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6.1                                                                                  
Introduction

Computed tomography is generally accepted as the 
most powerful tool for the assessment of the lung 
parenchyma in patients known to have or suspected 
of having diffuse lung disease (Kazerooni 2001). 
Diffuse lung disease in this context comprises paren-
chymal diseases with an increase or a decrease of 
lung tissue, such as fi brosis and emphysema. Chest 
radiography, usually the initial imaging modality in 
these patients, has limited sensitivity and specifi city 
for detection, characterization, and quantifi cation. A 
signifi cant number of disease will appear absolutely 
non-specifi c or remain completely occult (Grenier et 
al. 1991; Mathieson et al. 1989).

The inherent properties of CT as a cross-sectional 
imaging modality provide transversal images of the 
lung with high spatial resolution and without super-
imposition. In addition, the augmented contrast 
resolution of CT improves the detection of patho-
logical processes within the body. The large attenu-
ation difference between air-fi lled alveolar space 
and tissue makes the lung a high-contrast organ and 
allows for the detection of very subtle changes within 
the parenchyma. It is well known that the sensitivity 
of CT is much higher than for projection radiogra-
phy; thus, CT may show clinically suspected disease 
which is not apparent on a chest radiograph or even 
non-suspected lung disease. The higher sensitivity 
of CT also results in early detection of parenchymal 
disease, e.g., in a comparative study CT was able to 
detect infi ltrates approximately 5 days earlier than 
the chest radiograph (Heussel et al. 1999). Specifi c-
ity and accuracy of CT are signifi cantly higher than 
for chest radiographs which is an important advan-
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tage in the differential diagnosis of diffuse lung 
disease (Lee et al. 1994). At the same time CT has an 
unmatched negative predictive value for the exclu-
sion of parenchymal abnormalities. For the tailored 
investigation of the lung parenchyma high-resolu-
tion CT (HRCT) has been proposed by many groups 
as most accurate (Mayo et al. 1987; Müller 1991). It 
has been widely accepted as the imaging gold stan-
dard for the lung parenchyma. Although optimal use 
and interpretation of HRCT requires clinical correla-
tion, it is accepted that in particular clinical settings 
typical patterns from HRCT may be suffi cient to 
come up with a presumptive diagnosis (Grenier et 
al. 1994). This information might be suffi cient to start 
treatment even without histological verifi cation.

6.2                                                                                  
High-Resolution Computed Tomography

The remarkable ability of HRCT to provide suffi cient 
morphological detail of normal and abnormal lung 
parenchyma is based on high-quality examinations. 
With optimal scan technique the spatial resolution is 
as low as 0.5 mm. Due to the high contrast within the 
lung parenchyma, even structures as small as 0.2 mm 
may be visualized (Murata et al. 1989). Before the 
future role of multidetector-row CT (MDCT) in dif-
fuse lung disease is discussed the technical charac-
teristics of HRCT are reviewed.

Optimal visualization of the lung parenchyma is 
achieved by enhanced spatial resolution. The two most 
important factors in increasing spatial resolution were 
the use of thin collimation and reconstruction of the 
scan data with a high-spatial frequency algorithm. 
These two factors are essential for the defi nition of 
HRCT of the lung (Mayo et al. 1987; Müller 1991). 
Additional techniques, such as an increase of matrix 
size, reduction of the fi eld of view, and alterations of 
voltage and tube current, were regarded as less con-
tributory. Although they may be used additionally, 
they are not part of the defi nition of HRCT; however, 
they may gain increased recognition while using 
MDCT for volumetric high-resolution CT.

6.2.1                                                                                           
Collimation

To optimize image resolution a very thin collima-
tion is indispensable. Usually, it is 1 mm. Such 
narrow collimation improves spatial resolution 

(Mayo et al. 1987). With optimal scanning tech-
nique, such as limitation of the field of view to 
the parenchyma of both lungs, the spatial reso-
lution is between 0.5 and 0.3 mm. Depending on 
orientation, position and contrast within the 
lung parenchyma structures as small as 0.2 mm 
are occasionally identified (Murata et al. 1989); 
thus, pulmonary artery branches down to the 16th 
and bronchi down to the 8th generation will be 
depicted. They can even be characterized due to 
a significant reduction of partial-volume effects 
from adjacent structures by the thin collimation. 
Since the volume averaging effects of the margins 
of such small structures are minimized, HRCT 
provides a more accurate image of their true size. 
With respect to thick collimation CT, more small 
airways can be perceived and variations in lung 
attenuation are much more apparent with HRCT 
(Fig. 6.1). The reduction of partial-volume effects 
and volume averaging brings about some draw-
backs. The identification of pulmonary arteries, 
veins and septa may appear more complicated 
since we are only looking at a single thin cut 
through these structures (Fig. 6.1). Their typical 
course within the parenchyma is much more dif-
ficult to follow, especially when it is oblique with 
respect to the transversal orientation of scanning. 
In this regard, despite high spatial resolution, 
HRCT leads to interpretive challenges because 
familiar landmarks in the lung parenchyma may 
be harder to recognize. This holds especially true 
since HRCT slices are not contiguous and obtained 
at 10- or 20-mm intervals.

6.2.2                                                                                           
High-Frequency Algorithm

The HRCT improves spatial resolution also by the 
application of a high spatial frequency reconstruc-
tion algorithm (Mayo et al. 1987). In comparison 
with standard algorithms which are regarded neces-
sary for the assessment of soft tissues, high-resolu-
tion algorithms do not perform the smoothing used 
to decrease the perception of image noise. Anatomic 
margins and tissue interfaces, such as the fi ssure, 
pleura or septa, appear sharper. Increased spatial 
resolution, however, goes along with increased image 
noise and decreased contrast resolution. These fac-
tors are of limited impact in lung imaging which 
benefi ts signifi cantly from the high intrinsic contrast 
between air-fi lled alveolar space and the higher den-
sity of the soft tissue components.
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6.2.3                                                                                           
Field of View

The fi eld of view should be adjusted to the size of 
the lungs. For any given matrix size, this reduces the 
anatomic dimensions of the voxels and thus increases 
spatial resolution. Volume averaging and partial-
volume effects are also reduced which can either be 
regarded as an advantage providing higher spatial 
resolution or as a disadvantage because the identifi ca-
tion of small structures by their typical orientation of 
course within the lung parenchyma is more diffi cult. 
To ensure that the fi eld of view does not cut off any 
part of the lung, it should be limited by the diameter 
of the external cortex of the ribs. To increase spatial 
resolution even further, targeting of the fi eld of view 
onto a single lung or particular lobes or regions can 
be performed. Such an approach must be regarded as 
an additional reconstruction for the minute evalua-
tion of the parenchyma or peripheral bronchi beyond 
the regular evaluation of images demonstrating both 
lungs (Remy-Jardin et al. 2002).

6.2.4                                                                                           
HRCT Protocols

Most HRCT protocols obtain images at 10- or 20-mm 
intervals between the single slices which makes it par-
ticularly diffi cult to depict the characteristic branching 
and distribution pattern of arteries, veins, bronchi and 

septa. At the same time, 90% of the lung parenchyma 
is not scanned if HRCT is performed as a stand-alone 
procedure. The HRCT for diffuse lung disease is based 
on the understanding that representative areas of lung 
disease will be present and are depicted for analysis; 
thus, it only requires the acquisition of some images 
at selected levels. Since many diffuse lung diseases 
are not uniform in distribution throughout the lung 
random sampling is generally performed; however, as 
only approximately 10% of the lung parenchyma is 
scanned, characteristic foci of disease may be missed. 
Some centers even obtain fewer HRCT slices for the 
assessment of diffuse lung disease in addition to a 
contiguous thick collimation coverage of the whole 
lung. This approach makes clear that HRCT alone 
should only be used in widespread diffuse or general-
ized lung disease.

6.3                                                                                         
Multidetector-Row Computed Tomography

6.3.1                                                                                           
Volumetric High-Resolution Computed 
Tomography

Multidetector-row CT represents an enormous 
achievement in the fi eld of cross-sectional imaging. 
The combination of continuous rotation of the X-ray 
tube, continuous table feed, and multiple detector rows 

Fig. 6.1a, b. A 67-year-old man with silicosis, progressive massive fi brosis and concomitant paracicatricial emphysema. a 1-mm thin 
slice shows irregular nodules, a septal pattern, architectural distortion, and widespread concomitant paracicatricial emphysema.  
Note that peripheral airways can be perceived and variations in lung attenuation are much more apparent than on the 5-mm-thick 
slice at the same position (b) due to reduction of partial-volume effects and volume averaging

a b
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allows for acquisition of real volumetric data sets. The 
introduction of volumetric MDCT scan protocols has 
the advantage of great lung coverage, more complete 
assessment of the lung, and almost isotropic data sets. 
In diffuse lung disease, MDCT is performed with a 
collimation of 1 mm. To mimic traditional HRCT 
1-mm thin slices can be reconstructed every 10 mm 
with the high-frequency algorithm; however, MDCT 
can provide much more information. To benefi t from 
its huge potential, reconstruction of the whole data set 
with 1-mm thin slices and a high-frequency algorithm 
is recommended. This procedure generates volumetric 
high-resolution CT with almost isotropic resolution 
which provides contiguous visualization of the lung 
parenchyma. Obviously, hard-copy reading is inappro-
priate since not all images are to be fi lmed. Soft-copy 
reading on a workstation is mandatory to cope with 
the huge amount of images generated. Stack-mode 
viewing facilitates the depiction of parenchymal lung 
disease and the perception of image patterns which 
is extremely important in diffuse disease. This alone 
already requires a change in the protocols to be used 
and the workfl ow for patients with diffuse lung dis-
ease. From the volumetric high-resolution MDCT data 
sets with almost isotropic voxels high-quality images 
in different, non-axial planes can be reconstructed 
(Honda et al. 2001); thus, reading of chest CT will 
go far beyond the standard assessment of the trans-
axial slices since multiplanar reformations (MPR) and 
three-dimensional volume reconstructions are easily 
performed. Radiologists must be familiar with the 
huge potential of this technology and the necessity 
for a paradigm shift in the reading strategy (Rubin 
et al. 1996).

6.3.2                                                                                           
Performance of Volumetric High-Resolution 
Computed Tomography

Several studies have already looked into the perfor-
mance of volumetric high-resolution MDCT and 
demonstrated that MDCT is approximately equivalent 
to HRCT in some respect, but offers a huge amount of 
additional information which will make the assess-
ment of diffuse lung disease much easier. The use 
of volumetric MDCT is also particularly useful for 
the evaluation of nodular disease. Abnormalities are 
more easily identifi ed to be related to the underlying 
vascular, bronchial, and lobular anatomy.

Studies comparing MDCT (1- and 5-mm slice 
thickness reconstructed from 1-mm collimation) 
with HRCT (1-mm slices) complemented by spiral 

CT (5-mm slices) have shown signifi cant advantages 
for MDCT; these were apparent when the 5-mm slices 
at spiral CT were compared with the fused 5-mm 
slices at MDCT, which were based on 1-mm collima-
tion. Regarding the assessment of the parenchyma 
with high resolution, both techniques were equiva-
lent for the 1-mm slices (Schoepf et al. 1999; Honda 
et al. 2001). A different study looked at image qual-
ity and fi ndings of high-resolution imaging more 
closely. The 1-mm slices from MDCT and HRCT 
were equivalent in terms of image quality, noise, as 
well as visualization of the central vessels, bronchi, 
and their related pathologies. Traditional HRCT was 
advantageous with regard to spatial resolution, which 
allowed better visualization of peripheral vessels and 
bronchi (Mehnert et al. 2000). This difference was 
attributed to the broader slice sensitivity profi le in 
MDCT which causes a more blurred appearance of 
the very small intrapulmonary structures (Schorn 
et al. 1999). At the same time, however, MDCT was 
superior to traditional HRCT in demonstrating inter-
lobar septa. Even more important will be the advan-
tages of MDCT over HRCT with regard to motion, 
since respiratory or pulsation artifacts were more or 
less absent on MDCT images. Diagnostic relevant dif-
ferences between volumetric high-resolution MDCT 
and traditional HRCT were only noted in 2.2% of 
cases (Mehnert et al. 2000).

On a single 1-mm HRCT slice a small, round sub-
centimeter structure will be better visualized than on 
MDCT; however, the interpretation is more diffi cult 
since this structure may represent an end-on vessel 
or a nodule. On a thicker section this differentiation 
would be an easy call. The MDCT with reconstruc-
tion of thin (1 mm) and thicker (5 mm) slices from 
the same data set is capable to provide visualiza-
tion with both high resolution and with volume 
averaging to facilitate depiction and interpretation. 
Similarly, small irregularly marginated nodules on 
a single HRCT scan will represent impacted bron-
chioles. The typical tree-in-bud pattern of the same 
disease, however, will not be appreciated on a single 
thin collimation slice. Again, the use of a volumetric 
high-resolution acquisition will facilitate pattern 
detection of both, centrilobular nodules and tree-in-
bud, signifi cantly. Besides the assessment of thin and 
thick collimation slices reconstructed from the same 
data set, they can be summed up (fused) and viewed 
with a maximum intensity projection (MIP; Eibel et 
al. 2001a), or even a minimum intensity projection 
(MinIP). Multiplanar reformations (MPRs) in coro-
nal plane should be reconstructed routinely, whereas 
MPRs in additional planes are optional.
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6.3.3                                                                                           
Maximum Intensity Projection

Several studies have used MIP to demonstrate that the 
identifi cation of pulmonary nodules can be improved. 
In one study 103 patients with suspicion or evidence 
of pulmonary nodules were enrolled and underwent 
MDCT with a collimation of 1 mm. The MIP and MPR 
were reconstructed in all three planes. The MIP were 
superior in the depiction of pulmonary nodules at a 
statistically signifi cant level. Additional lesions were 
identifi ed with MIP that were missed with transaxial 
slices and MPR. The improvement by MIP was based 
on the identifi cation of nodules smaller than 5 mm 
in diameter. The improvement by MIP also led to an 
increase in diagnostic confi dence (Eibel et al. 2001a). 
In a different study, MIP led to the detection of addi-
tional fi ndings in 27% of patients with nodular disease 
(Gavelli et al. 1998). The advantage was particularly 
obvious within the central parts of the lung due to better 
distinction between nodules and vessels (Vernhet
et al. 1999). In very extensive disease, MIP will show the 
nodules as a blurred, irregular pattern due to super-
imposition of nodular opacities. This might pose a 
potential problem in some patients.

6.3.4                                                                                           
Minimum Intensity Projection

Although minimum intensity projections (MinIP) 
are not widely used, they improve the assessment of 
lung disease associated with a decrease in attenua-
tion. Single HRCT slices are not well suited for this 
type of postprocessing; however, it could be demon-
strated that MinIP enhances the changes of small 
airway disease resulting in increased observer confi -
dence and agreement as compared with HRCT alone 
(Fotheringham et al. 1999). Volumetric high-reso-
lution MDCT provides a much better database than 
HRCT for the application of MinIP in low attenuation 
lung disease or ground-glass opacities. When using 
spiral CT for volumetric high resolution acquisitions 
MinIP revealed additional fi ndings in 8% of patients 
with emphysema and in 25% of cases with ground-
glass opacities (Gavelli et al. 1998). These results 
have been confi rmed by a different study where 
MinIP improved the detection of pulmonary cysts 
and their differentiation from honeycomb cysts as 
well as the detection of ground-glass opacities not 
visible on HRCT (Vernhet et al. 1999). It has to be 
noted that MinIP was particularly prone to motion 
artifacts; thus, the image quality of MinIP derived 

from MDCT will be far superior to that obtained from 
traditional spiral CT as the source data set.

6.3.5                                                                                           
Multiplanar Reformations

Thin slices throughout the entire lung as provided 
by volumetric MDCT are best suited for high-qual-
ity multiplanar reformations (MPR). In diffuse lung 
disease, coronal or sagittal MPRs can be regarded as 
the primary plane for reading. A slice thickness of 
5 mm for MPR yielded best results. Coronal refor-
mations are superior to the transaxial slices because 
they better display the topology of the lungs and offer 
improved anatomic orientation (Eibel et al. 2001b). 
The detection of radiological patterns is facilitated, 
and the diagnostic yield is improved signifi cantly 
(Figs. 6.2–6.9). Only the lung parenchyma directly 
adjacent to the heart and the great vessels might 
be visualized with limited quality due to cardiac 
pulsation artifacts. Coronal MPRs in particular are 
also more easily appreciated by our clinical partners 
because they are used to coronal projections from 
chest radiography and MRI of the chest. Advantages 
of sagittal MPR include the sharper delineation of 
interlobar fi ssures and thus improved anatomic local-
ization of a lesion when compared with transaxial 
slices and coronal MPR (Eibel et al. 2001b). The use-
fulness of coronal MPRs from MDCT on work-fl ow 
related issues was demonstrated in a recent study in 
50 patients with suspected or confi rmed interstitial 
lung disease. This study showed that the number of 
images to be interpreted could be reduced by 40% 
without affecting diagnostic accuracy if a coronal 
plane was reconstructed rather than the routine 
transaxial plane. The actual number of images to read 
will be almost as low as with traditional transaxial 
HRCT. There is a high level of concordance between 
reading coronal and transaxial slices regarding the 
identifi cation of nodules or fi brosis. Distribution 
of abnormalities and patterns are more easily and 
precisely observed on coronal MPR images. For the 
dedicated evaluation of the relationship between 
nodules and airways even the application of curved 
MPR is useful (Raman et al. 2002).

6.3.6                                                                                           
Patient Position

In the normal lung with the patient supine, there is a 
gradual increase in attenuation and vessel size from 
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the more ventral to the more dorsal lung regions. 
This attenuation gradient is caused by the effect of 
gravity on blood fl ow and gas volume as well as some 
non-gravity-dependent effects. The density gradient 
is accentuated on expiration (Verschakelen et al. 
1998). Hypoventilation and atelectasis in the depen-
dent lung will cause areas of dependent density or 
subpleural lines; thus, in some cases it may be nec-
essary to obtain prone images to differentiate actual 
disease from physiologically dependent density or 
atelectasis. This is particularly true in patients with 
suspected diffuse lung disease, when the detection 
of ground-glass opacities or curvilinear subpleural 
lines are of diagnostic importance. Prone scanning 
is useful in almost 20% of patients. The proportion 
is even higher in patients with a normal or near-
normal chest radiograph (Volpe et al. 1997). The 
MDCT allows for very fast acquisition and complete 
coverage of the lung in a single breath hold. Since 
planning and data acquisition are so fast, the devel-
opment of atelectasis formation due to supine pos-
ture and regional hypoventilation is less likely than 
at HRCT which requires more time and repeated 
breath holds. Nevertheless, routine MDCT in supine 
position should be complemented by a scan acquired 
in prone position if early diffuse lung disease is sus-
pected in a dependent lung region.

6.3.7                                                                                           
Patient Respiration

Motion artifacts due to non-suspended respiration 
are common. Manifestations of respiratory motion 

include blurring of normal detail, ground-glass 
opacities, and linear streaks or star artifacts from 
the edges of vessels and other high-density struc-
tures (Fig. 6.2). Motion of linear structures, such as 
fi ssures, vessels, and bronchial walls, may result in 
artifactual parallel opacities which are also called 
double images or ghosting. On lung window set-
ting respiratory motion artifacts are normally 
easily recognized. Respiratory motion artifacts not 
identifi ed on a single scan are easily appreciated by 
stack mode viewing, where they are even more obvi-
ous. The cyclic appearance of the artifacts is char-
acteristic for respiratory motion (Fig. 6.2). Since 
gross motion artifact is usually easily recognized, 
it degrades image quality, but it will not interfere 
with image interpretation. Subtle motion-related 
ground-glass opacities may mimic an infi ltrative 
process, and doubling of vascular structures can 
mimic thickened interlobular septa or the walls of 
a dilated bronchus. If they are not recognized as 
respiratory motion artifacts, they will represent a 
false-positive fi nding of interstitial lung disease or 
bronchiectasis. In general, there are fewer respira-
tory motion artifacts at MDCT than at HRCT. The 
single, short breath-hold period at MDCT is nor-
mally better tolerated than the multiple consecutive 
breath holds at HRCT. If cluster scanning is used 
for HRCT, progressive respiratory motion artifacts 
are sometimes observed from one image to the next 
within a cluster of acquisitions (Engeler 1994). A 
single breath hold also provides a constant respira-
tory depth throughout the lung, whereas HRCT can 
be impaired by different depths of inspiration from 
one scan or cluster to another.

Fig. 6.2a, b. A 61-year-old woman with collagen vascular disease and fi brosis. a 1-mm thin slice shows a reticular pattern with 
predominance in the peripheral and subpleural lung zones. This slice was reconstructed for a given time when the patient held 
her breath in inspiratory position. b Coronal MPR shows severe cyclic artifacts caused by breathing. They are more pronounced 
in the lower and middle lung zones. The assessment of the extent of fi brosis is markedly impaired.

a b
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6.3.8                                                                                           
Inspiratory and Expiratory Scans

Scans are routinely obtained at full inspiratory posi-
tion with the lungs fully expanded; thus, the con-
trast between low-attenuation aerated air space and 
high-attenuation lung structure is maximized. At the 
same time, full inspiration minimizes the frequency 
of confounding densities due to subsegmental and 
mostly gravity-dependent atelectasis. Sometimes a 
geographic pattern of heterogeneous lung attenua-
tion is appreciated on scans obtained at full inspi-
ratory position. This pattern fulfi lls the defi nition 
of ground-glass opacities (see below); however, it 
has a distinctive distribution pattern. It is usually 
caused by regional variations of pulmonary perfu-
sion, and that is why it is called mosaic perfusion. 
It can refl ect primary vascular disease, such as in 
chronic thromboembolic pulmonary hypertension, 
or hypoxic vasoconstriction secondary to primary 

airway disease, such as in bronchiectasis (Fig. 6.3). 
In primary vascular disease the density pattern is 
almost identical on scans obtained at full expiratory 
position. On the contrary, the pattern is very much 
accentuated at expiration in primary airway disease 
having led to fi xed hypoxic vasoconstriction. Scans 
at full expiratory position, however, should also be 
obtained in a wide variety of different diffuse lung 
diseases in order to detect air trapping and make 
the diagnosis of bronchiolitis (Fig. 6.4; Kauczor 
et al. 2000). The visual assessment of severity and 
extent of air trapping, which is much more common 
on expiratory scans (Ng et al. 1999), can be compli-
cated. A fi ne visual grading system has shown unac-
ceptable observer variation, whereas a coarse grading 
system provides much more reliable results (Ng et al. 
1999). Visual assessment of scans from an unselected 
patient population alone, however, does not allow for 
confi dent estimation of functional compromise due 
to obstructive lung disease (Kauczor et al. 2000). In 

Fig. 6.3a–c. A 33-year-old man with cystic fi brosis. a Axial 
source image, b coronal, and c sagittal MPR show bronchi-
ectasis, emphysematous destruction, and mosaic oligemia 
refl ecting hypoxic vasoconstriction. (Courtesy of A. Noemayr, 
Institut fuer Diagnostische Radiologie, Universitaet Erlangen, 
Germany)

a

cb
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well-characterized patients, such as in bronchiecta-
sis, the extent of air trapping on expiratory CT scans 
correlated with the severity of air-fl ow obstruction 
measured by FEV1 (r=0.55; Roberts et al. 2000).

6.3.9                                                                                           
Cardiac Pulsation Artifacts and Cardiac Gating

Cardiac pulsation artifacts typically affect the para-
cardiac regions of the lingula and the right middle 
lobe (Figs. 6.4, 6.5). Aortic pulsation most likely 
affects lung areas adjacent to the aortic arch or the 
descending thoracic aorta being segments 6 and 10 
of the left lower lobe. These pulsation artifacts can 
be misleading and cause positive fi ndings. Cardiac 
gating is especially helpful for the visualization of the 
lobes adjacent to the heart, in particular the left ven-
tricle, as well as the thoracic aorta during its whole 
course. Image quality can be signifi cantly improved 
in the affected areas, especially the lingula, when ECG 
triggering is used (Schoepf et al. 1999). Prospective 
ECG triggering leads to a signifi cant prolongation 
of measurement time, which interferes with the 
breath-hold capabilities of many patients (Becker 
et al. 2000); thus, retrospective cardiac gating should 
be regarded as the method of choice to get rid of dis-
turbing pulsation artifacts in the lingula, if present; 
both will also reduce the amount of pulsation arti-
facts within the ascending aorta mimicking a plane 
of dissection and within the lung regions adjacent to 
the thoracic aorta. Besides ECG triggering, another 

factor which reduces the number of artifacts signifi -
cantly is the faster rotation time which can be used 
on MDCT scanner. It is 0.5 s instead of 1 s on older 
spiral CT scanners or as an option on MDCT scanners 
(Montaudon et al. 2001). Rotation time also has a 
signifi cant positive effect on reduction of cardiac pul-
sation artifacts, which might even be more important 
than ECG triggering.

6.3.10                                                                                        
Window Setting

There is no single ideal window setting for evaluat-
ing the lung parenchyma. Window settings have to 
be optimized with regard to the settings of scanners, 
monitors, and laser imagers. For the assessment of 
parenchymal disease a relatively wide window width 
(1400–1800 HU) together with a high window level 
(–700 to –500 HU) is recommended. Wider window 
settings are generally better for the evaluation of 
high-contrast interfaces, especially pleural interfaces; 
thus, wide windows are especially advised for the 
assessment of asbestosis. Narrower window settings 
are better suited for the detection of emphysema or 
air trapping, since they allow for detection of subtle 
attenuation differences. The use of individual modi-
fi cations for particular tasks is strongly encouraged. 
They should be performed on the monitor to empha-
size subtle attenuation differences, such as those seen 
in lungs with emphysema or air trapping, as well as 
pleural pathologies such as in asbestosis.

Fig. 6.4a, b. A 32-year-old woman with bronchiolitis obliterans after chemotherapy for non-Hodgkin’s lymphoma. a Coronal 
MPR in expiration shows areas of focal air trapping in both lower lobes. b Sagittal MPR in expiration delineates an area of focal 
air trapping in the right lower lobe. (Courtesy of A. Noemayr, Institut fuer Diagnostische Radiologie, Universitaet Erlangen, 
Germany)

a b
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The window setting has a substantial effect on the 
accuracy of size measurements. This is particularly 
important for the assessment of bronchial lumen 
diameter and bronchial wall thickness. It has been 
demonstrated that an intermediate window width 
between –1000 and –1400 HU together with a window 
level between –250 and –700 HU best refl ects the real 
size of the bronchi and especially the thickness of the 
bronchial wall (Bankier et al. 1996). Although studied 
with HRCT, these results are also valid for MDCT; thus, 
it is not unlikely that different window settings have to 
be used for the identifi cation of pathological changes 
of the parenchyma or the pleura and the for the mea-
surement of bronchial diameter and wall thickness. In 
the future, dedicated software will allow to measure 
the cross-sectional area of the bronchial lumen and 
the wall thickness automatically with a high degree of 
accuracy (Beigelman-Aubry et al. 2002). Under these 
circumstances the window setting on the screen does 
not affect the measurements anymore.

6.4                                                                                  
CT Patterns in Diffuse Lung Disease

6.4.1                                                                                           
Introduction

Many acute and chronic lung diseases are character-
ized by diffuse infi ltrations of the lung parenchyma. 
The differential diagnosis is based on patterns and 

distribution of fi ndings. Diffuse lung diseases can be 
divided into diseases with decreased and increased 
lung attenuation. Diseases with decreased attenua-
tion comprise the emphysemas and all the different 
varieties of a cystic pattern, so-called holes in the 
lung. The patterns of diffuse lung diseases with 
increased density are multiple. They include septal, 
reticular, and nodular patterns as well as ground-
glass opacities and consolidations.

A pattern or sign in CT refers to a radiological fi nd-
ing or a combination of fi ndings which suggest the 
diagnosis of a specifi c disease process. Identifi cation of 
a CT sign or pattern requires the understanding of the 
meaning of it. For communication with clinicians it is 
important to use a cohesive terminology of signs and 
patterns describing the fi ndings so that they will know 
how a certain differential diagnosis has come up and 
what the confi dence level of this diagnosis is. Quite a 
number of interstitial lung diseases are associated with 
characteristic signs and patterns on CT scanning. They 
will substantially support a certain specifi c diagnosis, 
such as Langerhans cell histiocytosis, lymphangioleio-
myomatosis, or end-stage lung disease as a sequel of 
usual interstitial pneumonia (UIP). In these cases, a 
reticular and cystic pattern with predominance in the 
costophrenic angles is present. The signs of fi brosing 
alveolitis are observed additionally. A number of com-
binations of fi ndings as mentioned below allow formu-
lation of quite specifi c differential diagnoses.

The different patterns of lung disease have all been 
described on the basis of HRCT. This knowledge has 
now to be transferred to high-resolution MDCT. 

Fig. 6.5a, b. A 60-year-old man with pleural plaques. a Coronal MPR shows 
pleural plaques in the left upper lobe. b Sagittal MPR shows diffuse pleural 
thickening with a fi brotic band and a small round atelectasis in the right 
lower lobe
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Obviously, the different CT patterns are still valid, 
but MDCT now offers the third dimension by provid-
ing a volumetric data set. Instead of looking at single 
two-dimensional HRCT slices, we have to get used 
to perceiving them in a three-dimensional volume. 
Once accomplished detection of the different pat-
terns will be easier than in the past. At the same time 
it will also be easier to recognize the predominant 
distribution pattern, which is another important hint 
in differential diagnosis.

6.4.2                                                                                           
Normal Anatomy

To describe the localization of parenchymal abnor-
malities, well-known anatomic terms, such as lobes 
and segments, are used in volumetric HRCT. They are 
easily identifi ed while using CT because the normal 
interlobar fi ssures are seen as smooth, linear opaci-
ties measuring less than 1 mm in thickness. The mere 
categorization in lung fi elds or levels is very easy to 
handle but is very diffi cult to be transferred for fur-
ther invasive diagnostic or therapeutic procedures, 
such as bronchoscopy; therefore, the accurate local-
ization of abnormal fi ndings to certain segments is 
essential to guide bronchoscopy, video-assisted tho-
racoscopy, or open surgery. Regarding pulmonary 
physiology the categorization of the pulmonary core 
(medulla) and rind (cortex) is also useful.

The smallest anatomic unit of the pulmonary 
parenchyma visible at CT is the secondary lobule 
which is associated with a secondary bronchiole and 
is enclosed by connective tissue septa. Secondary 
lobules consist of 3–24 acini which are distal to the 
terminal bronchioles depending on location. The 
terminal bronchioles are the last generation of purely 
air-conducting, non-gas-exchanging airways. The 
distal acinus is the largest unit entirely involved in gas 
exchange. In general, the secondary lobules measure 
between 1 and 2.5 cm in diameter. They are bigger and 
rectangular in the periphery, whereas they are smaller 
and hexa- or polygonal in the center. The regular 
structure of the secondary lobule shows a central axial 
compartment with the centrilobular structures. They 
consist of a pulmonary artery branch, the secondary 
bronchiole, lymphatics, and some connective tissue. 
It is important to note that under normal conditions 
only the pulmonary artery branch is visible on the 
CT scan. Together they form the “bronchovascular 
bundle.” More distally in the parenchymal compart-
ment terminal and respiratory bronchioles, acini, 
alveolar ducts, and alveoli are present; however, since 

all of them are very small, they cannot be visualized by 
CT under normal conditions. Interlobular and peril-
obular septa represent the outer margin of the second-
ary lobule. They contain lung veins and lymphatics. 
The identifi cation of the structures of the secondary 
lobule and their appearance when they are affected 
by disease is important. The knowledge of particular 
patterns of spread of disease is of great support for the 
differential diagnosis of pathological abnormalities. 
The patterns are mainly related to a leading fi nding, 
such as an increase or decrease in lung attenuation 
together with a certain shape, e.g., nodular, or size, e.g., 
less than 1 cm in diameter, and localization, such as 
in the central axial compartment. They mostly involve 
a substantial lung area with some kind of regional 
predominance which will be much easier depicted on 
volumetric high-resolution CT.

6.4.3                                                                                           
Septal Pattern

The normal interlobular septa marginate parts of 
the secondary lobule. Also, as mentioned previously, 
they contain venous and lymphatic structures. They 
measure approximately 0.1 mm in thickness, and are 
only occasionally or partially seen on CT scans under 
normal conditions. Thickening of interlobular septa 
will make these septa a striking fi nding. A regular 
network becomes apparent, and the centrilobular 
artery is easily identifi ed as a small dot in the center 
of a hexa- or polygon. Thickening of the interlobular 
septa may be caused by interstitial fl uid, such as in 
pulmonary congestion, by cellular infi ltration, such as 
in lymphangitic carcinomatosis, or by tissue, such as in 
fi brosis or storage diseases (Stein et al. 1987; Munk et 
al. 1988; Meziane et al. 1988). Septa are most promi-
nent in the lung periphery where they can be seen as 
1- to 2-cm-long lines. They course perpendicularly to 
the pleural surface which they usually reach. Although 
the margins of the secondary lobules are outlined in 
part or completely, the normal architecture of the lung 
parenchyma is not distorted. The thickening of the 
interlobular septa can be smooth, nodular, or irregular 
(Kang et al. 1996). Clearly marginated regular thick-
ened septa are a non-specifi c fi nding. It is apparent in 
all processes which have a component of pulmonary 
edema or hemorrhage; thus, smooth thickening of the 
septa is associated with a predominant perilobular 
distribution since veins and lymphatics are equally 
affected. The septal pattern with its perilobular dis-
tribution will also be associated with ground-glass 
opacity which can also be caused by fl uid overload and 
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congestion (see below). The septal pattern can develop 
very quickly in acute pulmonary congestion, but it may 
also resolve very fast. Nodular or beaded thickening of 
the septa is a typical fi nding in lymphangitic spread 
of carcinoma or lymphoma (Munk et al. 1988). Less 
frequent differential diagnoses of nodular thickening 
of the septa are sarcoidosis, silicosis (Fig. 6.1), lympho-
cytic interstitial pneumonia, amyloidosis, and Kaposi 
sarcoma. All of these go along with focal clusters of 
immunocompetent cells, such as lymphocytes or 
macrophages, or focal deposition of infl ammatory or 
proteinaceous material, such as granulomas or amy-
loid. Since the pathological process takes place within 
the lymphatic pathways not only the perilobular 
septa are affected. There is additional disease in the 
lymphatics which course in the central compartment 
of the secondary lobule; thus, nodular thickening will 
also be present along the bronchovascular bundles, 
which is an especially typical fi nding in sarcoidosis. 
The distribution is also referred to as perilymphatic 
pattern. Irregular thickening of the septa is seen in 
interstitial fi brosis (Nishimura et al. 1992). There is a 
predominance of the subpleural and basal lung zones. 
The septal pattern can be a precursor of architectural 
distortion and formation of a reticular pattern (see 
below). The distribution of reticulation and associated 
fi ndings often enables refi nement of the differential 
diagnosis.

6.4.4                                                                                           
Reticular Pattern

A reticular pattern consists of linear shadows which 
do not respect the normal architecture of the lung 
parenchyma. They are referred to as trans- or intra-
lobular lines or septa. They result in irregular linear 
opacities which appear as an irregular mesh or net-
work (Figs. 6.2, 6.6, 6.7). The lines exhibit irregular 
margins and lead to distortions of secondary lobules 
and bronchi. They result in traction bronchiectasis 
and bronchiolectasis as well as displacement of fi s-
sures. The reticular pattern with sharply marginated 
translobular septa is typical for fi brosing alveolitis, 
pulmonary manifestations in connective tissue dis-
ease, or asbestosis. The reticular pattern is frequently 
associated with a septal pattern (see above). Together 
they represent the typical fi brotic appearance with 
parenchymal destruction in end-stage lung disease. 
These changes mostly have a peripheral and caudal 
predominance. In advanced disease, reticular patterns 
are also associated with a cystic pattern, in particular 
the formation of honeycomb cysts (see below).

The reticular pattern is associated with a hetero-
geneous group of interstitial lung diseases. These 
include idiopathic pneumonias [usual interstitial 
pneumonia (UIP), desquamative interstitial pneu-
monia (DIP), acute interstitial pneumonia (AIP) and 
non-specifi c interstitial pneumonia (NSIP)], idio-
pathic pulmonary fi brosis (IPF), collagen vascular 
disease, drug-induced lung disease, radiation pneu-
monitis, and asbestosis. The idiopathic interstitial 
pneumonias have no well-defi ned cause.

The UIP is the most common type. It has a typi-
cal subpleural and lower lung zone predominance 
(Figs. 6.2, 6.6). It is characterized histologically by a 
patchy heterogeneous pattern with foci of normal 
lung, interstitial infl ammation, fi broblastic prolifera-
tion, interstitial fi brosis, and honeycombing. In early 
disease, CT will show ground-glass opacifi cation (see 
below). It represents active alveolitis which will prog-
ress to overt fi brosis; thus, in general, the reticular 
pattern is the leading feature of UIP. It is frequently 
associated with the development of traction bron-
chiectasis and honeycombing. Ground-glass opacity 
and consolidation are also seen but are not dominant 
features. The accuracy of a confi dent diagnosis of 
UIP made on CT by a trained observer is consistently 
90% or higher (Lynch et al. 1995; Mathieson et al. 
1989). Temporal heterogeneity is an important his-
tological feature. It allows to distinguish UIP from 
DIP. The UIP can result from dust exposure, drugs 
radiation, or collagen vascular disease (Fig. 6.2). If 
no cause is found, it is classifi ed as an idiopathic 
interstitial pneumonia and considered synonymous 
with IPF (Fig. 6.6). Patients with IPF have a substan-
tially increased risk of lung cancer, estimated to be 
between 10 and 17% (Lee et al. 1996). Fibrosis-related 
lung cancer is more often located peripherally in the 
lower lobes. Volumetric high-resolution MDCT with 
coverage of the entire lung has a signifi cant advan-
tage over simple HRCT for the detection or follow-up 
of nodules in IPF.

The presence of a predominantly ground-glass 
opacity pattern should suggest the possibility of an 
alternative diagnosis, such as desquamative inter-
stitial pneumonia (DIP), acute interstitial pneumo-
nia (AIP) or non-specifi c interstitial pneumonitis 
(NSIP).

Desquamative interstitial pneumonia (DIP) is char-
acterized histologically by a relatively uniform pattern 
of macrophages within the alveoli. Most patients are 
smokers, and it is likely that DIP represents a reaction 
to cigarette smoke. The features are similar to those 
encountered in respiratory bronchiolitis interstitial 
lung disease (RBILD), although the distribution is dif-
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fuse in DIP and bronchiolocentric in RBILD. The typi-
cal CT feature of DIP is diffuse ground-glass opacity, 
and reticulation is uncommon.

Acute interstitial pneumonia (AIP) is character-
ized histologically by hyaline membranes within the 
alveoli and diffuse, active interstitial fi brosis. Patients 
with AIP often present with respiratory failure devel-
oping over days or weeks. No etiologic agent is iden-
tifi ed. Typical CT features are ground-glass opacity 
and consolidation with a geographic distribution. In 
later stages honeycombing and reticulation develop.

Nonspecifi c interstitial pneumonia (NSIP) is char-
acterized histologically by interstitial infl ammation 
and fi brosis without any specifi c features indicative 
for UIP, DIP, or AIP. It is a diagnosis of exclusion. 
The typical CT feature is ground-glass opacity, and 
although reticulation and consolidation are common, 
honeycombing is uncommon (Kim et al. 1998). The 
ground-glass opacity is usually bilateral and sym-
metric, and less commonly it is peribronchovascular. 
It has a peripheral and basal predominance.

The subpleural and lower zone predominance of 
the reticular pattern known from UIP also occurs 
in asbestosis. Common fi ndings in asbestosis are 
subpleural curvilinear lines which run parallel to the 
pleural surface and parenchymal bands which are 
several millimeters thick and 2–5 cm long with con-
tact to the pleura. Although subpleural curvilinear 
lines are not pathognomonic for pulmonary asbesto-
sis, it is important to check for any potential exposure 
to asbestos in the past. Sometimes these subpleural 
curvilinear lines are caused by posture and gravity 
effects. In such cases, additional prone scanning is 
helpful to confi rm the presence of these lines as fi xed 
fi brotic changes instead of mere sign of hypoventila-
tion in the dependent lung region. Pulmonary asbes-
tosis is frequently associated with pleural plaques 
and diffuse pleural thickening. Their presence will 
be just another important indicator of check for any 
potential exposure to asbestos in the past.

In sarcoidosis, fi brosis occurs in the late stages of 
the disease. It typically affects the central lung regions 

Fig. 6.6a–c. A 64-year-old man with usual interstitial pneumonitis (UIP). 
a 1-mm thin slice shows mainly a reticular pattern associated with hon-
eycombing (cystic pattern) with predominance in the peripheral and sub-
pleural lung zones. b Coronal MPR illustrates the predominance in the basal 
lung zones typical for UIP. c Sagittal MPR illustrates the predominance in 
the subpleural lung zones and the cystic pattern
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in the middle and upper lung zone. It can be observed 
as nodular thickening of the bronchi and pulmonary 
vessels, interlobular septa, and interlobar fi ssure. This 
results in central clustering of ectatic and distorted 
bronchi, called traction bronchiectasis. Associated 
nodular disease with a perilymphatic distribution 
pattern refl ecting multiple granulomas is common 
and allows to diagnose sarcoidosis as the underlying 
disease causing lung fi brosis.

In hypersensitivity pneumonitis reticulation and 
honeycombing representing fi brosis is seen predomi-
nantly in the mid- and lower lung regions. The rela-
tive sparing of the posterior costophrenic recesses 
and the presence of centrilobular nodules allows its 
distinction from UIP in most cases (Fig. 6.7).

6.4.5                                                                                           
Nodular Pattern

Nodular opacities or pulmonary nodules are 
spherical or ovoid. They are categorized according 

to size, attenuation, margination, and localization. 
The association between these fi ndings and dig-
nity of a particular etiology is limited. A general 
categorization of size in micronodules (<5 mm), 
nodules (5–20 mm), and masses (>20 mm) is help-
ful. Measurements of attenuation are problematic. 
Values higher than 150 HU are typical for calci-
fi cations and indicate benign, postinfl ammatory 
granuloma (Siegelman et al. 1986). Faint and 
nodular increases of density with a centrilobular 
localization are also regarded as a nodular pattern 
and not as ground-glass opacities (see below). Ill-
defi ned peribronchial nodules measuring less than 
10 mm are highly specifi c for acute bronchial infec-
tions. A surrounding area with a small increase in 
density is called “halo.” By defi nition, it represents 
an area of ground-glass opacity, although it is just 
the interface between the nodule and the normal 
lung parenchyma. The halo sign is said to indicate 
acute infl ammation or hemorrhage.

According to localization fi ve distribution catego-
ries of nodules should be differentiated.

Fig. 6.7a–c. A 41-year-old woman with hypersensitivity pneumonitis. a Axial 
source image, b coronal, and c sagittal MPR show mainly a cystic pattern 
(honeycombing) associated with a reticular pattern and traction bronchiec-
tasis. There is no obvious predominance of the fi ndings in the upper, mid, or 
lower lung zones, which together with the relative sparing of the posterior 
costophrenic recesses allows for distinction of hypersensitivity pneumonitis 
from usual interstitial pneumonia (UIP). (Courtesy of A. Noemayr, Institut 
fuer Diagnostische Radiologie, Universitaet Erlangen, Germany)
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Peribronchovascular Distribution. These nodules 
originate from the wall of a bronchus or pulmo-
nary artery. They are well defi ned and often have a 
beaded appearance. They measure less than 5 mm. 
Computed tomography is not capable of differentiat-
ing nodules which originate from the bronchus from 
those originating from the pulmonary artery wall. 
Typically, these nodules are granulomas, e.g., as they 
may be encountered in vasculitis (Seo et al. 2000).

Centrilobular Distribution. These nodules are also 
referred to as parenchymal nodules. They originate 
from the terminal and respiratory bronchioles, which 
are normally invisible. They can also originate from 
the peripheral pulmonary artery branches. They 
have a distance of 3–10 mm from interlobular septa, 
fi ssure, or pleura. Enlargement of centrilobular 
structures, and lack of defi nition or the depiction 
of dilated, branching bronchioles are features of 
centrilobular nodules. They often present as focal, 
ill-defi ned, centrilobular ground-glass opacities. 
They indicate alveolitis, bronchiolitis, or even small 
foci of bronchopneumonia as they occur in acute 
exacerbations of chronic obstructive lung disease. In 
silicosis, nodules frequently have a centrilobular or 
subpleural distribution pattern with a predominance 
in the posterior aspect of the upper lobe. Typically, 
they are smoothly marginated. The nodules range 
between 2 and 5 mm in diameter, and can be calcifi ed. 
Concomitant nodular thickening of the interlobular 
septa is uncommon.

Perilobular Distribution. Perilobular nodules are 
localized along the interlobular septa and the pleura 
surfaces. They are infrequently encountered as a 
single distribution pattern for nodules.

Perilymphatic Distribution. Much more frequent 
is a perilymphatic distribution pattern of nodules. 
It relates to the presence of nodules along the dif-
ferent lymphatic pathways within the lung, such as 
along the bronchovascular bundles, the interlobar 
fi ssures, the interlobular septa, and the subpleural 
regions. It is a typical distribution pattern for gran-
uloma in sarcoidosis. Here the nodules measure 
less than 5 mm and have irregular margins. They 
have a predominance for the perihilar regions and 
the upper lobes which is particularly well depicted 
on coronal reformations. Confl uence of granuloma 
may result in large nodules, ground-glass opacities, 
or consolidation (Nishimura et al. 1993). The nod-
ular pattern in lymphangitic carcinomatosis can 
also show a perilymphatic distribution; however, 

for reasons unknown, lymphangitic carcinomatosis 
has a predominance for the perilobular distribution 
pattern.

A nodular pattern with a random distribution 
with respect to the leading structures of the second-
ary lobule is indicative for a disease process with 
hematogenous spread as it occurs in malignant 
disease and hematogenous metastases, miliary 
tuberculosis, miliary histoplasmosis, cytomegaly, or 
herpes virus infections.

6.4.6                                                                                           
Cystic Pattern

A cystic pattern results from a heterogeneous group 
of diseases, all having in common the presence of 
focal, multifocal, or diffuse parenchymal lucencies 
and lung destruction. The cystic pattern is also 
referred to as “holes in the lung.” Some “holes” are 
part of well-known and frequent diseases such as 
bullae in emphysema, centrilobular lucencies, hon-
eycombing in fi brosis, and end-stage lung disease or 
cavitations in infl ammatory disease. Other “holes” 
present with specifi c cystic patterns such as in Lang-
erhans cell histiocytosis, lymphangioleiomyomatosis, 
sarcoidosis, lymphocytic interstitial pneumonitis, or 
Pneumocystis carinii pneumonia.

6.4.6.1                                                                                                      
Cysts

The term “cyst” itself is non-specifi c and refers to 
a thin-walled (usually less than 3 mm thick), well-
defi ned and circumscribed air- or fl uid-fi lled lesion. 
Only air-fi lled cysts appear as a cystic pattern on a CT 
scan and are discussed here. Cysts with a liquid, semi-
solid, or solid contents appear as a nodule. The nature 
of the contents can sometimes be differentiated by 
the use of CT. Air-fi lled cysts typically measure 1 cm 
or more in diameter and have a fi brous or epithelial 
wall (Klein et al. 1992). The presence of a defi nable 
wall demonstrated at CT differentiates cysts from 
emphysema. Cysts are usually multiple, have different 
sizes, and are sharply marginated with respect to the 
surrounding parenchyma. Intrapulmonary air-fi lled 
cysts can occur spontaneously without being associ-
ated with any other disease. Besides the cyst itself 
there is no architectural distortion. Cysts can also be 
the leading pattern of specifi c lung diseases, such as 
Langerhans cell histiocytosis and lymphangioleio-
myomatosis, where they result in destruction of the 
normal lung parenchyma.
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6.4.6.2                                                                                                      
Langerhans Cell Histiocytosis and Lymphangioleio-
myomatosis

In case of Langerhans cell histiocytosis, the cysts have 
a mid and upper lung zone predominance with spar-
ing of the lung bases (Brauner et al. 1997; Kazerooni 
2001) which is better depicted on coronal reformations 
than on cross-sectional images. In the early phase, 
Langerhans cell histiocytosis have a typical nodular 
pattern with multiple, <10-mm small centrilobular 
nodules with irregular margins. Later these nodules 
increase in size and have a tendency to cavitate and 
to develop into cystic lesions with a diameter of up to 
2 cm. The cysts are usually thin walled, often confl u-
ent, and have bizarre or lobulated shapes. Since the 
thin walls of the cysts are prone to rupture, there is an 
increased risk of pneumothoraces. Concomitant nod-
ules are usually irregular, measure 1–5 mm, and often 
have a centrilobular distribution. The interspersed 
pulmonary parenchyma is typically normal, without 
evidence of fi brosis or septal thickening.

In lymphangioleiomyomatosis, the cysts are dis-
tributed diffusely throughout the lung (Akkermann 
and Eberhardt 1992; Haubold-Reuter et al. 1995). 
They are thin walled, round, and measure 0.2–5 cm. 
Their wall is thin, ranging from and barely seen to 
4 mm in thickness (Lenoir et al. 1990). Since the 
thin walls of the cysts are prone to rupture there is an 
increased risk of pneumothoraces. The surrounding 
parenchyma is typically normal. Nodules are uncom-
mon. Sometimes it may be diffi cult to distinguish 
lymphangioleiomyomatosis and Langerhans cell his-
tiocytosis from emphysema. There is a helpful fi nding 
as the cystic spaces in lymphangioleiomyomatosis and 
Langerhans cell histiocytosis do not have any central 
nodular opacities, whereas the cystic spaces seen with 
centrilobular emphysema contain a small central nod-
ular opacity representing the centrilobular artery.

6.4.6.3                                                                                                      
Honeycomb Cysts

Honeycomb cysts constitute the irreversible fi nal 
stage of parenchymal destruction in lung fi brosis 
(end-stage lung), mainly due to UIP, collagen vascu-
lar disease, asbestosis, hypersensitivity pneumonitis, 
or drug-related fi brosis (Figs. 6.2, 6.6, 6.7). They usu-
ally are round or ovoid and measure between 0.3 
and 1 cm in diameter, although they can range from 
several millimeters to several centimeters in size. In 
an individual, however, they are uniform. They have 
clearly defi nable walls which are 1–3 mm thick (Webb 

et al. 1988). The walls consist of fi brous tissue with or 
without signs of chronic infl ammation. In general, they 
are lined by bronchiolar epithelium. Honeycomb cysts 
seem to develop from massively dilated terminal and 
respiratory bronchioles. Honeycombing is associated 
with other fi ndings of lung fi brosis such as septal and 
reticular pattern, architectural distortion, and traction 
bronchiectasis. The combination of honeycomb cysts 
and a large-mashed reticular pattern presents as a joint 
honeycomb pattern. It consists of multiple irregular 
cystic spaces (honeycombs) which are separated from 
each other by irregular thick walls and the intralobular 
septa and lines. Even CT is not capable of separating the 
walls of the honeycomb cysts from the thickened intra-
lobular fi brous bands. According to the predominance 
of the underlying disease, honeycombing is typically 
subpleural and worse at the lung base or apices. Hon-
eycomb cysts occur in botryoidal groups. Their distribu-
tion within the lung reaches from a single location to an 
almost complete involvement of both lungs. Frequently, 
there is a patchy distribution. The differential diagnosis 
of honeycomb cysts is important, but not extensive. Due 
to superimposition of multiple localized changes of lung 
attenuation, it is sometimes diffi cult to decide whether 
the increase or decrease in lung attenuation represents 
the real lesion; thus, the differentiation between a hon-
eycomb pattern in fi brosis and multiple nodules in an 
interstitial granulomatous disease might be diffi cult. In 
contrast, the differentiation between honeycomb cysts 
and different air-fi lled cysts is easy. Size, wall thickness, 
as well as the variability between the individual cysts 
together with the surrounding structures are valuable 
hints; thus, honeycomb cysts are usually readily differ-
entiated from the cysts seen in Langerhans cell histio-
cytosis and lymphangioleiomyomatosis.

6.4.6.4                                                                                                      
Bullae

Bullae can be solitary or multiple. They are usually asso-
ciated with any type of emphysema. They are supposed 
to take their origin from confl uent emphysematous 
secondary lobules and result in architectural distortion 
and destruction (Fig. 6.3); thus, bullae are substantially 
larger than normal secondary lobules and measure more 
than 1 cm in diameter. They only partially participate in 
ventilation. The wall surrounding bullae is usually very 
thin (less than 1 mm) (Klein et al. 1992). This thin wall 
is even diffi cult to depict at CT. The bulla is detected 
because of their low attenuation in comparison with 
the surrounding lung parenchyma (Schurawitzki
1992). Since the wall is so thin, there is a substantial risk 
for the development of a pneumothorax.
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6.4.6.5                                                                                                      
Cavities

Cavities are mostly caused by necrotic infl ammatory 
processes with cavitation such as in tuberculosis 
or aspergillosis. Alternatively, they can be caused 
by necrotic tumors. Cavities usually present with 
clearly visible walls which are thicker than 3 mm. 
These walls typically have irregular outer and inner 
margins. Cavities per se do not cause widespread 
destruction of the parenchyma. Cavities regularly 
have a connection of the bronchial tree which can 
be demonstrated with the use of MDCT. Cavities fre-
quently contain some fl uid or debris, which can be 
caused by mucus hypersecretion, cavitating tumors, 
hemorrhage, hydatid disease, and mycetoma. Myce-
tomas are a sequel of the bronchogenic secondary 
colonization of the cavity with micro-organisms, 
especially Aspergillus species. The contents of the 
cavity creates a visible air-fl uid level or a so-called 
air-crescent sign. Air–fl uid levels are gravity depen-
dent. Additional prone scanning proves the air–fl uid 
level and the amount of fl uid. It also demonstrates 
the exact localization of the fl uid collection, whether 
it is intrapulmonary or intrapleural. The air crescent 
separates the round or irregular contents of the 
cavity from the inner wall (Austin et al. 1996). The 
air-crescent sign is typical for cavitating infl amma-
tions, which gain contact with the bronchial tree. 
It frequently occurs at an intermediate stage of an 
Aspergillus infection (Blum et al. 1994). In mycetoma, 
the air crescent delineates a fungus ball. Again, prone 
scanning demonstrates rolling of the fungus ball and 
prove the diagnosis.

6.4.7                                                                                           
Consolidation

Consolidation of lung is caused by the complete 
replacement of alveolar air by fl uid, cells, tissue, or 
other substances thus leading to an extensive, homo-
geneous increase in lung attenuation. Consolidations 
are frequently related to hemorrhage, infections, or 
infl ammations (Fig. 6.8). The fi nding is non-specifi c 
and should not be applied for differential diagnosis. 
The underlying vascular structures are obscured by 
defi nition (Remy-Jardin et al. 1993a). Positive air 
bronchograms are observed frequently (Fig. 6.8). 
Consolidations are focal processes in most cases, 
and the normal pulmonary parenchyma itself is 
not affected. Larger consolidations are frequently 
symptomatic and lead to lung function impairment 

because there is no gas exchange within the consoli-
dated area (Aberle 1993; Kohno et al. 1993).

In the setting of chronic diffuse infi ltrative lung 
disease, consolidation is seen in chronic eosinophilic 
pneumonia (CEP), bronchiolitis obliterans organiz-
ing pneumonia (BOOP) or cryptogenic organizing 
pneumonia (COP), bronchioloalveolar carcinoma, 
lipoid pneumonia, sarcoidosis, and lymphoma. Acute 
consolidations are commonly caused by pulmonary 
edema, hemorrhage, extrinsic allergic alveolitis, radi-
ation pneumonitis, infarction, or infectious pneumo-
nia. Alveolar proteinosis can also present as acute or 
recurrent pulmonary consolidation.

Fig. 6.8a, b. A 53-year-old man with pneumonia (tuberculo-
sis) in the left upper lobe. a Coronal MPR shows ground-glass 
opacifi cation and consolidation. b Sagittal MPR shows posi-
tive bronchograms within the consolidation. (Courtesy of A. 
Noemayr, Institut fuer Diagnostische Radiologie, Universitaet 
Erlangen, Germany)

a

b
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Chronic eosinophilic pneumonia (CEP) and bron-
chiolitis obliterans organizing pneumonia (BOOP) or 
cryptogenic organizing pneumonia (COP), typically 
result in subpleural consolidations. The BOOP/COP 
is characterized by the presence of unilateral or more 
commonly bilateral areas of consolidation. They often 
have a predominant subpleural or peribronchial distri-
bution. Poorly defi ned centrilobular or peribronchial 
nodules or masses may also be present. The patterns of 
BOOP/COP and CEP are frequently indistinguishable; 
however, although CEP usually has an upper lobe pre-
dominance, BOOP/COP typically involves predomi-
nantly the middle and lower lung zones. Patients with 
CEP and BOOP/COP can rapidly respond to steroid 
therapy. In the resolution phase linear opacities may 
be seen paralleling the pleural surface.

Sarcoidosis can also manifest as peripheral areas 
of consolidation on CT, although this is not the most 
common appearance of the disease. Alveolar pro-
teinosis typically manifests as patchy or diffuse con-
solidation and ground-glass opacity with geographic 
margins and septal thickening. Unilateral or bilateral 
patchy airspace consolidation may also be a present-
ing feature of bronchioloalveolar carcinoma. It must 
be considered when consolidations progress over 
several months or are associated with lung nodules.

Consolidations which are caused by aerogenic 
infections show a typical relationship to the bronchus 
involved. Their extension then surrounds a bronchus; 
less frequently, when localized in the lung periphery, 
the consolidations in aerogenic infections are wedge 
shaped. In parallel, consolidations with hematog-
enous causes, such as infarction, have a spatial rela-
tionship to a pulmonary artery branch; thus, infarc-
tions are characterized by one or more wedge-shaped 
areas of consolidation along the pleural surface. 
Multiple or extensive pulmonary infarcts can easily 
mimic other peripheral lung diseases. Consolidations 
with a relationship to a pulmonary artery branch are 
also called “infarct-like lesions,” and diseases with 
infi ltration of the pulmonary artery, such as invasive 
pulmonary aspergillosis, will have an unambiguous 
spatial relationship between a pulmonary artery 
branch and the concomitant wedge-shaped consoli-
dation; thus, the infarct-type distribution pattern is 
also called angiotropic.

Consolidations often present with large caliber 
vessels which are easily seen after the administration 
of a contrast agent. The obvious contrast between 
the vessel and the consolidation has been named 
“CT angiogram sign.” The pulmonary artery branch 
is a strongly enhancing, branching structure clearly 
delineated within the consolidation which has a low 

density due to mucus and debris. The “CT angiogram 
sign” was fi rst described as fairly typical for bronchi-
oloalveolar tumors; however, it can also be observed 
in different types of pneumonias, pulmonary edema, 
obstruction atelectasis, round atelectasis, lymphoma 
manifestation, and metastases of gastrointestinal 
tumors (Maldonado 1999).

6.4.8                                                                                           
Ground-Glass Opacities

Ground-glass opacity is defi ned as an extensive 
increase in lung attenuation without obscuration of 
the vascular markings (Engeler et al. 1993), which is 
the decisive difference with regard to “consolidation” 
(Figs. 6.2–6.4, 6.6, 6.7). Thin collimation is often nec-
essary to detect subtle forms of ground-glass opacity, 
whereas volume averaging can obscure ground-glass 
opacities on thick collimation scans (Remy-Jardin et 
al. 1993a). Ground-glass opacities can be generalized 
or limited to particular secondary lobules, segments, 
or lobes. The underlying parenchyma is not affected. 
A mild degree of ground-glass opacities corresponds 
to an increase in density of 100–200 HU, a moderate 
degree to an increase of 200–400 HU, and a severe 
degree to an increase on more than 400 HU. Multiple 
pathogenetic processes can lead to ground-glass 
opacities, which are caused by an increase of fl uid, 
cells, or tissue within the axial interstitium and the 
alveoli. This pattern is highly sensitive with respect 
to physiological and pathological changes within 
the interstitium and the alveoli; however, it is highly 
non-specifi c, and not helpful to support a particular 
diagnosis. Comparative studies with histology dem-
onstrated that ground-glass opacities are caused by 
pure interstitial changes in 45%, by pure alveolar 
infi ltrations in 10%, and by a combination of both in 
45% of cases (Remy-Jardin et al. 1993b). The spatial 
resolution of CT is not suffi cient to separate the inter-
stitial and the alveolar component. Approximately 
two-thirds of ground-glass opacities corresponded 
to infl ammatory and one-third to fi brotic changes. 
Additional criteria, such as the presence of traction 
bronchiectasis, are helpful indicators for fi brosis 
which might not be eligible for certain therapies.

In chronic interstitial lung diseases, ground-glass 
opacities are mostly related to infl ammatory, poten-
tially reversible infi ltrations. They occur in subacute 
hypersensitivity pneumonitis, NSIP, DIP, and RBILD. 
In subacute hypersensitivity pneumonitis, areas of 
ground-glass opacity are usually bilateral and involve 
mainly the mid- and lower lung zones. It is frequently 
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associated with poorly defi ned centrilobular nodules 
and lobular areas of reduced attenuation due to air 
trapping (see below).

Non-specifi c interstitial pneumonitis (NSIP) is a 
histological entity characterized by homogeneous 
interstitial infl ammation and fi brosis mainly involv-
ing the alveolar walls without specifi c features. It can 
be idiopathic or associated with collagen vascular 
disease or drug reaction. The most common fi nd-
ing of NSIP is bilateral ground-glass opacity with 
or without consolidation. The abnormalities mainly 
involve the mid- and lower lung zones and often have 
a subpleural predominance. A fi ne reticular pattern 
and traction bronchiectasis are often evident within 
the areas of ground-glass opacity, refl ecting the 
presence of fi brosis. Honeycombing is usually not a 
prominent feature.

Desquamative interstitial pneumonia and RBILD 
form part of the spectrum of cigarette-smoking-
related disease characterized by pigmented macro-
phage infi ltration of the alveolar space. In RBILD the 
abnormalities mainly involve the peribronchovas-
cular regions, whereas in DIP they are diffuse. The 
radiologic appearance of DIP substantially differs 
from that of UIP and IPF. The predominant feature 
in DIP is the presence of patchy areas of ground-
glass opacifi cation often with a subpleural and basal 
predominance (Hartman et al. 1993). The RBILD is 
typically characterized by the presence of patchy 
ground-glass opacities and poorly defi ned centri-
lobular nodules. The abnormalities are bilateral and 
symmetric and can involve mainly the upper and 
lower lung zones.

Lymphocytic interstitial pneumonia is character-
ized histologically by a diffuse interstitial mono-
nuclear cell infi ltrate. Bilateral areas of ground-glass 
opacities together with centrilobular nodules are the 
predominant fi nding. Subpleural nodules, thickening 
of the peribronchovascular interstitium, and thin-
walled cystic airspaces are also frequently seen.

In some diseases ground-glass opacities indicate 
potentially reversible disease (Leung et al. 1993), and 
the fi nding can be used to initiate anti-infl ammatory 
treatment (Müller et al. 1987). In other diseases, 
such as sarcoidosis, the extent of ground-glass opaci-
ties did not correlate with the clinical development 
and the results of pulmonary function tests (Remy-
Jardin et al. 1994). An additional reason for ground-
glass opacities is the increase of blood volume within 
the peripheral capillaries. In arterial hyperperfusion, 
e.g., in pulmonary arterial hypertension, bronchiec-
tasis, or emphysema, a typical irregular subsegmental 
pattern of ground-glass opacity is observed, which is 

called mosaic perfusion (see below). In pulmonary 
venous congestion, however, there is a clear pre-
dominance of the dependent lung zones dorsally and 
caudally. Further causes and differential diagnoses 
of ground-glass opacities are: shallow breathing; 
(alveolar hypoventilation or respiratory artifacts); 
artifacts due to contractions of the left ventricle 
(lingula); and supine position (posterior lung zones). 
On scans obtained in full expiratory position, there 
is a physiological, gravity-dependent homogeneous 
increase of lung attenuation in the posterior lung 
zones. Bronchial or bronchiolar diseases often pres-
ent with marked differences within the expiratory 
increase in lung density, such as hyperinfl ated areas 
(lobular, acinar), due to impeded expiration resulting 
in air trapping.

A lot of acute lung diseases are characteristically 
associated with ground-glass opacities. They include 
extrinsic allergic alveolitis, pulmonary edema, hem-
orrhage, and pneumonia. In immunocompromised 
patients, focal or diffuse ground-glass opacities are 
highly suggestive for Pneumocystis carinii pneu-
monia or viral infections such as cytomegaly virus 
pneumonia.

The simultaneous appearance of an area of 
ground-glass opacity together with an overlying 
septal pattern due to thickening of the interlobular 
septa creates a “crazy paving” pattern (Johkoh et 
al. 1999). The network of branching linear densities 
generates geometric structures with polygonal, tri-
angular, or quadratic shape refl ecting the margins 
of the secondary lobules. Ground-glass opacity is 
caused by partial fi lling of the alveolar space, whereas 
the thickened appearance of the septa is caused by 
proteins and cells. “Crazy paving” was fi rst described 
as a typical fi nding of alveolar proteinosis (Collins 
and Stern 1997), where ground-glass opacities are 
frequent and usually have a patchy or geographic 
distribution. It is noted that in alveolar proteinosis, 
thickening of the septa is mimicked by accumulation 
of intra-alveolar proteinaceous material along the 
septa, which should not be confused with fi brotic 
thickening of the septa. “Crazy paving” has also been 
described in acute respiratory distress syndrome, 
idiopathic pulmonary fi brosis, lipoid pneumonia, 
drug-induced pneumonitis, and bronchioloalveolar 
carcinoma (Johkoh et al. 1999).

6.4.8.1                                                                                                      
Mosaic Pattern

Heterogeneous lung attenuation on inspiratory 
scans is called a mosaic pattern. It is usually caused 
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by inhomogeneous pulmonary perfusion leading to 
ground-glass opacities with an irregular subseg-
mental distribution pattern. The mosaic perfusion 
pattern can be observed in vascular obstruction 
(pulmonary hypertension, chronic pulmonary 
thromboembolism), airway obstruction with sub-
sequent hypoxic vasoconstriction (bronchiectasis, 
emphysema, bronchiolitis) (Fig. 6.3), or from infi l-
trative processes. Vascular obstruction, such as in 
chronic thromboembolic pulmonary hypertension, 
results in decreased perfusion in some areas with 
compensatory hyperperfusion in other areas. This 
results in the same mosaic pattern which is then also 
called mosaic oligemia (Martin et al. 1986). Areas 
distal to vascular obstruction have small-caliber 
vessels resulting in decreased perfusion and lower 
attenuation due to oligemia. On the contrary, areas 
without vascular obstruction have large caliber ves-
sels providing hyperperfusion which causes higher 
attenuation.

In advanced primary airway disease, such as bron-
chiectasis, poor ventilation and air trapping of some 
lung regions are a typical manifestation. Insuffi cient 
ventilation makes gas exchange in this lung region 
ineffective. To reduce the amount of blood fl owing 
through the lungs without taking part in gas exchange 
(shunt perfusion), the pulmonary artery branches are 
constricted. This mechanism is called refl ex hypoxic 
vasoconstriction. The subsequent hypoperfusion of 
the poorly ventilated area induces a further decrease 
in lung attenuation. Again, compensatory increased 
perfusion in other areas results in an increase of lung 
attenuation similar to ground-glass opacity. Assess-
ment of vessel size and expiratory CT are helpful in 
elucidating whether the cause is primarily vascular 
or bronchogenic. Scans performed in full expira-
tory position are most helpful for the differentiation 
between vascular and bronchial diseases (Stern and 
Frank 1994). In patients with a mosaic pattern result-
ing from airway disease, attenuation differences are 
accentuated on expiration. In patients with vascular 
diseases or infi ltrative processes, expiratory CT shows 
a proportional increase in attenuation in areas of both 
increased and decreased density. Air trapping is not a 
dominant feature of vascular or infi ltrative disease.

6.4.9                                                                                           
Emphysema

Emphysema is defi ned histologically as a constant, 
irreversible, abnormal enlargement of the alveoli 
distal to the terminal bronchioles (Snider et al. 1985). 

It is associated with destruction of the intralobular 
interstitium and the perilobular septa without an 
increase of the soft tissue structures. The increased 
air content and the loss of lung structure together 
cause a decrease in lung attenuation (Figs. 6.1, 6.9). 
Areas with decreased attenuation are easily detected 
if they are inhomogeneous providing contrast with 
respect to the surrounding non-emphysematous 
lung areas, such as in centrilobular emphysema. 
The emphysematous areas with decreased attenu-
ation do not show any visible margin or wall. The 
decrease in lung attenuation can also be generalized, 
i.e., in panlobular emphysema. Visual assessment is 
complicated by the lack of contrast. Measurements 
of lung attenuation, however, prove the presence of 
emphysema. Such measurements can be performed 
on a local basis using a region of interest (ROI) or 
after segmentation of the entire lung. In HRCT stud-
ies with pathological–anatomical correlation and 
correlation with pulmonary function tests different 
density ranges have been investigated to show which 
range best represents emphysematous and destroyed 
lung parenchyma. Different upper thresholds have 
been proposed: –900 HU, –910 HU (Archer et al. 
1993; Müller et al. 1988; Kinsella et al. 1990), 
and also –950 HU (Gevenois et al. 1992). The 
lower threshold was always –1024 HU. It is unclear 
which threshold values can be easily transferred to 
MDCT for the assessment of emphysema. It is of 
great interest whether the quantitative evaluation 
of emphysema could be done on coronal reformats 
from MDCT data sets. The thus defi ned density range 
(density mask) can be applied to determine the area 
of emphysema with respect to the entire lung area 
or volume (emphysema index). Although different 
thresholds have been used, CT has shown a very high 
level of concordance with pathological–anatomical 
investigations. The CT is far superior to the chest 
radiograph in the verifi cation of subtle emphysema-
tous changes, because the chest radiograph shows 
mainly indirect signs in advanced disease, such as 
hyperinfl ation (Klein et al. 1992). At the same time 
we have to be aware of the fact that histologically 
discernible emphysematous changes can be missed 
at CT, if they are smaller than the spatial resolution 
of CT (Miller et al. 1989). The CT also visualizes 
the consequences of emphysema formation onto the 
vascular system. In mild emphysema the architecture 
of the pulmonary vasculature remains normal. In 
advanced disease vascular pruning occurs predomi-
nantly in the lung periphery. This can be detected 
at CT (Spouge et al. 1993) together with alteration 
of the course of the pulmonary vessels due to local 
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destruction or bullae. These fi ndings are easily appre-
ciated on coronal reformats from MDCT data sets. 
In contrast to the chest radiograph, CT is capable of 
differentiating macroscopic and microscopic types 
of emphysema. Again, volumetric MDCT allows for 
an assessment of emphysema in three dimensions 
facilitating the categorization of emphysema.

6.4.9.1                                                                                                      
Centrilobular Emphysema

Chronic destructive bronchiolitis leads to destruction 
and dilatation of the respiratory bronchioles in the 
proximal acinus. The enlargement of these air spaces 
is defi ned as centrilobular emphysema. It is typically 
associated with smoking and chronic obstructive 
pulmonary disease. The CT shows centrilobular 
emphysema as an area of decreased attenuation within 
the central parts of the secondary lobules. Emphyse-
matous areas are interspersed within the normal 
parenchyma. Interfaces or wall structures are absent. 
The architecture of the normal lung parenchyma is 
maintained. Comparisons of CT obtained in vivo and 
in vitro with histology of lung specimens have demon-
strated that CT shows centrilobular emphysema with 
a high level of accuracy (signifi cant correlations in 
vitro, r=0.91; Foster et al. 1986, 1993; Hruban et al. 
1987). During the course of the centrilobular emphy-
sema there is central to peripheral progression of the 
initially partial, later complete, destruction of the air 
spaces. Finally, the appearance meets the criteria of 
advanced emphysematous lung destruction. Centri-
lobular emphysema is typically predominant in the 
upper lobes and is associated with obstructive lung 
function impairment. It has been shown that patients 
whose emphysema involves mainly the upper lobes 
have a better response to lung volume reduction sur-
gery than patients with diffuse emphysema or with 
disease involving mainly the lower lobes. The cranio-
caudal distribution of emphysema is easier to visualize 
on coronal reconstructions than on single cross-sec-
tional images. Since up to 5% of patients undergoing 
lung volume reduction surgery have lung cancer 
(Kazerooni et al. 1995), volumetric high-resolution 
CT in these patients is preferable to limited sampling 
while using traditional HRCT.

6.4.9.2                                                                                                      
Panlobular Emphysema

Panlobular emphysema equally affects all parts of 
the secondary lobule. It has a typical basal pre-
dominance and a mild obstructive component 

which appears late during the course of the disease 
(Fig. 6.9). Obvious cases of panlobular emphysema 
can be observed in senile emphysema and emphy-
sema in alpha-1-antitrypsin defi ciency (Guest and 
Hansell 1992). In panlobular emphysema CT shows 
a homogeneous decrease in attenuation throughout 
the entire secondary lobule, sometimes even entire 
segments or lobes. Since panlobular emphysema is 
so homogeneous, it can be easily overlooked during 
visual assessment (Spouge et al. 1993). Density mea-
surements with values less than –900 or –950 HU and 
vascular pruning prove the presence of emphysema. 
Density measurements should also be used during 
follow-up of the disease with or without treatment.

6.4.9.3                                                                                                      
Paraseptal Emphysema

Paraseptal emphysema is a special type of panlobular 
emphysema. Peripheral secondary lobules adjacent 
to the visceral pleura or the interlobular septa are 
involved. Other lung areas are normal. Since para-
septal emphysema only has a subpleural manifesta-
tion, it does not result in hyperinfl ation of the entire 
lung. The CT demonstrates the secondary lobules 
involved with low attenuation because they repre-
sent a hard contrast with respect to the surrounding 
parenchyma. The secondary lobules with decreased 
attenuation are predominantly found in the subpleu-
ral regions of the anterior and posterior upper lobes 
as well as the posterior lower lobe. Paraseptal emphy-
sema respects the borders of the normal secondary 
lobules, and the normal interlobular septa are out-
lined. There is no further destruction of the pulmo-
nary architecture. The MDCT and coronal reformats 
clearly demonstrate the typical distribution pattern 
and the extent of paraseptal emphysema.

6.4.9.4                                                                                                      
Paracicatricial Emphysema

Paracicatricial emphysema is caused by intrapulmo-
nary scars which are residual fi ndings of infl ammation 
(pneumonia), fi brosis, or pneumoconiosis (Fig. 6.1). 
They are responsible for a focal lucency similar to the 
process in compensatory hyperinfl ation. By defi nition, 
scars are associated with architectural distortion or 
destruction. The secondary lobules adjacent to the 
scar are fi xed and induce a focal decrease of pulmonary 
compliance. Decreasing compliance is an important 
cause for impaired expiration resulting in air trapping 
which leads to constant hyperinfl ation of the secondary 
lobules involved. Progressing focal destruction of the 
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otherwise normal parenchyma fi nally causes paracica-
tricial emphysema. At CT, it is detected as an area with 
decreased attenuation, which is surrounded or septated 
by fi brotic band-like scars. An extensive paracicatricial 
emphysema such as in progressive massive fi brosis in 
silicosis can already be detected on the chest radio-
graph. The CT allows for a much better visualization 
of these changes. It is also capable to depict small scars 
with concomitant surrounding emphysematous areas 
as an incidental fi nding.

6.4.9.5                                                                                                      
Expiratory Hyperinflation–Air Trapping

In normal lungs attenuation increases signifi cantly 
during expiration. In the presence of airway obstruc-
tion lung remains lucent on expiration and shows 
little change in cross-sectional area. This fi nding is 
called air trapping. Areas of air trapping are seen 
with relatively low attenuation on expiratory scans 
where the involved areas are in obvious contrast with 
the adjacent or contralateral areas which exhibit a 

physiological increase in attenuation (Fig. 6.4). Air 
trapping can be patchy and geographical in distribu-
tion, it can also correspond to individual secondary 
lobules, segments, lobes or even the whole lung. Air 
trapping is usually observed in diseases which involve 
the small airways, such extrinsic allergic alveolitis and 
sarcoidosis. Air trapping in a lobe is usually associated 
with large airway or generalized small airway abnor-
malities, whereas lobular or segmental air trapping is 
associated with focal small airway disease. Pulmonary 
vessels within the low attenuation areas of air trap-
ping often appear relatively smaller than in the denser 
regions of the lung.

6.4.10                                                                                        
Role of Volumetric High-Resolution Multidetec-
tor-Row CT in Diffuse Interstitial Lung Disease

The different patterns of lung disease have all been 
described on the basis of HRCT. This knowledge has 
now to be transferred to volumetric high-resolution 

Fig. 6.9a–c. A 61-year-old man with alpha-1 antitrypsin defi -
ciency and panlobular emphysema. a 1-mm thin slice in the 
upper lung zones shows mild panlobular emphysema with a 
slight decrease in overall attenuation. b 1-mm thin slice in the 
lower lung zones shows severe panlobular emphysema with 
architectural distortion and vascular pruning. c Coronal MPR 
illustrates predominance of panlobular emphysema in the 
basal segments of the lower lungs with signifi cantly smaller 
arteries than in the upper lobes

a

c

b
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MDCT. Obviously, the different CT patterns are still 
valid, but MDCT now offers the third dimension by 
providing an almost isotropic volume data set. Instead 
of looking at single two-dimensional HRCT slices, we 
have to get used to perceiving them as a three-dimen-
sional volume. Once accomplished, detection of the dif-
ferent patterns will be easier than in the past (Johkoh 
et al. 2002). At the same time, it will also be easier to 
recognize the predominant distribution pattern, which 
is another important hint in differential diagnosis.

6.4.10.1                                                                                                   
Volumetry

The MDCT with acquisition of a volume data set is a 
perfect database for three-dimensional reconstruction 
of the lung volume. From data obtained in full inspi-
ratory position total lung capacity can be estimated 
(Kauczor et al. 1998). Introduction of correction 
factors for patient posture will improve the results for 
absolute quantifi cation even further (Kauczor et al. 
2001). Data obtained at full expiratory position can be 
used to calculate functional residual capacity (Kauczor
 et al. 1998). The reduction of these two volumes is 
a hallmark of restrictive lung function impairment 
caused by lung fi brosis, whereas an increase of these 
volumes indicates hyperinfl ation such as in emphy-
sema. The MDCT will most likely provide more accu-
rate results than spiral-CT approaches in the past. The 
determination of lung volumes might be an attractive 
by-product of a diagnostic MDCT scan of the chest. 
Automatic or semi-automatic tracing of the lung con-
tours is already reality. From here calculation of lung 
volumes is an easy next step. The big advantage of CT 
with respect to pulmonary function tests is the poten-
tial to calculate the volume of the right and left lungs 
separately, so-called split-lung volumes (Mergo et al. 
1998). This can be complemented by the determina-
tion of the volume of the central tracheobronchial tree 
which provides a measure for anatomical dead space 
(Brown et al. 2000). By the use of different density 
ranges it will even be possible to estimate the amount 
of emphysema within the lung as well as the relative 
volume of well-ventilated lung (Markstaller et al. 
1999). All these volumes are helpful in the follow-up 
of patients with diffuse interstitial lung disease as well 
as in planning lung surgery.

6.4.10.2                                                                                                   
Computer-Assisted Diagnosis

As the huge number of images in volumetric high-
resolution MDCT is a challenge for reporting the 

scans, there is the general need for intelligent post-
processing tools which might support the radiologist. 
Since the lung is a high-contrast organ, threshold-
based systems are a well-suited basis for postpro-
cessing. Besides mere statistical approaches, more 
and more artifi cial intelligence tools, such as fuzzy-
logic and neural networks, are entering the fi eld of 
radiological image postprocessing. Neural networks 
frequently consist of three levels with input, hidden, 
and output levels. Before training the individual neu-
rons, these levels are randomly connected. During 
training, they learn to project typical inputs onto a 
certain output. After training, the network is capable 
of evaluating unknown input data and of delivering 
reliable output results.

In the assessment of emphysema threshold-based 
evaluation tools, such as density masks, are widely 
accepted (Riga et al. 2000); however, they only pro-
vide a rough measure of the extent of emphysema 
and are not capable of characterizing the type of 
emphysema. More sophisticated postprocessing tools 
apply texture based methods and Bayesian classifi ers. 
They combine thresholding and region growing and 
make use of statistical and fractal properties of the 
lung parenchyma (Uppaluri et al. 1997). Such tools 
signifi cantly improve sensitivity and specifi city of 
emphysema detection. Another method aims at the 
quantitation of emphysema prior to lung volume 
reduction surgery (Gierada et al. 2000). Different 
indices for global extent of emphysema, regional 
heterogeneity of emphysema, and an indicator of 
reserve lung parenchyma are used. The indication 
of lung volume reduction surgery was predicted 
correctly in 87% of patients as compared with the 
traditional work-up based on nuclear medicine and 
pulmonary function tests. Categorization of the type 
of emphysema has been rarely tried. The detection 
of different size clusters of bullous emphysematous 
destruction and their individual contribution to the 
total emphysematous area might be a successful way 
towards morphological categorization of different 
types of emphysema (Blechschmidt et al. 2001).

Intelligent postprocessing tools can also be 
applied to detect and quantify lung disease which is 
associated with an increase in lung attenuation. An 
approach based on thresholding, texture-based pat-
tern recognition as the most important part of the 
program, and multivariate discrimination analysis is 
capable of differentiating between vessels and bron-
chi, emphysema and fi brosis with a sensitivity ranging 
between 69 and 81% (Delorme et al. 1997). Multiple 
neural networks complemented by an expert rule 
are capable of automatically detecting ground-glass 
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opacities and of quantifying their extent (Heitmann 
et al. 1997). Such a postprocessing tool might prove 
very helpful in grading the disease activity in lung 
fi brosis and in detection and follow-up of pneumonic 
infi ltrates in high-risk patients (Heussel et al. 2003). 
Multiple neural networks performed signifi cantly 
better than a traditional density mask. When com-
pared with an expert radiologist, the neural networks 
reached a sensitivity of 99% and a specifi city of 83%. 
Typical errors were cardiac motion artifacts and par-
tial-volume effects (Heitmann et al. 1997).
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