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REVIEW SERIES

Challenges in pulmonary fibrosis - 2 : Bronchiolocentric

fibrosis

Jean-Francois Cordier

Bronchiolocentric fibrosis is essentially represented by the
pathological pattern of constrictive fibrotic bronchiolitis
obliterans. The corresponding clinical condition (obliterative
bronchiolitis) is characterised by dyspnoea, airflow obstruction
at lung function testing and air trapping with characteristic
mosaic features on expiratory high resolution CT scans.
Bronchiolitis obliterans may result from many causes including
acute diffuse bronchiolar damage after inhalation of toxic gases
or fumes, alloimmune chronic processes after lung or
haematopoietic stem cell transplantation, or connective tissue
disease (especially rheumatoid arthritis). Airway-centred
interstitial fibrosis and bronchiolar metaplasia are other
features of bronchiolocentric fibrosis.
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interstitial alveolar fibrosis as best illustrated

by the pathological pattern of usual interstitial
pneumonia defining idiopathic pulmonary fibrosis.
However, fibrosis may affect any part of the lung,
especially the bronchioles and the surrounding
alveolar structures, with possibly severe functional
consequences.

The bronchioles represent a transitional area
between the bronchi and the alveoli. When
submitted to acute or chronic injury, the large
bronchi may dilate but almost never get fibrosed,
whereas the small airways either undergo fibros-
ing bronchiolitis, reducing their calibre, or are
almost destroyed with ensuing dilatation and
centrilobular emphysema. Because the bronchioles
are surrounded by alveoli in the lobule and are also
in continuity with the respiratory bronchioles, the
alveolar ducts and the alveoli, the inflammatory
and fibrosing bronchiolar processes may extend to
the peribronchiolar interstitium. Bronchiolocentric
fibrosis may therefore involve both the bronchiole
itself and the peribronchiolar interstitium.

Although the pathology is the key to the
classification of the bronchiolocentric fibrosing
processes, the final diagnosis requires a balanced
combination of clinical, pathological, functional
and imaging features.

Pulmonary fibrosis is usually taken to mean

BRONCHIOLITIS OBLITERANS

The terminology of bronchiolitis obliterans has
been a source of confusion which has not yet been
completely resolved. It was first used by patholo-
gists and then by clinicians to name several
clinical-pathological syndromes that are quite
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distinct except for the common semantic denomi-
nator of bronchiolitis obliterans.

Constrictive  bronchiolitis obliterans is an
uncommon and usually purely bronchiolar lesion
characterised by mural fibrosis resulting in con-
centric reduction in the calibre of the bronchiole
(fig 1), possibly with complete scarring and fibrous
obliteration of the airway. It was macroscopically
identified by Reynaud' who studied obliteration of
the bronchi and reported that he could discern a
fibrous cord tracing the initial course of the
obliterated small bronchi. Lange* described
bronchiolitis obliterans microscopically in patients
dying from infectious pulmonary disease, and
Fraenkel’ reported bronchiolitis obliterans in a
patient who died after inhalation of nitric acid
fumes, with precise histopathological illustrations
of bronchiolitis obliterans in both papers. Since
then many papers have described this entity in
various aetiological settings. This rare condition
has become widely known, especially since it
appears as a prejudicial complication of lung and
haematopoietic stem cell (HSC) transplantation.*"*
In this review the term ‘“’bronchiolitis obliterans”
will be used to designate pathologically defined
constrictive bronchiolitis obliterans unless other-
wise specified. Diffuse bronchiolitis obliterans
results in airflow obstruction at lung function
testing.

The term “obliterative bronchiolitis” (often
considered as synonymous with bronchiolitis
obliterans) will be used specifically for the clinical
syndrome associating airflow obstruction and high
resolution CT (HRCT) features of small airways
disease occurring generally within a specific
setting, with or without pathological confirmation
of bronchiolitis obliterans. In patients followed
after lung transplantation for early detection of
post-transplant airflow obstruction, the term
“bronchiolitis obliterans syndrome (BOS)"” is used
when airflow obstruction is detected by lung
function testing without the need for pathological
proof of bronchiolitis obliterans. This terminology
has not yet been adopted outside the field of lung
transplantation. Obliterative bronchiolitis may

Abbreviations: BOOP, bronchiolitis obliterans with
organising pneumonia; BOS, bronchiolitis obliterans
syndrome; COPD, chronic obstructive pulmonary disease;
FEF 575, mid expiratory flow rate between 25% and 75% of
FVC; FEV;, forced expiratory volume in 1 's; FVC, forced
vital capacity; GVHD, graft-versus-host disease; HLA,
human leucocyte antigen; HRCT, high resolution computed
tomography; HSC, haematopoietic stem cell; RV, residual
\F/o|ume; TLC, total |Ung capacity; TNF, tumour necrosis
actor



Bronchiolocentric fibrosis

Figure 1 Constrictive bronchiolitis with fibrosis of the bronchiolar wall in a
patient after haematopoietic stem cell transplantation.

occasionally correspond to inflammatory bronchiolitis without
fibrosis (improvement may occur with corticosteroid treat-
ment).

The other pathological type of bronchiolitis obliterans is
characterised by intraluminal buds (polyps) of granulation
tissue inside the lumen of the bronchiole without significant
mural bronchiolar fibrosis (this pathological pattern has also
been called “proliferative bronchiolitis"). The polyps adhere to
the bronchiole on a part of its circumference where the
epithelium is destroyed (whereas it is usually preserved over
the rest of the circumference). These polyps are usually in
continuation with polyps within the lumen of the distal air
spaces (especially the alveoli). In most cases the major lesion is
represented by the polyps in the distal air spaces and is called
“organising pneumonia”. Proliferative bronchiolitis obliterans
is just an accessory finding, and this is why the term
“bronchiolitis obliterans with organising pneumonia (BOOP)”
has been abandoned in the American Thoracic Society/
European Respiratory Society International Multidisciplinary
Consensus Classification of the Idiopathic Interstitial
Pneumonias” in favour of organising pneumonia (cryptogenic
organising pneumonia when no cause is found).

Bronchiolitis obliterans may be a chronic process or the
consequence of severe acute bronchiolar damage. Chronic
severe bronchiolitis may evolve to end-stage bronchiolitis
associating constrictive bronchiolar fibrosis, bronchiolectasis
with mucostasis, inflammation and further infectious compli-
cations.

PATHOGENESIS OF BRONCHIOLAR AND
PERIBRONCHIOLAR FIBROSIS

The pathogenesis of fibrosis is a complex interplay between
inflammatory and mesenchymal cells and the many compo-
nents of the extracellular matrix. It is orchestrated by structural
resident cells of the lung—inflammatory and immune cells and
mesenchymal cells (fibroblasts and myofibroblasts)—which are
the final producers of components of the extracellular matrix
constituting fibrosis. Mediators of inflammation and angiogen-
esis, proteins of the coagulation and fibrinolysis cascades,
cytokines and matrix metalloproteinases are the main agents
operating in the building and remodelling of fibrosis. Fibrosis
may consist of granulation tissue with loose connective matrix
organisation (as in wound healing) or of scarring with dense
connective matrix organisation. Whereas the former is often
reversible (especially with corticosteroid treatment), the latter
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(which consists of compact bundles of collagen, mainly
collagen 1) is irreversible.

From the point of view of the clinical histopathological
physiology, three different principal processes account for
bronchiolar fibrogenesis: (1) inflammatory bronchiolar injury
with reversible fibrosis; (2) acute or subacute chronic inflam-
matory bronchiolar injury with irreversible fibrosis; and (3)
chronic irreversible bronchiolar fibrosis.” ** **

Acute inflammatory bronchiolar injury in infectious disease
was meticulously studied by McLean" on nearly 20 000 serial
sections from selected blocks of lung tissue from 70 patients
which allowed him to distinguish two phases: exudative and
repair. The first phase is characterised by the destruction of
surface epithelium with occlusion of the bronchiole by cellular
debris and fibrinous exudates. Depending on the cause of the
infectious process (viral or bacterial, or viral with secondary
bacterial infection), mononuclear or polymorphonuclear mural
inflammation occurs. The regeneration of the epithelium starts
from the preserved basement membrane. However, in some
cases, severe ulceration of the epithelium and injury to the
underlying basement membrane, subepithelial connective
matrix and smooth muscle cells result in irreversible damage.
Bronchiolar obliteration is the consequence of both the
organisation of fibrinous exudates within the bronchiolar
lumen and bronchiolar collapse. The organising process is
characterised by fibroblasts and capillaries invading the lumen
at sites where the original epithelium is no longer present. The
material thus organised forms a granulation tissue similar to
cutaneous wound healing with some well individualised plugs
of granulation tissue comparable to the intra-alveolar plugs
found in cryptogenic organising pneumonia. When the whole
epithelium is destroyed together with the basal lamina and the
subepithelial layer (ulcerative bronchiolitis) and further
bronchiolar collapse occurs, adequate repair is not possible
and fibrous obliteration of the bronchiole is irreversible. The
connective tissue cords of such scars have the appearance of
periarterial fibrosis and often make the bronchioles difficult to
detect. The bronchiolar epithelium frequently colonises the air
spaces about which this scar terminates."

Inhalation of toxic fumes or gases is another cause of
bronchiolitis obliterans with a temporally defined injury, as in
silo filler’s disease secondary to inhalation of high concentra-
tions of nitrogen oxides."*'” The pathological lesions in fatal
cases consist of diffuse bronchiolar damage with multiple
bronchiolocentric miliary nodules corresponding to bronchioli-
tis obliterans with severe injury to the bronchiolar wall which is
destroyed over a large portion of its circumference and replaced
by plugs of fibrin, inflammatory cells and fibroblasts. The most
severely damaged bronchioles are recognisable only by rem-
nants of their muscular coat.'® In severe cases, injury with
intraluminal plugs may extend to the contiguous alveolar ducts
and alveoli.” In contrast, in less severe cases with well-
individualised plugs within the bronchiolar lumen (“organising
bronchiolitis”’), the evolution is favourable (with possible
development of mild centrilobular emphysema).® Similar
findings have been reported in other cases of inhalational
injury with nitric oxide.” *' *

An experimental model using intratracheal injection of a
dilute solution of nitric acid in rabbits produced bronchiolitis
obliterans.” The pathogenesis of the lesions was traced, with
the first demonstrable change being haemorrhage from the
capillaries of the respiratory bronchioles. This was followed by
necrosis and desquamation of the bronchiolar epithelium with
formation of “coagulum-filled epithelium-covered papillary
processes”, then fibroblastic activity and definite scar tissue
after 2 weeks. In this model, cortisone prevented the develop-
ment of bronchiolitis obliterans. A similar model in rats showed
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Figure 2 Fibrogenesis of bronchiolitis obliterans (fibro-inflammatory stage) after bone marrow transplantation. Fibrillar deposits of connective matrix in
intraluminal protrusion with (A) anti-lysil oxidase staining (indirect immunoperoxidase method, (B) anti-tenascin and (C) anti-plasmatic fibronectin labelling
(indirect immunofluorescence method). Reproduced from Streichenberger et a* with kind permission of Springer Science and Business Media.

an ecarly stage characterised mainly by proliferative bronchio-
litis obliterans followed by constrictive bronchiolitis obliterans,
areas of complete bronchiolar destruction and bronchiolar
epithelial cell hyperplasia around the fibrotic areas, extending
into the surrounding acini.**

Bronchiolitis obliterans with chronic irreversible fibrosis may
be associated with inflammatory and/or immune processes as
seen in rheumatoid arthritis or in graft-versus-host disease
(GVHD) after HSC transplantation or after lung transplanta-
tion. The inflammatory process is mainly subepithelial and
mural (with the epithelium usually preserved). GVHD after
HSC transplantation may affect the airways throughout their
length, with the bronchi developing lymphocytic bronchiolitis
and eventually bronchiectasis”® and the small airways being
injured by lymphocytic cellular bronchiolitis and eventually
bronchiolitis obliterans in a number of patients.* >

Fibrogenesis of bronchiolitis obliterans after HSC transplan-
tation has been studied comparatively in two patients, one with
fatal obliterative bronchiolitis and the other with a good
outcome.” Both patients had previously developed GVHD with
severe skin manifestations. In both patients the fibrosing
process affected all the terminal bronchioles without conspic-
uous involvement of the alveolar duct region. The early
inflammatory stage was characterised by subepithelial bronch-
iolar inflammatory cell clusters, mostly lymphocytes with CD8+
subtypes predominating over CD4+ cells. The fibro-inflamma-
tory stage combined a persistent immune cellular lesion pattern
with focal modelling of a subepithelial neo-synthesised
connective matrix. Expression of lysyl-oxidase (an enzyme
with a unique role in collagen cross-linking protecting the
extracellular matrix against degradation by metalloproteinases)
was observed at the tips of the intraluminal fibrotic protrusions
together with tenascin and cellular fibronectin (fig 2). The later
fibrotic stage was characterised by dense extracellular matrix
deposits spreading throughout the peribronchiolar connective
tissue with persistence of lysyl-oxidase expression, resulting
in obliteration and finally disappearance of the bronchioles.
While the inflammatory and fibro-inflammatory stages of
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bronchiolitis obliterans were present in both patients, the
fibrotic stage was present only in the patient with severe
advanced disease leading to death. This suggests that only the
first two stages undergo stabilisation (with increased corticos-
teroid treatment and immunosuppression), whereas the fibrotic
stage with persistence of lysyl-oxidase expression results in
irreversible chronic obstructive lung disease (COPD).

Bronchiolitis obliterans may occasionally be diagnosed without
evident inflammation. In such cases it is not possible to determine
whether a previous inflammatory process abated or whether
idiopathic “fibroproliferation” occurred (as in usual interstitial
pneumonia). Inflammatory bronchiolar injury with reversible
fibrosis is characteristically seen in bronchiolitis obliterans
associated with cryptogenic organising pneumonia. In such cases,
fibrosis consists of granulation tissue similar to that of wound
healing with a loose connective matrix characteristic of the
reversible type of fibrosis.”” This pattern of intraluminal bronch-
iolar organisation, which is found in 75% of patients with chronic
organising pneumonia of unknown cause, is also present in
hypersensitivity pneumonitis in about 25% of cases, but only
rarely in the other interstitial lung disorders including usual
interstitial pneumonia, pulmonary sarcoidosis and Langerhans’
cell granulomatosis.”® Proliferative bronchiolitis obliterans and
organising pneumonia may represent similar patterns of response
to injury in the bronchioles and alveoli, respectively.””’

The origin of the fibroblasts involved in the processes of
bronchiolar fibrosis is not established. In pulmonary fibrosis
they may arise from local airway fibroblasts or from bone
marrow-derived progenitor cells.’® *' Analysis of in situ micro-
chimerism and sex chromosomes (in cases with appropriate sex
mismatch) of fibroblasts present in bronchiolitis obliterans in
human lung transplants demonstrated the involvement of
circulating fibroblastic precursor cells, most probably derived
from bone marrow. These were recipient-derived fibroblasts in
patients who underwent lung transplantation followed by
bronchiolitis obliterans, and donor-derived fibroblasts in two
additional patients who developed bronchiolitis obliterans after
HSC transplantation.*
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OBLITERATIVE BRONCHIOLITIS SYNDROME

Fibrosing constrictive bronchiolitis obliterans results in a
characteristic obliterative bronchiolitis syndrome allowing
confident establishment of a diagnosis without pathological
confirmation in most cases when it presents in a characteristic
context.

Clinical manifestations

Dyspnoea is the main symptom, but it usually manifests only
once airflow obstruction is advanced. Chronic cough may be
present. In advanced disease, bronchorrhoea and iterative
bronchial infection are the consequences of bronchial dilation
most often associated with bronchiolar disease. Pulmonary
examination may reveal signs of hyperinflation. At ausculta-
tion, mid-inspiratory squeaks are characteristic. Some wheezes
and crackles may be present.

Functional characteristics

The diffuse reduction of the calibre of the small airways results
in non-reversible airflow obstruction. However, when the
bronchioles are completely occluded, the air flow is suppressed
(even if some ventilation persists through the collateral
ventilation from less affected adjacent areas). Furthermore,
peribronchiolar fibrosis of the interstitium may contribute to
some restriction.

Airflow obstruction is usually defined by a ratio of forced
expiratory volume in 1 s (FEV;) to forced vital capacity (FVC)
of <0.7 which is not reversible, as proposed by position papers
on COPD published by the American Thoracic Society and the
European Respiratory Society.”” The forced expiratory volume
between 25% and 75% of the forced vital capacity (FEF,s 75)
has been proposed to indicate mild airflow obstruction when
the FEV,/FVC ratio is unchanged, especially in the follow-up of
patients after lung transplantation (see below). However, the
validity of FEF,s_;5 for detecting early mild airflow obstruction
is not fully established.

Some patients with bronchiolitis obliterans who do not have
a decreased FEV,/FVC ratio may have airway obstruction
characterised by decreased FVC and FEV; and increased
residual volume (RV) and RV/total lung capacity (TLC); that
is, a decrease in FEV, provided TLC is normal may reflect
airway obstruction.*?* The potential limitations of body
plethysmography for volume measurements in patients with
bronchiolitis obliterans are less functionally important than
those of the other techniques.”

Figure 3 Characteristic mosaic pattern on expiratory high resolution CT
scan showing association of areas of decreased and increased attenuation
reflecting air trapping.
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Imaging findings

The characteristic abnormalities reflecting obliterative bronch-
iolitis on HRCT scanning are well defined. Obliteration of the
bronchioles which is not uniform results in indirect signs with
areas of under-ventilated (air trapping) and consequently
under-perfused (because of hypoxic vasoconstriction) lung
alternating with normally ventilated and more perfused areas.
These findings are more conspicuous at end-expiration, with
respective decreased attenuation (black lung) and increased
attenuation (grey lung) making up the characteristic mosaic
pattern (fig 3).>**" However, various degrees of air trapping
(including the mosaic type) may be observed in subjects with
normal pulmonary function without correlation with the
subject’s current smoking status or cigarette consumption.*
The HRCT finding of air trapping cannot therefore be
considered as diagnostic for obliterative bronchiolitis in the
absence of functional abnormalities. Bronchial dilation is often
associated with this pattern as a result of diffuse longitudinal
airway injury (enhanced by associated infection and possible
hypogammaglobulinaemia).

Direct signs of bronchiolar disease may be present.
Thickening of the bronchiolar wall by inflammatory cells
results in centrilobular nodules; the tree-in-bud pattern is
characterised by V- or Y-shaped branching linear opacities.
Bronchiolectasis is identified by the presence of dilated
bronchioles close to the pleural surface. These direct signs are
usually absent at the stage of bronchiolar fibrosis.

The syndrome of obliterative bronchiolitis is not markedly
different from COPD, with centrilobular emphysema in
smokers resulting from chronic progressive destruction and
ectasis of the bronchioles, and it also shares features with
chronic asthma with airway wall remodelling. However,
obliterative bronchiolitis differs from COPD and chronic
asthma by its development usually within a few weeks or
months.

ALLOIMMUNE OBLITERATIVE BRONCHIOLITIS
Obliterative bronchiolitis is a severe complication of both lung
transplantation and HSC transplantation. Both conditions
share clinical, imaging and lung function similarities.” This is
remarkable since, although the basic pathogenetic process is
the same (an immune conflict between self and foreign cells),
the agents of the conflict are exactly opposite: in lung
transplantation the rejection process is operated by the
recipient immune system against the transplanted lung,
whereas after HSC transplantation the cells of the donor
induce GVHD. Obliterative bronchiolitis is more common after
lung transplantation than after HSC transplantation (~50% vs
10%).

Lung transplantation

Lung transplantation is the only treatment modality which
improves the condition of patients with end-stage lung disease,
especially COPD (which accounts for nearly half of all
transplantations), idiopathic pulmonary fibrosis, cystic fibrosis
and primary pulmonary hypertension. A smaller number of
patients undergo transplantation for other indications such as
sarcoidosis, Langerhans’ cell granulomatosis (histiocytosis X)
or lymphangioleiomyomatosis. Bilateral lung transplantation,
lung transplantation and heart-lung transplantation are the
three different possible procedures with age limits usually
between 55 and 65 years.

In contrast to the reduction in early complications after lung
transplantation, obliterative bronchiolitis remains the major
cause of graft dysfunction and mortality after any type of lung
transplantation. However, a reduced risk of obliterative
bronchiolitis has been reported with double-lung transplanta-
tion compared with single-lung transplantation, a finding
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which needs to be confirmed given the possible consequences
on the respective indications for these procedures.* *

Five year survival after lung transplantation is about 50%, in
contrast to other organ transplantations where survival is
usually more than 70%. The prevalence of obliterative
bronchiolitis in patients surviving at 5 years is about 50%, with
survival at 5 years after the onset of obliterative bronchiolitis
being only 30-40%. Obliterative bronchiolitis represents the
leading cause of death after the first year following lung
transplantation in both adults and children.** The complex
immune and non-immune mechanisms of obliterative bronch-
iolitis have been described in recent reviews and papers.*” >*>*

The many risk factors for obliterative bronchiolitis comprise
probable, potential and hypothetical risk factors.”” >* Probable
risk factors include acute rejection episodes, lymphocytic
bronchitis/bronchiolitis (non-infectious) and non-compliance
with medication. Cytomegalovirus infection has been consid-
ered a significant risk factor, but a recent study” did not find a
significant difference in the development of obliterative
bronchiolitis with any combination of donor/recipient serosta-
tus for cytomegalovirus or histopathologically confirmed
cytomegalovirus pneumonia treated with ganciclovir. Luckraz
et al’® reported that the cytomegalovirus antibody status of the
donor/recipient did not influence the incidence of obliterative
bronchiolitis. Potential risk factors include organising pneu-
monia; viral (other than cytomegalovirus),”” bacterial and
fungal infections; older donor age; longer graft ischaemic time;
and donor antigen-specific reactivity. Hypothetical risks include
underlying disease; human leucocyte antigen (HLA) mismatch-
ing; genotype of recipient; gastro-oesophageal reflux disease
with early fundoplication resulting in a reduction in the
incidence of obliterative bronchiolitis and longer survival;*
and ischaemia-reperfusion injury.”

Other risk factors have recently been reviewed. Obliterative
bronchiolitis developed in 68% of patients with multiple
minimal acute rejection at transbronchial lung biopsy (Al
grade) compared with 43% of patients with <1 Al lesion.®” A
shorter obliterative bronchiolitis-free period has been reported
for male donor and female recipient pairs.® Chlamydia
pneumoniae infection has been associated with obliterative
bronchiolitis®* as well as high donor C pneumoniae immunoglo-
bulin G (IgG) titres;” in contrast, high recipient titres were
inversely correlated with obliterative bronchiolitis.”” Non-
immune primary graft dysfunction due to acute lung injury
with diffuse alveolar damage in early graft biopsy in patients
surviving more than 30 days showed no significant difference
in obliterative bronchiolitis-free time compared with recipients
without early injury.*”

The many reported risk factors above suggest that a number
of these—both alloimmune and non-alloimmune (such as
gastro-oesophageal reflux and infection)—may combine to

Table 1 Classification of bronchiolitis obliterans

syndrome (BOS)*®

BOS O FEV; >90% of baseline and FEF,5_75 >75% of
baseline

BOS 0-p FEV; 81-90% of baseline and/or FEF25_75 <75% of
baseline

BOS 1  FEV; 66-80% of baseline

BOS 2  FEV; 51-65% of baseline

BOS 3  FEV; <50% of baseline

BOS 0-p, potential BOS stage; FEF,575, mid expiratory flow
rate; FEV;, forced expiratory volume in 1 s.

The mean of the two highest (not necessarily consecutive)
measurements represents the baseline value with which the
subsequent measurements are compared.
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induce or enhance the development of obliterative bronchioli-
tis.®

The median time between transplantation and the onset of
obliterative bronchiolitis is 16-20 months.”” Compared with a
slow linear decline in lung function, the onset of acute
obliterative bronchiolitis has been associated with acute
rejection in the first 6 months (often triggered by an acute
event) and a poor prognosis.® Patients with obliterative
bronchiolitis developing =3 years after single lung transplanta-
tion are less likely to develop troublesome functional impair-
ment during long-term follow-up.”

The pathological diagnosis of bronchiolitis obliterans is
difficult to obtain because the yield of transbronchial biopsy
specimens is suboptimal and because of the invasiveness of
surgical biopsy procedures. The International Society for Heart
and Lung Transplantation therefore proposed a clinical defini-
tion for bronchiolitis obliterans syndrome (BOS)—graft dete-
rioration with persistent airflow obstruction—based on
pulmonary function tests updated to include the measurement
of FEF,s5_75 and added a potential BOS stage (BOS 0-p) mainly
defined by decreased FEF,s_;s (table 1).” However, the
relevance of FEV; and FEF,s_ s to the definition of BOS 0-p
is controversial.®*”

The role of systematic transbronchial biopsies in the follow-
up after transplantation is not well established. Although
limiting transbronchial biopsy procedures to patients with
clinical indications probably does not compromise the detection
rate for obliterative bronchiolitis,”* detecting occult rejection
may help in modulating immunosuppressive or starting
macrolide treatment.® %

Surrogate markers for detecting early obliterative bronchio-
litis have been studied but not validated for use in clinical
practice (bronchoalveolar lavage neutrophilia and increased
cytokine levels; exhaled nitric oxide; air trapping on expiratory
HRCT scan; bronchial hyperresponsiveness; changes in the
distribution of ventilation).

The management of obliterative bronchiolitis is not estab-
lished. Emphasis has been put on gastro-oesophageal reflux as
a reversible cause of airflow obstruction after lung transplanta-
tion (which on its own increases the incidence of reflux
probably because of several factors including vagus nerve
dysfunction, effects of immunosuppressive medication on
gastric emptying and dysfunction of the lower oesophageal
sphincter).*’ Gastro-oesophageal reflux might thus lead to
obliterative bronchiolitis that is partly or completely reversible
when treated.” *' As obliterative bronchiolitis is considered to
be mainly a chronic rejection process, treatment consists of
augmenting or modifying immunosuppression to improve or at
least stabilise airflow obstruction. For example, conversion of
cyclosporine to tacrolimus stabilised lung function in patients
with obliterative bronchiolitis.* ¥ Azithromycin has been
reported as a promising treatment for obliterative bronchiolitis,
not only halting but reversing the deterioration in lung
function.**®* Pulmonary retransplantation is an option for
patients with severe obliterative bronchiolitis, which is the
main indication for retransplantation.®

Patients with obliterative bronchiolitis usually have asso-
ciated bronchiectasis often colonised by Pseudomonas or
Staphylococcus species, giving rise to chronic and acute infections
which cause further deterioration in lung function.
Hypogammaglobulinaemia, which is common after lung
transplantation, is a further cause of infectious complications.*
IgG supplementation is probably indicated in such patients. All
factors likely to be involved in the progression of obliterative
bronchiolitis (such as gastro-oesophageal reflux) require
adequate control.
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Haematopoietic stem cell (HSC) transplantation

GVHD occurs in 30-80% of HSC recipients and is mediated by
dendritic cells, T cells, NK cells, macrophages, cytokines and
surface markers on immune cells of the recipient.*”' Acute
GVHD occurring within the first weeks after transplantation
does not significantly injure the lung (dermatitis, hepatitis,
enteritis are the main manifestations). Chronic GVHD may be
distinguished from acute GVHD by clinical symptoms including
several features of connective tissue disease especially systemic
sclerosis (although obliterative bronchiolitis is surprisingly
absent in the latter). It occurs 80-100 days after the allograft
in 30-60% of patients and is more common when HSC are used
(instead of bone marrow) and when the donor is not an HLA
identical sibling. The injury to the epithelia of the recipient by
activated immune cells is a key process in GVHD. In chronic
GVHD, serositis, hepatitis, gastrointestinal disease and bronch-
iolitis  obliterans  are  characteristic =~ manifestations.
Autoantibodies to nuclear antigens similar to those associated
with autoimmune diseases are commonly found. The dermal
fibrosis in chronic GVHD resembles scleroderma.

The risk factors for obliterative bronchiolitis include chronic
GVHD (of which obliterative bronchiolitis is further considered
as a manifestation), peripheral blood stem cell transplantation,
busulfan-based conditioning regimen, methotrexate, interval
from diagnosis to transplantation =14 months, female donor to
transplant recipient sex match, prior interstitial pneumonia,
increasing age at the time of transplantation, recipients with
older donors, evidence of airflow obstruction before transplan-
tation, respiratory viral infection and hypogammaglobulinae-
mia.”” Non-myeloablative stem cell transplantation may
reduce the incidence of obliterative bronchiolitis.” '*

The estimated prevalence of obliterative bronchiolitis in
allogeneic stem cell transplantation varies widely because of
varying definitions, temporal changes in transplantation pro-
tocols and modalities of follow-up, but is estimated at about 9%
with a range up to 48%.” '** An estimated incidence of 1.7% at
2 years was reported in adult patients with leukaemia who
received HLA identical sibling HSC transplantation and
survived at least 100 days after transplantation, as reported in
the International Bone Marrow Transplantation Registry.”
Obliterative bronchiolitis occurs in up to one third of patients
who develop chronic GVHD,” and develops more than 100 days
after transplantation (median 400-450 days).” ”

In contrast to patients undergoing systematically repeated
lung function tests after lung transplantation, obliterative
bronchiolitis is often discovered only in the presence of overt
clinical manifestations at the stage of severe airflow obstruc-
tion. A comparison of lung function test results with those
before transplantation is helpful for the early detection of
airflow obstruction. The carbon monoxide transfer coefficient is
normal.”

The course of obliterative bronchiolitis is variable, with some
patients becoming stable while others develop a rapid decline in
lung function. Infection in patients with bronchiectasis
(especially when hypogammaglobulinaemia is present) is a
further cause of progressive disease.

The significant attributable mortality rate of obliterative
bronchiolitis in a recent series was 9% at 3 years after
transplantation, 12% at 5 years after transplantation, and 18%
at 10 years after transplantation, with higher rates for the
subpopulation of patients with chronic GVHD (22%, 27% and
40%, respectively).” In another series, only 10% of patients with
obliterative bronchiolitis survived at 5 years compared with
40% of those without obliterative bronchiolitis.”

As in obliterative bronchiolitis after lung transplantation,
there is no established treatment but corticosteroids, immuno-
suppressants (cyclosporine, azathioprine), macrolides and
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control of factors suspected of contributing to the progression
of obliterative bronchiolitis (such as infection, especially when
hypogammaglobulinaemia is present) may be helpful.'”
Extracorporeal photochemoradiotherapy has been reported to
improve GVHD, including moderate/severe obliterative bronch-
iolitis (but patients with a very severe reduction in pulmonary
function and those treated late do not respond to this treatment
modality).'*

INFECTIVE OBLITERATIVE BRONCHIOLITIS

Acute infective bronchiolitis is common in children, especially
those aged <1 year. It is mainly of viral origin (especially
respiratory syncytial virus) and the outcome is usually good.
Other viruses (including parainfluenza viruses, adenoviruses,
viruses of measles, mumps, varicella and influenza) or bacteria
(especially Mycoplasma pneumoniae) are other causes of infective
bronchiolitis. Obliterative bronchiolitis is a rare complication of
acute infective bronchiolitis. Childhood bronchiolitis obliterans
is characterised histologically by a constrictive pattern (and
associated with large bronchi involvement with bronchiecta-
sis).'”

OBLITERATIVE BRONCHIOLITIS OF INHALATIONAL
ORIGIN

Toxic gases and fumes

Nitrogen dioxide and other gases, as well as fire fumes, are
established causes of obliterative bronchiolitis.'*'*” Obliterative
bronchiolitis with pathological evidence of bronchiolitis oblit-
erans and severe airflow obstruction has been reported in
popcorn production plant workers exposed to volatile butter-
flavouring ingredients.''* '"!

Mineral and other dusts

Mineral dust (including silica and asbestos) airway disease
consists of fibrosis of the walls of the membranous and
respiratory bronchioles and often pigmentation of the respira-
tory bronchioles associated with airflow obstruction.'*'"*
Associated centrilobular emphysema also probably contributes
significantly to airflow obstruction.

Mixed dust fibrotic lesions are stellate-shaped lesions with
varying degrees of collagenisation which have a tendency to
spread diffusely into the adjacent lung tissue (diffuse inter-
stitial fibrosis pattern).'””

A patient engaged in the manufacture and repair of futons
for 50 years developed a foreign body tissue reaction to
cellulose fibres (a cotton dust pneumoconiosis different from
byssinosis) with tiny granulomas and fibrous thickening of the
peribronchiolar interstitium (with decreased indicators of small
airways function).""

Hypersensitivity pneumonitis

Hypersensitivity pneumonitis caused by inhaled organic parti-
cles is characterised by lymphocytic inflammation of the
bronchioles and the surrounding interstitial area. Many organic
substances may induce this disorder,'” especially thermophilic
actinomycetes contained in mouldy hay (farmer’s lung) and
bird droppings (bird breeder’s disease). Clinical manifestations
consist of acute or subacute symptoms with cough, dyspnoea
and fever which develop a few hours after intense exposure to
the antigen.

The chronic form of the disease may follow neglected and/or
mild subacute manifestations, or develop insidiously leading to
irreversible fibrotic interstitial lung disease. The acute stage of
hypersensitivity pneumonitis is characterised by intense cellu-
lar inflammatory bronchiolitis with granulomatous interstitial
inflammation near the terminal bronchioles, extending widely
into the parenchyma. In contrast to sarcoidosis, the granulomas
are loosely arranged and small''*'*° and may even be lacking in
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Figure 4 Constrictive fibrosingi bronchiolitis preceding the clinical
manifestations and diagnosis of rheumatoid arthritis.

some cases."”' Endoluminal proliferative bronchiolitis obliterans
is present in about 25% of patients and organising pneumonia
is also a common finding,*® '"*"*' so bronchiolitis obliterans
with organising pneumonia is a characteristic feature of
hypersensitivity pneumonitis.

Acute and subacute hypersensitivity pneumonitis usually
improves with little if any sequelae provided the patient is not
further exposed to the antigen (with or without associated
short-term corticosteroid treatment). However, if the exposure
persists, chronic fibrosing lesions may develop. These consist of
diffuse interstitial fibrosis and focal peribronchial confluent
areas of fibrosis sometimes with cystic changes; fibrosis
predominates in the upper lobes."” Even at the chronic stage,
bronchiolar and peribronchiolar mononuclear cell inflamma-
tion persists and is associated with fibrosis in variable
proportions. Whereas the acute form of hypersensitivity
pneumonitis bronchiolitis is of the endoluminal proliferative
type, it is constrictive in the chronic form.'** A pattern of
irregular predominantly peribronchiolar fibrosis with asso-
ciated peripheral fibrosis with architectural distortion and
fibroblast foci resembling usual interstitial pneumonia has
been reported.”” At the chronic stage the imaging pattern
includes irregular linear opacities, honeycombing and traction
bronchiectasis.** The lower zone and peripheral predominance
of these lesions is less common than in idiopathic pulmonary
fibrosis'*> where the lesions are predominantly in the middle
lung zones."** The occurrence of emphysema in addition to
honeycombing has been emphasised."”” In the chronic stage of
pigeon breeder’s lung, the benefit of corticosteroids is not
established and a mortality rate of 29% at 5 years has been
reported.'*® The presence of pathological fibrosis is predictive of
increased mortality in patients with hypersensitivity pneumo-
nitis."*’

The participation of hypersensitivity reaction and genuine
infection in Mycobacterium avium intracellulare bronchiolitis is
controversial, especially in the so-called “hot tub lung”. The
infectious process is associated with the wusual findings
observed in mycobacterial infection.””® In patients with hyper-
sensitivity, the clinical manifestations may be severe with
respiratory failure. Airflow obstruction secondary to bronchio-
litis is the dominant change in lung function with restriction
and impaired diffusion in many patients. Peribronchiolar
granulomas are usually well formed and may contain acid-fast
bacilli, thus contrasting with the loose granulomas of classic
hypersensitivity pneumonitis. Despite the intensity of the
inflammation and in contrast to classic hypersensitivity
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pneumonitis, fibrosis does not develop and the outcome with
antibiotics and/or corticosteroids is usually favourable without
significant sequelae.”'"**

OBLITERATIVE BRONCHIOLITIS IN CONNECTIVE
TISSUE DISEASE

Obliterative bronchiolitis with pathological evidence of bronch-
iolitis obliterans is mainly observed in the course of rheumatoid
arthritis.”® Lymphoplasmacytic infiltrates, often peribronchio-
lar, are common in rheumatoid arthritis (with or without
associated Sjogren syndrome), but some patients develop
bronchiolitis obliterans with mucosal destruction and fibrosis
of the bronchioles (often associated with the persistence of
inflammatory cells).">*"*

Obliterative bronchiolitis may develop before rheumatoid
arthritis (fig 4) and may present with antinuclear antibodies
and rheumatoid factor without any evidence of connective
tissue disease.'®” D-penicillamine may enhance the develop-
ment of obliterative bronchiolitis in rheumatoid arthritis.

There is no established treatment for obliterative bronchio-
litis in rheumatoid arthritis. Tumour necrosis factor (TNF)a has
been reported to promote the development of obliterative
bronchiolitis in a porcine bronchial model*** and in rat tracheal
allografts'” with improvement after TNFo inhibition.
Improvement of refractory rheumatoid arthritis-associated
constrictive bronchiolitis has been reported with etanercept, a
soluble TNFa receptor inhibitor."**

OTHER CAUSES OF OBLITERATIVE BRONCHIOLITIS
Bronchiolitis obliterans is a characteristic manifestation of
paraneoplastic pemphigus, an autoimmune disorder charac-
terised by IgG autoantibodies reacting against desmosomal and
hemidesmosomal plakin proteins. Acantholysis, the loss of cell-
cell adhesion induced by autoantibodies, results in blistering of
the stratified squamous epithelium of the skin and injury to the
airway epithelium."”” The large airways are involved early in the
course of the disease. Later involvement of the small airways
results in bronchiolitis obliterans and severe respiratory failure
leading to pulmonary transplantation or death. In a series of 28
patients with paraneoplastic pemphigus in association with
Castleman’s disease, 22 died from respiratory failure.” The
bronchiolar lesions comprise detachment of columnar epithelial
cells, panmural infiltration of the bronchiolar walls almost
exclusively by CD8+ T lymphocytes and replacement of the
bronchiole by dense fibrosis occluding the lumen.'* »'*>
Castleman’s disease and malignant lymphoma are the main
causes of paraneoplastic pemphigus with bronchiolitis obliter-
ans.

Drinking juice from the plant Sauropus androgynus, used to
help weight control, resulted in an outbreak of obliterative
bronchiolitis in Taiwan."”® The pathological findings consisted
of focal fibromuscular sclerosis and obliteration of the
bronchial arteries in the wall of the large bronchi with
segmental necrosis of bronchi 24 mm in diameter”™ and
bronchiolar inflammation followed by bronchiolar fibrosis'* '*
resulting in a constrictive obliterative bronchitis/bronchiolitis.
The suspected agent was the alkaloid papaverine, and
intratracheal administration of papaverine in a rat model did
indeed induce bronchiolitis obliterans.'®

Neuroendocrine cell tumourlets and idiopathic diffuse
hyperplasia of pulmonary neuroendocrine cells most often
involve the bronchioles. Associated bronchiolar fibrosis and
scarring is usually present. Although tumourlets may develop
on pre-existing chronic pulmonary lesions, the proliferation of
neuroendocrine cells is probably the cause of airway wall
fibrosis, possibly by the production of mediators (such as
bombesin) capable of stimulating fibroblast growth and the
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production of collagen.'*"” When diffuse, both intraluminal
obstruction by hyperplastic neuroendocrine cells and bronch-
iolar fibrosis result in irreversible airflow obstruction.'e' '¢* '¢°1¢7

In Langerhans’ cell granulomatosis'® the granulomas are
systematically centred on the small airways, thus making the
disease more like a bronchiolitis than an interstitial lung
disease.'” The lesions extend down to the alveolar ducts,
further progressing along the bronchiolar axis over time in both
the proximal and distal directions. The cellular lesions evolve to
cavitation and end-stage fibrosis and destruction of the
bronchioles,'” and eventually to the development of the
characteristic cysts seen on HRCT scanning. The fibrotic
bronchioles may form characteristic stellate-shaped lesions.'”

In bronchiolitis obliterans associated with organising pneu-
monia (BOOP) the air spaces of the whole lobule are filled with
granulation tissue; the functional consequences are a restrictive
ventilatory defect and the predominant imaging pattern is of
patchy alveolar opacities (mainly consolidation). The intralum-
inal bronchiolar buds and those in the alveoli disappear with
corticosteroid treatment, thus providing a model of reversible
fibrosis. Organising pneumonia may be idiopathic or secondary
to many causes or associated contexts (including lung and HSC
transplantation and connective tissue disease).'”

Although the main bronchiolar lesions in Wegener’s granu-
lomatosis are characterised by necrosis and granulomatous
inflammation, BOOP is a common finding which may
occasionally be prominent. Fibrotic scarring adjacent to
necrosis is frequent.'”>'"*

In sarcoidosis the granulomas, which are often located in the
bronchial and bronchiolar submucosa, may compress and
reduce the lumen of the bronchioles, especially when con-
centric fibrosis develops around them.'” Nevertheless, airflow
obstruction often present in sarcoidosis has not been correlated
with small airway involvement.'” '”7 Perigranuloma fibrosis is
typical in sarcoidosis but is rare in other granulomatous
disorders with bronchiolitis such as hypersensitivity pneumo-
nitis and hot tub lung.'”®

Bronchiolitis obliterans is a common finding in patients with
bronchiectasis of any cause including cystic fibrosis.'”” ' '*
Peribronchiolar fibrosis has been reported in association with
respiratory bronchiolitis in smokers.'®"'®> The contribution of
airway wall remodelling and peribronchial fibrosis in COPD has
not been established.”® Fibrosis of the bronchioles with
peribronchiolar fibrosis has been reported at necropsy in
patients with coeliac disease (including a patient with a remote
history of bird fancier's lung, an association previously
reported).'® Bronchiolitis obliterans has also been reported in
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Figure 5 Bronchiolar epithelial metaplasia of the alveolar walls.
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other conditions such as ataxia-telangiectasia,'** inflammatory
bowel disease,'” localised scleroderma treated with p-penicilla-
mine'® and psoriatic arthritis treated with gold therapy.'”

PERIBRONCHIOLAR METAPLASIA

Peribronchiolar metaplasia is essentially a non-specific form of
bronchiolar change'® which occurs in many aetiological
circumstances or as an idiopathic process. It consists of
bronchiolar epithelial metaplasia usually associated with
bronchiolar fibrosis extending to the peribronchiolar air spaces
(fig 5), probably through the canals of Lambert (the condition
is also known as lambertosis). Lambert described the epon-
ymous accessory bronchiole-alveolar communications in cats,
rabbits and humans and reported that these canals and their
associated alveoli were early sites of dust-cell accumulation in
coal miners."”" The canals interrupt the muscle bundles abruptly
where they penetrate the walls of the terminal bronchioles. The
epithelium lining generally corresponds to that of the bronch-
iole from which the tubule arises, ranging from tall columnar to
low cuboidal or flattened cells with the lining usually
continuing for some distance over the alveolar wall adjacent
to the bronchiole.”" Epithelialisation of the air spaces in
connection with fibrous-obliterated bronchioles has been
reported by McLean in infective bronchiolitis," and this helps
in the recognition of obliterated bronchioles (epithelialisation
occurring both through bronchiolar-alveolar communications
and in the air spaces where the scar terminates). The lining
epithelium may become both hyperplastic and anaplastic, so
distinction from atypical adenomatous hyperplasia and bronch-
ioloalveolar carcinoma must be considered.'” '*

Peribronchiolar metaplasia has been described in the idio-
pathic interstitial pneumonias in association with peribronch-
iolar fibrosis'*'” in up to 50-60% of cases with usual
interstitial pneumonia, non-specific interstitial pneumonia or
desquamative interstitial pneumonia. It has also been found in
about half of all cases with hypersensitivity pneumonitis which
is a characteristically bronchocentric cellular interstitial pneu-
monia."”

Peribronchiolar metaplasia of bronchiolar type epithelium
was the only major histological finding recently reported in
surgical lung biopsy specimens from patients (mainly older
women) presenting with interstitial lung disease.'” Although
some patients had associated connective tissue disease or a
history of inhalation of agents capable of injuring the airways,
in others the condition appeared to be idiopathic. In most
patients, dyspnoea (usually mild) and cough were the main
clinical manifestations, with mosaic and air trapping found at
HRCT imaging and a restrictive pattern in lung function tests.
Pathologically, the lesions consisted of fibrotically thickened
bronchioles and peribronchiolar walls lined by an epithelium
ranging from cuboidal to columnar and ciliated columnar cells
without cellular atypia and generally without goblet cells;
peribronchial fibrosis was most common, but the surrounding
lung parenchyma was unremarkable. The clinical outcome was
good; all patients survived with improvement in symptoms in
some cases.

IDIOPATHIC BRONCHIOLOCENTRIC INTERSTITIAL
FIBROSIS

A pathological pattern of bronchiolocentric inflammation and
fibrosis with interstitial involvement has recently been reported
under the names ‘“idiopathic bronchiolocentric interstitial
pneumonia”,'™ ‘“‘airway-centred interstitial fibrosis”'” and
“centrilobular fibrosis”."”* Patients presented with non-specific
symptoms (cough and progressive dyspnoea), a restrictive
pattern at lung function tests, and peribronchovascular inter-
stitial thickening and traction bronchiectasis (and sometimes
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honeycombing or fibrotic masses) on HRCT scans. A history of
possible exposure to inhalation agents was present in some
cases.'” However, the clinical, imaging and lung function tests
were not precisely detailed for most cases in the series. The
common pathological finding was an airway-centred centri-
lobular disease with mural bronchiolar fibrosis and interstitial
fibrosis extending from the airway, with prominent bronchiolar
metaplasia in the fibrotic peribronchiolar air spaces.
Bronchiolitis with peribronchiolar organising pneumonia
consists of bronchiolitis (inflammatory and fibrotic) associated
with intra-alveolar buds of connective tissue limited to the
alveoli adjacent to the involved bronchioles (with the buds
occasionally forming casts of the canals of Lambert)."”

CRYPTOGENIC OBLITERATIVE BRONCHIOLITIS
Obliterative bronchiolitis with bronchiolitis obliterans without
any cause (especially smoking or asthma history) has been
reported, predominantly in women.'**>% Whereas improvement
may be obtained in some patients with corticosteroids with or
without immunosuppressants,'” **" others remain stable or
progress to respiratory insufficiency. This type of obliterative
bronchiolitis may be more common than is currently recog-
nised, as an open lung biopsy specimen is seldom taken in
patients with COPD of unknown cause.

CONCLUSIONS

Whatever its cause, fibrosing bronchiolitis results in irreversible
airflow obstruction and further chronic respiratory failure in
many patients. The peribronchiolar alveolar interstitium may be
involved in the fibrotic process, with possibly prominent
peribronchiolar metaplasia. Bronchiolocentric fibrosis is there-
fore a fibroproliferative disorder which is quite distinct from
interstitial fibrosis, especially idiopathic pulmonary fibrosis.
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Risk factors associated with superspreading events in SARS
A YuT, Xie ZH, Tsoi KK. Why did outbreaks of severe acute respiratory syndrome occur in some hospital wards but not in others?

Clin Infect Dis 2007;44:1017-25.

China, and 71.1% of the subsequent infections in Hong Kong were attributable to

The severe acute respiratory syndrome (SARS) outbreak of 2003 originated in Hong Kong,

superspreading events. Most of these superspreading events occurred in hospitals.

This case control study identified risk factors associated with outbreaks of SARS in hospital
wards in Guangzhou and Hong Kong, China. Case wards were wards in which superspreading
events occurred and control wards were wards in which patients with SARS were admitted, but
no superspreading events occurred. A superspreading event was defined as the development of
=3 new cases of SARS in the 2-10-day period after the admission of an identifiable index
patient, or the development of a cluster of =3 new cases of SARS in an 8-day period, when there

was no known index case.

Results were collected from 86 wards (40.7% case wards) in 21 hospitals in Guangzhou and 38
wards (34.2% case wards) in 5 hospitals in Hong Kong. The main environmental and
administrative factors associated with the occurrence of superspreading events were:

a minimum distance between beds of < 1m,
lack of washing or changing facilities for staff
staff working while experiencing symptoms

workload of >2 patients per healthcare worker.

Significant host factors associated with superspreading events included the use of oxygen
therapy, a nebuliser and/or bi-level positive airway pressure ventilation.

This study identifies a number of factors associated with the occurrence of superspreading
events. Although confined to two cities in southern China, with the threat of avian flu worldwide
other countries may benefit from adopting some of these infection control measures to help to

minimise outbreaks of respiratory infection.
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