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NORMAL ANATOMY: THE SECONDARY 
PULMONARY LOBULE AND ACINUS

• 3-24 acini
• 3-5 terminal bronchioles
• 1-2 cm in diameter
• Thin fibrous interlobular septum (0.1mm)



Common Chest CT finding

• Increased lung opacity

• Reticular opacities: Linear increasing lung opacity

• Nodular opacities

• Mosaic attenuation

• Bronchiectasis

• Cystic lesion
– Honeycombing

– Emphysematous/non-emphysematous cystic lesion



Increased lung opacity



Consolidation

Pathologic filling of alveoli (i.e., 
replacement of alveolar air) as the 
predominant abnormality.
1. Water (e.g., pulmonary edema)
2. Blood (e.g., pulmonary 
hemorrhage)
3. Pus (e.g., pneumonia)
4. Cells 
5. Other substances (e.g., lipoprotein 
in alveolar proteinosis, lipid in lipoid 
pneumonia)



Webb, Müller and Naidich‘s High-Resolution CT of the Lung 6th Edition table 5-4



Ground glass opacity

Definition made by Fleischner 

Society.

• Hazy increased opacity of 

lung, with preservation of 

bronchial and vascular 

margins.

1cm

InterstitialAir

Most Normal Lung HU value = -850

-850= -1000 (Air HU) x Air% + 50 (Interstitial HU) x Interstitial%

Air% around 86%, Interstitial% around 14%

Ground glass opacities HU value= -500

-500= -1000 (Air HU) x Air% + 50 (Interstitial HU) x Interstitial%

Air% around 52%, Interstitial% around 48%

Air%         Interstitial%



Ground glass opacity



• Pulmonary edema

• Inflammation
• Air space filled with water, cell, 

pus

• Acute exacerbation

Ground glass opacity



Ground glass opacity



• Interstitial fibrosis

• Progression pulmonary fibrosis

Ground glass opacity





Reticular opacities



Reticular opacities

• Thickening of the interstitial fiber network of the lung by 

–fluid 

–fibrous tissue

–cellular infiltration, results in an increase in 
reticular lung opacities.



Interlobular septal thickening

• Smooth  septal thickening -- pulmonary edema, lymphangitic 
spread of tumor or, rarely, amyloidosis 

• Nodular septal thickening -- sarcoidosis and lymphangitic 
spread of tumor. 



Pulmonary edema



Perilymph carcinomatosis/Sarcoidosis



Webb, Müller and Naidich‘s High-Resolution CT of the Lung 6th Edition fig3-10



Crazy paving

Alveolar proteinosis



Nodular opacities



Nodules

• a small, dense spot on the lung, appearing as a white spot on a 
CT scan. 

• Singal pulmonary nodule

– Solid nodule

– Subsolid nodule: pure ground glass nodule, part solid nodule

• Multiple Nodules can be classified as perilymphatic, random, 
or centrilobular in distribution on HRCT.



Perilymphatic
• Perilymphatic nodules occur 

in relation to lung lymphatics. 
They usually are well defined

• Involve regions

– subpleural interstitium at 
the pleural surfaces and 
fissures

– peribronchovascular 
interstitium in the 
parahilar lung

– interlobular septa



Perilymphatic nodules differential

• Sarcoidosis

• Lymphangitic 
spread of 
tumor

• Silicosis

• Lymphoid 
interstitial 
pneumonitis



Random

• Random nodules are 
randomly distributed 
relative to structures of 
the secondary lobule 
and lung and appear 
diffuse and uniform in 
distribution 

• Subpleural nodules 
often are seen. Nodules 
usually are well defined.



Random nodules differential diagnosis

• Miliary 
infection

– TB

• Hematogenous 
metastasis

• Sarcoidosis



Centrilobular

• bronchiolar or 
peribronchiolar 
abnormalities or small 
vessels in a centrilobular 
location

• Most peripheral nodules 
often are  centered 5 to 
10 mm from the pleural 
surface and do not touch 
the pleura unless they are 
large

• Tree in bud pattern



Centrilobular nodules differential diagnosis

• Infectious bronchiolitis of any cause

– Virus, bacteria, TB, mycobacteria, fungus

• Endobronchial spread of tumor

• Hypersensitivity pneumonitis

• Pulmonary edema or hemorrhage

• vasculitis





Centrilobular Tree-in-bud Pattern
• dilatation and impaction of 

small centrilobular bronchioles 
(with mucus or pus), it 
confirms the presence of 
airway disease.







Heterogenous lung opacity
Mosaic pattern









Bronchiectasis



Bronchiectasis





Traction bronchiectasis

• Irregular bronchial and bronchiolar dilatation caused 

by surrounding retractile pulmonary fibrosis

40



Traction bronchiectasis vs Bronchiectasis

• Irregular bronchial 

and bronchiolar 

dilatation caused by 

surrounding retractile 

pulmonary fibrosis

41

• Bronchiectasis is irreversible 

bronchial dilatation

• from chronic infection

• proximal airway obstruction

• congenital bronchial abnormality



Traction bronchiectasis vs Bronchiectasis

• Irregular bronchial 

and bronchiolar 

dilatation caused by 

surrounding retractile 

pulmonary fibrosis
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• Bronchiectasis is irreversible 

bronchial dilatation

• from chronic infection

• proximal airway obstruction

• congenital bronchial abnormality



Cystic lung lesion
A round shape radiolucency area exhibiting well defined border 

adjacent to normal lung parenchyma, usually contain air.



Intra-parenchyma

Lung cystic lesion

Subpleural

Paraseptal
emphysema

Bullae Honeycombing

• LCH - Langerhans Cell Histiocytosis is a multi-organ disease strongly associated with smoking. 
• LIP - Lymphocytic Interstitial Pneumonia is associated with autoimmune diseases such as Sjogren, and also with HIV. 
• DIP – Desquamative Interstitial Pneumonia is smoking related.
• LAM – Lymphangioleiomyomatosis is a genetic disorder mostly in women (in a sporadic form) or in the context of tuberous sclerosis 

complex
• BHD - Birt-Hogg-Dubé syndrome is a hereditary condition associated with skin tumors and an increased risk of RCC. 



Honeycombing
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Definition made by Fleischner 

Society.

• Clustered cystic air spaces

• Diameters on the order of 

3–10 mm, but occasionally 

as large as 2.5 cm 

• Well defined walls 1–3 mm 

in thickness

• Could be single layer or multiple layer

https://radiologyassistant.nl/chest/hrct/fibrosis-of-the-lung-on-hrct-imaging

• Normal lung tissue (A)

• Distortion of the secondary lobule 

with traction bronchiolectasis (B)

• End stage cyst formation (C)

• Fibrous or granulomatous 

process of alveoli and  ducts,  

which  causes  the  bronchioles 

to dilate or amputate.

Pimentel JC. Tridimensional photographic reconstruction in a study of the pathogenesis of honeycomb lung. Thorax 1967; 22:444–452



Problems in identifying honeycombing
Emphysema
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Definition made by Fleischner 

Society.

• Clustered cystic air spaces

• Diameters on the order of 

3–10 mm, but occasionally 

as large as 2.5 cm 

• Well defined walls 1–3 mm 

in thickness

• Paraseptal 

emphysema

• No evident lung 

fibrosis

• Thin wall

• CPFE, combined 

pulmonary fibrosis and 

emphysema

• Centrally placed 

emphysema expands as 

the surrounding fibrosis 

evolves.



Problems in identifying honeycombing
Airspace enlargement with fibrosis (AEF) or smoking-related 

interstitial fibrosis (SRIB)
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Definition made by Fleischner 

Society.

• Clustered cystic air spaces

• Diameters on the order of 

3–10 mm, but occasionally 

as large as 2.5 cm 

• Well defined walls 1–3 mm 

in thickness

• AEF is not regarded as 

a distinct form of IPF

• Presence of fibrosis in 

the classic definition of 

emphysema.
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Idiopathic interstitial pneumonitis pattern
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Idiopathic pulmonary fibrosis (IPF)





UIP pattern
• Location

○ Subpleural; basal lung predominant

• Morphology

○ Reticulation, traction bronchiectasis/bronchiolectasis, 

honeycombing

• Absence of atypical features: Micronodules, sparing of lung bases, 

extensive air-trapping, consolidation, &/or ground-glass opacity

53



Probable UIP pattern
• Location

○ Subpleural; basal lung predominant

• Morphology

○ Reticulation, traction bronchiectasis/bronchiolectasis, 

honeycombing

• Absence of atypical features: Micronodules, sparing of lung bases, 

extensive air-trapping, consolidation, &/or ground-glass opacity
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NSIP pattern

• Bilateral ground-glass and reticular opacities with 

traction bronchiectasis/bronchiolectasis

• Absent or sparse honeycombing

• Subpleural sparing ± peribronchovascular fibrosis

• Apicobasilar gradient (lower lobe predominant)
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Organizing pneumonia (OP)
• Classic pattern (68-81%)

○ Bilateral 

peribronchovascular &/or 

subpleural consolidations

○ Mid-lower lung zone 

predominance

○ Consolidations may regress 

spontaneously

• Other patterns

○ Perilobular: Arcade-like or 

polygonal opacities

○ Focal: Single nodule or 

mass

○ Variable size, multiple 

nodules

○ Basal reticulation and 

architectural distortion with 

superimposed alveolar 

opacities

• Reversed halo sign (19%)

○ Ground-glass opacity 

surrounded by crescent or 

ring of parenchymal 

consolidation
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Lymphoid Interstitial Pneumonia (LIP)
• Basilar reticular/reticulonodular opacities

• Bilateral ground-glass opacities

• Poorly defined centrilobular nodules

• Small subpleural nodules (∼ 85%)

• Bronchovascular bundle thickening (∼ 85%)

• Mild interlobular septal thickening (∼ 85%)

• Thin-walled cysts (∼ 70%)

• Idiopathic (< 20%), Sjögren syndrome 

(25%), infection, immunodeficiencies (e.g., 

common variable immunodeficiency)

57



CTD-ILD or autoimmune related ILD
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UIP pattern in CTD-ILD
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Extensive  honeycomb-like  cyst  

formation within the lungs comprising 

greater than 70% of the fibrotic 

portions of lung
Straight edge sign Anterior upper lobe sign

Exuberant honeycomb sign

AJR:210, February 2018



The Four Corners Sign

61J Thorac Imaging. 2018 May;33(3):197-203. 

A Specific Imaging Feature in Differentiating

SSc-ILD from IPF



Hypersensitivity pneumonitis
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Am J Respir Crit Care Med Vol 202, Iss 
3, pp e36–e69, Aug 1, 2020



Granulomatosis
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Sarcoidosis

Common findings:
• Small nodules in a perilymphatic distribution (i.e. along subpleural surface and fissures, along interlobular septa 

and the peribronchovascular bundle).
• Upper and middle zone predominance.
• Lymphadenopathy in left hilus, right hilus and paratracheal (1-2-3 sign). Often with calcifications



Langerhans cell histiocytosis

HRCT findings in Langerhans cell histiocytosis:
•Early stage:

• Small irregular or stellate nodules in centrilobular location.
•Late stage (more commonly seen)

• Cystic airspaces Cysts have bizarre shapes, they may coalesce and than become larger.
• costophrenic and cardiophrenic angles
• Upper and mid lobe predominance.
• Recurrent pneumothorax.



Other ILD
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Lymphangiomyomatosis

Key findings in Lymphangiomyomatosis:
•Numerous thin-walled cysts, surrounded by normal parenchyma.
•Cysts range from 2mm to 5cm in diameter, are round in shape and more or less uniform.
•Cysts are distributed diffusely throughout the lungs and upper and lower lobes are involved to a similar 
degree.
•Wall thickness of the cysts ranges from barely perceptible to 4 mm.
•Mediastinal or hilar adenopathy and pleural effusions (40%).
•Recurrent pneumothorax (40%).

Key findings in Lymphangiomyomatosis:
•Numerous thin-walled cysts, surrounded by normal parenchyma.
•Cysts range from 2mm to 5cm in diameter, are round in shape and more or less uniform.
•Cysts are distributed diffusely throughout the lungs and upper and lower lobes are involved to a similar degree.
•Wall thickness of the cysts ranges from barely perceptible to 4 mm.
•Mediastinal or hilar adenopathy and pleural effusions (40%).
•Recurrent pneumothorax (40%).



Thank you
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Reference and update data
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