
Pulmonary disease is now the leading

cause of death in patients with scle-

roderma. Of the 2000 patients in the

Pittsburgh scleroderma databank, 211

patients have died of lung disease over

the past 20 years. One hundred and thir-

teen died from isolated pulmonary

hypertension and 98 died of pulmonary

interstitial fibrosis. These account for

21.5% of the 981 deaths and 44% of the

scleroderma related deaths. Recently,

progress has been made in the treatment

of specific lung problems in scleroderma

so it is imperative that we have a better

understanding of the predictors of these

complications. Most important is the

acknowledgement and recognition that

there are two types of lung disease in

scleroderma which are very different in

their pathogenesis, clinical associations,

predictive factors, and treatment. The

investigators of “Predictors of end stage

lung disease in a cohort of patients with

scleroderma” in this issue of the Annals
admit that a limitation of their study was

that they were unable to separate their

patients into the two types of lung

disease.1 By combining these two types

of lung disease they were unable to iden-

tify factors that would have likely been

predictors of one of the forms of lung

disease. It is extremely important to look

carefully at the two types of lung disease

individually and not lump them all

together as end stage lung disease.

PULMONARY INTERSTITIAL
FIBROSIS
Pulmonary interstitial fibrosis is felt to

result from an alveolitis, which leads to

interstitial fibrosis.2 In some patients

there may be a significant vascular com-

ponent, as there is in other manifestations

of the disease. However, the interactions

of these two components is incompletely

understood and thus, we will focus

primarily on the inflammation and fibro-

sis component. In interstitial lung disease,

treatment with cyclophosphamide may

be helpful for the inflammatory aspects of

the disease, which occur before the devel-

opment of severe fibrosis, though this is

still experimental. High resolution com-

puted tomography and bronchoalveolar

lavage are the primary tools used to

determine the extent of continuing in-

flammation in patients with scleroderma,

but before performing these tests we must

identify patients who are at high risk of

having inflammation.3

Forced vital capacity
A study of patients with severe interstitial

fibrosis showed that although symptoms

of lung disease did not develop early in

the course, the loss of volume on pulmo-

nary function testing was greatest in the

first four years of disease.4 This is consist-

ent with Morgan’s study,1 which con-

firmed that the presence of an abnormal

forced vital capacity (FVC) early in the

disease is one of the most important risk

factors for end stage lung disease. In

another study, we found that 62% of the

patients who ever reached an FVC of

<55% of the predicted value did so in the

first five years after the onset of their very

first symptom related to scleroderma.5

“An early abnormal FVC is an
important risk factor for end stage
interstitial lung disease”

Patients with more than five years of

disease who previously have had normal

or only mildly abnormal FVCs are much

less likely to develop severe fibrotic

disease later in the course of their

disease. They may have significant re-

strictive disease that developed early in

their illness, but several studies have

shown that unlike idiopathic pulmonary

fibrosis, progression of disease in sclero-

derma does not always occur.6 Many

patients have mild to moderate disease

which stabilises. These patients may

have a further slow decline in FVC but it

appears that early disease is the time at

which patients are at greatest risk for

inflammation and subsequent progres-

sive interstitial fibrotic disease.

Thus, in the first five years of disease

patients should have pulmonary func-

tion tests (PFTs) monitored closely, every

six months, until lung function stabi-

lises. Patients with very early disease

who already have a decreased FVC and

the patient with a documented decreas-

ing FVC are those who should be identi-

fied for further study even if they are

asymptomatic. In our series of patients
with severe lung disease, although pa-
tients died after 10 years of disease, most
of these patients did not develop any
pulmonary symptoms until after they
had significantly decreased FVCs.4

Diffusing capacity
The diffusing capacity usually parallels
the decrease in the vital capacity and it is
not the initial or the most sensitive test
to use to identify patients at increased
risk for fibrosis.7 The vascular component
in scleroderma interferes with the dif-
fusing capacity, preventing it from being
a good marker in isolation from the vital
capacity. We will see later that it is the
diffusing capacity that is the most

important measure in identifying pa-

tients at risk for the vasculopathy caus-

ing pulmonary hypertension.

Antitopoisomerase antibody
Antitopoisomerase antibody has consist-

ently been associated with interstitial

fibrosis, although it does not predict

severe fibrosis.4 Some patients with the

antibody have only mild fibrosis and other

patients without the antibody have severe

fibrosis. However, the antibody does iden-

tify patients at increased risk for some

fibrosis. Anticentromere antibody has

consistently been negatively associated

with severe interstitial fibrosis.8 These

patients almost never have severe fibrosis.

However, patients with limited sclero-

derma with antitopoisomerase are at

increased risk of severe fibrosis. In inter-

stitial lung disease it appears that the

antibody markers are stronger predictors

than the scleroderma subsets of limited

and diffuse scleroderma. Several studies

have not shown a strong association

between the severity of fibrosis and the

extent and severity of skin thickening.9 10

This is partly because there are patients

with limited scleroderma (often with

antitopoisomerase antibody) with fibrosis

but also patients with diffuse scleroderma

and anti-RNA polymerase III who have

the most severe skin thickening, but they

have a decreased incidence of severe lung

disease.11 The nucleolar autoantibodies,

anti-U3 RNP antibody and anti TH/To, are

also associated with an increased risk of

pulmonary disease.12 The strong associ-

ation of anti-U3 RNP and antitopoisomer-

ase with the African-American race

clearly makes these patients with sclero-

derma at significantly increased risk for

severe interstitial fibrosis.13 The associa-

tions of these antibodies with specific

types of lung abnormalities are strong

evidence that they reflect something in

the pathogenesis of the overall disease

that differentiates patients into one or

another type of disease pattern.

Other factors
Other features such as sedimentation

rate and proteinuria (as found in this
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paper) are too non-specific to be very

helpful in identifying patients at in-

creased risk specifically for interstitial

lung disease. Oesophageal dysmotility

has long been felt to have a potential role

in the development of interstitial lung

disease,14 but because it is almost univer-

sally present it also is not particularly

helpful. Smoking has not been associ-

ated with increased incidence of pulmo-

nary fibrosis, although there are ques-

tions as to whether it is more severe in

smokers and whether the risk of malig-

nancy is likely to be higher.15

PULMONARY HYPERTENSION
Isolated pulmonary hypertension is a vas-

culopathy of the pulmonary vessels which

is characteristically seen in patients with

longstanding limited scleroderma with-

out significant interstitial fibrosis. There

have been dramatic new developments in

the treatment of pulmonary hyper-

tension. Continuous infusions of prosta-

cyclins, a novel recently approved treat-

ment using an endothelin blocking agent

(bosentan, Tracleer, is a well tolerated oral

drug), and experimental use of sudinafil

(Viagra) are revolutionising the treatment

of this previously untreatable

complication.16 17 It is thus extremely

important that we know how to recog-

nise, diagnose, and determine the risk

factors for this form of the disease in

comparison with interstitial fibrosis. Iso-

lated pulmonary hypertension independ-

ent of pulmonary fibrosis was first re-

ported in the early 1970s. Patients had

longstanding limited scleroderma (or the

previously used term CREST syndrome),

usually with a minimum of 5–10 years of

Raynaud’s symptoms before the diagnosis

of pulmonary hypertension. The mean

duration of Raynaud’s disease in our

patients was 14 years.18

Carbon monoxide transfer factor
The carbon monoxide transfer factor

(TLCO) is the best clue for predicting the

development of isolated pulmonary

hypertension. The vast majority of pa-

tients with scleroderma have a markedly

decreased TLCO at the time of diagnosis of

pulmonary hypertension.18

“TLCO is the best predictor of
pulmonary hypertension”

Our recently completed case-control

study of risk factors in 106 patients with

pulmonary hypertension showed that

the TLCO was a mean of 52% of the

predicted value five years before the

diagnosis of pulmonary hypertension

(compared with 80% in patients without

pulmonary hypertension).19 In a small

subset of patients who had serial PFTs

for 15 years before the diagnosis of

pulmonary hypertension, there was a

linear decrease of the TLCO from 80% of

the predicted value at the time of the first

PFT down to 40% of the predicted value

at the time of diagnosis of pulmonary

hypertension. Most of these patients had

minimal to no interstitial disease and

thus their FVCs were >70% of the

predicted normal value. In patients who

have some fibrosis with a mildly de-

creased FVC, an FVC/TLCO ratio of 1.6–1.8

helps to identify an increased likelihood

of having pulmonary hypertension.7

Echocardiograms
Echocardiograms can be used to screen

for pulmonary hypertension, although

pulmonary artery pressures are often

unreliable or cannot be determined for

technical reasons.20 Also, a significant

number of patients have a false positive

or low level increase in pulmonary pres-

sures. A right heart catheterisation is

necessary to confirm the presence and

degree of pulmonary hypertension. Ad-
ditional studies are necessary to deter-
mine the significance and natural his-
tory of this “mild” type of pulmonary
hypertension and, more importantly,
whether early intervention with these
newer agents can prevent or alleviate the
development of the deadly form of
pulmonary hypertension.

Anticentromere antibody
The anticentromere antibody is highly
associated with limited scleroderma and
it confirmed the impressions of an
increased incidence of isolated pulmo-
nary hypertension in limited sclero-
derma. However, patients with limited
scleroderma without anticentromere
antibody have similar risks of getting
this type of pulmonary hypertension.8

Patients with typical diffuse scleroderma
and/or antitopoisomerase are much less
likely to get isolated pulmonary hyper-
tension, although they do develop pul-
monary hypertension secondary to se-
vere interstitial fibrosis. There is a subset
of patients, many of whom have a
nucleolar antinuclear antibody pattern,
either U3-RNP or anti-Th antibody, who
develop a moderate amount of intersti-
tial fibrosis early in their disease and
then later get severe pulmonary hyper-
tension which is out of proportion to the
degree of severity of the fibrosis. The
ratio of the FVC to TLCO as described
above can be helpful in differentiating
the type of lung disease of these patients.

In summary, African-American pa-
tients with less than five years of diffuse
scleroderma with a topoisomerase anti-
body and a decreased FVC are at the
greatest risk for developing severe pul-
monary fibrosis. In contrast patients
with more than 10 years of limited scle-
roderma and an anticentromere anti-
body and a marked decrease in the TLCO

are at greatest risk for getting isolated

Table 1 Algorithm for lung disease in systemic sclerosis

Clinical findings

Type of lung disease

Vasculopathy, isolated PHT Alveolitis, interstitial PF
Severe end stage
PF +/−, 2nd PHT

PF +/− alveolitis,
excessive PHT

SSc subtype Limited Diffuse > limited Diffuse > limited Diffuse > limited
Disease duration (years) >10 <5 >5 >5
Autoantibody ACA, U3- RNP, Th/To (nucleolar

pattern)
Scl70, Th/To
(nucleolar patterns)

Scl70, Th/To
(nucleolar patterns)

U3- RNP, Th/To,
(particularly nucleolar
patterns)

PFT results FVC >75% FVC <75% FVC <50% FVC <70%
TLCO <60% TLCO <75% TLCO <50% TLCO <50%
FVC/TLCO >1.6 FVC/TLCO equal FVC/TLCO equal FVC/TLCO >1.6

ECHO, PA systolic pressures (mm Hg) >30 Normal >30 >50
Other tests Right heart catherisation, O2

desaturation
HRCT, BAL HRCT, BAL HRCT, BAL, right heart

catherisation
Patient monitoring TLCO, ECHO every 2 years PFTs, HRCT every 6

months for 2–3 years
PFTs, ECHO yearly PFTs, ECHO yearly

Possible treatments Tracleer, Remodulin, Flolan,
oxygen, coumadin

CTX Possible CTX, oxygen,
coumadin

Possible CTX, Possible
treatment for PHT, oxygen

PHT, pulmonary hypertension; PF, pulmonary fibrosis; SSc, systemic sclerosis; ACA, anticentromere antibody; Scl70, anti-scleroderma 70 antibody; PFTs,
pulmonary function tests; ECHO, echocardiogram; HRCT, high resolution CT scan; BAL, bronchoalveolar lavage; CTX, cyclophosphamide; TLCO, carbon
monoxide transfer factor; PA, pulmonary artery.

98 LEADER

www.annrheumdis.com

http://ard.bmj.com


pulmonary hypertension. Table 1 lists the

various associations and risk factors of

the two forms of lung disease that an

individual patient is most likely to have.

This will guide doctors in evaluating and

deciding whether there is an available

treatment. However, all patients should

have frequent PFTs and echocardio-

grams to determine the type and inci-

dence of lung disease. With a better

understanding of the different types of

lung disease and the use of the more

specific techniques such as high resolu-

tion computed tomography, broncho-

alveolar lavage, and right heart cath-

eterisation, we have the best chance of

identifying patients with early alveolitis

or pulmonary hypertension so that ap-

propriate treatment can be given. Future

treatment of these complications is likely

to be directed specifically at the fibrosis

of the interstitium or the pulmonary

vessels or even both. Hopefully, newer

drugs will make these lung complica-

tions as treatable as angiotensin convert-

ing enzyme inhibitors have been for

renal crisis.
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