manifold. Shear et al.

reported 53 patients with DHS to different antic-

onvulsants (Shear and Spielberg, 1988). The clinical

profile of DHS was similar, regardless of which

anticonvulsant drug was taken. Fever was present

in 94% of patients, a skin rash in 87%, hepatitis

in 51%, and in 62% there was involvement of

more than one organ. The thoracic manifestations

of DHS include lymphoid interstitial pneumonia

(Chamberlain et al., 1986), ILD (de Swert et al.,

1984), eosinophilic pneumonia (Stephan et al., 1978),

and pleural effusion (Bourezane et al., 1998; Corp

and Ghishan, 1998; Thompson et al., 1998).

Radioactive gallium is taken up in lung in about

a third of patients taking phenytoin, but the

contribution of this test in routine practice is

unclear (Lentle et al., 1983). Other organ involve-

ments in DHS include hepatosplenomegaly (Boissier

et al., 1983), eosinophilic myocarditis (Salzman

et al., 1997), colitis (Eland et al., 1999), granulo-

matous angiitis (Gaffey et al., 1986), a systemic

lupus erythematosus-like picture with organizing

pneumonia (Milesi-Lecat et al., 1997), and multiple

organ dysfunction (Marik, 1999).

Four cases of carbamazepine-hypersensitivity syn-

drome were examined by De Vriese et al. (1995).

Signs and symptoms developed 1 week to 3 months

into treatment (average 4 weeks), and included fever,

lymphadenopathy, a characteristic edema of the hands

and face, hepatitis with a laboratory profile resem-

bling viral hepatitis, acute tubulo-interstitial nephritis,

hypersensitivity vasculitis in the kidney, and

increased blood eosinophils (up to 36% of 55,000

cells in one case). Variegated autoantibodies (ANA,

rheumatoid factor, antithyroid and anti-smooth

muscle) were present.

Patients taking anticonvulsants may present with

diffuse lymph node enlargement as a prominent

manifestation of DHS (Saltzstein and Ackerman,

1959), and sometimes this is more visible in the

mediastinum (Heitzman, 1967). Histopathology

shows hyperplasia, or Reed–Sternberg cells and

necrosis-mimicking Hodgkin’s disease (De Vriese

et al., 1995). Earlier reports or small series indicate

reactive hyperplasia, immunoblastic lymphadenopa-

thy, malignant lymphoma or Hodgkin’s disease

during treatments with anticonvulsants (Saltzstein

and Ackerman, 1959; Hyman and Sommers, 1966;

Schreiber and McGregor, 1968; Anthony, 1970;

Sorell and Forbes, 1975). One recent series collated

25 patients (14 women) with lymphadenopathy

during treatments with Dilantin (phenytoin)

(Abbondazo et al., 1995). Patients’ age ranged from

24 to 81 years, and lymphadenopathy developed 1

week to 30 years into treatment (Abbondazo et al.,

1995). Fifteen of 25 cases showed a benign histology

(reactive hyperplasia), seven were non-Hodgkin’s

lymphoma, and three were Hodgkin’s disease

(Abbondazo et al., 1995). Progression from para-

cortical hyperplasia to malignant lymphoma was

evidenced in two out of five cases for which

sequential biopsies were available (Abbondazo

et al., 2000). Pseudolymphoma or lymphoma can

diminish after drug therapy withdrawal but in some

patients there is relapse to uncontrollable lymphoma

(Gams et al., 1968). The development of lymphoma

in the skin or internal organs during exposure to

anticonvulsants is unusual (Rubinstein et al., 1985;

Bocquet et al., 1996).
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Underlying mechanisms causing DHS include

enhanced metabolic activation of the drug

(Pirmohamed et al., 1991), defective detoxification

of reactive arene oxide metabolites (Spielberg et al.,

1981), and slow acetylation. All these may lead to

increased or persistent levels of toxic metabolites.

Since these factors are likely controlled under genetic

influences (Evans and McLeod, 2003), this may

explain why the disease develops in only a few

patients. In vitro tests have evidenced increased cell

death in the presence of activated drug metabolites

(Spielberg et al., 1981), blast transformation of drug-

challenged cells (Virolainen, 1971; de Swert et al.,

1984; Horneff et al., 1992), and cross-reaction

between different drugs (Shear and Spielberg, 1988).

These and other data (Mauri-Hellweg et al., 1995)

suggest that there is an expansion of drug-specific

T-cells, which may inflict damage to skin and internal

organs (Mauri-Hellweg et al., 1995; Pichler, 2003).

In the absence of skin lesions, a positive patch test

may support the diagnosis (De Vriese et al., 1995).

Circulating antibodies to the drug have been detected

in a few cases (Kleckner et al., 1975), suggesting that

the drug serves as a hapten (Pichler, 2003). A role for

co-infection with the human herpes virus 6 acting as a

danger signal is suspected (Pirmohamed et al., 2002;

Descamps et al., 2003).

Treatment consists of immediate withdrawal of all

suspect drugs, followed by supportive care of

symptoms and corticosteroid drugs. Drug withdrawal

is generally followed by significant improvement in a

few days (Lewis and Rosenbloom, 1982). However, in

a few patients, the disease accelerates a few weeks

after withdrawal (De Vriese et al., 1995). The

mortality rate is 8–10% (Bocquet et al., 1996;

Rademaker and Maling, 2003). Relapse may occur

as corticosteroid doses are tapered, and treatment may

need to be continued for several months. Patients who

develop DHS must avoid re-exposure to the causative

medication and to related aromatic compounds

(phenytoin, carbamazepine, phenobarbitone). Rechal-

lenge produces relapse with increased severity

(De Vriese et al., 1995). Cross-reaction can occur

with oxicam NSAIDs. Because genetic factors are

suspected in DHS, relatives should be instructed as

regards the symptoms of DHS, and their enhanced risk

of developing similar adverse reactions, should they

take similar medications.

4.3. Drug-induced lupus erythematosus

and antiphospholipid antibodies

Drug-induced lupus was first described in 1945 in a

patient treated with sulfadiazine (Hoffman, 1945).

Subsequently, many cases of drug-induced lupus were

reported in the 1950s, when hydralazine became

generally available for the treatment of systemic

hypertension (Dustan et al., 1954). Hydralazine

produces fever, arthralgias, and serositis, along with

high titers of circulating ANA. It is estimated that

after 4 years of treatment, 80–100% of patients

develop ANA and 30–50% eventually develop

symptoms of lupus (Goldberg et al., 1980).

At the time, the clustering of cases of drug-induced

lupus produced a measurable increase in the preva-

lence of lupus above the background prevalence of

idiopathic disease (Siegel et al., 1967). Later,

isoniazid and procainamide were also recognized to

cause the drug-induced lupus, and the latter drug is

still considered the most potent lupus-inducing drug.

Drug-induced lupus has now been reported with about

60 chemically and pharmacologically unrelated drugs

(Adkinson et al., 2002) including amiodarone, ACEI,

anticonvulsants (carbamazepine, ethosuximide, phe-

nytoin, primidone, trimethadone, and valproate, but

not benzodiazepines or phenobarbital), anti-TNF

agents, b-blockers (mainly acebutolol), chlorproma-

zine, oral contraceptives, recombinant cytokines or

antibodies, dihydralazine, interferon, mesalazine,

methyldopa, minocycline, nitrofurantoin, pro-

pylthiouracil, statins, sulfasalazine and ticlopidine

(Hess, 1981; Cush and Goldings, 1985; Skaer, 1992;

Stevens, 1992; Price and Venables, 1995; http://www.

pneumotox.com, 1997; Hannhahs Hahn, 1998; Yee

and Pochapin, 2001; Jarrett et al., 2003). Although

hydralazine and procainamide are now less in use,

drug-induced lupus continues to occur in clinical

practice (Gordon and Porter, 2001). Some of the cases

with the drug lupus possibly would now be reclassi-

fied as having drug-induced vasculitis on the basis of

ANCA testing, which was not available at the time

(see below).

Overall, the prevalence of drug-induced lupus is

0.8 per 100,000 population, and it is estimated that

drugs cause approximately 30% of all cases of lupus.

Minocycline increases the risk of developing lupus
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8.5-fold, compared to the background rate (Gordon

and Porter, 2001). Generally, drugs induce a form of

lupus which is clinically (milder course, absence of

flares, rare kidney or neurological involvement,

frequent reversal upon discontinuance of drug

therapy, equal distribution in men and women,

as opposed to the 90% female predominance in

idiopathic lupus) and biologically (anti-double-

strand-DNA antibodies distinctly unusual, normal

complement levels) dissimilar to idiopathic lupus

(Cohen and Prowse, 1989).

Risk factors for the development of drug-induced

lupus are drug- and patient-related and include

† type of drug (e.g. arylamine and hydrazine drugs are

potent lupus-inducing agents)

† the degree of exposure (i.e. dose and duration) to the

drug

† acetylator phenotype

Patients with the slow hydralazine acetylator

phenotype produce more oxidative and unconjugated

metabolites, have a higher liability to disease, and

develop lupus-related symptoms earlier than do those

with rapid acetylators. In contrast, patients with the

rapid acetylator phenotype rapidly metabolize hydra-

lazine into conjugated metabolites, which are less

potent inducers of lupus (Hofstra, 1994).

† genetic and ethnic background.

Relatives of patients with DI-lupus are more

prone to the development of idiopathic auto-

immune conditions, and the drug lupus develops

more often in whites than it does in dark-skinned

people.

As the disease develops insidiously after months or

years into treatment, the diagnosis is often established

late. The drug lupus manifests with chest pain, a dry

hacking cough, dyspnea, arthralgias, skin changes,

fever and malaise. In some patients the chest pain is

excruciating or the cough is exhausting. Approxi-

mately half the patients with drug-induced lupus

present with pneumonitis, rarely an ARDS picture

(Sridhar and Abdulla, 1998), pleuritis, pleural

thickening or effusion (Özkan et al., 2001), and up

to a third present with pericardial effusion (Siddiqui

and Khan, 2002), or tamponade (Verma et al., 2000).

As in idiopathic lupus, the pleural fluid is an

exudate (Good et al., 1983). Cells counts range from

230 to 55,000 cells/ml (Good et al., 1983; Smith and

Nacht, 1992), the percentage of neutrophils from 10 to

100% (Good et al., 1983; Morelock and Sahn, 1999),

and pleural levels of LDH from 200 to 550 IU/l.

Elevated titers of ANA in the pleural fluid are a useful

marker of lupus (Kaplan et al., 1978; Hiraoka et al.,

1998), but may not separate drug-induced lupus

from the idiopathic disease well. In one report, 11

of 13 patients with lupus pleuritis (two drug-induced)

had pleural fluid ANA $1:160, and in 9, the

pleural fluid-to-serum ANA ratio was greater than

unity (Good et al., 1983). Antinuclear antibodies

are specifically present in the pleural tissue of

patients with drug lupus pleuritis, as opposed

to pleural effusions of other causes (Chandrasekhar

et al., 1978). Antinuclear antibodies are also found

in the pericardial fluid of patients with peri-

cardial effusion (Goldberg et al., 1980). Rare

patients presented with peripheral eosinophilia as

an associated feature (Paladini et al., 1982;

Khosla et al., 1998).

Circulating antinuclear and antihistone antibodies

are nearly always present in patients with drug-

induced lupus, if appropriate techniques are

employed. There is no relationship between ANA

levels and the likelihood of developing lupus, or the

type or severity of symptoms. Some patients with

drug-induced lupus lack ANA, with only antihistone

antibodies present (Carter et al., 2001). Antihistone

antibodies are not specific for the drug etiology,

and have different specificities, depending on the

causative drug (H2A, H2B, or H2A-H2B-complex

in procainamide-induced lupus, and H3 and H4 in

hydralazine-induced lupus, respectively (Portanova

et al., 1987)). Anti-double-strand-DNA anti-

bodies have been described in a few patients

with acebutolol-, hydralazine-, infliximab-, penicilla-

mine-, and procainamide-induced lupus. Hypocom-

plementemia and anti-myeloperoxidase antibodies

also are unusual findings in patients with typical

drug-induced lupus (Pape et al., 2002). However,

testing for ANCAs, especially anti-MPO, antilacto-

ferrin or antielastase antibodies, is required, as the

clinical features of drug-induced lupus and vasculitis

occasionally overlap (Martinez-Vea et al., 1987;

Choi et al., 2000a). The lupus anticoagulant and

antiphospholipid antibodies are present in a few

patients (Pape et al., 2002), and may associate with
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thromboembolic phenomena or the hypercoagulable

state (Asherson et al., 1989; Yee and Pochapin, 2001).

The diagnosis of drug-induced lupus may be difficult

when elevated ANA titers are an expected feature

of a background disease. Examples include the

association of pleural effusion and elevated ANA

titers in patients with ulcerative colitis, RA, or

tuberculosis treated with mesalazine, penicillamine,

or isoniazide, respectively. In such cases, changes in

pleural involvement and ANA during treatment and/

or upon drug withdrawal will help determine whether

the condition is drug related.

Treatment consists mainly of discontinuation of

the drug, with corticosteroid therapy reserved for

severe reactions. Upon stoppage of drug therapy, all

symptoms diminish within a few days or weeks

(Gordon and Porter, 2001). This is followed by a more

gradual decrease in circulating ANA towards lower or

normal levels. In a fraction of patients, ANA and/or

symptoms persist for longer periods (Gordon and

Porter, 2001). Rechallenge leads to recurrence of

symptoms within shorter periods (Gordon and Porter,

2001). Patients with subclinical ANA levels during

treatments with drugs known to induce lupus need

simple follow-up. The drug needs not be discontinued,

unless an alternate treatment is available, or symp-

toms suggestive of autoimmune disease develop

(Rubin et al., 1986).

4.4. Drug-induced vasculitis

Drugs of nearly all pharmacologic classes can cause

hypersensitivity vascular reactions that may include

cutaneous leukocytoclastic vasculitis (Mullick et al.,

1979). Systemic vasculitis with internal organ

involvement, in contrast, is considerably less

common (Calabrese and Duna, 1996; Doyle and

Cuellar, 2003). Early reports described systemic

angiitis during treatments with sulfonamides and

sulfamides (Rich, 1942; Tompson and Zeek, 1945;

Lichtenstein and Fox, 1946). The list of drugs at the

origin of systemic angiitis with pulmonary involve-

ment has grown, and now includes allopurinol

(Jarzobski et al., 1970), antithyroid drugs (Wing

and Fantus, 1987; Merkel, 1998), anti-tumor necro-

sis factor-alpha therapy (Calabrese and Duna, 1996;

Jarrett et al., 2003), celecoxib (Schneider et al.,

2002), hematopoietic growth factors (Merkel, 1998),

hydralazine (Merkel, 1998), minocycline (Elkayam

et al., 1996; Schrodt and Callen, 1999), penicilla-

mine (Merkel, 1998) and phenytoin (Yermakov

et al., 1983; Michael and Rudin, 1981; Doyle and

Cuellar, 2003). The quality of the evidence for

proving causality with these agents is wide-ranging,

from circumstantial in case reports, to supportive in

larger series of patients (Choi et al., 2000a; Doyle

and Cuellar, 2003). Not all patients who develop

vasculitis from these agents present with pulmonary

involvement, however.

The advent of ANCA testing in the 1990s has

challenged previous clinical classifications (Drory

and Korczyn, 1993), and may allow for reclassifica-

tion of drug-induced angiitides (Merkel, 1998; Doyle

and Cuellar, 2003). For most cases published before

1990, especially of penicillamine-associated pseudo-

Goopasture syndrome, the exact etiopathogenesis of

the vasculitis (i.e. ANCA-positive or not) is likely

to remain out of reach. Currently, drug-induced

p-ANCA-positive vasculitis and CSS emerge as the

most prominent patterns of drug-induced pulmonary

angiitis, whereas the possibility that drugs produce

authentic Wegener’s remains circumstantial (Choi

et al., 2000a). As for any vasculitic process, early

diagnosis is encouraged, otherwise loss of tissue and

compromised function may occur. Treatment of drug-

induced vasculitis consists of drug withdrawal,

corticosteroids, immunosuppressive drugs and, some-

times, plasmapheresis.

4.4.1. Drug-induced ANCA-positive

vasculitis
The antithyroid thionamides (propylthiouracil, carbi-

mazole, methimazole and thiamazole (Gunton et al.,

1999; Morita et al., 2000; Choi et al., 1999)),

allopurinol (Choi et al., 1998), hydralazine

(Nässberger et al., 1991; Merkel, 1998; Choi et al.,

1999), minocycline (Merkel, 1998), penicillamine

(Merkel, 1998) and sulfasalazine (Salerno et al., 1996;

Choi et al., 2000a) produce systemic angiitis with

possible pulmonary involvement. Out of 250 new

patients with systemic vasculitis and pANCA

antibodies, Choi et al. (2000a) examined the 30 with
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the highest antibody titers. There was long-term

(.9 months) exposure to hydralazine in 10 (33%)

and propylthiouracil in three (10%), and in five

(17%) there was exposure to penicillamine, allopur-

inol, or sulfasalazine (Choi et al., 2000a). Half the

patients with hydralazine-associated antibody-

positive vasculitis had pulmonary involvement, with

hemoptysis in four (Choi et al., 2000a). The two

patients who developed ANCA during treatment with

penicillamine also presented with pulmonary hemorr-

hage, which was fatal in both patients (Choi et al.,

2000a). There was a strong association between the

presence of antielastase and/or antilactoferrin anti-

bodies and exposure to the above candidate drugs

(Choi et al., 2000a). Anti-TNF-alpha therapy also

produces p-ANCA-positive vasculitis, with cross-

reaction between infliximab and etanercept

suggesting a class effect (Jarrett et al., 2003).

Extrapulmonary signs and symptoms of drug-induced

vasculitis include constitutional symptoms, arthral-

gias, purpuric skin lesions or leukocytoclastic vascu-

litis, glomerulonephritis, renal failure, upper

respiratory tract or ear, nose and throat involvement

in addition to pleural effusion, chest pain, pulmonary

infiltrates, alveolar hemorrhage, and lung nodules

or cavitation (Cassorla et al., 1983; Stankus and

Johnson, 1992; D’Cruz et al., 1995; Ohtsuka et al.,

1997; Gunton et al., 1999; Chastain et al., 1999;

Erten et al., 2002; Dinmezel et al., 2003)

(for review of organs affected in drug-induced

angiitis, see Chastain et al., 1999). Thus, drug-induced

vasculitis can clinically imitate naturally occurring

systemic vasculitis (Merkel, 1998).

The histopathologic background in patients with

skin or kidney involvement shows active vasculitis,

and this is similar to idiopathic vasculitis (Choi et al.,

2000a). Capillaritis has been evidenced on the lung

biopsy in one patient with DAH during treatment

with propylthiouracil (Dhillon et al., 1999). Bland

hemorrhage has been demonstrated in other cases

(Choi et al., 2000a). Histopathology was unavailable

in many cases (Schwarz and Fontenot, 2004).

The p-ANCA staining pattern coupled to myelo-

peroxidase (MPO), antilactoferrin or antielastase

specificity (Ohtsuka et al., 1997) will separate

most cases of drug-induced vasculitis from classic

Wegener’s, a condition associated with c-ANCAs

positivity and PR3 specificity (Choi et al., 1999).

In patients with ANCA-positive vasculitis, antinuc-

lear (ANA) antibodies may be present, raising the

possibility of drug-induced lupus. However, the

high titers of anti-MPO antibodies and the highly

distinctive clinical profile of ANCA-positive vascu-

litis with, notably, alveolar hemorrhage and necro-

tizing or crescentic glomerulonephritis usually enable

the distinction with the drug-induced lupus.

p-ANCAs are thought to have pathogenic rele-

vance, at least above a certain threshold (Noh et al.,

2001), as they are temporally associated with flares of

vasculitis (Choi et al., 1999). However, clinical

disease can predate the rise in p-ANCAs (Morita

et al., 2000). Prompt resolution of the vasculitis

generally occurs after drug discontinuance. If dechal-

lenge is followed by normalization of clinical

manifestations of the disease and a fall in antibody

titers, this is taken as strong supportive evidence for

the drug etiology (Chastain et al., 1999; Choi et al.,

1999). About 4% of patients taking propylthiouracil

long-term develop ANCA, but vasculitis develops

in only a few (Noh et al., 2001). No ANCA

seroconversion was detected in patients with RA or

systemic sclerosis treated with minocycline, penicil-

lamine or sulfasalazine (Choi et al., 2000b). Low

levels of ANCA generally are associated with absence

of clinical disease, whereas higher levels of ANCA

require close follow-up (Noh et al., 2001). In patients

with naturally occurring ANCA-positive vasculitis or

CTD (Merkel et al., 1997), treatment with drugs

known to raise ANCA titers and/or to produce

antibody-positive vasculitis (e.g. hydralazine, pro-

pylthiouracil) requires close monitoring. The deve-

lopment of c-ANCAs as opposed to p-ANCAs during

treatments with therapy drugs is a rare occurrence

(D’Cruz et al., 1995; Morita et al., 2000). The

possibility that drugs induce Wegener’s disease

cannot be dismissed at this time (Dolman et al., 1993).

4.4.2. Drug-induced Churg–Strauss

syndrome
The use of LTRA in the treatment of asthma has been

associated with the development of CSS. Early reports

described the occurrence of CSS in patients receiving

zafirlukast (Knoell et al., 1998), and these were

followed by reports of CSS in association with

montelukast, pranlukast, and zileuton (Tuggey and
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Hosker, 2000; Mukhopadhyay and Stanley, 2001).

Patients presented with eosinophilia, pulmonary

infiltrates, rarely DAH (Solans et al., 2002), cardio-

myopathy, muscle pain, mononeuritis and, less often,

digestive or dermatological involvement (Pedvis et al.,

1999; Sabio et al., 2001). Symptoms occurred a few

weeks or months into treatment with the LTRA

(Weller et al., 2001). In 67–88% of the patients

(Stirling and Chung, 1999; Weller et al., 2001),

corticosteroids were being tapered at the time of onset

of the CSS, whereas corticosteroid dosage was not

altered in the remainder of patients. The temporal

association of corticosteroid tapering and onset or

relapse of symptoms of CSS has been described in the

past in asthmatics who were unexposed to LTRA

(Churg et al., 1995). Consequently, it was hypothe-

sized that it is the tapering of corticosteroid that

triggered the onset of CSS (Wechsler et al., 1998).

However, several facts need be explained before this

hypothesis can be accepted. Firstly, some studies have

shown a 10-fold increase in the incidence of CSS in

association with novel asthma-modifying drugs

(Martin et al., 1999). Secondly, CSS has been

observed in patients in whom corticosteroid dosage

had not been altered before or after the introduction of

the LTRA (Tang and Yosipovitch, 2003). Thirdly,

CSS developed in patients who were not exposed to

oral corticosteroids (Tuggey and Hosker, 2000; Green

and Vayonis, 1999), or who had never been exposed

to corticosteroids (Sabio et al., 2001). Fourthly,

all manifestations of CSS reversed promptly

after withdrawal of montelukast in one patient

(Mukhopadhyay and Stanley, 2001). Furthermore,

other steroid sparing agents are rarely associated with

the development of CSS, despite their use for over 30

years (Stirling and Chung, 1999; Stoloff and Stempel,

2000). Lastly, one patient with a previous diagnosis of

CSS relapsed after the introduction of montelukast to

control the symptoms of asthma (Solans et al., 2002).

Conversely, a few patients with CSS during treat-

ments with LTRA reportedly could resume treatment

with the drug without suffering relapse of CSS

(Wechsler and Drazen, 2000). CSS has also been

reported in asthma after systemic steroids tapering

concomitant with the introduction of inhaled cortico-

steroids (Wechsler et al., 1999; Cooper et al., 2002).

As for any novel adverse effect, a reporting bias

cannot be excluded. Current estimates of the

incidence of CSS in asthma are reassuring (Wechsler

and Drazen, 2000; Lilly et al., 2002; Keogh and

Specks, 2003).

The diagnosis of naturally occurring CSS is often

established from clinical findings or biopsy of

extrapulmonary sites, and lung biopsy is performed

infrequently. Lung biospy is generally unavailable in

patients with drug-induced CSS. According to

Katzenstein, the classic pathologic findings in the

lung include a combination of eosinophilic pneumo-

nia, granulomatous inflammation and vasculitis.

However, these three features are not all present in

every case (Katzenstein, 2000).

There is some evidence linking treatments with

macrolide antibiotics (Hübner et al., 1997), aspirin

(Schmitz Schumann et al., 1998), vaccination against

hepatitis B (Beretta et al., 2001) and immunotherapy

(M’Raihi and Zegaya, 1990) with the development

of CSS.

4.5. Sarcoidosis

Most cases of granulomatous lung disease result from

treatments with interferon (IFN) alpha or beta.

Interferon-induced sarcoidosis was first described in

1987 in a patient with renal cancer treated with IFN-

beta (Abdi et al., 1987). This was followed by cases of

sarcoidosis during treatments with IFN-alpha (Otte

et al., 1997). IFN-induced sarcoidosis can also occur

with pegylated IFNs (Rocca et al., 2002; Kumar et al.,

2002a), and when ribavirin is combined with IFN in

chronic hepatitis C infection (Hoffmann et al., 1998).

Sarcoidosis has not been described in patients

receiving ribavirin or IFN-gamma in isolation

(Hoffmann et al., 1998). A literature review on

IFN-alpha- and beta-induced sarcoidosis is available

(Tahan et al., 2003). Interferon-induced sarcoidosis

typically develops after a few months of treatment,

and rarely after drug withdrawal (Hoffmann et al.,

1998). Patients can be asymptomatic, or complain of

fatigue, breathlessness and cough. These manifes-

tations can be obscured by the flu-like symptoms and

fatigue that usually accompany the first weeks of

treatment with IFNs (Hoffmann et al., 1998). In some

patients, IFN produced relapse of previously diag-

nosed sarcoidosis, which had been quiescent for

many years (Wandl et al., 1992). Interferon-induced
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sarcoidosis reproduces the naturally occurring form of

the disease, with involvement of mediastinal lymph

nodes, lung parenchyma (Hoffmann et al., 1998;

Ravenel et al., 2001), skin (including erythema

nodosum and Löfgren syndrome) (Yavorkovsky

et al., 1998; Hoffmann et al., 1998; Eberlein-König

et al., 1999; Leveque et al., 2001), liver (Propst et al.,

1995; Veerabagu et al., 1997), central nervous system,

kidney and possibly calcium homeostasis, producing

organ-targeted symptoms or dysfunction. Lympho-

cytes are increased in BAL (Moriya et al., 1994).

However, BAL lymphocytes also are increased in

untreated chronic viral hepatitis C, and the lympho-

cyte count decreases during uncomplicated treatments

of this condition with IFN (Yamaguchi et al., 1997).

The diagnosis of IFN-induced sarcoidosis is estab-

lished by the demonstration of noncaseating

granulomas in lung, bronchial mucosa, mediastinal

lymph nodes or other organs. Interferon-induced

sarcoidosis is improved with reduction in drug

dosage, drug withdrawal, or institution of corticoster-

oids (Anderson et al., 2003). Thoracic and other

manifestations of IFN-induced sarcoidosis tend to

disappear in a few months (Hoffmann et al., 1998). In

some patients, the granulomatous process may pro-

gress with time despite drug withdrawal, and

corticosteroids are required as an adjunctive therapy

for several months. No patient with IFN-induced

sarcoidosis has progressed to the late fibrotic stage

seen in naturally occurring pulmonary sarcoidosis.

Granulomas are an occasional finding in lung

tissue or in lymph nodes of patients exposed to

etanercept (Peno-Green et al., 2002), methotrexate

(Verdich and Christensen, 1979), phenylbutazone

(Goldstein, 1963), phenytoin (Rubinstein et al.,

1986) and sirolimus (Avitzur et al., 2003).

4.6. Myopathies

Many drugs can produce myopathies (Le Quintrec and

Le Quintrec, 1991; Zuckner, 1994; Cacoub et al.,

1999; Dourmishev and Dourmishev, 1999; Dalakas

and Hohlfeld, 2003). However, drugs rarely cause

myositis with concomitant pulmonary involvement.

Hill et al. (1995) described a 76-year-old woman

exposed to the HMG-CoA reductase inhibitor

simvastatin. The patient developed limb weakness, a

skin rash and pulmonary infiltrates. Laboratory

investigation revealed increased levels of creatine

kinase and antinuclear antibodies. Antisynthetase anti-

bodies were not tested. Creatine kinase levels dimin-

ished after drug dechallenge, and the patient was

given corticosteroids. Despite this, the lung disease

progressed to DAD, and the patient died after 12 weeks.

According to these investigators, the picture was

consistent with dermatomyositis (Hill et al., 1995).

A 68-year-old man developed a clinical picture

suggestive of the antisynthetase syndrome, with

mechanic’s fingers and fibrosing alveolitis after

2 months of treatment with valsartan (Thickett and

Millar, 1997). There was, however, no serologic

documentation of antisynthetase antibodies.

Whether the combination of polymyalgias and

pulmonary infiltrates in patients exposed to statins

(Liebhaber et al., 1999) is an early manifestation of

polymyositis is unclear.

4.7. The eosinophilia-myalgia syndrome

In the 1980s L-tryptophan was a popular dietary

supplement. The contamination of L-tryptophan

with 1,10-ethylenebis-L-tryptophan during the bac-
teria-driven synthesis of L-tryptophan in one
plant produced a disabling condition known as
eosinophilia-myalgia syndrome (EMS), which
emerged as a novel disease in the late 1980s
(Kilbourne, 1992; Sidransky, 1994). Over 1500
patients were affected, of whom 31 had died by
1992 (Hedberg et al., 1992). The incidence culmi-
nated in the late months of 1989 (Kilbourne, 1992),
and diminished abruptly once L-tryptophan-
containing products were recalled (Kilbourne
et al., 1996). Affected patients presented with the
insidious or more rapid onset of constitutional
symptoms, myalgias, low muscle force, skin
changes, fasciitis, neurologic involvement, cardio-
myopathy, and eosinophilia. Respiratory involve-
ment included pulmonary infiltrates, eosinophilic
pneumonia, pulmonary angiitis, persistent pul-
monary hypertension, and pleural effusion
(Tazelaar et al., 1990, 1993). Long-term studies
showed that eosinophilia, dermatological involve-
ment, neuromuscular changes, and pulmonary
hypertension could persist beyond 1 year (Hedberg
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et al., 1992; Hertzman et al., 1995; Pincus, 1996).
One potential explanation for EMS lies in the
possibility of 1,10-ethylenebis-L-tryptophan being
incorporated as an essential amino acid into
peptides (Buss et al., 1996), and functionally
activating eosinophils (Yamaoka et al., 1994).

5. Specific drugs causing respiratory
involvement

5.1. Anti-TNF therapy

TNF-alpha is a proinflammatory cytokine which plays

an important role in the pathogenesis of several CTDs

including RA, WG, Behçet’s disease, and inflamma-

tory bowel disease. A chimeric monoclonal anti-TNF

antibody (infliximab) and a recombinant TNF recep-

tor fusion protein (etanercept) are available to inhibit

TNF-alpha activity in these conditions.

Adverse effects common to both agents include

opportunistic infections, mainly tuberculosis, acute

and delayed hypersensitivity infusion reactions

(Riegert-Johnson et al., 2002), rare instances of drug-

induced lupus (Shakoor et al., 2002; Favalli et al.,

2002; Carlson and Rothfield, 2003; Lepore et al.,

2003), systemic vasculitis with ANA or p-ANCA

positivity (Jarrett et al., 2003) and, possibly, malignant

lymphoma (Aithal and Mansfield, 2001; Day, 2002).

Treatments with etanercept have rarely been

associated with sterile caseating (Vavricka et al.,

2003) and noncaseating (Peno-Green et al., 2002)

pulmonary granulomas. In one patient, rheumatoid

nodules developed after the introduction of etanercept

(Hübscher et al., 2003).

Seven days after the second infusion of infliximab,

a patient developed arthralgias, myalgias, fever, and

respiratory failure requiring ventilatory support.

Acute eosinophilic pneumonia was diagnosed on

lung biopsy, and high concentrations of human

antichimeric antibodies were present in lung tissue.

The patient improved after drug withdrawal and

intravenous corticosteroids (Riegert-Johnson et al.,

2002). Infliximab was temporally associated with the

development of acute methotrexate pneumonitis after

the third infusion in three patients (Kramer et al.,

2002), and with rapidly evolving pulmonary fibrosis

in one patient. A drug-drug interaction is suggested

(Kramer et al., 2003). In one patient with RA,

treatment with infliximab was associated with

deterioration of obstructive sleep apnea (Zamarron

et al., 2004).

Time will tell whether anti-TNF agents cause

specific lung disease, interact with other disease

modifying anti-rheumatic drugs in terms of adverse

pulmonary effects, or promote some pulmonary

manifestations of RA.

The novel anti-TNF agents infliximab and, to a

lesser degree, etanercept increase the risk of

pulmonary and extrapulmonary tuberculosis (Gar-

dam et al., 2003; Gardam and Iverson, 2003).

Keane et al. (2001) reviewed 70 cases of

tuberculosis after treatment with infliximab. Time

to onset averaged 12 weeks, and in 48 patients,

tuberculosis developed after three or fewer infu-

sions. Forty patients had extrapulmonary tubercu-

losis and 17 had disseminated disease. Sixty-four

patients were from countries with a low incidence

of tuberculosis. Gomez-Reino et al. conducted a

multicenter prospective study in Spain on 1578

treatment with anti-TNF agents (infliximab in 86%,

etanercept in 14% of 1540 patients, respectively)

(Gomez-Reino et al., 2003). They identified 17

cases of tuberculosis in patients treated with

infliximab. The incidence of tuberculosis associated

with infliximab in RA was 1893 and 1113 per

100,000 in the years 2000 and 2001, respectively, a

significantly increased risk. The percentages of

extra-pulmonary tuberculosis and mortality were

greater than in non-infliximab-related tuberculosis.

The excess rate of tuberculosis decreased in 2002,

after guidelines for prevention and treatment of

latent tuberculosis were implemented before treat-

ment of RA with anti-TNF agents.

It is important to evaluate the risk of drug-induced

tuberculosis in any patient with RA before starting

treatment with these agents (Hamilton, 2003; Gardam

et al., 2003; Gardam and Iverson, 2003). Con-

sideration of background incidence in the general

population of the country concerned, BCG vaccina-

tion earlier in the patient’s life, prior history of

tuberculosis, radiographic evidence of ‘healed’ tuber-

culosis, ethnicity and country of origin, and tuberculin

skin testing is required. However, patients with RA

are often anergic, due to background disease and
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ongoing treatments with methotrexate and cortico-

steroids. Thus, a 5-mm cut-off of tuberculin skin test

positivity has been suggested. With this, one can

evaluate whether chemoprophylaxis with isoniazid or

isoniazid plus rifampin is required. It is safer to

start infliximab 1 month into chemoprophylaxis for

tuberculosis, so that INH tolerability and hepato-

toxicity is evaluated, since overlapping medication

toxicities can occur. Tuberculosis in patients being

treated with anti-TNF agents is diagnosed and treated

as it is in other contexts (Hamilton, 2003).

Pulmonary infections with Aspergillus (Warris

et al., 2001), Histoplasma (Nakelchik and Mangino,

2002), and viruses (Smith and Letendre, 2002) have

been described as a complication of therapy with anti-

TNF agents in isolated reports.

5.2. Aspirin

In addition to producing bronchospasm in predisposed

subjects (see under ‘asthma’), chronic and ‘excessive’

intake of salicylate can produce pulmonary edema

(Heffner and Sahn, 1981). The complication occurs

preferentially in chronically exposed elderly patients,

and not all cases are recognized (Anderson et al.,

1976). Pulmonary edema is present in 10–15% of

patients with an aspirin overdose (Heffner and Sahn,

1981). Clues to the diagnosis include exposure to the

drug, dyspnea, bilateral pulmonary infiltrates, con-

fusion, lactic acidosis, and sometimes shock or

multiple organ failure (Leatherman and Schmitz,

1991; Matuschak, 1991). When present, proteinuria

is thought to reflect an increase in capillary per-

meability (Matuschak, 1991; Gonzolez et al., 1998), a

hypothesis, which has received experimental support

(Glauser et al., 1978). Clinical examination reveals

crackles and wheeze, and in cases with severe disease,

cough productive of frothy sputum, cyanosis, arterial

hypoxemia, hypotension or shock can be present

(Gonzolez et al., 1998). A few patients developed

pseudo-sepsis with shock and multiple organ dysfunc-

tion, including an ARDS picture, acute renal failure,

diffuse intravascular coagulation, and encephalopathy

(Pei and Thompson, 1987; Leatherman and Schmitz,

1991). On the chest radiograph, vague or bilateral

fluffy infiltrates, Kerley B lines and, rarely, pleural

effusion are present (Heffner and Sahn, 1981).

Septal thickening and ground-glass or alveolar

shadows are seen on HRCT (Bernal and Patarca,

1999). A BAL neutrophilia has been reported (Suarez

and Krieger, 1986). The histopathologic appearance,

available in a few patients, is that of interstitial or

alveolar edema, with alveolar filling with protein-

aceous fluid or DAD (Heffner and Sahn, 1981;

Gonzolez et al., 1998). The diagnosis of salicylate

pulmonary edema is supported by measurements of

salicylate blood levels above 40 – 45 mg/dl, if

obtained close to the time of admission. The disease

may recur on rechallenge or continued exposure to

ASA (Heffner and Sahn, 1981). The very quick return

of pulmonary opacities along with a rise in tempera-

ture and neurologic symptoms upon rechallenge is

characteristic, and led some authors to propose the

term allergic pneumonitis or pulmonary edema.

Circumstantial evidence relates chronic exposure

to aspirin with hemoptysis, DAH, or hemothorax

(Gonzalo Hernandez et al., 1987; Gopalakrishnan

et al., 1997; Kahn, 1998; van Sonnenberg and Wittich,

1998).

5.3. Azathioprine

Azathioprine is the nitroimidazole derivative of

6-mercaptopurine. The drug is used to treat several

CTD, inflammatory bowel disease and, as a steroid-

sparing agent, in CTD and pulmonary fibrosis. Treat-

ments with azathioprine have been associated with a

reversible restrictive pattern of lung dysfunction

(Rubin et al., 1972), and with ILD with a lymphocytic

BAL (Perreaux et al., 2000). Azathioprine can also

produce DAD, which may evolve to irreversible

pulmonary fibrosis (Bedrossian et al., 1984). A patient

with Crohn’s disease developed necrotizing vasculitis,

which reversed after drug withdrawal (Attila et al.,

2002). In one patient with Goodpasture’s syndrome,

treatment with azathioprine produced anti-GBM-

negative flares of DAH (Stetter et al., 1994).

5.4. Corticosteroids

Corticosteroid drugs impact on the respiratory system

in a number of ways.

Long-term corticosteroid therapy can lead to

mediastinal lipomatosis, a radiographic curiosity in
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most patients, and a cause for cough (Sorhage et al.,

1996) or mediastinal hemorrhage in a few (Taillé

et al., 2001).

Corticosteroid drugs may induce respiratory

muscle weakness. This may result in diminished

force and pressure generated by the respiratory

muscles, with consequent restrictive lung dysfunction

(Decramer et al., 1996; Similowski and Strauss,

2004).

Cortisone allergy is rare (Kilpiö and Hannuksela,

2003).

Corticosteroids exert a broad range of immuno-

suppressive activities (Lionakis and Kontoyiannis,

2003). The risk of opportunistic infections is particu-

larly increased for daily or cumulated doses of

prednisolone above 10 and 700 mg, respectively

(White, 2004). High-dose corticosteroids such as,

for instance, intravenous boluses substantially

increase the risk of opportunistic bacterial and fungal

infections (Lionakis and Kontoyiannis, 2003). In

patients on steroids, biological abnormalities (Agusti

et al., 2003) and tissue response resulting from

infection with microorganisms may be attenuated or

altered (Lionakis and Kontoyiannis, 2003). Cortico-

steroids also may prevent the expected rise in body

temperature in response to infectious agents (Lionakis

and Kontoyiannis, 2003). Accordingly, the recog-

nition of opportunistic infections is delayed (Lionakis

and Kontoyiannis, 2003), with a consequent increase

in mortality (Agusti et al., 2003). Microorganisms

specifically associated with corticosteroid drug treat-

ments now include Mycobacterium tuberculosis,

Staphylococcus, Aspergillus, Mucorales, Candida,

Cryptococcus, and Pneumocystis carinii (Agusti

et al., 2003; Lionakis and Kontoyiannis, 2003;

White, 2004) causing life-threatening staphylococcal

infection or invasive aspergillosis. Agusti et al. (2003)

reviewed 33 patients with pulmonary infiltrates while

receiving corticosteroids. Aspergillus and Staphylo-

coccus were the most common pathogens, at 30 and

20%, respectively. Overall, mortality was 45%, and

was greater if there was bilateral involvement,

delayed diagnosis, or requirement for mechanical

ventilation (Agusti et al., 2003). Yale and Limper

analyzed 116 non-AIDS patients with a first episode

of Pneumocystis carinii pneumonia (Yale and

Limper, 1996). Twenty-two percent of these patients

had an inflammatory condition, and in 90% of the

patients there was a history of treatment with

corticosteroids. The median daily corticosteroid dose

was equivalent to 30 mg of prednisone, 25% of

patients had received as little as 16 mg of prednisone

daily, and the median duration of corticosteroid

therapy was 12 weeks before the development of

Pneumocystis carinii pneumonia. About half the

patients developed respiratory failure, and a third of

the patients died from this complication. In addition to

treatment-related factors, the background disease

plays a role, as Pneumocystis carinii pneumonia

occurs more frequently in systemic lupus erythema-

tosus, WG, polymyositis, or periarteritis nodosa than

in RA (Ward and Donald, 1999).

There are several case reports of fungal infection of

the lung and airways following the regular use of

inhaled and topical corticosteroids (Fairfax et al.,

1999; Baratz and Hattenhauer, 1999; Leav et al.,

2000; Peter et al., 2002; Zhou et al., 2003).

5.5. Cyclophosphamide

Like busulfan and nitrosoureas, cyclophosphamide is

an alkylating agent used in the treatment of various

solid tumors, leukemias, lymphomas, CTDs, and

Wegener’s or Churg–Strauss vasculitis. Although

most cases of cyclophosphamide pneumonitis

occur in malignant conditions, patients with WG

(Anonymous, 1978; Stentoft, 1987), glomerulo-

nephritis (Mark et al., 1978), periarteritis nodosa

(Medrano San Ildefonso et al., 1986; Diaz-Gonzalez

et al., 1992), and micropolyangiitis (Gromnica-Ihle,

2000) also develop the condition. Cyclophosphamide

pneumonitis may differ little from the background

disease for which the drug is given (Malik et al.,

1996). When administered intravenously, cyclophos-

phamide can induce early pulmonary toxicity, in

association with a BAL lymphocytosis (Cuguillière

et al., 1999). Although sometimes severe (Woolley

et al., 1997), early cyclophosphamide pneumonitis

is largely reversible upon removal of the drug

(Malik et al., 1996), except in a few patients who

develop the ARDS picture (Woolley et al., 1997).

Late toxicity mostly follows chronic oral exposure

(Burke et al., 1982), and can occur with up to

13 years of treatment (Abdel Karim et al., 1983).
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Chronic pneumonitis takes the form of progressive

pulmonary fibrosis with, sometimes, digital clubbing

(Topilow et al., 1973). It is mostly irreversible, even

with drug withdrawal and the institution of cortico-

steroid therapy (Malik et al., 1996). In some patients,

the peculiar features of late cyclophosphamide

pulmonary toxicity are a pattern of fibrosis which

also involves the upper and lateral aspects of the

pleura, in addition to more typical changes of

pulmonary fibrosis (Malik et al., 1996). In children,

changes include the progressive narrowing of the

anteroposterior diameter of the thorax, which con-

tributes to a restrictive ventilatory defect during lung

growth and development (Tucker et al., 1977;

Alvarado et al., 1978). In patients in whom the

diagnosis of cyclophosphamide pneumonitis is enter-

tained, it is important to rule out an infection

(Scheinman and Stamler, 1969; Kattwinkel et al.,

1991; Kulke and Vance, 1997). Pneumocystis carinii

pneumonia is difficult to differentiate from acute

cyclophosphamide pneumonitis, and the two diseases

can even coexist (Anonymous, 1984).

5.6. Gold

The gold salts aurothiomalate, aurothioglucose, and

auranofin are among the first drugs recognized as

causing eosinophilic pneumonia and hypersensitivity

pneumonitis (Vaccarezza and Pavlovsky, 1945;

Garrell, 1960). Hydrocortisone was efficacious in

early cases (Garrell, 1960). Gold lung has received

increasing attention following the paper by

Winterbauer et al. (1976), who noted that rechallenge

was quickly followed by recurrence of symptoms, and

that too early a withdrawal of corticosteroids led

to relapse (Winterbauer et al., 1976). Cooke and

Bamji (1981) confirmed these findings in a review of

16 case reports. Gold lung has been the subject of a

recent review summarizing 140 published cases,

which were compared with 208 cases of rheumatoid

lung (Tomioka and King, 1997).

Gold lung is unusual; for instance there was no

case of gold lung in a series of 1019 patients exposed

to the drug (Lockie and Smith, 1985). Gold lung is

likely to become even less frequent as novel and more

efficacious therapies such as methotrexate and anti-

TNF drugs are available for the treatment of RA.

Most patients with gold lung have RA, with only a

few receiving the drug for asthma, unspecified

arthritis, or pemphigus (Tomioka and King, 1997).

Gold lung occurs largely in women, and tends to

develop within the first 6 months of treatment, with a

total dose of less than 1300 mg (range 30–3000 mg

(average 677 mg) of drug) (Tomioka and King, 1997).

Patients with certain HLA haplotypes may be at

increased risk (Partanen et al., 1987). Symptoms

include the rapid onset of dyspnea (in .90% of the

patients), cough (in two-thirds), fever (in 50%), and a

skin rash (in about 40%) (Tomioka and King, 1997).

A restrictive ventilatory defect with decreased diffus-

ing capacity and hypoxemia are common. Chest

imaging shows bibasilar shadowing in about a third,

and this is sometimes accompanied by severe volume

loss (Weaver and Law, 1978; Hellebrand et al., 1979;

Podell et al., 1980). Other imaging patterns include

apical (Terho et al., 1979), butterfly-or batwing-

shaped subpleural (Baethge and Wolf, 1988) or

diffuse opacities, which can obscure both lung fields

(Garrell, 1960). A few reports described a miliary

pattern (Autran et al., 1978; Hellebrand et al., 1979).

In the few reported CT studies, patchy opacities center

along bronchovascular bundles (Vernhet et al., 1995;

Nomura et al., 1997), a pattern reminiscent of

nitrofurantoin lung, but clearly different from

untreated rheumatoid lung (Tomioka and King,

1997; Freemer and King, 2003). Moderate peripheral

eosinophilia is noted in about 40% of cases, but does

not necessarily indicate parenchymal eosinophilic

pneumonia. BAL findings show an increased

lymphocyte count in about two-thirds of cases, with

an inverted CD4þ /CD8þ ratio in 80% (Tomioka

and King, 1997), and a normal BAL in 15% (Tomioka

and King, 1997). Several reports described positive

stimulation when blood lymphocytes are challenged

with gold in vitro (McCormick et al., 1980; Tomioka

and King, 1997).

Pathology material was available in 85 of the 140

cases reviewed by Tomioka and King (1997),

although this is not generally required for diagnosis.

Patterns seen on histopathology include septal

inflammation, which would probably now be classi-

fied as cellular or nonspecific interstitial pneumonia,

and eosinophilic or organizing pneumonia, super-

imposed on a background of interstitial fibrosis

(Tomioka and King, 1997).
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The pulmonary manifestations of intolerance to

gold can progress despite cessation of exposure,

and this is occasionally fatal with 12% of patients

dying from respiratory failure (Levinson et al., 1981;

Usuba et al., 1989). Corticosteroids induce complete

remission in two-thirds of cases (Tomioka and King,

1997), but treatment may be required for up to 18

months for a complete response (Slingerland et al.,

1987).

Two main issues confounded the diagnosis and

recognition of gold lung in RA. Concomitant NSAIDs

can also cause severe eosinophilic pneumonia

(Fujimori et al., 1999), and it may be necessary to

stop NSAIDs in patients not improving after cessation

of gold (McFadden et al., 1989). Rapidly progressive

rheumatoid lung may produce acute respiratory

failure and simulate gold lung (Noseworthy et al.,

1983; Chatzigiannis et al., 1984), but is characterized

by BAL neutrophilia and resistance to the admini-

stration of corticosteroid drugs (Freemer and King,

2003), unlike gold lung (Tomioka and King, 1997).

However, in accelerated disease, it can be difficult to

distinguish between rheumatoid and gold lung.

5.7. Interferons

Interferons may become a therapeutic option in

patients with CTD (Tatsis et al., 1998), in addition

to their established use for the treatment of chronic

hepatitis C virus infection, multiple sclerosis, and

malignant or nonmalignant hematologic conditions.

Interferon-gamma has been used experimentally to

treat lung cancer, malignant pleural effusions, multi-

drug resistant tuberculosis, and as a salvage therapy of

corticosteroid-resistant pulmonary toxicity syndrome

following BCNU-based chemotherapy in bone mar-

row transplantees (Antoniou et al., 2003; Suratt et al.,

2003). Recently, IFN-gamma has been tried in

patients with idiopathic pulmonary fibrosis (IPF)

(Raghu et al., 2004).

While the most distinctive adverse pulmonary

effect of IFNs alpha and beta is a sarcoidosis reaction

(Kumar et al., 2002a) (see above), IFNs also can

produce cellular, eosinophilic (Hoffman et al., 2003)

or, less often, fibrotic ILD (Kamisako et al., 1993).

Respiratory failure was present in several patients

with IFN-induced pneumonitis (Chin et al., 1994;

Wolf et al., 1997; Kumar et al., 2002a). On imaging,

diffuse, sometimes streaky shadows are present

bilaterally, and have a predilection for the lung

bases (Ishizaki et al., 1996). At the height of the

pulmonary reaction, CD8 þ lymphocytes are

increased in BAL (Moriya et al., 1994; Ishizaki

et al., 1996). Interferon-induced ILD responds

favorably to corticosteroids (Moriya et al., 1994).

One patient with IFN-induced ILD died within a few

weeks with multiple organ dysfunction syndrome

(Abi-Nassif et al., 2003). Other patterns of IFN-

induced ILD include BOOP (Ferriby and Stojkovic,

2001; Patel et al., 2001), which manifests with diffuse

infiltrates (Ogata et al., 1994; Kumar et al., 2001) or a

solitary mass (Ferriby and Stojkovic, 2001), and

a desquamative interstitial pneumonia pattern

(Kamisako et al., 1993). Less common adverse effects

of IFNs alpha and beta include deterioration of asthma

(Krasnowska et al., 1992), which relapses after

rechallenge with the drug (Bini and Weinshel,

1999), cough (Pileire et al., 1999), pleural effusion

(Takeda et al., 2000), and pulmonary hypertension

(Fruehauf et al., 2001). Drug withdrawal may reverse

these conditions.

Treatments with IFN-gamma have been associated

with serious adverse pulmonary reactions (Shaw et al.,

1995). More recently, precipitous deterioration of the

respiratory status has been reported in four patients

with IPF during treatment with IFN-gamma-1b

(Honoré et al., 2003). The four patients had advanced

IPF with baseline TLC of 46%, diffusing capacity of

less than 30% of predicted, and a PaO2 of 57 mm Hg.

The patients developed hypoxemic respiratory failure

corresponding to DAD after 2–35 injections of IFN-

gamma. They did not respond to corticosteroids, and

the disease was fatal in three patients, with one patient

successfully transplanted (Honoré et al., 2003). No

patient in three recent series of IFN-gamma in IPF

developed this complication (Prasse et al., 2003;

Raghu et al., 2004; Nathan et al., 2004).

5.8. Methotrexate

Methotrexate pneumonitis complicates the treatment

of various neoplastic and nonneoplastic conditions

with an incidence rate between 0.3 and 11.6%
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(Imokawa et al., 2000), 0.5 and 14% (Zisman et al.,

2001), 0.3 and 18% (Salaffi et al., 1997), or 1.5% per

year (Cottin et al., 1996). The high incidence and

relatively long prodromal phase of methotrexate

pneumonitis demands that patients should always be

informed of the possibility of developing methotre-

xate lung, and the need to seek prompt evaluation of

unexplained cough and dyspnea. Methotrexate lung

was recognized more than 30 years ago (Sostman

et al., 1976), and there are almost 200 published cases

(Massin et al., 1990; Salaffi et al., 1997; Imokawa

et al., 2000; Zisman et al., 2001). The disease is

characterized by insidious dry cough, fever and

dyspnea lasting for 1–4 weeks (Kremer et al.,

1997), followed by the rapid and unexpected deve-

lopment of diffuse pulmonary infiltrates, variably

progressing to dense bilateral infiltrates and acute

respiratory failure (Sostman et al., 1976; Hargreaves

et al., 1992). It is essential to rule out an opportunistic

infection, which can be similar to methotrexate lung,

with no reliable clinical or radiological discriminators

(Logan et al., 1995; Cleverley et al., 2002). Pneumo-

cystis carinii, CMV, Cryptococcus, Herpes-zoster and

Nocardia have been particularly associated with

treatments with methotrexate in isolated reports

(Carmichael and Ryatt, 1990; Antonelli et al., 1991;

Clerc et al., 1991; Kuitert and Harrison, 1991;

Wollner et al., 1991; Kerstens et al., 1992; Vallerand

et al., 1992; Kane et al., 1993; LeMense and Sahn,

1994; Aglas et al., 1995; Thomas et al., 1997). CD4þ

lymphocytes below 150 per ml and cumulated doses

of methotrexate .700 mg may increase the risk of

Pneumocystis carinii pneumonia (Kane et al., 1993).

Patients having received high cumulated doses of

methotrexate, and who have low CD4þ counts, are

considered for Pneumocystis carinii pneumonia

prophylaxis, especially if their background disease

impacts on immune defenses (Huynh-Do et al., 1995;

Guillevin et al., 1997; Chung et al., 2000; Ullmer et al.,

2000; Russian and Levine, 2001). Clusters of

Pneumocystis carinii pneumonia in immunosup-

pressed patients suggest nosocomial transmission of

the disease (Huynh-Do et al., 1995). By contrast, it is

seldom difficult to distinguish between acute metho-

trexate pneumonitis and fibrosis due to rheumatoid

lung, which is radiologically overt in up to 25% of RA

patients receiving the drug (Dawson et al., 2002).

Although the combination of drug withdrawal and

high-dose intravenous corticosteroid therapy is

usually associated with a favorable outcome without

sequellae, a mortality of 15% in a recent series

underlines the need for careful management (Kremer

et al., 1997). Although methotrexate has been

successfully reintroduced following an episode of

methotrexate pneumonitis (Fehr et al., 2003), relapse

will occur in at least 50% of those rechallenged with

the drug, with a fatality rate of around 50% (Kremer

et al., 1997).

Life-threatening methotrexate pneumonitis was

first described in children with hematologic malig-

nancies in clinical remission, and in these cases, open

lung biopsy showed cellular interstitial pneumonitis

and granulomas (Clarysse et al., 1969). Cessation of

the drug and corticosteroid therapy were effective,

although methotrexate was continued in some

patients without harm (Clarysse et al., 1969). The

123 and 189 cases in the literature were reviewed

recently by Imokawa et al. (2000) and by Zisman

et al. (2001), respectively. While methotrexate

pneumonitis can develop in various disease states

(leukemia, solid tumors, primary biliary cirrhosis,

asthma, and molar or ectopic pregnancy), most

recent cases have occurred with chronic therapy for

RA or, less often, psoriasis or unspecified arthritis.

Methotrexate pneumonitis does not differ according

to the background disease, and the majority of

patients are women (62%). Methotrexate pneumoni-

tis developed after administration of doses ranging

from 2.5 to 1400 mg/week via the oral, parenteral or

intrathecal route. The duration of treatment is

diverse, ranging from a single exposure to 5 years

of treatment, although half developed methotrexate

pneumonitis within the first 32 weeks of treatment

(Kremer and Joong, 1986). The development of

methotrexate pneumonitis is largely unpredictable,

with no correlation between the dose and time to

onset or clinical severity. Fatal methotrexate lung can

occur with low-dose methotrexate, as exemplified in

RA (Newman and Harrington, 1988). Some investi-

gators report that male gender and prior pulmonary

disease may predispose to methotrexate lung (Searles

and McKendry, 1987), but these findings are not

consistent (Cottin et al., 1996). The risk may increase

with the concomitant use of drugs that decrease MTX

protein binding (e.g. aspirin, NSAID, sulfonamides).

Recently, methotrexate lung has coincided with the
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introduction of infliximab (Kramer et al., 2002).

Prospective evaluation of patients on the drug has

shown that there is no consistent decrease in lung

volumes (Wall et al., 1979; Camiciottoli et al., 1998)

or the diffusing capacity (Cottin et al., 1996). Serial

pulmonary function testing does not allow for

the early detection of methotrexate pneumonitis

(Cottin et al., 1996). Follow-up of imaging has also

not shown consistent changes during long-term

methotrexate use (Belzunegui et al., 2001; Dawson

et al., 2002). Almost all patients are still on the drug

at the time of onset, with only a handful of reported

cases with delayed onset (Elsasser et al., 1989;

Pourel et al., 1991).

The diagnostic criteria of Clearkin et al. (1997)

include an acute onset of dyspnea, fever above

38 8C, respiratory rate greater than 28 per min, the

presence of radiographic abnormalities, a white

blood cell count above 15,000 per ml, negative

blood and sputum cultures, a restrictive lung

function defect with reduced diffusing capacity, a

PaO2 below 50 mmHg on room air, and evidence

for ILD on a lung biopsy specimen. The disease is

deemed definite, probable or possible if six, five or

four criteria are fulfilled, respectively (Clearkin

et al., 1997).

Unusual patterns of methotrexate lung include a

subacute presentation (Kremer et al., 1997), pul-

monary fibrosis (Kaplan and Waite, 1978), and an

isolated cough, which is not a precursor of

methotrexate pneumonitis (Schnabel et al., 1996).

Mild peripheral eosinophilia is present in about a

third (Zisman et al., 2001) to 40% of patients

(Imokawa et al., 2000), however, methotrexate

pneumonitis is not an eosinophilic pneumonia.

Radiographic studies show a diffuse and symmetri-

cal interstitial opacification of both lung fields,

which predominates in the bases or, less often, in

the apices (Imokawa et al., 2000; Zisman et al.,

2001). In severe cases, a pattern of dense bilateral

alveolar opacities with air bronchograms may

develop (Everts et al., 1973). On HRCT, ground-

glass, interstitial infiltrates, septal lines and intra-

lobular septal thickening or widespread consolida-

tion are present (Zisman et al., 2001; Erasmus et al.,

2002b). A diffuse miliary pattern has been reported

in a few patients (Ellis et al., 2000). BAL is highly

useful in the diagnosis of methotrexate lung, and

can be performed in nearly all patients, if provision

is made to correct the hypoxemia, which invariably

occurs during the procedure (Verra et al., 1992).

Total BAL cellularity is increased in 60% of the

patients, in part due to a lymphocytosis of the

CD4 þ or CD8 þ phenotype (Akoun et al., 1987;

White et al., 1989; Fuhrman et al., 2001; Zisman

et al., 2001), depending on when BAL is performed

with respect to the onset of disease, and whether

corticosteroids have been given before BAL

(Akoun et al., 1987; White et al., 1989; Fuhrman

et al., 2001).

Histological findings were available in 49 of the

123 reports reviewed by Imokawa et al. (2000), and

included interstitial inflammation or fibrosis, granu-

loma formation, and increased tissue eosinophils in

71, 59, 35 and 18%, of cases, respectively. Although

eosinophils are present, they are not a predominant

feature (Imokawa et al., 1996). Granulomas are

typically small and ill defined, and central sterile

necrosis is unusual (Imokawa et al., 2000). In

predominantly granulomatous disease, the involve-

ment is patchy, with intervening areas of normal lung

tissue, or tissue showing moderate cellular interstitial

pneumonia (Imokawa et al., 1996). Type 2 cell

hyperplasia is a notable feature of methotrexate

lung, as it is in other forms of chemotherapy-induced

lung disease (Imokawa et al., 2000). However,

dysplastic changes are less prominent with metho-

trexate than with other alkylating agents. Alveolar

edema, DAD, hyaline membranes, and DAH are

unusual features, and are preferentially seen in

patients with severe disease (Imokawa et al., 2000).

Rare appearances include desquamative interstitial

pneumonia- or sarcoidosis-like patterns, or an acute

interstitial pneumonia pattern (Hamman–Rich-like)

(Bedrossian et al., 1979).

The differential diagnosis of methotrexate lung

is complex. Firstly, the symptoms and imaging of

methotrexate pneumonitis cannot be distinguished

from those of opportunistic infections, which metho-

trexate can predispose to (White, 2004). Thus, in

considering the diagnosis of methotrexate pneumo-

nitis, a meticulous workup for opportunistic infection

is required. Secondly, other pneumotoxic drugs in

addition to methotrexate may have been used (e.g.

NSAIDs). However, the clinical-pathologic pattern

of a rapidly evolving granulomatous pneumonitis
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with mild blood eosinophilia is distinctive, as opposed

to that of other drugs or NSAIDs, which typically

produce an eosinophilic pneumonia pattern (Imokawa

et al., 2000). Finally, some background diseases such

as inflammatory bowel disease may also acutely

involve the lung (Camus et al., 1993). In contrast,

most cases of rheumatoid lung have an indolent

course (Freemer and King, 2003).

The management of methotrexate pneumonitis

includes drug discontinuation and, generally, corti-

costeroid therapy (Imokawa et al., 2000; Zisman

et al., 2001), although the disease may clear

without corticosteroids (Berkani et al., 2003).

Neither the optimal dose nor the correct duration

of corticosteroid treatment have been determined;

both are likely to depend upon the early clinical,

physiologic and radiographic response in individual

cases. A lack of response to conventional dosages

of corticosteroid requires increase in dosage (in the

order of 240–480 mg methylprednisolone per day)

until a response is observed. Radiographic

regression of disease is paralleled by functional

improvement, which may require up to several

months to be complete. Eighty-five percent of

patients recover fully, but up to 15% die from

progressive respiratory failure (Newman and

Harrington, 1988). In some patients, methotrexate

pneumonitis has responded to corticosteroids

despite continuation of treatment (Massin et al.,

1990; Imokawa et al., 2000). Daunorubicin

(Pasquinucci et al., 1971) and cyclophosphamide

(Suwa et al., 1999) have been used in methotrexate

lung resistant to drug withdrawal and corticosteroid

therapy. Methotrexate does not produce chronic

ILD or pulmonary fibrosis (Dawson et al., 2002).

5.9. Minocycline

Minocycline has been used to treat RA. The drug

can produce many systemic conditions (lupus,

hypersensitivity syndrome, vasculitis), and the syn-

drome of pulmonary infiltrates with eosinophilia

(Sitbon et al., 1994; Clayton et al., 1999; Elkayam

et al., 1999; Schrodt and Callen, 1999; Rosen, 2000;

Schlienger et al., 2000; Gordon and Porter, 2001;

Marzo-Ortega et al., 2001; Marai and Shoenfeld,

2002; Settgast et al., 2003; Wolthuis et al., 2003). See

appropriate sections above.

5.10. Nonsteroidal anti-inflammatory agents

Most adverse effects of NSAIDs involve the

gastrointestinal tract (about 40%), whereas adverse

effects in the respiratory system represent less

than 3% of the total (Figueras et al., 1994). Oral,

parenteral, and topical (dermal, rectal, or ophthalmo-

logic) application of NSAIDs can produce

acute life-threatening bronchospasm (Ibanez et al.,

1991), which is clinically similar to the bronchos-

pasm following exposure to aspirin or b-blockers

(see above).

NSAIDs can produce anaphylaxis, with or

without associated bronchospasm. It is estimated

that NSAIDs account for approximately 10% of

anaphylaxis episodes (Kemp et al., 1995). Patients

who develop anaphylaxis during treatments with

COX-1 inhibitors can be given COX-2 inhibitors

(Berkes, 2003). However, post-marketing surveil-

lance of COX-2 inhibitors is still limited, and a

few patients have developed anaphylaxis during

treatments with COX-2 inhibitors as well (Layton

et al., 2003).

NSAIDs can also produce eosinophilic pneumonia

(see above) (Pfitzenmeyer et al., 1994; http://www.

pneumotox.com, 1997), enlargement of mediastinal

lymph nodes (Oishi et al., 2001), pulmonary edema

(Chetty et al., 1993), the DHS (Le et al., 1994), and

severe allergic vasculitis (Schneider et al., 2002).

5.11. Penicillamine

Few drugs can induce so many distinctive adverse

pulmonary and systemic reactions as penicillamine.

These include asthma, BO, several types of ILD

including nonspecific interstitial pneumonia, PIE,

acute interstitial pneumonia, OP, polymyositis,

myasthenia gravis and the drug-induced lupus

(Geddes et al., 1977; Epler et al., 1979; Matloff and

Kaplan, 1980; Camus et al., 1982; Louie et al., 1986;

Cannon, 1990; Boehler et al., 1996; Karkos et al.,

1996; Lohr et al., 1997; Perez et al., 1997; Lin et al.,

2000; Derk and Jimenez, 2003).
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A Goodpasture-like syndrome is a distinctive

pattern of adverse reaction to penicillamine (see also

under drug-induced vasculitis). Derk and Jimenez

described one patient with penicillamine-induced

DAH, and reviewed 13 earlier cases (Derk and

Jimenez, 2003). The patients presented with rapidly

progressive glomerulonephritis and DAH. Anti-GBM

antibodies were present in only one patient, ANA

were present in six, and in one patient anti-MPO

p-ANCA were present. However, most patients with

this entity were seen before 1990, at a time when

ANCA testing was not generally available. Currently,

testing for ANA, anti-ds-DNA, ANCAs, and anti-

GBM should be done routinely in patients presenting

glomerulonephritis and DAH due to d-penicillamine

or other drugs, as the condition may be ANCA-

mediated (Choi et al., 2000a). Despite corticosteroids,

plasmapheresis, azathioprine, and cyclophosphamide,

six of 14 patients studied by Derk and Jimenez (2003),

and two of two in the series by Choi et al., died.

Penicillamine is used much less now, and this type of

adverse reaction is likely to continue to decline in

frequency.

5.12. Sulfamides

Adverse effects of sulfonamide were described in

the 1940s (Ellis and McKinlay, 1941). Sulfasala-

zine was introduced in 1941 in the treatment of RA

and inflammatory bowel disease by Svartz, and this

was followed by reports of adverse effects (Collins,

1968), including ‘allergic pneumonia’ with, often,

an eosinophilic pattern (Jones and Malone, 1972).

It was soon recognized that adverse reactions to

sulfasalazine were temporally associated with

exposure to the drug, improved upon drug with-

drawal and relapsed after rechallenge. Patients with

the slow acetylator phenotype have a higher risk of

developing sulfasalazine-associated adverse effects,

presumably reflecting increased levels of sulfasala-

zine metabolites, including 5-aminosalicylate (now

synthesized and used as the drug mesalazine)

(Schröder and Price Evans, 1972; Das et al.,

1973). Desensitization with sulfasalazine usually

can be achieved by incremental dosages.

Forty cases of adverse pulmonary effects of sulfa-

salazine were reviewed in 1993 (Camus et al., 1993),

and a few further cases have been described sub-

sequently (Salerno et al., 1996; Peters et al., 1997;

Manchanda and Rees, 1999; Nanayakkara and

Postmus, 1999; Bielecki et al., 2000; Woltsche et al.,

2001; Parry et al., 2002), with most patients

receiving sulfasalazine for inflammatory bowel

disease (mostly ulcerative colitis) or RA. Daily dosage

ranged between 1.5 and 8.0 g, duration of treatment

with sulfasalazine between 2 weeks and 8 years, and

total dose between 24 and 11,520 g. Symptoms at

presentation include fever and a skin rash. Pulmonary

involvement takes the form of the PIE syndrome in

approximately half the patients, and unspecified ILD in

about a third. Other less common patterns included

BOOP, pulmonary granulomas, pulmonary fibrosis

(Camus et al., 1993), or a Wegener’s-like picture with

histopathologic demonstration of angiitis and alveolar

hemorrhage (Salerno et al., 1996). The opacities have a

predilection for the apices, often with a sub-pleural

distribution consistent with PIE. Other less frequent

imaging patterns include involvement of middle or

basal lung regions and diffuse shadowing. BAL

findings are variable, with increases in lymphocytes,

neutrophils or eosinophils. The prognosis is good in

most of patients: irreversible lung fibrosis, rapidly

progressive ILD and death remain unusual (Camus

et al., 1993). Rechallenge has confirmed the diagnosis

in ten reported cases, including eight presenting with

the pattern of PIE. In some patients, desensitization

was successfully achieved, whereas others were

switched to mesalazine, 5-ASA, or azodisalicylate

without relapse of pulmonary symptoms. The distinc-

tion between rheumatoid lung and sulfasalazine

pneumonitis is often straightforward, because rheu-

matoid lung rarely demonstrates an accelerated course

responding to corticosteroids. The distinction can be

more difficult in patients with inflammatory bowel

disease, as the background disease can also manifest

with acute ILD (Camus et al., 1993). A meticulous

history, timely withdrawal of sulfasalazine, and

judicious use of corticosteroids will elucitate the

question in most cases (Camus et al., 1993).

The sulfamethoxazole moiety in trimethoprime-

sulfamethoxazole can produce eosinophilic pneumo-

nia (Guérin et al., 1980; Hashizume et al., 2001),

pulmonary edema (Silvestri et al., 1987), or anaphy-

laxis (Schuster and Wüthrich, 2003).
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6. Conclusion

Drugs used in CTDs can produce a constellation of

pulmonary and systemic reactions. These can mimic

pulmonary involvement from CTD, a systemic

disease, or an infection, and are difficult to prevent,

predict, and diagnose. Maintaining a high index of

suspicion will enable earlier recognition of drug-

induced diseases, and early drug withdrawal. This

should translate into improved prognosis. The field

of drug-induced respiratory disease is moving fast,

and a permanently updated website (http://www.

pneumotox.com) is available.
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Guérin, J.C. 2003. Revue de Pneumologie Clinique 59,

301–305.

Berkes, E.A. 2003. Clin. Rev. Allergy Immunol. 24, 137–147.

Bernal, C., Patarca, R. 1999. Ann. Pharmacother. 33, 172–174.

Beskow, C.O., Drachenberg, C.B., Bourquin, P.M., Britt, E.J.,

Simsir, A., Gunev, I., Papadimitriou, J.C. 2000. Acta Cytol. 44,

640–646.

Bielecki, J.W., Avar, S., Joss, R. 2000. Schweiz Med Wochenschr

130, 1078–1083.

Bijl, A.M., Van der Klauw, M.M., Van Vliet, A.C., Stricker, B.H.

1998. Clin. Exp. Allergy 28, 510–512.

Bini, E.J., Weinshel, E.H. 1999. Mayo Clin. Proc. 74, 367–370.

Biron, P., Dessureault, J., Napke, E. 1991. Can. Med. Assoc. J. 145,

28–34.

Birring, S.S., Brightling, C.E., Symon, F.A., Barlow, S.G., Ward-

law, A.J., Pavord, I.D. 2003. Thorax 58, 1066–1070.

Bleumink, G.S., van der Molen-Eijgenraam, M., Strijbos, J.H.,

Sanwikarja, S., van Puijenbroek, E.P., Stricker, B.H.C. 2002.

Clin. Neuropharmacol. 25, 290–293.

Bochner, B.S., Lichtenstein, L.M. 1991. N. Engl. J. Med. 324,

1785–1790.

Bocquet, H., Bagot, M., Roujeau, J.C. 1996. Semin. Cutaneous

Med. Surg. 15, 250–257.

Boehler, A., Vogt, P., Speich, R., Weder, W., Russi, E.W. 1996.

Eur. Respir. J. 9, 1317–1319.

Boissier, M.C., Sansonetti, P., Dupont, B., Lapresle, C. 1983.

Semaine des Hopitaux de Paris 59, 2989–2990.

Bone, R.C., Wolfe, J., Sobonya, R.E., Kerby, G.R., Stechschulte,

D., Ruth, W.E., Welch, M. 1976. Chest 69, 296–297.

Bourezane, Y., Salard, D., Hoen, B., Vandel, S., Drobacheff, C.,

Laurent, R. 1998. Clin. Infect. Dis. 27, 1321–1322.

Brain, C., Mac Ardle, B., Levin, S. 1984. Br. Med. J. 289, 354.

Brander, L., Selroos, O. 1969. Acta Med. Scand. 185, 215–220.
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Lemaire, F. 2001. Chest 120, 311–313.

Takahashi, T., Yamaguchi, E., Furuya, K., Kawakami, Y. 2001.

Respir. Med. 95, 130–135.

Takeda, A., Ikegame, K., Kimura, Y., Ogawa, H., Kanazawa, S.,

Nakamura, H. 2000. Hepato-Gastroenterology 47, 1431–1435.

Tang, M.B.Y., Yosipovitch, G. 2003. Arch. Dermatol. 139,

715–718.

Tanoue, L.T. 1998. Clin. Chest Med. 19, 667–685.

Tatsis, E., Schnabel, A., Gross, W.L. 1998. Ann. Intern. Med. 129,

370–374.

Taylor, C.R. 1990. Clin. Chest Med. 11, 87–94.

Tazelaar, H.D., Myers, J.L., Drage, C.W., King, T.E. Jr., Aguayo,

S., Colby, T.V. 1990. Chest 97, 1032–1036.

Tazelaar, H.D., Myers, J.L., Strickler, J.G., Colby, T.V., Duffy, J.

1993. Mod. Pathol. 6, 56–60.

Terho, E.O., Torkko, M., Valta, R. 1979. Scand. J. Respir. Dis. 60,

345–349.

Thickett, D.R., Millar, A.B. 1997. Postgrad. Med. J. 73, 165–166.

Thomas, E., Mazyad, H., Olive, P., Blotman, F. 1997. Clin. Exp.

Rheumatol. 15, 583–584.

Thomeer, M., Demedts, M., Vandeurzen, K. 2001a. Acta Clinica

Belgica 56, 163–172.

Thomeer, M.J., Costabel, U., Rizzato, G., Poletti, V., Demedts, M.

2001b. Eur. Respir. J. 18, 114s–118s.

Thompson, J., Chengappa, K.N.R., Good, C.B., Baker, R.W.,

Kiewe, R.P., Bezner, J., Schooler, N.R. 1998. Int. Clin.

Psychopharmacol. 13, 95–98.

Tohyama, M., Tamaki, Y., Toyama, M., Ishimine, T., Miyazato, A.,

Nakamoto, A., Miyara, T., Higa, F., Tateyama, M., Kawakami,

K., Nakamura, H., Saito, A. 2002. Nihon Kokyuki Gakkai

Zasshi 40, 123–128.

Tomioka, H., King, T.E. Jr. 1997. Am. J. Respir. Crit. Care Med.

155, 1011–1020.

Tompson, R.T., Zeek, P.M. 1945. Ohio State Med. J. 41, 824–825.

Topilow, A.A., Rothenberg, S.P., Cottrell, T.S. 1973. Am. Rev.

Respir. Dis. 108, 114–117.

P. Camus292



Toyoshima, M., Sato, A., Hayakawa, H., Taniguchi, M., Imokawa,

S., Chida, K. 1996. Intern. Med. 35, 176–179.

Tucker, A.S., Newman, A.J., Alvorado, C. 1977. Radiology 125,

805–809.

Tuggey, J.M., Hosker, H.S.R. 2000. Thorax 55, 805–806.

Tweed, W.A., Dakin, D. 2001. Anesthesia Analgesia 92,

1442–1443.

Ueda, K., Sakano, H., Tanaka, T., Hayashi, M., Fujita, N., Zempo,

N. 2002. Ann. Thorac. Surg. 74, 2176–2177.

Ulmer, J.L., Garvey, M.J. 1992. Ann. Pharmacother. 26,

1245–1246.

Ullmer, E., Mayr, M., Binet, I., Ebnother-Staub, C., Dalquen, P.,

Soler, M., Tamm, M. 2000. Eur. Respir. J. 15, 213–216.

Usuba, Y., Aiba, S., Hashimoto, K., Tanita, Y., Sakai, K. 1989.

Nippon Hifuka Gakkai Zasshi 99, 725–730.

Vaccarezza, R.F., Pavlovsky, A. 1945. Anales de la Catedra de

Patologia y Clinica Tuberculosa Buenos Aires 7, 164–174.

Vallerand, H., Cossart, C., Milosevic, D., Lavaud, F., Leone, J.

1992. Lancet 339, 1551.

Vally, H., Taylor, M.L., Thompson, P.J. 2002. Thorax 57, 569–574.

van Arsdel, P.P.J. 1984. J. Allergy Clin. Immunol. 73, 431–434.

van de Laar, M.A.F.J., Westermann, C.J.J., Wagenaar, S.S., Dinant,

H.J. 1985. Arthritis Rheum. 28, 93–97.

van der Geld, Y.M., Simpelaar, A., van der Zee, R., Cohen-

Tervaert, J.W., Stegeman, C.A., Limburg, P.C., Kallenberg,

C.G.M. 2001. Kidney Int. 59, 147–159.

van der Klauw, M.M., Stricker, B.H.C., Herings, R.M.C., Cost,

W.S., Valkenburg, H.A., Wilson, J.H.P. 1993. Br. J. Clin.

Pharmacol. 35, 400–408.

van der Klauw, M.M., Wilson, J.H., Stricker, B.H. 1996. Clin. Exp.

Allergy 26, 1355–1363.

van der Veen, M.J., Dekker, J.J., Dinant, H.J., Van Soesbergen,

R.M., Bijlsma, J.W.J. 1995. J. Rheumatol. 22, 1766–1768.

van Mieghem, W., Coolen, L., Malysse, I., Lacquet, L.M., Deneffe,

G.J.D., Demedts, M.G.P. 1994. Chest 105, 1642–1645.

van Sonnenberg, E., Wittich, G. 1998. Am. J. Roentgenol.

171, 261.

Vandenplas, O., Hanston, P., Dive, A., Mahieu, P. 1990. Acta

Clinica Belgica 45, 334–339.

Varnell, R.M., Godwin, J.D., Richardson, M.L., Vincent, J.M. 1989.

Radiology 170, 667–670.

Vavricka, S.R., Wettstein, T., Speich, R., Gaspert, A., Bachli, E.B.

2003. Thorax 58, 278–279.

Veerabagu, M.P., Finkelstein, S.D., Rabinovitz, M. 1997. Digest.

Dis. Sci. 42, 1445–1448.

Verdich, J., Christensen, A.L. 1979. Acta Dermato-Venereologica

(Stockholm) 59, 471–473.

Verma, S.P., Yunis, N., Lekos, A., Crausman, R.S. 2000. Chest 117,

597–598.

Vernhet, H., Bousquet, C., Cover, S., Giron, J., Gruson, C., Senac,

J.P. 1995. Revue des Maladies Respiratoires 12, 317–319.

Vernhet, H., Bousquet, C., Durand, G., Giron, J., Senac, J.P. 2001.

Eur. Radiol. 11, 1697–1703.

Verra, F., Hmouda, H., Rauss, A., Lebargy, F., Cordonnier, C.,

Bignon, J., Lemaire, F., Brochard, L. 1992. Chest 101,

1215–1220.

Virolainen, M. 1971. Clin. Exp. Immunol. 9, 429–435.

Vischer, T.L. 1966. Lancet ii, 467–469.

Volk, B.W., Nathanson, L., Losner, S., Slade, W.R., Jacobi, M.

1951. Am. J. Med. 10, 316–324.

Volkman, J.A., Pontikes, P.J. 2002. Ann. Pharmacother. 36,

1457–1461.

Vucicevic, Z., Suskoovic, T. 1997. Ann. Pharmacother. 37,

429–432.

Wagner, R., von Hundelshausen, B., Tempel, G., Schneck, H.J.,

Pichlmeier, R., Hipp, R. 1994. Anaesthesiologie et Reanimation

19, 159–161.

Walker-Smith, G.J. 1990. Clin. Chest Med. 31, 95–118.

Wall, M.A., Wall, M.E.B., Jaffe, N., Strieder, D.J. 1979. Pediatrics

63, 741–746.

Wallis, J.P. 2003. Br. J. Anaesthesia 90, 573–576.

Walzer, R.A., Feinstein, R., Shapiro, C., Einbinder, J. 1972. Arch.

Dermatol. 106, 231–234.

Wandl, U.B., Kloke, O., Nagel-Hiemke, M., Moritz, T., Becher, R.,

Opalka, B., Holtkamp, W., Bartels, H., Seeber, S., Niederle, N.

1992. Br. J. Haematol. 81, 516–519.

Wang, J.S., Tseng, H.H., Lai, R.S., Hsu, H.K., Ger, L.P. 2000.

Histopathology 37, 402–410.

Wang, F., Aleksunes, L.M., Reagan, L.A., Vergara, C.M. 2002.

Diabetes Technol. Ther. 4, 505–514.

Ward, M.M., Donald, F. 1999. Arthritis Rheum. 42, 780–789.

Warris, A., Bjorneklett, A., Gaustad, P. 2001. N. Engl. J. Med. 344,

1099–1100.

Weaver, L.T., Law, J.S. 1978. Br. J. Dis. Chest 72, 247–250.

Wechsler, M.E., Drazen, J.M. 2000. Chest 118, 1515–1516.

Wechsler, M.E., Garpestad, E., Flier, S.R., Kocher, O., Weiland,

D.A., Polito, A.J., Klinek, M.M., Bigby, T.D., Wong, G.A.,

Helmers, R.A., Drazen, J.M. 1998. JAMA 279, 455–457.

Wechsler, M.E., Pauwels, R., Drazen, J.M. 1999. Drug Safety 21,

241–251.

Weller, P.F., Plaut, M., Taggart, V., Trontell, A. 2001. J. Allergy

Clin. Immunol. 108, 175–183.

White, D.A. 2004. Clin. Chest Med. 25, 179–188.

White, J.P., Ward, M.J. 1985. Adv. Drug React. Acute Poison. Rev.

4, 183–211.

White, D.A., Rankin, J.A., Stover, D.E., Gellene, R.A., Gupta, S.

1989. Am. Rev. Respir. Dis. 139, 18–21.

Williams, I.P., Millard, F.J.C. 1980. Thorax 35, 160.

Wilschut, F.A., Cobben, N.A.M., Thunnissen, F.B.J.M., Lammers,

L.J.S., Wouters, E.F.M., Drent, M. 1997. Eur. Respir. J. 10,

2163–2165.

Wing, S.S., Fantus, I.G. 1987. Can. Med. Assoc. J. 136, 121–127.

Winterbauer, R.H., Wilske, K.R., Wheelis, R.F. 1976. N. Engl. J.

Med. 294, 919–921.

Woessner, K.M., Simon, R.A., Stevenson, D.D. 2002. Arthritis

Rheum. 46, 2201–2206.

Wolf, Y., Haddad, R., Jossipov, J., Werbin, N. 1997. J. Toxicol.

Clin. Toxicol. 35, 113–114.

Wolff, A.J., O’Donnell, A.E. 2004. Clin. Chest Med. 25, 203–216.

Wollner, A., Mohle-Boetani, J., Lambert, R.E., Perruquet, J.L.,

Raffin, T.A., McGuire, J.L. 1991. Thorax 46, 205–207.

Wolthuis, A., Nackaerts, K., Guffens, P., Jousten, P., Demedts, M.

2003. Acta Clinica Belgica 58, 50–53.

Drug-Induced Respiratory Disease in Connective Tissue Diseases 293



Woltsche, M., Woltsche Karhr, I., Roeger, G.M. 2001. Allergologie

24, 171.

Wong, D.T., Gadsden, J.C. 2003. Can. J. Anaesthesia 50, 900–903.

Woolley, J., Collett, J., Goldstein, D. 1997. Aust. NZ J. Med. 27,

605–606.
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