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Interstitial lung disease: progress and problems
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Interstitial lung disease involves all areas of medicine as it
often occurs in patients with comorbidities or as a
consequence of systemic diseases and their treatment.
Typically the physician is faced with a breathless patient, a
diffusely abnormal chest radiograph, and a wide
differential diagnosis. Progress has been made in using
high resolution computed tomography as the key
investigation in characterising the pattern and extent of the
disease. Bronchoalveolar lavage is particularly important
in excluding infection as a cause of diffuse lung infiltrates.
Surgical lung biopsies have led to a new classification
system for the range of histopathological patterns of
disease that were previously known by the collective term
cryptogenic fibrosing alveolitis. Problems persist in
deciding when a surgical lung biopsy is clinically justified,
in understanding the pathogenesis of these diseases, and in
finding more effective treatments.
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T
he terms interstitial lung disease (ILD) and
diffuse parenchymal lung disease are impre-
cise clinical terms for a diverse range of

diseases that involve inflammation and fibrosis
of the alveoli, distal airways, and septal inter-
stitium of the lungs.1–3 Careful clinical investiga-
tion aims to move from these imprecise terms to
the diagnosis of a specific disease (box 1). ILD
involves all areas of medicine as it has to be
distinguished from other diseases such as pul-
monary oedema, infection, and neoplastic dis-
ease, it often occurs as part of a systemic disease
or as a reaction to drugs, and it may occur in
elderly patients with multiple comorbidities.
Advances in the histopathological classification
of what was previously known by the collective
term cryptogenic fibrosing alveolitis have per-
mitted more precise definition of some disease
processes, and this is important in determining
prognosis and response to treatment.4–6 The lungs
may respond to different insults with a similar
pattern of inflammation and fibrosis and con-
versely a single agent, such as amiodarone, may
produce a range of reactions within the lung.7 8

Thus a distinction has to be made between the
histopathological pattern on lung biopsy and the
overall clinical diagnosis, and this frequently
entails the integration of clinical, radiological,
and histopathological features in a multidisci-
plinary approach to these complex diseases.9

INVESTIGATION OF ILD
Typically ILD presents with progressive breath-
lessness, lung crackles, and a diffusely abnormal

chest radiograph (fig 1).1–3 At presentation the
differential diagnosis includes a number of other
diseases such as infective pneumonia, pulmonary
oedema, and malignancy (for example, lym-
phangitis carcinomatosa). The overall context of
the disease is important and the exclusion of
other diagnoses may require further investiga-
tions (for example, echocardiography) or obser-
ving the response to treatments (for example,
antibiotics, diuretics). Lung function tests typi-
cally show reduced lung volumes, impaired gas
transfer, and hypoxaemia. A reduction in the
transfer factor for carbon monoxide and transfer
coefficient are characteristic of diseases of the
lung parenchyma and its blood supply. These
parmaeters are therefore reduced in ILD, but also
in emphysema and pulmonary vascular disease.
In emphysema the chest radiograph typically
shows hyperinflated lungs whereas in ILD the
radiograph usually shows reduced lung volumes
with reticulonodular infiltrates. Once ILD is
suspected the first step is a careful review of
the clinical history focusing on occupational
history (for example, exposure to asbestos, coal
dust), environmental exposures (for example,
contact with birds, cigarette smoke), a list of all
drugs (for example, amiodarone, methotrexate),
and any clues to systemic disease that might
involve the lungs. It is essential to be aware of
the patient’s full medical history and any risk
factors for an immunocompromised state as the
interpretation of subsequent investigations
depends on the clinical context. The presence of
eosinophilia, autoantibodies, or avian precipitins
may provide useful clues in certain circum-
stances.

The next step is high resolution computed
tomography (HRCT), which gives greater preci-
sion than the chest radiograph in diagnosing ILD
and in characterising the pattern and extent of
the disease.10 11 The features that may character-
ise ILD include nodules, thickened septa, reticu-
lation, areas of decreased attenuation, ground-
glass opacities, honeycombing, and involvement
of lymph nodes or pleura in some diseases.
Honeycombing with reticular shadowing and
secondary bronchial dilatation (traction bronch-
iectasis) correlates with the histopathological
pattern of usual interstitial pneumonia (UIP)
and shows established fibrosis with a poor
response to corticosteroids11 (fig 2). Ground-
glass opacities away from areas of fibrosis
usually is a sign of alveolitis such as is found in

Abbreviations: ILD, interstitial lung disease; IPF,
idiopathic pulmonary fibrosis; UIP, usual interstitial
pneumonia; NSIP, non-specific interstitial pneumonia;
DIP, desquamative interstitial pneumonia; COP,
cryptogenic organising pneumonia; EAA, extrinsic
allergic alveolitis; BAL, bronchoalveolar lavage
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extrinsic allergic alveolitis (EAA) or non-specific interstitial
pneumonia (NSIP), and predict a better response to treat-
ment.

Bronchoalveolar lavage (BAL) is a method of sampling
cells and fluid from a large area of the lung tissue by instilling
and aspirating saline via a bronchoscope wedged in a
segmental bronchus.12 It is particularly useful in detecting
infection as a cause of diffuse lung infiltrates, especially in
patients with human immunodeficiency virus (HIV) infec-
tion or in patients receiving chemotherapy for malignancy or
immunosuppressive drugs for connective tissue disease,
inflammatory bowel disease, or after organ transplantation.
An increase in neutrophils and eosinophils in BAL is typically
found in idiopathic pulmonary fibrosis (IPF) whereas an
increase in lymphocytes is found in sarcoidosis and EAA.
Haemosiderin laden macrophages are found in pulmonary
haemosiderosis and vasculitis with alveolar haemorrhage (for
example, Wegener’s granulomatosis) and Langerhans cells
can be identified in histiocytosis.13 14 In pulmonary alveolar
proteinosis the BAL fluid has a milky appearance.15

Lung biopsy is a key element in the diagnosis of some ILDs
such as IPF and in the classification of the idiopathic
interstitial pneumonias (box 1), whereas in other diseases
such as EAA it is rarely needed.3 5 6 16–18 Transbronchial biopsy
may be performed via a flexible bronchoscope, at the same
time as BAL, and obtains small samples of lung tissue
adjacent to bronchi. It is useful, therefore, in centrilobular

diseases such as sarcoidosis but it carries a small risk of
pneumothorax, haemorrhage, and deteriorating hypoxae-
mia.19 Larger samples from several sites may be obtained by
surgical biopsy, usually by video assisted thoracoscopy, and
the modern classification of the idiopathic interstitial
pneumonias is based on such surgical biopsies. Surgical
biopsy requires general anaesthesia with a complication rate
of about 10%–20% and a mortality of less than 1% in the
group of patients currently being selected to undergo this
procedure.20 Some patients are considered unfit for biopsy
and the potential benefits of establishing the histopatholo-
gical pattern of the disease must be judged against the risks
of the procedure. Biopsy may not be necessary where the
clinical assessment and HRCT features are characteristic of a
particular disease.21

IDIOPATHIC PULMONARY FIBROSIS (IPF)
The terms cryptogenic fibrosing alveolitis and IPF were used
for many years to incorporate a range of fibrotic lung diseases
of unknown cause. There was then puzzlement at the
variable clinical course of these syndromes. Progress in our
understanding of the different histopathological patterns and
the publication of consensus statements have led to some
redefinition of these diseases.1–6 The overall term idiopathic
interstitial pneumonias is used as a general descriptive term
and several different histopathological patterns of disease are
recognised that vary in their prognosis and response to
treatment. The term IPF is now restricted to a specific
condition characterised by the histopathological pattern of

Figure 1 Chest radiograph showing diffuse parenchymal infiltrates
attributable to bleomycin pulmonary toxicity.

Figure 2 High resolution computed tomography showing subpleural
honeycombing in idiopathic pulmonary fibrosis.

Box 1 Classification of interstitial/diffuse
parenchymal lung disease

Idopathic interstit ial pneumonias

N Idiopathic pulmonary fibrosis/usual interstitial pneu-
monia (IPF/UIP)

N Non-specific interstitial pneumonia (NSIP)

N Desquamative interstitial pneumonia (DIP)

N Respiratory bronchiolitis/interstitial lung disease (RB/
ILD)

N Acute interstitial pneumonia (AIP)

N Lymphoid interstitial pneumonia (LIP)

N Cryptogenic organising pneumonia (COP)

Environmental and occupational diseases

N Pneumoconiosis eg asbestosis, silicosis

N Extrinsic allergic alveolitis (EAA), for example, bird
fancier’s lung

Multisystem diseases

N Connective tissue diseases, for example, systemic
sclerosis,

N Sarcoidosis

N Wegener’s granulomatosis

N Tuberose sclerosis (lymphangioleiomyomatosis)

N Drug reactions, for example, amiodarone, methotrex-
ate, bleomycin

Rare lung diseases

N Pulmonary alveolar proteinosis

N Pulmonary histiocytosis

N Pulmonary eosinophilia

N Idiopathic pulmonary haemosiderosis
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usual interstitial pneumonia (UIP), reticulation and honey-
combing in a predominantly lower zone, sub-pleural dis-
tribution with minimal ground-glass opacities on HRCT, and
relentlessly progressive breathlessness clinically, in the
absence of known causes of fibrotic disease such as drugs,
rheumatic diseases or environmental toxins or antigens. The
characteristic histopathological features of UIP are a hetero-
geneous appearance with alternating areas of normal lung,
interstitial inflammation, fibrosis, and honeycombing.5 6 The
changes are most severe sub-pleurally and there is temporal
heterogeneity such that the pathological processes are at
different stages of development. The aetiology of IPF is quite
unknown although there are associations with exposure to
wood or metal dusts, cigarette smoking, viral infections,
gastro-oesophageal reflux, and sometimes a family history of
the disease.3 22–24 It may be the result of a failure of repair of
lung tissue whereby injury culminates in fibrosis rather than
a controlled inflammatory and healing process.7 25 The
aberrant fibrosis may involve imbalances in the oxidant-
antioxidant and protease-antiprotease systems of the lung.
IPF/UIP is a lethal disease with a 50% three year mortality.
The mean age at presentation is 66 years, it is more common
in men and in smokers, and clubbing is present in about 70%
of patients.3 Response to treatment is poor. There is a lack of
evidence from definitive trials but limited information from
research studies and from consensus statements suggests
that a combination of prednisolone (0.5 mg/kg/day) and
azathioprine (2–3 mg/kg/day) may be the best option.1 5 26

There is now a tendency to use lower doses of prednisolone
particularly in the maintenance phase to reduce adverse
effects. A number of other treatments such as colchicine,
penicillamine, interferon gamma, and pirfenidone have not
proved effective. The antioxidant N-acetylcysteine has been
shown to slow the rate of decline in lung function but does
not change mortality.27 Patients showing the expected
progression of disease should be considered for lung
transplantation if possible and for palliative care otherwise.

Acute interstitial pneumonia (AIP) is a very aggressive
form of ILD that may occur as an acute phase of acceleration
of IPF and is characterised by diffuse alveolar damage and
the presence of hyaline membranes, similar to those found in
the acute respiratory distress syndrome.2–5 Desquamative
interstitial pneumonia (DIP) is a rare form of ILD that
affects smokers and is characterised by desquamation of
alveolar macrophages with minimal fibrosis.5 Respiratory
bronchiolitis-ILD (RB-ILD) also occurs in smokers and is
characterised by pigmented macrophages in the lumen of
respiratory bronchioles with peri-bronchial fibrosis.28 29 DIP
and RB-ILD respond well to corticosteroids, and smoking
cessation is important. Lymphoid interstitial pneumonia
(LIP) is characterised by the expansion of the interstitium
by sheets of lymphoid cells.2 30 It may be idiopathic in nature
or occur in association with connective tissue diseases,
autoimmune diseases, or HIV infection, and in a small
number of cases LIP undergoes transformation to lym-
phoma.30 Cryptogenic organising pneumonia (COP) is char-
acterised by patchy intra-alveolar buds of organising fibrosis.
It usually responds well to corticosteroids.5 31 Non-specific
interstitial pneumonia (NSIP) is currently the second most
common (after UIP) histopathological pattern of the idio-
pathic interstitial pneumonias and is characterised by a
temporally and spatially uniform pattern that suggests that
the lesions are of the same age. Fibroblastic foci and
honeycombing are less prominent than in UIP and the
response to corticosteroids is better.5 32

Physicians, pathologists, and radiologists are struggling to
cope with the complexities of these diseases. It is important
to appreciate that although the histopathological pattern is a
key element in defining these diseases the overall diagnosis is

not a pathological one as such, but entails integration of the
clinical, radiological, and histopathological features. Thus the
overall diagnosis is different depending on whether a
particular histopathological pattern occurs without any
known cause (idiopathic) or whether it occurs in association
with a connective tissue disease, a drug reaction, or an
environmental exposure to dust or antigens.9 The sub-
classification of the idiopathic interstitial pneumonias is also
permitting more focused research into the pathogenesis of
these diseases. Recently it has been shown that the genes
expressed in lung tissue in IPF are those associated with
tissue remodelling and myofibroblasts whereas the genes
expressed in EAA are those associated with inflammation
and T cell activation.25 The genes expressed in NSIP do not
show a distinct pattern, suggesting that this may be a
heterogeneous entity that requires further refinement. The
stricter definition of IPF/UIP as a specific lethal disease and
its distinction from less aggressive patterns of ILD are of
crucial clinical importance.

CONNECTIVE TISSUE DISEASES
Pulmonary involvement is common in the connective tissue
diseases and is not confined to parenchymal disease but
spans the range of lung disease.33 Thus, for example,
obstructive airways disease and bronchiectasis occur in
rheumatoid disease, pleural effusions occur in systemic lupus
erythematosus and rheumatoid disease, respiratory muscle
weakness may complicate polymyositis, and pulmonary
hypertension is an important cause of death in some forms
of systemic sclerosis. All of the different histopathological
patterns of ILD, such as UIP, NSIP, LIP, COP, occur in
association with the connective tissue diseases and more
than one pathology may be present in an individual patient.33

The prognosis and response to treatment is significantly
better in UIP associated with a connective tissue disease than
in UIP associated with IPF. HRCT or gas transfer measure-
ments frequently detect sub-clinical ILD in patients with
connective tissue disease, but this may be non-progressive
and may not require treatment, although careful monitoring
is needed. ILD may precede the systemic manifestations of a
connective tissue disease and measurement of autoantibodies
may be helpful. In systemic sclerosis Scl-70 antibodies are
associated with ILD whereas anticentromere antibodies are
associated with pulmonary vascular disease, and Jo-1
antibodies are associated with ILD in polymyositis.33–35

Figure 3 High resolution computed tomography showing ground-glass
opacities and areas of decreased attenuation and air trapping in
extrinsic allergic alveolitis.
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Many drug treatments (for example, methotrexate, lefluona-
mide) may cause ILD or induce immunosuppression and lung
infection.

DRUG INDUCED ILD
Drug reactions are an important cause of ILD for physicians
in many specialties.36 Amiodarone is a classic example of a
drug that can produce an array of reactions within the
lungs.36 37 Chest radiograph appearances include diffuse
bilateral shadowing, asymmetrical infiltrates, and mass-like
lesions. Lipid laden macrophages reflect amiodarone induced
disturbance in phospholipid metabolism and may be asso-
ciated with various histopathological features such as septal
thickening, mononuclear cell infiltrates, fibrosis, and the
patterns of NSIP, COP or UIP, for example. Often amiodarone
lung has to be differentiated from pulmonary oedema,
pulmonary infarction, infection, and other pathologies. A
comparatively common problem is of a patient receiving
anticancer chemotherapy (for example, bleomycin) who
develops respiratory symptoms and lung infiltrates.36 38

Vigilance is required as new drugs are used in new
circumstances. Thus for example, infliximab, a monoclonal
antibody against tumour necrosis factor a, is being used
increasingly in treating patient with Crohn’s disease or
rheumatoid arthritis. Initially the most noticeable adverse
effects were infections such as tuberculosis or pneumonia.
However, a number of hypersensitivity lung reactions have
recently been described including fibrosing alveolitis, eosi-
nophilic pneumonia, and acute respiratory distress syn-
drome.39–43 In many of these circumstances the physician is
faced with a patient with deteriorating respiratory disease
that may be caused by infection, pulmonary involvement by
the underlying disease, a drug reaction, or coincidental lung
disease. The range of investigations for assessing diffuse
parenchymal infiltrates needs to be applied judiciously in this
situation and BAL is particularly helpful in detecting or
excluding infection. Early recognition of drug induced ILD,
prompt withdrawal of the drug, and corticosteroid treatment
are important. Up to date information is available on a
dedicated web site (http://www.pneumotox.com).

EXTRINSIC ALLERGIC ALVEOLITIS
EAA is an immunologically mediated disease resulting in a
hypersensitivity pneumonitis with T cell lymphocytic infiltra-
tion and granulomatous inflammation in the bronchioles and
alveoli, from the repeated inhalation of certain antigens in a
sensitised person.18 44 45 The commonest types of EAA are bird
fancier’s lung, typically in relation to a pet budgie or the sport
of pigeon racing, farmer’s lung attributable to fungal spores
in mouldy hay, and humidifier lung attributable to contam-
ination of various water systems in the home or workplace.
In the acute form the patient experiences recurrent episodes
of dyspnoea, cough, fever, and a flu-like sensation and
the chest radiograph typically shows alveolar shadowing.
The key to diagnosis is the identification of exposure to a
provoking antigen and a corresponding antibody response
with typical clinical features. The diagnosis of acute EAA
can usually be made on the basis of clinical features and
simple investigations, and lung biopsy is rarely required.17

HRCT typically shows ground-glass opacities with areas of
decreased attenuation on expiratory images because of air
trapping and bronchiolitis (fig 3). The chronic form of EAA
is characterised by the insidious development of dyspnoea
and lung fibrosis, which may be difficult to differentiate
from other fibrotic lung diseases. Lung biopsy at this stage
of EAA may show patterns similar to NSIP, UIP, and
COP.46 47 Although ILD is the characteristic outcome of
EAA, chronic bronchitis, airways obstruction, and emphy-
sema also occur.44 48 49 Withdrawal from antigen exposure is

the mainstay of treatment. Corticosteroids hasten the
resolution of acute EAA but do not change the ultimate level
of lung function.50

SARCOIDOSIS
Sarcoidosis remains a mysterious disease, characterised by
the occurrence in affected organs of granulomatous lesions
that may progress to fibrosis. Because of its diverse
manifestations it may present to clinicians in many special-
ties.51 52 The accumulation of CD4 lymphocytes at disease
sites, particularly the lungs, suggests an immunological
reaction to an unidentified inhaled antigen in a genetically
susceptible person. The search for a sarcoid antigen has been
frustratingly unrewarding, but progress has been made in
understanding the clinical behaviour of the disease.

The clinical features of sarcoidosis are varied but at either
end of the range are an acute form, characterised by bilateral
hilar lymphadenopathy, erythema nodosum, and uveitis
(Loefgren’s syndrome) and chronic sarcoidosis, which may
affect virtually any organ in the body. Central nervous system
involvement may give rise to cranial neuropathies, chronic
meningitis, and hydrocephalus.53 Cardiac involvement may
cause conduction system damage and arrhythmias, and
corticosteroid therapy is usually started immediately in such
cases. Diagnosis is based on histological evidence of non-
caseating granulomas in association with typical clinical
features, in the absence of other causes of granulomatous
disease. Bronchoscopy with BAL and transbronchial biopsy is
often diagnostic. Investigations depend on the clinical
context and mediastinoscopy with lymph node biopsy is
often required to confirm sarcoidosis and to exclude
tuberculosis or lymphoma. A patient presenting with classic
Loefgren’s syndrome may not require biopsy. Once the
diagnosis is made it is then necessary to assess the extent
and severity of the disease. The location of sarcoid lesions is
crucial because even limited granulomatous inflammation of
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the heart or nervous system may have important conse-
quences, whereas extensive lymph node involvement may
have little importance. Often a period of observation is
appropriate to assess whether the disease resolves sponta-
neously or progresses. The factors determining progression
are poorly understood although genetic and ethnic factors,
relating to some HLA phenotypes, seem to be important in
determining the pattern of disease and progression.51 52

Previous research concepts of disease activity and inflamma-
tory levels using serum angiotensin converting enzyme
measurement, BAL lymphocyte counts, and gallium scans,
have not proved useful clinically. Thus patients with the
highest lymphocyte counts on BAL are those with Loefgren’s
syndrome yet the disease in these patients is most likely to
resolve spontaneously.54 The level of inflammation does not
predict progression to fibrosis. Most patients recover sponta-
neously and the overall prognosis is excellent but about 10%
sustain permanent damage in affected organs and 1%–5% of
patients referred to specialist centres die from complications
such as respiratory failure or neurological or cardiac involve-
ment. Studies of the effect of corticosteroids on the long term
outcome of sarcoidosis have been difficult because of the very
variable course of the disease. However the British Thoracic
Society study showed an improved clinical outcome, at the
cost of some side effects, in patients treated with corticoster-
oids after they had failed to show spontaneous improvement
over a six month observation period.55

Progress has been made in recognising the different
patterns of ILD and this has led to a better understanding
of the various clinical syndromes. Problems persist because of
the inherent complexity of these diseases and the limited
progress in understanding their pathogenesis. The multi-
disciplinary approach to ILD by physicians, radiologists, and
pathologists is proving promising.

QUESTIONS (ANSWERS AT THE END OF THE
REFERENCES)
Choose the best of the five options for each question.

1. The worst clinical prognosis is associated with the
histopathological pattern of:

(A) non-specific interstitial pneumonia

(B) desquamative interstitial pneumonia

(C) cryptogenic organising pneumonia

(D) usual interstitial pneumonia

(E) lymphoid interstitial pneumonia

2. Bronchoalveolar lavage in sarcoidosis typically has a
high count of:

(A) lymphocytes

(B) eosinophils

(C) haemosiderin laden macrophages

(D) neutrophils

(E) histiocytes

3. Pulmonary hypertension in systemic sclerosis is asso-
ciated with:

(A) Scl-70 antibodies

(B) an increased serum angiotensin converting enzyme
activity

(C) anti-Jo antibodies

(D) antismooth muscle antibodies

(E) anticentromere antibodides

4. The most characteristic feature of idiopathic pulmonary
fibrosis on computed tomography is:

(A) honeycombing

(B) pleural thickening

(C) ground-glass opacities

(D) areas of decreased attenuation

(E) peri-hilar reticular shadow

5. The clinical features of clubbing, crackles and progres-
sive dyspnoea are most suggestive of a diagnosis of:

(A) acute interstitial pneumonia

(B) idiopathic interstitial pneumonia

(C) idiopathic pulmonary fibrosis

(D) extrinsic allergic alveolitis

(E) cryptogenic organising pneumonia
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