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Introduction 

   Since the introduction of high-resolution CT (HRCT) to chest radiology in early 

1980s, many CT-pathologic correlative studies have been performed and have revealed 

that HRCT can demonstrate accurately the detailed morphological changes occurring 

within the lung.  Especially, in diffuse lung diseases, early pathological changes can be 

detected with HRCT and the disease distribution within the secondary pulmonary lobule 

provided by HRCT has also proved to beuseful for the differential diagnosis of diffuse 

lung diseases
(1-4)

.  In addition, HRCT also enables us to assess precisely morphological 

features of pulmonary nodular lesions.  Therefore, it is no doubt that HRCT now plays 

an important role in the diagnosis of various pulmonary diseases in clinical practice.  

Although HRCT findings are varied depending on the severity and the stage of the 

disease, the fundamental approach based on the submacroscopic lung anatomy would be 

important and helpful for evaluation of diffuse lung diseases.  This lecture focuses on 

the principle of HRCT evaluation in diffuse lung diseases, with special reference to 

CT-anatomic, and CT-pathologic correlation.  

 

Submacroscopic anatomy of the lung 

   In order to evaluate HRCT images, it is necessary for us to be familiar with the 

normal lung anatomy that is visualized on HRCT.  The smallest anatomic unit 

recognized on HRCT is secondary pulmonary lobule that is about 1 cm in size.  The 

lobular bronchiole and accompanying pulmonary artery (core structures) run along the 

central portion of the secondary pulmonary lobule and divide into several terminal 

bronchioles and accompanying pulmonary arteries after one or two branchings.  

Terminal bronchiole further branches into respiratory bronchioles, alveolar ducts, and 

alveolar sacs.  Pulmonary veins and interlobular septa are located at the lobular border.   

   It is also important to keep in mind that there are two kinds of pulmonary 



interstitium.  One is the interstitium supporting alveolar wall and the other is the 

peribronchovascular interstitium surrounding airways, pulmonary arteries and veins, or 

peripheral interstitium supporting interlobular septa and the pleura. Peribronchovascular 

and peripheral interstitium include abundant lymphatic vessels and bronchial arteries 

and veins
(5)

.  These peribronchovascular interstitium, interlobular septa, and pleura are 

the important structures for the lymphatic disease extension as well as the supportive 

connective tissue.   

 

HRCT demonstration of normal lung anatomy 

   Although the airway is visualized as the tubular structure containing air in the inner 

two-thirds of the lung on HRCT, more peripheral airways are usually invisible and 

recognized by the accompanying pulmonary artery as the bronchovascular bundle.  

The smallest visible pulmonary vessel is about 0.2-0.3 mm in diameter that accompany 

the terminal bronchiole and 3-5 mm apart from the lobular border structure
(1)

. Therefore, 

only a few smooth branchings are visualized within the secondary pulmonary lobule in 

normal condition on HRCT.  Although the normal interlobular septum are rarely 

demonstrated on HRCT
(6)

, visible interlobular septa, pulmonary veins and the pleura 

can be used as the landmarks of lobular border.  Similarly, the bronchovascular bundle 

at the level of terminal bronchioles is considered to be the landmark of centrilobular 

area. 

 

HRCT evaluation of diffuse lung diseases based on lung anatomy 

   When abnormal lung opacity is detected in the lung field, it is clinically important to 

determine whether the lesion is infectious or non-infectious inflammatory disease, or 

whether it is circulation disorder or tumorous lesion.  In this differentiation, it is 

mandatory to correlate clinical information such as the course of development, clinical 

symptoms or laboratory findings with radiological findings.  To evaluate 

morphological changes of diffuse lung opacities, it is useful to perform HRCT and chest 

radiograph in combination.   

   The points to be checked by serial radiographs or HRCT are: 

- Speed of progression of the lesion (acute, subacute, or chronic) 

- Intrapulmonary distribution of the lesion (segmental or non-segmental, upper lung 

dominant or lower lung dominant, pulmonary inner layer dominant or outer layer 



dominant, or presence or absence of gravity effect, etc)  

- Change in lung volume  (increase or decrease) 

- Intralobular distribution of the lesion evaluated with HRCT  

   Based on the appearance of normal lung structures on HRCT, regional 

morphological changes in diffuse lung diseases can be divided into several categories as 

follows
 (3,7,8)

.   

1.  The lesion that is located in the centrilobular region and/or thickening of  

  bronchovascular bundles 

   Most of the acute or chronic airway infections are included in this category.  

Dilatation and wall thickening of large bronchi and thickening of peripheral 

bronchovascular bundles are recognized as far as intralobular bronchiole level while 

lobular border structures such as interlobular septa and pulmonary veins are relatively 

spared.  If the inflammatory process is marked, various degrees of high attenuation 

area surrounding bronchovascular bundles are observed.  In some cases, the lung area 

around the terminal bronchiole (centrilobular area) is mainly involved resulting in 

centrilobular nodules.  The combination of centrilobular nodules connected to 

thickened intralobular bronchovasular bundles is called as “tree-in-bud” appearance 
(9)

. 

2.   The lesion that mainly involves the peribronchovascular and peripheral interstitium 

   As described in the normal lung anatomy, abundant network of lymphatic vessels 

and bronchial arteries and veins are present in the peribronchovascular and peripheral 

interstitium.  Therefore, the disease process that spread along the lymphatic system 

causes the volume increase of these interstitium resulting in thickening of 

bronchovascular bundles and lobular border structures such as interlobular septa.  

Depending on the pathology, thickening of these interstitium is sometimes nodular and 

smooth thickening of these structures are also seen.  The diseases in this category  

include lymphangitic spread of tumor, lymphoproliferative disorders, sarcoidosis, 

pneumoconiosis, and interstitial pulmonary edema, and so on. 

3. Multiple small nodules that shows random distribution 

   In this category, well-defined small nodules do not show any specific or constant 

relationship with bronchi and pulmonary vessels.  This random distribution of 

pulmonary nodules is considered to be caused by hematogenous spread of disease 

process such as hematogenous metastasis 
(10)

 , and miliary tuberculosis or fungosis. 

4. The lesion that shows various degrees of high attenuation area in the lung 



parenchyma 

   The disease processes that occur in the lung parenchyma peripheral to terminal 

bronchioles, that is, respiratory bronchioles , alveolar duct and sac, and alveoli, are 

under resolution of HRCT and the pathological changes of these structures show various 

degrees of high attenuation area of lung parenchyma such as consolidation or 

ground-glass attenuation.  Because this high attenuation area on HRCT itself is a 

nonspecific finding
 (11)

, close correlation of HRCT findings with clinical findings is 

especially important as well as the evaluation of intrapulmonary disease distribution and 

presence or absence of accompanying peribronchovascular or peripheral interstitial 

diseases. 
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