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Differentiation of causes of inhomogeneous lung density
in high resolution computed tomography

HRCT is an imaging modality, which achieves optimum quality of anatomical lung
structures, the modality of choice in assessment of lung parenchyma (1). It enables assessment
of pathological changes at the ievel of lung lobule. The most important factors deciding of high
resolution are thin collimation, 2-3 mm and image reconstruction with the sharp “‘bone”
algorithm (1,4). HRCT enables imaging of subtle differences in lung density, invisible on plain
radiograms and even in conventional computed tomography.

The aim of the study was the assessment of the diagnostic possibilities of

HRCT in diagnosing and differentiating cases of inhomogeneous lung density.

MATERIAL AND METHOD

The material comprises a group of 48 patients, 33 men and 15 women, aged betwcen 32
and 63 years. 17 patients had pneumoconiosis, 12 sarcoidosis, 8 patients were with parenchymal
fibrosis, 7 with allergic alveolitis, and 4 patients had BOOP.

The HRCT examination was performed with the patients supine, on hold maximum
inspiration. Additional expiratory sections were performed at the levels at which the pathology
on inspiratory scans was found. The collimation was 2mm, with 10 mm scanning interval. The
scanning was performed from apex to basis of the lung. In cases of posterior densities in
dependent lung areas, additional prone scans were performed.

RESULTS

In 16 patients ground glass opacities were seen as a diffuse, patchy increase of the lung
density, due to filling of alveoli and respiratory bronchioles with the inflammation exudation
and tissue masses (Fig.1). The ground glass opacities in 6 patients reflected presence of allergic
alveolitis. The patchy opacities of air-spaces formed area of ground glass opacities (Fig.2). In 2
cases ground glass opacities were unilateral, while the other lung showed emphysema (Fig. 3).
In 12 cases opacities in posterior parts of the lung in patients in the supine positions reflected
the presence of dependent opacities (Fig. 4). In 6 patients the parenchymal fibrosis coexisted
with ground glass opacities (Fig. 5). The ground glass opacity coexisted 3-times with bullas and
air-trappings (Fig. 6). :
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irreversible fibrotic changes. Slight lesions of small airways reveal air-trapping and mosaic
perfusion. The depended lung areas show higher expiratory increase in density than
nondepended areas. The density increase was about 150-300 HU (21,22). The differences of
density increase between posterior and anterior areas in supine patients positions are¢ about 50—
100 HU (247). In supine position mean density in posterior third part of the lungs is about —
766.2 HU and — 844.4 HU in the anterior one (15).

Changing the patient’s position allows excluding hydrostatic densities and apparent
changes, eliminating gravitational effect caused by reduction of the lung volume due to
pressure. This cnables differentiating potentially treatable changes from irreversible fibrosis,
edematous changes of atelectasis from early fibrosis and assessing the degree of the diseases
(21,22).

The influence of gravitation on the blood flow and its distribution is important in
assessment of HRCT sections in different patient’s positions. The dependent lung areas contain
relative less air. Subpleural increase in density on inspiratory scans may be due to the increased
amount of blood in the dependent lung areas, and decreased amount of air in posterior,
subpleural parts of the lungs (9,10). The density increase may be caused by the changes in the
air spaces or in the extra-vascular parenchyma, and because of increased amount of blood in the
capillaries. The reduction in the amount of air in those lung areas, without destruction of the
parenchyma causes increased lung density of ground glass character (21).

The density coefficient depends on the gravitation influence on blood supply. It is different
in dependent and nondependent lung areas in standing, lying and lateral positions. The most
often cases of ground glass opacities involve interstitial pneumonia, bronchiolitis obliterans,
sarcoidosis and hypersensitivity pneumonia (11,16).

On HRCT, inhomogeneous lung opacity can result from regional differences in lung
perfusion in patients with airways diseases or vascular diseases. Because this phenomenon is
often patchy, or mosaic in distribution, with adjacent areas of relative increase or decrease lung
density, it has been termed mosaic perfusion (3). Almost all cases of mosaic perfusion are
accompanied by diseases causing regional decreases of lung perfusion. The differences in
attenuation between normal and abnormal lung regions, visible on HRCT, are accentuated by
compensatory increased perfusion of normal or relatively normal lung areas (22). Mosaic
perfusion is the most frequent in the lung diseases, that result in focal air-trapping or poor
ventilation of lung parenchyma. The areas of poorly ventilated lung are poorly perfused because
of reflex vasoconstriction or because of permanent reduction of the capillary bed. The
coincidence of mosaic perfusion and air-trapping is characteristic in lymphagitis carcinomatosa,
cystic fibrosis and bronchiectasis (7,13).

In mosaic perfusion, lung vessel in the areas of decreased opacity often appear smaller
than vessels in relative dense areas of lung. This difference reflects differences in regional blood
flow, and they may be helpful in distinguishing mosaic perfusion from ground glass opacities,
which may be of similar patchy distribution. In cases of ground glass opacity, vessels usuaily
appear equal in size throughout the lung (22).

The air-trapping are regions of decreased lung density, remaining lucent on expiratory
HRCT scans. Diagnosis of air-trapping is difficult in patients, that cannot hold breathing. In
such cases the HRCT in lateral decubitus is suggested (5,8). The most common causes of air-
trapping are bronchiolitis obliterans, bronchiectasis, mycobacterial pneumonia, cystic fibrosis,
allergic alveolitis, sarcoidosis, histiocytosis X (3,25). The mosaic perfusion results from
improper lung ventilation, creating differences in regional lung density (22).

Post expiratory HRCT can be helpful in differentiating mosaic perfusion resulting from
airways obstruction from ground glass opacities, because the differences in density are
accentuated in cases of mosaic perfusion, and in cases of ground glass opacities they are not.
The areas of increased density measured about —727 HU and decreased density -868 HU.

Mosaic perfusion is frequent in bronchiolitis obliterans, diseases with air-trapping, poor
lung ventilation, permanent reduction of vascular bed, small airways obstruction,
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bronchiectasis, fibrosis (24). Inhomogeneous lung density on inspiratory HRCT section can be
result of infiltration with ground glass opacity, air-trapping in airways diseases or
vasoconstriction resulting in mosaic perfusion (22)

The contrast between areas of normal lung density and areas of ground glass opacities may
form the mosaic pattern. The similar pattern can be result of differences between low density
areas, with air-trapping on expiratory scans, and areas of increased lung density resulting from
both ground glass opacity and corresponding to normal lung parenchyma (22).

In patients with asthma areas of mosaic perfusion are evident on inspiratory scans in 23%
of patients. They can be explained by the regional hyperinflation of lung and hypoxic
constriction of lung vessels (22). The areas of decreased lung density in expiratory air-trapping
together with patchy differences in lung density on expiratory scans form mosaic perfusion
pattern. Those were areas of increase and decrease lung density, patchy on deep inspiration. In
ground glass opacities, the expiratory HRCT sections show proportional increase in density both
in areas of increased and decreased density. In mosaic perfusion the differences of lung density
are accentuated on expiration; the relative density areas increase in attenuation, while lower
attenuation regions remain lucent (22).

Expiratory HRCT scans are also valuable in distinguishing inhomogeneous density
resulting from presence of emphysema or air trapping. In airways obstruction and presence of
air-trapping the lung remain lucent on expiratory and show little change in the area. The
diagnosis of air-trapping on expiratory HRCT is easy, when the abnormality is patchy in
distribution, and normal lung regions can be contrasted with abnormal, hyperlucent lung regions
on expiratory scans (22).

In cases of inhomogeneous lung density resulting from presence of ground glass opacities
in infiltrative diseases, increase in density is visible on expiratory scans in both areas of
increased and decreased lung density (2,25). Although limited value of expiratory HRCT the
presence of air-trapping indirectly indicated on pathology of small airways (14,20).

CONCLUSIONS

The presence of inhomogeneous lung density in HRCT examination can
be a resuit of ground glass opacities, air-trapping, and mosaic perfusion. These
signs are visible only on HRCT scans and are involved with gravitational
effect and respiratory mechanism. The expiratory HRCT scans are very
important in differentiating causes of inhomogeneous lung density.
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SUMMARY

HRCT is a method of imaging, which achieves optimum quality of anatomical lung
structures, the modality of choice in assessment of lung parenchyma. It enables assessment of
pathological changes at the level of lung lobule. The most important factors, deciding of high
resolution are thin collimation, 2-3 mm and image reconstruction with the sharp “bone” algorithm.
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HTCT enables imaging of subtle differences in lung density, invisible on plain radiograms and
even in conventional computed tomography. The aim of the study was the assessment of the
diagnostic possibilities of HRCT in diagnosing and differentiating cases of inhomogenecous lung
density. The presence of inhomogeneous lung density in HRCT examination can be result of
ground glass opacities, air-trapping, and mosaic perfusion. These signs are visible only on
HRCT scans and are involved with gravitational effect and respiratory mechanism. The
expiratory HRCT scans are very important in differentiating causes of inhomogeneous lung
density.

Roznicowanie przyczyn nicjednorodnej gestosci pluc w tomografii komputerowej
wysokiej rozdzielczosci

TKWR jest metoda obrazowania, ktora umozliwia uzyskanie optymalnej jakosci obrazow
struktur anatomicznych pluc i jest metoda diagnostyczng z wyboru w ocenic miazszu. Umozliwia
oceng zmian patologicznych na poziomie zrazika plucnego. Najwazniejszymi czynnikami de-
cydujacymi o wysokiej rozdzielczosdci sg cienka kolimacja i rekonstrukcja obrazu z wykorzy-
staniem ostrego, ,.kostnego” algorytmu. Badanic TKWR umozliwitlo uwidocznienie subtelnych
réznic gestosci tkanki plucnej, niewidocznych na radiogramach i klasycznej tomografii
komputerowej. Celem pracy byla ocena mozliwosci diagnostycznych TKWR w rozpoznawaniu i
roznicowaniu przyczyn nicjednorodnej gestosci pluc. Obecnos¢ nigjednorodnej gestosci pluc w
badaniu TKWR moze by¢ spowodowana réznymi przyczynami o charakterze zacienien szkla
mlecznego. pulapek powietrznych, perfuzji mozaikowej. Objawy te wystgpuja prawie wylacznic w
technice TKWR i sa zwigzane z efektem grawitacyjnym i mechanizmem oddechowym.
Wykonanie badania TKWR ma istotne znacznie w réznicowaniu niejednorodnej gestosci pluc.



