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Small Airway Diseases: Clinical Characteristics and Pathological

Kun Young Kwon, Won Il Choi' and Sung Min Ko?

Departments of Pathology, Internal Medicine and “Diagnostic Radiology, Keimyung University
School of Medicine, Daegu, Korea

Small airway diseases are seen in many clinical conditions. The locations of small airway dis-
eases are small bronchioles including terminal and respiratory bronchioles, and alveolar duct.
The histopathologic features of bronchiolar injury have been described variously and have led
to confusing and overlapping terms. The purpose of this article is to describe the clinical char-
acteristics and histopathologic interpretation of small airway diseases. We classify the small
airway diseases as primary bronchiolar diseases, and secondary bronchiolar diseases includ-
ing pulmonary parenchymal diseases, and large airway diseases with prominent bronchiolar
involvement. Primary bronchiolar diseases include respiratory bronchiolitis, acute bronchioli-
tis, constrictive bronchiolitis, follicular bronchiolitis, diffuse panbronchiolitis, mineral dust airway
diseases, and a few other variants. Pulmonary parenchymal diseases with bronchiolar involve-
ment include respiratory bronchiolitis-associated interstitial lung disease, organizing pneumo-
nia, hypersensitivity pneumonitis, pulmonary Langerhans’ cell histiocytosis, sarcoidosis and
idiopathic pulmonary fibrosis. Bronchiolar changes can also be seen in large airway diseases
such as chronic bronchitis, bronchiectasis, cystic fibrosis and asthma. The patterns of bronchi-
olar response to various injuries are relatively limited and these patterns are generally non-spe-
cific in regard to the etiology. Appropriate interpretation and diagnosis of small airway diseases
depend on judicious correlation of clinical, radiologic, and histopathologic characteristics.

Key Words : Small airway disease; Primary bronchiolar disease; Secondary bronchiolar dis-
ease; Tobacco-related disease
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5 Table 1. Causes and underlying disorders associated with or-
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JAASE SRR ol A7IRAF] ST 4 49 B ganizing pneumonia (BOOP pattern)

o 715 AAe) Zogo) Al vErdt el A% a7

o Aol 7t AAAM 7% Adle] 287} ZrksiE R AA 7% A :Difﬁuse alz/beolar damage | . |
nfection (bacteria, mycoplasma, cryptococcus, nocardia, viruses

O oF o= = A AL nk

F2 R 10% T FTHER 71T AN ol Ads A Distal to bronchial obstruction

717 E T dAF AT Ane A7 BB Agdoz 3 Aspiration pneumonia

717} T 35S AFRate] 2758 RS 77w & = :thlation injury (e.g., silofiller's disease, paint aerosols, paraquat)
adiation injury

D 1e- ZL 2 mo Aoy = ) ) . . .

A% e -8 FAS I V)RS B Aedle Drug reactions (e.g., amiodarone, nitrofurantoin, bleomycin, gold,

371 glom, 2% AL ok 10%9 Asditt! B3] 23] amphotericin B, mesalamine, methotrexate, naproxen sodium,

(collateral ventilation) 7} BFere]e] 9= Algkz}l Ao A= 27 cc—lzphalospor.m, pusulfaq, sulfasalazine, cocaine, etc.)

= = eAsto s oldh ik shltwe] wa Systemic connective tissue diseases

= oAl w2 V|eAge R QIeh Jet )R] Wspt Hypersensitivity pneumonitis

5] ok Eosinophilic pneumonia

Chronic bronchiolitis or diffuse panbronchiolitis

Inflammatory bowel diseases

Wegener's granulomatosis, abscess, necrosis, tumor, and infarct
Allogratft recipients (heart-lung, lung and bone marrow)

S 7= J)EoMRE HE o2 Yot} 7man 3 Cryptogenic organizing pneumonia (idiopathic BOOP)
Ao A FgZo] Z7Hmaximal mid-expiratory flow rate) = Source, modified from Ryu JH et al”
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N FTHZ|EAG ARFEAE S48 7HKe EHH H A&y F FEGOE At ok FFA71HAA(CB) <
Hol #Ed wf Zd & Qlnk FHA7|EA-71d s H(BO- A|71BA Holl AS-AdRst2 AsiA A71EA] W7ol FolAA
OP) < TLAZ1HA, A X3t 799 X o e A U J3s Zefske Asteltk(Fig. 1). A7 HAELS =5
BAlZ SAE 7 EHFY] W] #EEH™, BOOP FH o]2] el A & & glom, U B oy i Al 9
] 7]49% (organizing pneumonia, OP) & &&]7|% 3}, A zeE ¢ JohT

theket dlol s e th(Table 1). T4 YdHo=z & A 718A e A A3k oj2iriA] ARl M)A st} B
ol ¥el glo] WX o2 BOOP A7g HolH SitAd ZAA Ao wer vkt ol AR & Sltk Al71EA
7129 & (cryptogenic organizing pneumonia, COP) 2.2 Ztg o] F& #WS Hol= UxiA7)#A] ASH primary bronchiolar
stk 71dHES dAde g2 dx o] EHWEe] A diseases) 7 QI #AE Ee Ui7|=dd FHwe] glow A7
FEAE F2o] Ho| #AFH, H|5o]X HHoRE 7|k HAE Aske o)A 718A] H8H(secondary bronchiolar dis-
9] 7]4 3} airspace organization) 24 oj&] YAt el o)k eases) 0.2 UE 4 QJTH(Table 2) 23510

Fig. 1. Schematic drawing and light micrographs of bronchiolitis obliterans (BO), organizing pneumonia (OP), bronchiolitis obliterans orga-
nizing pneumonia/cryptogenic organizing pneumonia (BOOP/COP) and constrictive bronchiolitis (CB). BO shows fibroblastic proliferated
polypoid lesion in the terminal bronchiole. OP shows multiple foci of fibroblastic proliferated polypoid lesions in the alveolar ducts and alveali.
BOOP shows combined histologic features of BO and OP. CB shows peribronchiolar fibrotic scarring with luminal narrowing of the bron-
chiole. B, bronchiole; TB, terminal bronchiole; RB, respiratory bronchiole; AD, alveolar duct; A, alveolus.
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Table 2. Classification of bronchiolar diseases

Primary bronchiolar diseases
Respiratory bronchiolitis
Acute bronchiolitis
Constrictive bronchiolitis
Bronchiolitis obliterans
Follicular bronchiolitis
Diffuse panbronchiolitis
Mineral dust airway disease
Others (e.g., diffuse aspiration bronchiolitis, lymphocytic bro-

nchiolitis)
Secondary bronchiolar diseases
Parenchymal diseases with prominent bronchiolar involvement
Respiratory bronchiolitis-associated interstitial lung disease
Organizing pneumonia (Bronchiolitis obliterans organizing
pneumonia)
Hypersensitivity pneumonitis
Pulmonary Langerhans’ cell histiocytosis
Sarcoidosis
|diopathic pulmonary fibrosis
Large airway diseases with bronchiolar involvement

Chronic bronchitis
Bronchiectasis
Asthma
Cystic fibrosis

Source, modified from Ryu JH' and Ryu JH et al’
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Fig. 2. (A) High resolution computed tomographic (HRCT) image
at the level of bronchus intermedius shows ill defined centrilobular
nodules (arrow) with ground glass opacity. (B) Light micrograph
of respiratory bronchiolitis shows lightly brown pigmented mac-
rophages filling in the lumen of respiratory bronchiole and extend-
ing into the alveolar duct.
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Fig. 3. Acute bronchiolitis. Light micrograph shows infiltration of
many neutrophils and lymphocytes in the bronchiolar wall, des-

quamated mucosal epithelium, and inflammatory exudate in the
dilated bronchiolar lumen.
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Table 3. Causes and underlying disorders associated with con-
strictive bronchiolitis

Infections (e.g., respiratory syncytial virus, cytomegalovirus, adenovirus,
influenza and parainfluenza virus, varicella, mycoplasma, etc.)

Inhalation injury (e.g., nitrogen oxide, sulfur dioxide, ammonia, phos
gene, hot gases, fly ash, etc.)

Chronic hypersensitivity pneumonitis

Toxins (e.g., Sauropus androgynus)

Drugs (e.g., penicillamine, lomustine, cocaine, gold, etc.)

Systemic connective tissue diseases (e.g., rheumatoid arthritis)

Allograft recipients (heart-lung or lung transplant, bone marrow trans
plant)

Others (inflammatory bowel diseases, neuroendocrine cell hyperplasia,
multiple carcinoid tumolets, gold, penicillamine, HIV infection,
airway ischemia)

|diopathic (cryptogenic organizing pneumonia)

Source, modified from Barbareschi M and Leslie KO, and Ryu JH et al’

Fig. 4. (A) Postexpiratory HRCT image shows multifocal areas of
air-trapping (arrows). (B) Light micrograph of constrictive bron-
chiolitis shows markedly peribronchiolar fibrous thickening with
fibroblast and smooth muscle proliferation resulting in constriction
of the bronchiolar lumen.

Fig. 5. Light micrograph of follicular bronchiolitis shows prominent
peribronchiolar and parenchymal lymphoid aggregates with ger-
minal centers.
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Fig. 6. (A) HRCT image obtained through the level of the lower lobe
shows centrilobular nodular and branching opacities (arrows), and
bronchiectasis. (B) Light micrograph of diffuse panbronchiolitis
illustrates dense peribronchiolar infiltrate of mainly mononuclear
cells and associated with many foamy macrophages in the peri-
bronchiolar alveolar septa (arrow).
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Fig. 7. (A) HRCT at the level of the upper lobe shows subpleural
and centrilobular distribution of micronodules (arrows), with pre-
dominant involvement of the posterior portion. (B) Mineral dust
airway disease with anthraco-silicotic dust exposure. Light micro-
graph shows fibrotic nodule formation with centrally laminated
collagen deposition and surrounding fibrotic thickening with anth-
racotic pigments. Inset illustrates many scattered silicotic particles
in the nodular lesion on polaroid filter examination.
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Fig. 8. Light micrograph of smoking related lung diseases. (A) Respiratory bronchiolitis. Many brown-pigmented macrophages are filled
in the respiratory bronchiole and adjacent alveoli. (B) Respiratory bronchiolitis-associated interstitial lung disease. There is a patchy fibrotic
thickening of the respiratory bronchiolar wall and alveolar walls associated with brown-pigmented macrophages in the airspaces. The cha-
nges are patchy and have a bronchiolocentric distribution. (C) Desquamative interstitial pneumonia is characterized by diffuse presence
of brown-pigmented macrophages in the alveoli and mild interstitial fibrous thickening of the alveolar walls.
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Fig. 9. (A) HRCT image at a level of the ventricle shows multiple
patchy areas of consolidation, predominantly along the broncho-
vascular bundles and the subpleural portion. (B) Organizing pneu-
monia (BOOP pattern). Low-magnification photomicrograph shows
a zonal fibrotic lesion with multiple plugs of proliferating fibroblasts
filing in the air spaces (arrows).
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Fig. 10. (A) HRCT image through the right upper lobe shows ill-
defined centrilobular nodules of ground glass opacity (arrows).
(B) Hypersensitivity pneumonitis. Low-magnification photomicro-
graph shows a dense peribronchiolar and adjacent alveolar wall
infiltrates of inflammatory cells mainly lymphocytes and plasma
cells, and a focus of vague granuloma (arrow).
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