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ABSTRACT: Interstitial lung diseases (also known as diffuse infiltrative lung diseases)
are a heterogeneous group of parenchymal lung disorders of known or unknown cause.
These disorders are usually associated with dyspnoea, diffuse lung infiltrates, and
impaired gas exchange. The majority of interstitial lung diseases are of unknown cause.
Known causes of interstitial lung disease include inhalation of organic and inorganic
dusts as well as gases or fumes, drugs, radiation, and infections.

This review summarizes the clinical, radiological, and histopathological features of
four interstitial lung disorders that have been linked to smoking. These disorders include
desquamative interstitial pneumonia, respiratory bronchiolitis-associated interstitial
lung disease, pulmonary Langerhans' cell histiocytosis, and idiopathic pulmonary
fibrosis. Available evidence suggests most cases of desquamative interstitial pneumonia,
respiratory bronchiolitis-associated interstitial lung disease, and pulmonary Langer-
hans' cell histiocytosis are caused by cigarette smoking in susceptible individuals.
Smoking cessation should be a main component in the initial therapeutic approach to
smokers with these interstitial lung diseases. In addition, smoking appears to be a risk
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factor for the development of idiopathic pulmonary fibrosis.
Eur Respir J 2001; 17: 122—132.

Cigarette smoking is very costly to both the
individual and society. Half of all cigarette smokers
will eventually be killed by their habit [1]. Smoking
remains the most preventable cause of premature death
and morbidity in the US and the developed world [1, 2].
Cigarette smoke is a complex mixture of more than
4,000 compounds and causes a variety of pulmonary
and systemic effects in humans [1-3]. Cigarette smoking
is the major cause of lung cancer, which in turn is the
leading cause of cancer deaths in both males and
females in the USA [1, 2]. In addition, cigarette smo-
king is the principal risk factor for developing chronic
obstructive pulmonary disease (COPD). An estimated
10-15% of all smokers develop clinically significant
airflow obstruction [1]. Recently, smoking has been
implicated in causing interstitial lung disease.

Interstitial lung diseases (ILDs) or diffuse infiltrative
lung diseases represent a heterogeneous group of lung
disorders of known or unknown cause, generally
characterized by dyspnoea, diffuse parenchymal lung
infiltrates, restrictive pulmonary dysfunction, and im-
paired gas exchange [4-8]. The most common ILDs
include idiopathic pulmonary fibrosis (IPF), sarcoido-
sis, pneumoconioses, and those associated with con-
nective tissue diseases [4-8]. It has recently been
appreciated that cigarette smoking is related to the
development of several ILDs including desquamative
interstitial pneumonia (DIP), respiratory bronchiolitis-
associated interstitial lung disease (RBILD), pulmonary
Langerhans' cell histiocytosis (PLCH), and IPF. In this
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article, the authors will review the clinical, radiological,
and histopathological features of these lung disorders
as well as their relationship to smoking.

Methods

The authors searched the MEDLINE database for
literature published from 1966 to 1999. The Medical
subject headings (MeSH) terms smoking and lung,
lung diseases, interstitial lung diseases, bronchiolitis,
Langerhans' cell histiocytosis and pulmonary fibrosis
were used in separate searches, and studies found
during each search were combined. Limits were set for
English language only. The authors identified addi-
tional relevant studies by manually searching biblio-
graphies of retrieved articles. The primary criterion for
including studies in this review was based on the
authors judgment regarding their relevance to the
clinician involved in the care of patients with lung
diseases, as well as their quality.

Desquamative interstitial pneumonia

DIP is currently classified as a form of idiopathic
interstitial pneumonia [9]. The most striking histo-
pathologic finding in DIP (fig. 1) is the presence of
increased numbers of pigmented macrophages evenly
dispersed within alveolar spaces [6, 9]. The overall
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Fig. 1. — Histological features of smoking-related interstitial lung diseases. a) Low-power view of desquamative intersitial pneumonia
(DIP) showing relatively diffuse involvement of the lung tissue with scattered germinal centres. To the right, the midly atelectatic lung
tissue appears somewhat solid, whereas the airspaces are more apparent at left and show a prominent filling by macrophages. b) High-
power view of DIP showing marked increase in alveolar macrophages and mild alveolar septal thickening and fibrosis. ¢) Low-power
view of respiratory bronchiolitis-associated interstitial lung disease (RBILD) showing a prominent collection of intra-alveolar macro-
phages that centres on a bronchiole and alveolar duct. d) High-power view of RBILD showing marked increase in alveolar macro-
phages and mild alveolar septal thickening and fibrosis. e) Low-power view of pulmonary Langerhans' cell histiocytosis (PLCH)
showing two lesion (lower centre), one of which shows central cavitation and the other (to the right of the first) showing central pink
fibrosis and stellate character. The surrounding lung tissue shows emphysematous change and an additional lesion (far right). The pres-
ence of active cellular lesions (left centre) as well as old healed lesions of pulmonary LCH (right centre) is not uncommon. f) High-
power view of PLCH showing numerous Langerhans' cells with their distinctive folded and delicate nuclei. A pigmented alveolar
macrophage with its oval nucleus and denser tan cytoplasm is also present (right centre). g) Low-power view of usual interstitial pneu-
monia showing patchy fibrosis which is more prominent in the subpleural regions (lower). Focal honeycomb change is present (left
lower). Note the presence of some entirely normal lung tissue (upper). h) Low-power view showing numerous vague nodular lesions
involving the lung parenchyma. One of these (upper centre) is a lesion of Langerhans' cell histiocytosis, whereas the others represent
respiratory bronchiolitis. Numerically, the latter were much more numerous and most likely accounted for this patient's clinical signs
and symptoms (ie. RBILD). Additional fields in this same case showed large zones with airspace filling by macrophages, typical of
DIP.
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Table 1. — Clinical features of smoking-related interstitial lung diseases*

DIP RBILD PLCH IPF
Smoking 90% 100% >90% 41-83%
Age 3rd—5th decades 3rd-5th decades 3rd and 4th decades = Middle-aged and older
Sex M:F Nearly 2:1 Slight male dominance 1:1 I:1 to 2:1
Occurrence in children Rare No Rare Rare
Onset Insidious Insidious Insidious Insidious
Presenting symptoms Dyspnoea, cough Dyspnoea, cough Dyspnoea, cough Dyspnoea, cough
Crackles 60% ~50% Usually absent Nearly all
Clubbing Nearly 50% Rare Rare 50-70%
Chest radiograph Interstitial, patchy  Interstitial or Interstitial/cystic or Interstitial, honeycombing
ground-glass normal nodular, with basilar ~ with basilar

sparing predominance

HRCT Ground glass with  Patchy ground Nodules and cysts; Subpleural honeycombing
lower lung glass basilar sparing basilar predominance
predominance

Pulmonary function Restrictive Mixed defect or Obstructive or Restrictive

normal restrictive

Treatment Smoking cessation, Smoking cessation Smoking cessation, Steroids? Cytotoxic drugs?
steroids steroids? Antifibrotic drugs?

Response to steroids Good Good Fair Poor

Prognosis Good Good Good Poor

Complete recovery Yes Yes Yes No

possible

*. Modified from KATzENSTEIN [9]. DIP: desquamative interstitial pneumonia; RBILD: respiratory bronchiolitis-associated
interstitial lung disease; PCLH: pulmonary Langerhans' cell histiocytosis; IPF: idiopathic pulmonary fibrosis.

appearance at low magnification is relatively uniform
from one field to another. Alveolar septa are thicke-
ned to a variable degree by diffuse fibrosis and mild
interstitial inflammation. Honeycomb change, if pre-
sent, is minimal, and the overall architecture is
maintained although some emphysematous change is
common.

The average age at onset of symptoms for patients
with DIP (table 1) is ~40 yrs [10, 11]. Occurrence in
children is rare but DIP is one of the more common
forms of interstitial lung disease in this age group,
where it is probably a different disease not related to
smoking [12, 13]. Most studies have noted a male
predominance, with males affected nearly twice as
often as females [9-11]. Dyspnoea and cough are the
most common presenting complaints, and the onset
is usually insidious. Inspiratory crackles are heard in
60% of affected patients [10, 11], and digital clubbing
occurs in nearly one-half of patients [10, 11].

In the two largest case series, about 90% of patients
with DIP smoked or had smoked cigarettes [10, 11].
DIP may occasionally be seen in association with
systemic disorders or infections, as well as exposures to
occupational/environmental agents and drugs [10-22].
For example, in the series of 40 patients with DIP
reported by CARRINGTON et al [10], 5 (12.5%) had
connective tissue diseases including one case of
isoniazid-induced lupus syndrome. Only "idiopathic"
cases with no associated disorders would be currently
accepted as DIP. In addition, focal macrophage accu-
mulation, termed "DIP-like reaction" may be seen as an
incidental lesion in a number of settings [23, 24].

Radiographically, lung volume appears reduced
unless there is coexisting obstructive airway disease
such as in smokers with emphysema [10, 11]. Bibasilar
opacities of hazy, ground-glass appearance are present
in about one-quarter of patients. Although this radio-

graphic appearance was considered a characteristic
feature of DIP in earlier reports, subsequent studies
more often showed a nonspecific linear or reticulo-
nodular interstitial pattern [9]. Restrictive defects with
a decreased diffusion capacity are commonly found
on pulmonary function testing, but abnormalities are
usually less marked than those observed in cases of
usual interstitial pneumonia [9, 10].

The predominant finding by high-resolution com-
puted tomography (HRCT) (fig. 2) is the presence of
areas of ground-glass attenuation [25, 26]. These typi-
cally have a subpleural and lower lung zone predo-
minance. Irregular lines of attenuation suggestive of
fibrosis are seen in one-half of patients and honey-
combing is not usually present [25-28].

When left untreated, about two-thirds of patients
with DIP have evidence of clinical worsening [10].
However, spontaneous improvement can be seen and
was observed in seven (21.9%) of 32 untreated patients
with DIP reported by CARRINGTON et al. [10]. Whether
improvement was related to smoking cessation is un-
clear. When treated, patients with DIP usually receive
long-term corticosteroid therapy. Most patients with
DIP remain stable or improve with corticosteroid
therapy and complete recovery is possible [10, 11, 27,
28]. The response to corticosteroid therapy is not
uniform and approximately one-quarter of patients
may continue to worsen despite treatment for DIP [10,
11, 28]. The role of cytotoxic and other immunosup-
pressive agents remains undefined. In the case series
reported by CARRINGTON et al. [10], 11 (27.5%) of 40
patients died after an average survival of 12 yrs. Late
relapse [29] as well as recurrence in transplanted lung
has been reported [30, 31]. These reports do not specify
whether smoking was a factor in the recurrence of DIP.
The roles of the above therapies need to be reassessed
relative to the effect of smoking cessation.
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b)

Fig. 2. — Radiological features of smoking-related interstitial lung diseases on high-resolution computed tomography (HRCT). a)
HRCT of a 59-yr-old male with desquamative interstitial pneumonia showing patchy areas of ground-glass attenuation with a pe-
ripheral predominance. b) HRCT of a 51-yr-old male with respiratory bronchiolitis-associated interstitial lung disease showing patchy
areas of ground-glass attenuation diffusely throughout both lungs. ¢) HRCT of a 33-yr-old female with pulmonary Langerhans' cell his-
tiocytosis showing multiple nodules and thick-walled cysts. There was sparing of the lung bases (figure not shown). d) HRCT of a 72-
yr-old male with idiopathic pulmonary fibrosis (usual interstitial pneumonia) showing subpleural reticular densities and honeycombing

with associated traction bronchiectasis.

Respiratory bronchiolitis-associated
interstitial lung disease

Bronchiolitis is a generic term used clinically to
describe various inflammatory diseases of small airways
[32]. Bronchiolar diseases can be caused by cigarette
smoke, infections, aspiration, inhalation of environ-
mental agents, drugs, and underlying systemic disorders
including connective tissue diseases and transplant
rejection. Respiratory bronchiolitis was described by
NIEWOEHNER et al. [33] as an incidental autopsy finding,
primarily in young male smokers. This disorder is now
recognized as extremely common in cigarette smokers,
and the term "smoker's bronchiolitis" is descriptively
appropriate [32]. Respiratory bronchiolitis usually
occurs without symptoms or significant accompanying
interstitial lung disease. It may account for subclinical

radiological changes in up to one-fifth of smokers (see
later).

Whereas respiratory bronchiolitis occurs in virtually
all smokers and is of little clinical significance in the
vast majority of cases, in a small portion of smokers,
symptomatic interstitial lung disease may occur in
association with this lesion. In 1987, MYERS et al. [34]
described what was subsequently labeled respiratory
bronchiolitis-associated  interstitial Iung disease
(RBILD). This is a clinicopathological entity seen
almost exclusively in current or former cigarette
smokers and may be confused with other interstitial
lung diseases, in particular, IPF [11, 34-36].

RBILD is characterized by the presence of pigment-
ed macrophages and mild interstitial inflammatory
changes centring on respiratory bronchioles and
neighbouring alveoli (fig. 1) [11, 32, 34]. Alveolar
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septa in the peribronchiolar region may be mildly
thickened but without fibrosis. Similar pathological
findings have been reported in patients with other
inhalational injuries, especially asbestos and nonasbes-
tos mineral dust exposure, as well as other conditions
[36], but numerically such cases are rare and nearly all
cases of respiratory bronchiolitis are due to smoking.

The histological distinction between RBILD and
DIP is based primarily on the extent of the inflamma-
tory process. Histopathological changes are more
extensive and diffuse in DIP as compared to RBILD
[9, 11, 32, 34]. In RBILD, macrophage accumulation is
confined to peribronchiolar airspaces with sparing of
more distal airspaces. Interstitial thickening accompa-
nies the airspace changes in RBILD and tends to be
limited to the peribronchiolar parenchyma.

For the majority of patients with RBILD, the onset
of symptoms is usually in the fourth or fifth decades of
life [11, 34, 36] and is considerably earlier (table 1) in
patients with usual interstitial pneumonia (UIP) [9].
There is a slight male predominance [11, 34, 36].
Patients with RBILD commonly present with cough
and dyspnoea [11, 34, 36]. These symptoms are gene-
rally mild but may at times be severe [38]. Auscultation
of the lungs reveals inspiratory crackles in about half
of patients [11, 36, 39]. Digital clubbing is occasionally
seen [36, 38].

Pulmonary function results may be normal but more
commonly show a mixed obstructive-restrictive pattern
of a mild-to-moderate degree [11, 34, 36]. Reduced
diffusing capacity is also common [11, 34, 36]. Total
lung capacity maybe normal, mildly increased or mildly
reduced [11, 34, 36].

Chest radiographs are usually abnormal [11, 34, 36].
Diffuse, fine reticular or reticulonodular opacities are
present in over two-thirds of patients with RBILD [11,
34, 36]. Normal chest radiographs were noted in five
(28%) of 18 patients reported by YOUSEM et al. [11].
Ground-glass pattern may be the predominant abnor-
mality seen in some patients [36]. RBILD can usually
be distinguished from IPF on the chest radiograph by
the absence of honeycombing.

HRCT findings in RBILD have been reported in
some cases. Areas of ground-glass attenuation are the
most common finding (fig. 2), but fine nodules may also
be seen [26, 36, 40, 41]. Associated emphysematous
changes may be present, but signs of IPF, such as
subpleural honeycombing and traction bronchiectasis,
are absent. It has been postulated that the areas of
ground-glass attenuation reflect "smoker's alveolitis",
whereas the micronodules represent respiratory bronch-
iolitis [26, 40]. An increasing number of cases of RBILD
are being recognized due to wider use of HRCT.

Patients with RBILD have a generally good prog-
nosis, particularly with smoking cessation [11, 34, 36].
Most patients either improve or remain stable, and no
deaths have been attributed to RBILD [11, 34, 36].
Progressive fibrosing lung disease does not occur in
patients with RBILD. Corticosteroid therapy has been
employed in a few anecdotal cases and was associated
with beneficial results [34]. Some of these treated
patients were initially thought to have DIP [11].
However, corticosteroid therapy has little role in the
management of most patients with RBILD. Smoking

cessation is the most important therapeutic manoeuvre
in the treatment of RBILD [11, 34, 36].

There are similarities between RBILD and DIP with
respect to demographics, clinical features, and radio-
logical features (table 1). In addition, overlapping his-
topathological patterns of RBILD and DIP can be seen
in some patients and the term "smoking related
interstitial lung disease" has been suggested for these
cases [36]. The lack of a sharp histological distinction
between the two lesions suggests that RBILD and DIP
probably represent different ends of a spectrum of the
same disease caused by the same agent, namely
cigarette smoke [9, 26, 36].

Pulmonary Langerhans' cell histiocytosis

Histiocytic disorders comprise an uncommon and
confusing group of clinicopathological syndromes that
are characterized by the proliferation of cells of either
macrophage or dendritic cell (including Langerhans'
cell) lineage [42, 43]. In 1997, the Reclassification
Working Group of the Histiocyte Society categorized
histiocytic disorders into two main subgroups: dis-
orders of varied biological behaviour and malignant
disorders [42]. Each category is further subdivided
according to whether the abnormal cells are derived
from the dendritic cell or macrophage lineage. Langer-
hans' cell histiocytosis (LCH) was classified as a
dendritic cell-related disorder of varied biological
behaviour (nonmalignant) category and includes dis-
orders with a wide scope of severity ranging from self-
limited to lethal disease. LCH includes several disorders
that are characterized by excessive proliferation of
Langerhans' cells and are defined pathologically by the
presence of destructive infiltrates containing Langer-
hans' cells. Diffuse involvement of multiple visceral
organs, associated with severe constitutional symptoms
and a poor prognosis, occurs most frequently in infants
(Letterer-Siwe disease). Multifocal involvement of two
or more tissues, with a predilection of lesions in bone
plus skin, liver, spleen, lung, hypothalamus, and/or
lymph nodes, is usually encountered in children (Hand-
Schuller-Christian syndrome). Lesions confined to a
single tissue, especially bone, skin and/or lung, can
occur at any age (eosinophilic granuloma).

Langerhans' cells are distinguished from dendritic
cells by their characteristic penta-laminar plate-like
cytoplasmic organelles (Birbeck granule or X-body)
seen by electron microscopy and their strong expression
of the CD1a antigen on the cell surface [44, 45]. They
also stain with S-100 antibody [45]. Langerhans' cells
are present in the normal lung and have potent antigen
presenting capabilities [44, 45]. Cigarette smoking is
associated with accumulation of Langerhans' cells on
the epithelial surface of the respiratory tract [46].

Lung involvement in LCH usually occurs in isola-
tion, rarely as part of a systemic disease (usually in
children and not associated with smoking) [47-49].
The isolated pulmonary form of LCH in adults occurs
almost exclusively in cigarette smokers [44, 47, 48].
PLCH has also been referred to as primary pulmonary
histiocytosis X, pulmonary eosinophilic granuloma,
and pulmonary Langerhans' cell granulomatosis, and it
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is usually classified among interstitial lung diseases of
unknown origin. Although certain forms of LCH
probably represent monoclonal proliferations of Lan-
gerhans' cells [50], it is yet unknown whether this is true
of the isolated pulmonary form of LCH occurring in
adults. It appears more likely that adult PLCH
represents a polyclonal, reactive disorder triggered by
cigarette smoking [51].

The characteristic histopathological finding in PLCH
(fig. 1) is the presence of nodular sclerosing lesions
containing Langerhans' cells accompanied by mixed
cellular infiltrates [45]. The nodular lesions are poorly
defined and are distributed in a bronchiolocentric
fashion with intervening normal lung parenchyma.
The presence of Langerhans' cells is required for defi-
nitive diagnosis. As the lesions evolve, there is fibrosis
and progressive involvement of adjacent lung tissue
with associated pericicatricial airspace enlargement
accounting for the concomitant cystic changes.

Pathological findings vary with the stage: in the early
stages, numerous Langerhans' cells accumulate in areas
adjacent to terminal or respiratory bronchioles [45].
These cells appear to invade the bronchiole, destroying
the bronchiolar wall in an eccentric fashion. Central
cystic changes in the nodules (also called cavitation) can
sometimes be traced to ectatic, destroyed small airways.
Lymphocytes, alveolar macrophages and eosinophils
are also present, usually at the periphery of the lesions.
Inflammatory cell infiltrates may produce thickening of
the alveolar walls in areas adjacent to bronchiolar
lesions and the number of Langerhans' cells diminishes.
As lesions heal, cellular infiltrates become less promi-
nent and fibrosis supervenes, resulting in the typical
stellate scar. Biopsy at this stage shows no Langerhans'
cells. In addition, traction emphysema of alveoli adja-
cent to the stellate scars and peribronchiolar fibrosis is
commonly observed. Central cystic change in the
nodules and adjacent traction emphysema probably
both account for the cystic change seen with HRCT
[52]. Emphysema and respiratory bronchiolitis are
usually also present away from the nodular lesions of
PLCH.

Most patients are young adults in their third and
fourth decades of life [45, 53-57]. Overall, the sex
distribution is approximately equal [45, 53-57]. Several
studies have consistently shown >90% of patients with
PLCH to be current or previous cigarette smokers [45,
53-57]. In addition, smoking has been demonstrated
to be a strong risk factor for the development of PLCH
in a case-control study [58]. The bronchiolar distribu-
tion of the pathological lesion is consistent with the
possibility that an inhaled antigen is involved in the
pathogenesis of this disorder.

Patients with PLCH commonly present (table 1)
with dyspnoea (35-87%) and cough (50-70%) [45, 52—
55]. A history of pneumothorax is obtained in ~10%
of patients [45, 53-56]. Other symptoms may include
wheezing, fever, fatigue, weight loss, chest pain, and
haemoptysis. In the early stages of the disease, up to
one-quarter of affected patients may be asymptomatic
or have mild, nonspecific symptoms [51, 56]. On
physical examination, crackles and digital clubbing
are rarely present, but wheezes may occasionally be
heard [45, 51, 57]. Cystic bone lesions may be identified

in about 10% of patients with PLCH and most often
appear in the skull, ribs, and pelvis [45, 53, 54, 57], and
some of these bone lesions may be asymptomatic with
absence of pain. Bone disease may precede the deve-
lopment of pulmonary disease. Diabetes insipidus is
reported in up to 10% of patients [45, 53, 56, 57] but
this relatively high figure may be a result of selection
bias.

Physical examination is frequently normal and
auscultation of the lungs only occasionally reveals
scattered crackles or wheezes [44, 53, 57]. In the
advanced stages of the disease, only decreased breath
sounds may be appreciated [53].

In patients with PLCH, typical findings on chest
radiograph include nodular or reticulonodular opacities
most prominent in the middle and upper lung zones [44,
45, 47, 49, 53, 55]. There is usually sparing of the
costophrenic angles and the lung volume appears
normal or increased. As the disease further advances,
cystic changes and bullae appear and lung volumes are
increased. HRCT of the chest confirms the predomi-
nant upper lung involvement with relative sparing of
the lung bases [47, 48, 59, 60]. Thin-walled cysts,
nodules (with or without cavitation) or a combination
of nodules and cysts may be seen (fig. 2). Reticular
densities and areas of ground-glass attenuation are
uncommon [60, 61]. The shape of the cysts may be
irregular and more complex compared to those seen in
pulmonary lymphangiomyomatosis. The sparing of the
lung bases is also an important finding in differentiating
PLCH from pulmonary lymphangiomyomatosis [59].

Both obstructive and restrictive changes may be seen
in patients with PLCH. The effects from cigarette
smoking may be superimposed and difficult to distin-
guish from the effects of PLCH itself. Diffusing
capacity is usually abnormal [44, 45, 53, 54]. Exercise
performance is commonly impaired and may reflect
pulmonary vascular dysfunction [54, 62, 63].

The diagnosis of PLCH may be strongly suspected
based on epidemiological, clinical, radiographical, and
physiological features. Diffuse interstitial opacities,
predominant in mid- and upper lungs with normal or
increased lung volume seen by chest radiography in a
young adult smoker, strongly suggest the diagnosis of
PLCH in the absence of occupational or environmental
exposure. The features seen on the HRCT, when
typical, are diagnostic for this disorder [59]. Absence of
a cigarette smoking history makes the diagnosis of
PLCH very unlikely. For histopathological confirma-
tion of the diagnosis, surgical lung biopsy is generally
needed although transbronchial lung biopsy can be
diagnostic, if adequate tissue is obtained [45, 47, 48, 53,
64]. The findings of > 5% CD]la-positive cells (Langer-
hans' cells) in the bronchoalveolar lavage fluid also
supports the diagnosis of PLCH [55].

Because of the wide variation in the natural history of
PLCH, there are few reliable guidelines concerning
treatment and prognosis. In general, the extent and
severity of initial pulmonary involvement as assessed by
chest radiograph and pulmonary function testing
appears to have prognostic value [45, 53, 55]. Progres-
sion of the disease to advanced pulmonary fibrosis and
death are uncommon [45, 53]. Although corticosteroid
therapy has been used in the treatment of patients with
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PLCH, it is of unclear benefit [45, 47, 48, 53, 55, 65].
Other therapies have included cytotoxic drugs including
cyclophosphamide, vinblastine, and chlorambucil. Un-
fortunately, none has clearly improved the course of the
disease [45, 47, 48, 53, 55]. Pleurodesis may be needed in
patients with recurrent pneumothoraces.

Definitive study of the therapeutic role for smoking
cessation in patients with PLCH has not been
performed. Similarly, the relationship between smoking
status and progression of the disease remains to be
clarified. Radiological improvement and even complete
resolution of PLCH after smoking cessation has been
described in case reports [66, 67]. Recurrence of PLCH
in the transplanted lung has been seen in patients who
resumed smoking after their lung transplantation [68].
Smoking cessation may prevent progression of the
disease and should be strongly encouraged for patients
with PLCH who continue to smoke.

Idiopathic pulmonary fibrosis

IPF, also called cryptogenic fibrosing alveolitis in
Europe, is the most common form of interstitial lung
disease [4, 69]. The prevalence of IPF is not precisely
known but has been estimated to be about 3-29 cases
per 100,000 population [69]. The wide range in this
estimate is probably explained by the lack of uniform
definition used in identifying cases of IPF as well as
differences in study designs and populations. The male
to female ratio has ranged: ~1:1-2:1 [69, 70] and
patients are usually in their sixth to eighth decades of
life at presentation [4, 35, 71]. Most cases of IPF are
sporadic but familial forms do occur [72, 73].

In the early case series, the diagnosis of IPF was
based on clinical/radiological findings without histo-
logical confirmation in many cases [74]. Recently,
histological patterns have been more carefully defined
and suggest that patients previously diagnosed to have
IPF display a variety of histological patterns that are
associated with varying responses to therapy and
prognosis [9, 35, 75]. The most common histological
pattern in cases previously diagnosed as IPF is UIP
(fig. 1). IPF/UIP is associated with a worse prognosis
(median survival of ~3 yrs) and relative refractoriness
to corticosteroid therapy compared to other forms of
chronic interstitial pneumonias including DIP, non-
specific interstitial pneumonia and bronchiolitis oblit-
erans organizing pneumonia [35, 77-78]. The term
"idiopathic pulmonary fibrosis" should now be reserved
for those patients with UIP of unknown cause [35, 78].

Typical clinical features of IPF include gradually
progressive exertional dyspnoea, chronic cough (usually
dry) and bibasilar inspiratory ("Velcro") crackles [35,
78]. Digital clubbing is seen in about two-thirds of
patients with IPF [35]. Clinical history, examination,
and screening laboratory tests yield no clues as to the
cause of progressive pulmonary fibrosis. In particular,
environmental and occupational exposures, as well as
drugs, need to be excluded as potential causes.

Chest radiography demonstrates bilateral reticular or
reticulonodular opacities with small lung volumes [35,
78]. Typically, there is lower lung zone and peripheral
predominance in the distribution of these infiltrates.

HRCT of the chest (fig. 2) typically shows irregular
linear opacities and honeycombing, predominantly in
the bases and subpleural lung [79, 80]. Areas of ground-
glass attenuation may be seen but are not usually
extensive. When these HRCT features are present in a
proper clinical context, the diagnosis of IPF is correct in
85-90% of patients [81, 82]. However, HRCT of the
chest may be normal in a small percentage of patients
with biopsy-proven IPF [83]. In addition, HRCT may
not distinguish chronic hypersensitivity pneumonitis
from IPF in some cases [84].

Pulmonary function testing usually demonstrates a
restrictive defect with reduced lung volumes and
diffusing capacity [35, 78]. The ratio of forced expira-
tory volume in one second to forced vital capacity
(FEV1/FVC) is normal or elevated, consistent with a
restrictive dysfunction. Gas exchange is usually impair-
ed with an increased alveolar-arterial partial pressure
of oxygen (PA-a,0,) gradient. Even when the resting
oxygen tension in arterial blood (Pa,0,) is normal,
exercise-induced desaturation is almost always seen.

It should be noted that in patients with pre-existing
emphysema, the lung volumes and flow rates may be
normal due to the counteracting physiological effects
of emphysema and fibrosis [85]. In such patients with
coexisting emphysema and IPF, pulmonary function
testing may only reveal a severely reduced diffusing
capacity. HRCT will verify the coexistence of these two
processes in the lung.

Histological confirmation of the diagnosis of UIP
requires a surgical biopsy obtained via thoracotomy
(open lung biopsy) or thoracoscopy. In recent years,
video-assisted thoracoscopic (VATS) biopsy has vir-
tually replaced open lung biopsy in the evaluation of
patients with interstitial lung diseases [4, 86]. Adequate
and representative lung specimens obtained in this
fashion will provide the information regarding the
nature of the underlying histological lesion and the
activity of the disease. However, it is controversial as
to whether every patient with suspected IPF should
undergo a surgical lung biopsy. In the report by the
British Thoracic Society, only 12% of the patients
diagnosed to have IPF had surgical lung biopsy, while
a survey of patients with IPF in Bernalillo county, New
Mexico, USA, showed that 11% had surgical lung
biopsy at the time of the initial diagnosis [69, 70]. Thus,
it is clear that the diagnosis of IPF is made clinically
without a surgical lung biopsy in the majority of
patients. This low rate of biopsy confirmation partly
reflects disappointment with currently available thera-
pies.

Bronchoscopic (transbronchial) biopsy of the lung in
patients with suspected IPF may help in excluding
granulomatous processes such as sarcoidosis and
hypersensitivity pneumonitis, lymphangitic carcinoma-
tosis or lymphoma, infections, and other ILDs that
have diagnostic or characteristic histopathological fea-
tures that can be recognized on a small biopsy specimen
[35]. However, the finding of interstitial inflammation
and fibrosis on a bronchoscopic biopsy specimen is
nonspecific and unreliable in the diagnosis or exclusion
of UIP [87].

The mainstay of treatment for patients with IPF has
been corticosteroid therapy, which is of unproved
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efficacy [35, 88]. Most of the studies on the treatment
of IPF have been retrospective, uncontrolled trials [35,
88]. In addition, only a few studies adequately identi-
fied the underlying histological lesions in patients with
IPF [9, 35]. CARRINGTON et al. [10] noted spontaneous
improvement in none of their 53 patients with UIP
and a favourable response to corticosteroid therapy
in only 11.5% of treated patients. The majority of
patients diagnosed to have IPF, experience progression
of the disease with or without therapy, resulting in cor
pulmonale and respiratory failure [10, 35, 89]. In recent
years, there has been increasing interest in antifibrotic
therapy with agents such as colchicine and pirfenidone
[35, 90, 91]. Lung transplantation should be considered
early, since the waiting period for a lung transplant may
be 1-2 yrs [92].

A relationship between cigarette smoking and
pulmonary fibrosis has been suspected for many years
[93]. The prevalence of current or previous smokers in
series of IPF varies depending on the case definition
used in identifying IPF cases and has ranged from
41-83%710, 69, 74-77, 94, 95]. In some of these studies,
confirmation of the diagnosis of IPF by surgical lung
biopsy was not required [70, 74, 94]. BAUMGARTNER ef
al. [94] found a history of smoking to be associated with
an increased risk of developing IPF, with an odds ratio
of 1.6. In their report, slides from surgical lung biopsy
specimens were available for review in less than one-
half of the study subjects [94].

The association between pulmonary fibrosis and lung
cancer risk has been debated [96]. HUBBARD et al. [97]
recently described a population-based cohort study in
which the incidence of lung cancer was increased in
patients with IPF, independent of the effect of cigarette
smoking. On balance, however, the evidence is
conflicting regarding this point and additional studies
are needed [96].

Conclusions

The effects of cigarette smoking on the development
of interstitial lung diseases are poorly understood. Due
to the rarity of some of these interstitial lung diseases, it
is difficult to firmly establish a direct causative role for
smoking in the pathogenesis of these diseases. None-
theless, available epidemiologic data suggest that
cigarette smoking is causally related to the development
of certain interstitial lung diseases, including RBILD,
DIP, and PLCH (table 2). The preponderance of
smokers has been consistently observed in the reported
case series of patients with these disorders. In these
patients, smoking cessation may prove to be the most
important and effective therapeutic option and should
be strongly encouraged. These lesions have also been
seen as incidental findings in smokers at autopsy [33,
98]. A direct role for cigarette smoke in the pathogen-
esis of RBILD, DIP, and PLCH is further suggested by
radiographical and clinical improvement that some-
times occurs following smoking cessation. Common
causality is also suggested by the presence of combina-
tions of these lesions in some of these affected smokers.
The authors have observed cases in which all three
lesions have coexisted (fig. 1).

Table 2. — Lung diseases related to smoking

Lung cancer
Chronic obstructive pulmonary disease
Chronic bronchitis
Emphysema
Interstitial lung disease
Desquamative interstitial pneumonia
Respiratory bronchiolitis-associated interstitial lung disease
Pulmonary Langerhans’ cell histiocytosis
Idiopathic pulmonary fibrosis

The role of smoking in the pathogenesis of IPF is
controversial. Cigarette smoking appears to increase
the risk of development of IPF, but there is no
convincing evidence that smoking per se directly leads
to the development of IPF.

The distinction between respiratory bronchiolitis-
associated interstitial lung disease, desquamative inter-
stitial pneumonia and pulmonary Langerhans' cell
histiocytosis and other forms of idiopathic interstitial
pneumonias, especially idiopathic pulmonary fibrosis,
has important clinical implications. In general, the
prognosis for respiratory bronchiolitis-associated inter-
stitial lung disease, desquamative interstitial pneumo-
nia, and pulmonary Langerhans' cell histiocytosis is
significantly better than with idiopathic pulmonary
fibrosis. Whereas the median survival for patients with
idiopathic pulmonary fibrosis is about 3 yrs, the majo-
rity of patients with respiratory bronchiolitis-associated
interstitial lung disease, desquamative interstitial pneu-
monia, and pulmonary Langerhans' cell histiocytosis
are alive 10 yrs after the diagnosis [9, 74].
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