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Figure 18 Granulomatous pneumonia from infection. This example of
atypical mycobacterial infection (Mycobacterium aviwomplex) differs
from hypersensitivity pneumonitis in having larger and better formed
granulomas, along with more granulomas in the alveolar spaces and
alveolar ducts. Necrosis in granulomas may be present (not in this
image) and is a harbinger of infection. Sarcoidosis granulomas (fig 25)
are better formed, have less associate inflammation, and consistently
have more hyaline fibrosis around aggregated granulomas. H&E stain,
40 x original magnification.

pneumonia corresponding to this pattern is referred to as
“lymphoid interstitial pneumonia (LIP)”. Lymphoma must be
excluded before a diagnosis of LIP can be rendered.

3c: cellular interstitial pneumonia with well-formed granulomas
Infection dominates this pattern of cellular interstitial pneu-
monia, followed by subacute/chronic aspiration pneumonia,
especially if the granulomas are present in alveoli or alveolar
ducts (fig 18). Atypical mycobacteria dominate this diffuse lung
disease presentation, including a form of bioaerosol exposure to
atypical mycobacteria (so-called “hot tub lung”).** When
granulomas are interstitial and resemble those of sarcoidosis
(see below), the presence of cellular infiltrates is best reconciled
as a different disease process (eg, drug reaction and sarcoidosis).

PATTERN 4: ALVEOLAR FILLING
Basic elements of the pattern: alveoli in the biopsy specimen
filled with cells or non-cellular material (fig 19).

Figure 19 Pattern 4: alveolar filling. This example of diffuse alveolar
haemorrhage nicely demonstrates the concept of alveolar filling. In cases
of inflammatory reaction to injury, initial interstitial changes typically
evolve to alveolar filling disease (eg, acute bronchopneumonia,
organising pneumonia). H&E stain, 15x original magnification.
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Key modifiers: with immature fibroblasts, with macrophages,
with proteinaceous material, with blood and siderophages, with
neutrophils.

This pattern of lung disease occurs as a component of a
number of different pathological processes such as acute and
organising infections, pulmonary haemorrhage, pulmonary
alveolar proteinosis (PAP), chronic eosinophilic pneumonia,
DIP, respiratory bronchiolitis-associated interstitial lung disease
(RB-ILD) and many others. Parenchymal consolidation alone is
not helpful in the differential diagnosis except when the filling
process is distinctive or nearly diagnostic, such as PAP (granular
proteinaceous material) or chronic eosinophilic pneumonia
(pink macrophages, fibrin and eosinophils).

4a: alveolar filling with immature fibroblasts (OP pattern)

The OP pattern is a very common reaction pattern in the lung.
The presence of intraluminal tufts of plump fibroblasts and
immature connective tissue within alveolar ducts and more
distal airspaces has been traditionally referred to as ‘‘bronchio-
litis obliterans organising pneumonia” or “BOOP” by pathol-
ogists. Today we use the term “OP pattern” as a more generic
descriptor of the lesion and to avoid potential confusion with
“idiopathic BOOP” (now cryptogenic organising pneumonia
(COP)). An OP pattern is especially evident in organising acute
lung injury from any aetiology. OP can be accompanied by
alveolar fibrin and/or hyaline membranes if acute injury is
ongoing. This morphology typically will be associated with
acute illness, whereas the patient with a pure OP pattern will
often have a more subacute presentation.

OP is seen in a number of settings (see below), most notably
in COP, a form of idiopathic ILD.* The most consistent finding
in COP is patchy involvement of the airspaces by small tufts of
immature fibroblasts distributed within terminal bronchioles,
alveolar ducts and alveoli (fig 20). Other findings that may
accompany an OP pattern include interstitial infiltrates of
mononuclear cells, fibrinous exudates, foam cells in the
airspaces and prominent type II pneumocytes. Common causes
of an OP pattern are presented in box 5.

4b: alveolar filling with macrophages (DIP-like reaction)
A DIP-like pattern is characterised by increased numbers of
alveolar macrophages, with mild associated inflammatory

Figure 20 Cryptogenic organising pneumonia (COP). The most
consistent finding in COP is patchy involvement of the airspaces by small
tufts of immature fibroblasts distributed within terminal bronchioles,
alveolar ducts and alveoli. H&E stain, 40 x original magnification.
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Box 5: common causes of the organising pneumonia
pattern (modified from Leslie et al)’

Organising infections (any cause)
Organising diffuse alveolar damage
Hypersensitivity pneumonitis
Organising infectious pneumonias in:

— chronic bronchitis and emphysema
— bronchiectasis

— cystic fibrosis

— aspiration pneumonia

— chronic bronchiolitis

Drug and toxin reactions

Systemic collagen vascular diseases
Eosinophilic pneumonia

Airway obstruction

Cryptogenic organising pneumonia
Peripheral reaction around:

— abscesses

— infarcts

— Wegener granulomatosis

— others
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changes in alveolar walls (fig 21). Lesions that may show a DIP
pattern (in some cases focally) are presented in box 6.

The idiopathic form of DIP described by Carrington
represents a distinct pathological entity that has clinical,
radiological and prognostic differences from idiopathic UIP.*
Some cases previously classified as DIP can be reasonably
reclassified as RB-ILD, an ILD of smokers that does not appear
to progress to advanced fibrosis.”

The cytological features of the macrophages in all of these
conditions vary considerably and are helpful at times in
pointing to a specific diagnosis. In RB-ILD, the macrophages
are airway-centred and contain fine, light-brown, cytoplasmic
pigmentation with delicate black punctation, findings charac-
teristic of smokers’ macrophages. In amiodarone reactions,
obstructive pneumonias, lipoid pneumonia and storage diseases,
foamy or vacuolated histiocytes predominate. In hard metal
disease (cobalt pneumoconiosis), distinctive multinucleated
intra-alveolar histiocytes are the dominant finding.** Chronic
alveolar haemorrhage is associated with extensive haemosiderin-
laden macrophages in the airspaces.” The distinctive features of
eosinophilic pneumonia are the presence of interstitial and
airspace eosinophils, airspace fibrin, markedly reactive type II
cells and dense alveolar macrophages."” Birefringent material can

Figure 22  Exogenous lipoid pneumonia.
The microscopic appearance of
exogenous lipoid pneumonia is dependent
on the composition of the aspirated
material. (A) Exogenous lipoid pneumonia
with histiocytes containing predominantly
fine microvesicles. (B) Exogenous lipoid
pneumonia with larger vacuoles and
associated fibrosis. (A,B) H&E stain, 40 x
original magnification.
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Figure 21 Desquamative interstitial pneumonia (DIP). Idiopathic DIP is
characterised by dense alveolar macrophages. Many conditions can
result in localised alveolar macrophage accumulation. Inset: alveolar
macrophage detail. H&E stain, 40x original magnification (inset, 400 x
original magnification).

Box 6: conditions associated with a desquamative

interstitial pneumonia (DIP)-like reaction (modified from
Leslie et al')

» Obstructive pneumonias (with foamy alveolar macrophages)
Exogenous lipoid pneumonia and lipid storage diseases
Infection in the immunosuppressed patient (“histiocytic
pneumonia”)

Respiratory bronchiolitis-associated interstitial lung disease
Pulmonary Langerhans cell histiocytosis

Drug reactions

Chronic alveolar haemorrhage

Eosinophilic pneumonia

Certain pneumoconioses (especially talcosis, hard metal
disease and asbestosis)

Idiopathic DIP
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be identified within the DIP-like reaction in many of the
pneumoconioses. Large and small clear spaces, often engulfed by
glant cells and associated with variable fibrosis, characterise
exogenous lipoid pneumonia (fig 22).

4c: alveolar filling with eosinophilic material
The prototype of this pattern is pulmonary alveolar proteinosis
(PAP). This distinctive disease results in dense granular
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Figure 23 Pulmonary alveolar proteinosis (PAP). All of the diagnostic
features of PAP are identifiable in this image: alveolar exudates with an
eosinophilic granular appearance, scattered larger inclusions with more
intense eosin staining, and slight retraction effect at the periphery of the
alveolus. H&E stain, 40 x original magnification.

eosinophilic material filling adjacent alveoli. PAP can be focal or
segmental in distribution. Cholesterol clefts and hyaline globules
are typically present in the granular infiltrates, and a rim of
retraction often separates the infiltrates from adjacent alveolar
walls (fig 23). The disease occurs commonly as a primary
idiopathic form, but may also be seen as a secondary phenomenon
in the settings of occupational disease (especially dust-related),
drug-induced injury, haematological diseases and in many settings
of immunodeficiency.” * The granularity of the alveolar material
helps differentiate PAP from other alveolar filling processes (such
as pulmonary oedema and Preumocystis infection).

4d: alveolar filling with blood and siderophages

Alveolar haemorrhage syndromes (discussed under pattern 1d)
are the diagnosis of exclusion for this alveolar filling pattern.
Sometimes striking alveolar haemorrhage can be seen in urgent
lobectomy specimens from patients with persistent haemopty-
sis related to bronchiectasis or other airway/vascular abnorm-
ality. As always, the clinical context is essential, as this is most
often a localised (ie, lobar) phenomenon.

4e: alveolar filling with neutrophils
Acute infectious bronchopneumonia is the prototype for alveolar
filling with neutrophils. This pattern is most commonly identified

Figure 24 Pattern 5: nodules. In pattern 5, nodules may be well or
poorly formed, large or small, single or numerous. This is a patient with
sarcoidosis. H&E stain, 15 x original magnification.
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in autopsy material and rare in surgical biopsy specimens. When
this pattern is seen very focally in the specimen, consider other
causes of neutrophil exudation, particularly capillaritis in diffuse
alveolar haemorrhage.

PATTERN 5: NODULES
Basic elements of the pattern: nodules in the biopsy
specimen, well or poorly formed, large or small, single or
numerous (fig 24)
Key modifiers: with lymphoid cells, with atypical cells, with
well-formed granulomas, with macrophages and dust, with
Langerhans cells and stellate scars, with OP.

Pattern 5 is dominated by neoplastic diseases, especially when
a single or limited number of unilateral nodules are present on
HRCT. The spectrum of isolated neoplastic disease is beyond
the scope of this work and is not discussed. When nodules are
small, bilateral and numerous, nodular forms of ILD enter the
differential diagnosis. Randomly distributed nodular lesions
often dominate the pathology of miliary infections such as
miliary tuberculosis or other disseminated infections. We will
explore three types of diffuse nodular lung disease: granulomas,
nodules in silicate disease and nodular LCH.

5a: nodules with granulomatous inflammation

Relatively few diffuse interstitial pneumonias are dominated by
the presence of granulomas, either necrotising or non-necrotis-
ing in type. These are presented in box 7.

Specific clues to the aetiology of granulomatous interstitial
pneumonias include the anatomical distribution, and the
qualitative features of the granulomas themselves.*® In sarcoi-
dosis and berylliosis, conglomerates of non-necrotising granu-
lomas are present in a distribution following lymphatic routes.”
These granulomas tend to be surrounded by dense, brightly
eosinophilic lamellar collagen, and adjacent granulomas have a
tendency to coalesce within this matrix (fig 25). Infectious
granulomas may be solitary or confluent, and may or may not
be associated with necrosis. Necrosis, particularly if micro-
abscess-like, should raise suspicion for infection and lead to
rigorous exclusion with special stains and cultures. Although
necrosis may be seen rarely in the granulomas of sarcoidosis and
berylliosis, as a rule, the necrosis in the latter granulomas has a
more fibrinoid or hyaline appearance and is probably a
degenerative phenomenon.

Regardless of specific aetiology, all granulomas can be
associated with distinctive inclusions, such as the haematox-
yphilic Schaumann body, lucent oxalate crystals and eosino-
philic asteroid bodies in the cytoplasm of multinucleate giant
cells. Oxalate crystals are brightly birefringent in polarised light
and should not be confused with foreign material or a
pneumoconiosis.

Box 7: diffuse diseases associated with nodular

granulomatous inflammation®’

Granulomatous infections

Sarcoidosis

Rheumatoid nodules

Intravenous talcosis

Pneumoconioses (eg, inhalation talcosis, berylliosis)
Aspiration pneumonia

J Clin Pathol 2009;62:387-401. doi:10.1136/jcp.2008.059782
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Figure 25 Sarcoidosis. Sarcoid granulomas surrounded by dense,
brightly eosinophilic lamellar collagen. Note the rosette-like adventitial
distribution in this example. The central structure in this image is a
pulmonary artery. H&E stain, 40 x original magnification.

5b: nodules with macrophages and dust

The nodules of silicosis and silicatosis tend to be round and
variably fibrotic. The fibrosis may have a whorled, lamellar or
hyaline character, and almost invariably there will be admixed
polarisable silicates (aluminium and magnesium salts of silica).*
Like sarcoidosis and Iymphangitic neoplasms, many pneumo-
conioses will have a lymphatic pattern (disease occurring along
bronchovascular bundles, interlobular septa and pleura) when
observed at scanning magnification (fig 26). Pathologists rarely
make the diagnosis of pneumoconiosis on lung biopsy speci-
mens, as this must be performed within the clinical and
radiological context.

5c¢: nodules with Langerhans cells and stellate scars

The nodular lesions of LCH have a mixed composition,
including fibroblasts, collagen, Langerhans cells and pigmented
alveolar macrophages.” The nodular phase of LCH can be
sufficiently cellular to suggest neoplasm (fig 27). In my
experience the nodules of LCH often coexist in the biopsy
specimen with variably cellular stellate scars, and these tend to
have fewer Langerhans cells than the nodular form.

PATTERN 6: MINIMAL CHANGES

Basic elements of the pattern: little evident pathology at
scanning magnification (fig 28)

Key modifiers: with constrictive bronchiolitis, with vascular
or lymphatic pathology, with cysts.

Figure 27 Langerhans cell histiocytosis
(LCH). LCH has variable morphology. The
cellular form can suggest neoplasm (A).
At higher magnification, the characteristic
admixture of pale amphophilic
Langerhans cells, lightly pigmented
macrophages and eosinophils confirms
the diagnosis (B). (A,B) H&E stain;

(A) 40 x original magnification; (B) 400 x
original magnification.

J Clin Pathol 2009;62:387—401. doi:10.1136/jcp.2008.059782

Figure 26 Silicatosis. Similar to sarcoidosis in distribution, the nodules
of silicate disease can be distinguished by the common occurrence of
dark pigment dust and the characteristic fibroblastic proliferation that
occurs in response to silicate dust. When these morphological features
are present, refractile silicate particles that rotate plane-polarised light
are always present. This was a patient with mixed dust pneumoconiosis.
H&E stain, 40 x original magnification.

6a: minimal changes with constrictive bronchiolitis

The lung biopsy sample from a patient with clinical evidence of
ILD may appear normal.* A “normal” biopsy specimen in a
patient with clinical evidence of ILD should lead to a review of
the clinical and HRCT findings. Some of the conditions
associated with pattern 6 may present with more dramatic
findings in the biopsy specimen, but these are the diseases that
can have subtle pathology and cause confusion for the
histopathologist. Chronic passive cardiac congestion and pul-
monary veno-occlusive disease may manifest as ILD. Early
pulmonary oedema or early diffuse alveolar damage may feature
endothelial vacuolisation, lymphatic dilatation and interstitial
widening. Embolic diseases (eg, fat, fibrin) should be considered
in the appropriate clinical setting.

Pathological changes in constrictive bronchiolitis may be quite
subtle under the microscope, despite significant clinical and
radiological evidence of ILD (fig 29). Changes include a decrease in
airway lumen size or complete obliteration of terminal airways to
a variable degree, muscular hypertrophy, submucosal fibrous
thickening, mild chronic inflammation, ectasia with mucostasis,
peribronchiolar scarring and metaplastic bronchiolar epithelium
that extends along surrounding alveolar walls. Although most
cases that show these features are associated with airflow
obstruction and radiographic hyperinflation, a small and ill-
defined group of patients with small-airways disease alone present
with clinical ILD, clinically and radiologically indistinguishable
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Figure 28 Pattern 6: minimal changes. Pattern 6 is defined by little
evident pathology at scanning magnification. This patient has
constrictive bronchiolitis and was severely hypoxic. There should be a
bronchiole for nearly every pulmonary artery in this field (and the pair
should be of nearly equal diameter in cross-section). H&E stain, 15 x
original magnification.

from other ILDs.* Inspiratory and expiratory HRCT scans may be
helpful in this setting by showing mosaic attenuation in the
expiratory phase images.

6b: minimal changes with vascular or lymphatic pathology
Diseases affecting the pulmonary arteries, veins and lymphatics
can produce subtle changes in the surgical lung biopsy specimen. A
careful and systematic evaluation of these structures is always
justified when pattern 6 is encountered. When chronic disease is
present in the bronchioles (such as may occur with peribronchiolar
metaplasia and constrictive bronchiolitis), the adjacent arteries
may become irregularly thickened and tortuous without apparent
physiological consequences of pulmonary hypertension. Before
considering a histopathological diagnosis of pulmonary hyperten-
sion, plexiform lesions (fig 30) or many hypereosinophilic
arterioles with concentric luminal compromise (to the point of
near-obliteration) should be evident.

6c: minimal changes with cysts
Lymphangioleiomyomatosis is the prototype cystic lung disease
which can be quite subtle in surgical lung biopsy samples. In

Figure 29 Constrictive bronchiolitis. The injury in constrictive
bronchiolitis is often multifocal, resulting in varicosity of the terminal
airways. Here a small scarred bronchiole is present next to two profiles
of a recently bifurcated pulmonary artery. H&E stain, 40 x original
magnification.

400

Figure 30 Plexiform lesion of pulmonary hypertension. This classical
plexiform lesion is composed of a pulmonary artery profile (upper right of
centre) with an adjacent glomeruloid structure (lower left of centre). An
early dilatation lesion is also present here (thin-walled, dilated vessels at
the edges of the complex). H&E stain, 40 original magnification.

well-prepared specimens (best achieved by removing the staples
and then shaking the wedge specimen in fixative before
sectioning), the cysts will be apparent at scanning magnifica-
tion. Once identified, a search for thickened cellular areas of the
cyst wall is often fruitful (fig 31). Immunohistochemical stains
(HMB-45, Melan-A, oestrogen and progesterone receptors) are
sometimes helpful in identifying the abnormal smooth muscle
in this disorder.

THE TRANSBRONCHIAL BIOPSY

The pattern-based approach works also for the limited samples
obtained by transbronchial biopsy.* The size limitation here
requires a somewhat more focused evaluation. The patterns of
the transbronchial biopsy are presented in box 8.

A WORD ON PATTERNS OCCURRING TOGETHER

Inevitably, some overlap occurs between patterns, and this can
be a useful guide to the correct diagnosis. For example, some
infections are both nodular and have airspace filling (eg,
botryomycosis, aspiration pneumonia), whereas others are

Lymphangioleiomyomatosis. The cysts of
lymphangioleiomyomatosis can be quite subtle in surgical lung biopsy
samples. Once a cyst is identified, a search for thickened cellular areas
of the wall will reveal the aggregated fascicles of hyperchromatic and
slightly disorganised smooth muscle of lymphangioleiomyomatosis
(inset). H&E stain, 15 x original magnification; inset: 400 original
magnification.

Figure 31

J Clin Pathol 2009;62:387-401. doi:10.1136/jcp.2008.059782
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Box 8: transbronchial biopsy patterns in diffuse lung

disease*

Acute or subacute injury

Cellular infiltrates

Granulomas and lymphangitic tumour

Vascular diseases (including vasculitis/diffuse alveolar
haemorrhage, pulmonary hypertension and intravenous drug
abuse microangiopathy)

Alveolar filling processes such as alveolar proteinosis
Distinctive lesions such as pulmonary Langerhans cell
histiocytosis, lymphangioleiomyomatosis and alveolar
microlithiasis

vVvYyyvyy
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characterised by acute lung injury and diffuse airspace filling
(eg, pneumoccocal pneumonia, pneumocystis pneumonia). In
fact, for some diffuse inflammatory conditions in the lung, all
six patterns may be present in different areas of the same biopsy
specimen (a nice example of this can be found in patients with
“rheumatoid lung”).

In practice, recognising the dominant pattern is essential to
navigating the differential diagnosis and addressing the primary
clinical concern. As mentioned above, certain patterns should be
considered dominant over others on the basis of clinical
concerns. Acute lung injury (pattern 1) always trumps other
patterns, given the acuity of the clinical presentation when this
pattern is present and the potentially lethal immediate
consequences. For example, if the biopsy specimen shows
alveolar fibrin with areas of alveolar filling by OP, the successful
student of the six-pattern approach would report the diagnosis
as ““Acute fibrinous lung injury with organisation. Special stains
for organisms are negative. The differential diagnosis includes
infection, toxic reaction to drug or medication, an acute
manifestation of systemic autoimmune disease in the lung,
and an idiopathic form.”

SUMMARY

An organised approach to the diagnosis of ILD relies on six basic
histopathological reaction patterns. Additional microscopic
features help to narrow the differential diagnosis. A pattern-
based histopathological approach is enhanced and made more
relevant with knowledge of the patient’s clinical and radi-
ological patterns of disease.
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