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ABSTRACT 

Purpose: To investigate important factors affecting the frequency of air trapping through observation of normal lung 
attenuation, and propose a cause of heterogeneous attenuation. Materials and Methods: In this ethical commit- 
tee-approved study, a total of 109 patients (30 males, 79 females; mean age, 58.2 years; range, 27 - 81 years) were in- 
cluded. All patients had undergone inspiratory and expiratory chest thin-section computed tomography (CT) examina- 
tions and pulmonary function tests. Air trapping on CT images was graded subjectively. Hounsfield units (HU) lung 
attenuation value and lung volume were measured on CT images. All variables (age, sex, indices of pulmonary function 
test results, air trapping score, HU value, and rate of change in lung volume) were compared by diagnoses and air trap- 
ping findings cohorts. The correlation between lung function test results and expiratory HU attenuation were analyzed. 
Results: Interstitial pneumonia showed higher and bronchiolitis obliterans showed lower HU attenuation at normal and 
air trapping regions. The variables affecting air trapping findings were age, a ratio of forced expiratory volume in 1 
second to forced vital capacity (FEV1.0/FVC), maximal expiratory flow at 50% of forced vital capacity (MEF50), HU 
attenuation at normal regions, and rate of change in lung volume. Compared with expiratory HU attenuation, significant 
positive correlation was shown to FEV1.0/FVC and negative correlation to single-breath diffusion capacity for carbon 
monoxide, which was confirmed by a simple regression analysis. Conclusion: It can be suggested that lung attenuation 
can increase when fibrosis is advanced, and this is exaggerated when lungs are compressed.  
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1. Introduction 

In patients with obstructive airway physiology, high- 
resolution computed tomography (HRCT) scans often 
display a characteristic finding of mosaic attenuation. 
This is characterized by heterogeneous lung density, with 
the lower-density lung being abnormal; this is a common 
element of air trapping [1,2]. Decreased attenuation of 
lung parenchyma on expiratory CT scans is a major de- 
terminant of airflow obstruction, and expiratory HRCT is 
an established of imaging technique for assessment of air 
trapping. 

However, in terms of depiction of air trapping, wider 
variation may be seen in the literature. Many efforts have 
been made to evaluate air trapping findings with multiple 
methodologies and patient selections [3-16], and there 
still appears to be no agreement in the results.   

So far, assessment has focused on the regions that 
demonstrate air trapping, and functional correlation has 
been analyzed based on the extent of air trapping (objec- 
tively or quantitatively). However, abnormal expiratory 
air trapping may be depicted in patients with normal 
pulmonary function tests, while end expiratory scans 
may appear unremarkable with no change in patients 

with severe and widespread involvement of small air- 
ways [17]. The cause of mosaic attenuation has com- 
monly been referred to as decreased perfusion and an 
element of air trapping [1,18,19]; however, this may not 
adequately explain the contradictory aspects of mosaic 
attenuation. To the best of our knowledge, no studies 
have been published describing a cause of mosaic at- 
tenuation. 

In this study, we focused on changes in normal lung 
attenuation; because air trapping, which is characterized 
by areas of low attenuation, is demonstrated when at- 
tenuation of adjacent normal areas increase on expiratory 
CT images. The purpose of this study, therefore, was to 
investigate important factors affecting the frequency of 
air trapping and propose a cause of heterogeneous at- 
tenuation.  

2. Materials and Methods 

2.1. Patients 

Our institutional review board approved this study. In- 
formed consent was not applicable because of its retro- 
spective nature.  

We retrospectively identified 121 patients who under- 
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went inspiratory and expiratory chest thin-section CT 
examinations to estimate the presence and extent of air 
trapping between January 2005 and March 2011 at our 
institutions. Medical records and CT images were avail- 
able for review in all patients. Pulmonary function test 
results, when available, were also reviewed. Because CT 
images were compared with pulmonary function results, 
we excluded 12 patients because of unavailability of the 
pulmonary function test results. Consequently, the final 
study group comprised 109 patients (30 males, 79 fe-
males; mean age, 58.2 years; range, 27 - 81 years). 

Diagnoses were based on transbronchial lung biopsy 
(n = 96), video-assisted thoracoscopic lung biopsy (n = 
2), thoracotomy (n = 3), or clinical history and laboratory 
data (n = 8). Patient characteristics are shown in Table 1. 

At the time of examinations, all patients were in a 
clinically and functionally stable condition, and no pa- 
tient had acute infection or lung transplantation.   

2.2. Pulmonary Function Tests 

Pulmonary function test results were adopted when per- 
formed within two days of the CT examination. Indices 
reviewed were vital capacity (VC), forced vital capacity 
(FVC), forced expiratory volume in 1 second (FEV1.0), 
FEV1.0/FVC, maximal expiratory flow at 50% of forced 
vital capacity (MEF50), total lung capacity (TLC), resid- 
ual volume (RV), and single-breath diffusion capacity for  
 

Table 1. Characteristics of the 109 patients. 

 n = 109 

M/F 30/79 

Age (year)  

Mean 58.2 

SD 14.9 

Diagnosis  

Sarcoidosis 61 (56) 

Interstitial pneumonia 17 (15.6) 

Bronchiolitis obliterans 16 (14.7) 

Bronchial asthma 5 (4.6) 

Hypersensitivity pneumonitis 2 (1.8) 

Bronchiectasis 1 (0.9) 

Emphysema 1 (0.9) 

Sarcoidosis and bronchiolitis obliterans 2 (1.8) 

Sarcoidosis and interstitial pneumonia 2 (1.8) 

No definite diagnosis 2 (1.8) 

Note: data in parentheses are percentages. 

carbon monoxide (DLco). Each result was obtained as an 
absolute value and predicted relative value based on the 
patient’s sex, age, and height [20]. 

2.3. CT Examinations 

Thin-section CT examinations were performed with 
1-mm collimation at 10-mm intervals from the lung apex 
to the diaphragm (n = 28), or volumetrically with a mul-
tidetector CT system with 1-mm reconstruction (n = 81). 
CT images were reconstructed using a high-spatial-fre- 
quency algorithm. All CT examinations were performed 
from the base to the apex of the lungs during a breath 
hold in the supine position at full suspended inspiration 
and expiration. The breath-holding technique was re-
hearsed with each patient before the CT examination. 
Images were captured at window settings that allowed 
for viewing of lung parenchyma (window level, –600 
to –700 HU; window width, 1200 - 1500 HU), and me- 
diastinum (window level, 20 - 40 HU; window width, 
400 HU). 

2.4. Evaluation of CT Images 

Air trapping was considered to be present on expiratory 
CT images when lung regions failed to increase in at- 
tenuation, compared with corresponding inspiratory im- 
ages (Figure 1). The scoring system used to assess the 
extent of air trapping was adapted from earlier studies 3 - 
5 using a five-point scale: 0 = no air trapping visible, 1 = 
1% - 25% of the cross-sectional area of lung affected, 2 = 
26% - 50% affected, 3 = 51% - 75% affected, and 4 = 
76% - 100% affected. Two radiologists (23 and 15 years 
of experience in chest CT image interpretation, respec- 
tively) who were unaware of the underlying diagnoses 
interpreted the CT images independently. The obtained 
air trapping score was then expressed as a mean value. 

The Hounsfield units (HU) value was measured on CT 
images. A small area of approximately 3 mm2 was used 
to measure the HU attenuation value in focal regions that 
showed the most dominant increases on expiratory im- 
ages and corresponding regions on inspiratory images. 
When air trapping was present, the HU value was meas- 
ured in the expiratory and corresponding inspiratory air 
trapping regions. Each HU value was measured at least 
five times in a focal region. The highest and lowest val- 
ues were eliminated to obtain an appropriate average. 
The obtained HU values were then expressed as a mean 
value. 

To confirm the degree of breath holding, the lung 
volume was analyzed using volume analyzer. The rate of 
change in lung volume was expressed by dividing the 
volume at inspiration into the volume at expiration.   

Volume analyses were performed by Fuji work station 
(Vincent, Tokyo, Japan).  
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(a) 

 
(b) 

Figure 1. Transverse thin-section CT (1 mm thickness) 
scans in a 73-year-old woman with bronchiolitis obliterans. 
(a) Inspiratory scan at the level of the lower lobes shows no 
particular mosaic perfusion; (b) Expiratory scan at the 
same level shows multiple lobular areas of air trapping, 
shown as sharply demarcated lobular low attenuation (ar- 
rows). 

2.5. Data Analysis 

To assess the features of presentation of air trapping, all 
variables (age, sex, indices of pulmonary function test 
results, air trapping score, HU value, and rate of change 
in lung volume) were compared in differed cohorts. One 
was divided by diagnosis, and the other was divided by 
air trapping findings. Differences in diagnoses were ac- 
cepted to ascertain the feature of diagnosis that may 
overlap the results for affecting factors of air trapping. In 
the diagnosis cohort, diagnoses with less than five pa- 
tients were excluded because they were not suitable for 
statistical analysis. The air trapping cohort was divided 
according to air trapping score, wherein “absence” in- 
cluded the score 0 and “presence” included scores 1 to 3. 

To ascertain the relationship between pulmonary func- 
tion test results and HU attenuation change, the correla- 
tion between pulmonary function test results and expira- 
tory HU values was analyzed. To confirm the degree of 
breath holding, lung volume was compared with the cor-

responding index of pulmonary function tests; that is, 
inspiratory lung volume was compared with TLC, and 
expiratory lung volume was compared with RV.  

Differences in mean value were analyzed with the 
Z-test, and differences in groups were analyzed with 
Mann-Whitney’s U test and Student’s t test. Pearson’s 
correlation coefficient was conducted to analyze the cor- 
relation between pulmonary function test results and HU 
values. Simple regression analysis was conducted when 
correlation showed significance. A p value of <0.05 was 
considered statistically significant. Statistical analyses 
were performed with SPSS (version 19.0; Tokyo, Japan).  

3. Results 

3.1. Variables by Diagnosis Cohort 

In the diagnosis cohort (Table 2), age was youngest for 
bronchial asthma (p < 0.001), and oldest for interstitial 
pneumonia (p < 0.01). In the pulmonary function test 
results, TLC and RV were lowest for interstitial pneu- 
monia (p < 0.001 and p < 0.01, respectively), and 
FEV1.0, FEV1.0/FVC, and MEF50 were lowest for 
bronchiolitis obliterans (p < 0.001). DLco was lowest for 
interstitial pneumonia (p < 0.001) and highest for bron- 
chial asthma (p < 0.01). The air trapping score showed 
no significant differences in the cohort, although it was 
highest for interstitial pneumonia (1.18 ± 1.1) and lowest 
for bronchial asthma (0.6 ± 1). The HU attenuation value 
was highest for interstitial pneumonia and lowest for 
bronchiolitis obliterans. The rate of change in lung vol- 
ume was lowest for bronchiolitis obliterans (p < 0.001). 

3.2. Variables by Air Trapping Findings Cohort 

In air trapping findings cohort (Table 3), significant dif- 
ferences were shown in age, FEV1.0/FVC, MEF50, HU 
attenuation at normal regions’ inspiration and expiration, 
and rate of change in lung volume (p < 0.01, p < 0.001, 
p = 0.02, p < 0.001, p < 0.001, and (p < 0.001, respec- 
tively). 

The other variables (sex, diagnoses, and the other in- 
duces of pulmonary function test results) showed no sig- 
nificant differences. 

3.3. Correlation between Pulmonary Function 
Tests and Expiratory HU Value 

Pearson’s correlation coefficient between pulmonary 
function test results and expiratory HU value is shown in 
Table 4. The HU value showed a significant positive 
correlation with FEV1.0/FVC (r = 0.501, p < 0.0001) and 
MEF50 (r = 0.421, p < 0.0001) and a negative correlation 
with DLco (r = −0.499, p < 0.0001). FEV1.0 showed a 
weak positive correlation (r = 0.303, p < 0.01), but not to 
the rest (VC, FVC, TLC, and RV). Simple regression  
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Table 2. Variables by diagnosis cohort. 

Variables 
Sarcoidosis 

(n = 61) 

Interstitial 
pnuemonia 

(n = 17) 

Bronchiolitis 
obliterans 
(n = 16) 

Broncial asthma 
(n = 5) 

Age 57 ± 15.1 68.9 ± 8.1* 55.3 ± 11.6 35.6 ± 18.7** 

Male 18 (29.5) 6 (35.3) 3 (18.8) 2 (40) 

Pulmonary function test     

 VC (% predicted) 106.7 ± 16.5 80.5 ± 10.6 77.7 ± 18.2 111.5 ± 29.8 

 FVC (% predicted) 105.3 ± 16.8 79.56 ± 11.8 74.43 ± 18.5 111.5 ± 30.5 

 FEV1.0 (% predicted) 105.3 ± 15 91 ± 11.9 46.5 ± 31.2** 95.3 ± 33.8 

 FEV1.0/FVC (% predicted) 106 ± 10.4 106 ± 8.1 60.3 ± 31.5** 97.9 ± 30.1 

 MEF50 (% predicted) 68.7 ± 26.8 67.8 ± 37.9 19.6 ± 23.6** 59.8 ± 26.3 

 TLC (% predicted) 103.1 ± 14.9 79 ± 11.9** 88.3 ± 14.1 102.9 ± 27.2 

 RV (% predicted) 89.9 ± 21.4 74.4 ± 16.7* 94.9 ± 9.8 112.8 ± 32.9 

 DLco (% predicted) 87.8 ± 20.7 59.9 ± 18.3** 76.8 ± 22.3 116.1 ± 35.3* 

Air trapping score 1.05 ± 0.9 1.18 ± 1.1 0.67 ± 0.9 0.6 ± 1 

Normal regions     

 HU at inspiration −910.1 ± 39.7 −835.6 ± 63.2** −931.5 ± 35.7 −930.6 ± 245 

 HU at expiration −721 ± 96 −615 ± 160** −833 ± 110** −790 ± 257 

Air trapping regions     

 HU at inspiration −914 ± 35 −873 ± 71.1** −961 ± 30.5* −890 ± 286 

 HU at expiration −820 ± 61.5 −805.6 ± 81.5 −927.4 ± 58.7** −787 ± 288 

Rate of change in lung volume 60.2 ± 11.4 61.7 ± 12.2 76.5 ± 9.9** 66.6 ± 18.8 

Note: unless otherwise indicated, data are the mean ± standard devision. Data in parentheses are percentages. *p < 0.01; 
**p < 0.001. 

 
analysis was conducted for FEV1.0/FVC, MEF50, DLco, 
and FEV1.0 to confirm the linear relationship. The 
expiratory HU value showed a linear relationship to 
FEV1.0/FVC (R2 = 0.251) (Figure 2) and DLco (R2 = 
0.249) (Figure 3), but not to MEF (R2 = 0.178) or FEV1.0 
(R2 = 0.092).  

3.4. Correlation between TLC or RV and Lung 
Volume 

Simple regression analysis showed a significant linear 
relationship between TLC and inspiratory lung volume 
(R2 = 0.934) (Figure 4). The correlation was confirmed 
using Pearson’s correlation coefficient, which showed 
significance (r = 0.966, p < 0.0001). RV showed a weak 
linear relationship to expiratory lung volume (R2 = 0.314) 
(Figure 5). Correlation by Pearson’s correlation coeffi- 
cient was also weak (r = 0.56, p < 0.001). 

 

Figure 2. The HU value on expiratory CT images shows a 
significant relationship to predicted ratio of forced ex- 
piratory volume in 1 second to forced vital capacity 
(%FEV1.0/FVC) in a single regression analysis in 109 
patients. 
 
pneumonia and the lowest FEV1.0, FEV1.0/FVC, and 
MEF50 for bronchiolitis obliterans. Mostly, these features 
may represent each diagnosis’ characteristics because the 
former is known as a “restrictive” and the latter as an 
“obstructive” pattern in pul onary function [21]. The  

4. Discussion 

Variables by diagnosis cohort indicated that the features 
were the lowest TLC, RV, and DLco for interstitial  m 
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Table 3. Variables by air trapping findings cohort. 

Air trapping findings 
Variables 

Present (n = 63) Absent (n = 46) 
p 

Age  62.1 ± 12.9 53 ± 15.8 <0.01 

Male 17 (56.7) 13 (43.3) ns 

Sarcoidosis 37 (58.7) 24 (52.2) ns 

Interstitial pneumonia 11 (17.5) 6 (13) ns 

Bronchiolitis obliterans 7 (11.1) 9 (19.6) ns 

Broncial asthma 2 (3.2) 3 (6.5) ns 

Pulmonary function test    

 VC (% predicted) 96.3 ± 21.5 98 ± 20.8 ns 

 FVC (% predicted) 94.3 ± 21.8 96.7 ± 21.7 ns 

 FEV1.0 (% predicted) 97.5 ± 23.1 85.9 ± 34.3 ns 

 FEV1.0/FVC (% predicted) 106.3 ± 15.1 90.2 ± 27.9 <0.001 

 MEF50 (% predicted) 65.7 ± 32.3 51 ± 32.9 0.02 

 TLC (% predicted) 96.1 ± 17.6 97.6 ± 16.4 ns 

 RV (% predicted) 86.1 ± 20.1 92.4 ± 20.8 ns 

 DLco (% predicted) 79.3 ± 24.6 84.5 ± 22.3 ns 

Air trapping score 1.68 ± 0.7 0 ± 0  

Normal regions    

 HU at inspiration −887.1 ± 56.2 −922.6 ± 39.5 <0.001 

 HU at expiration −657.4 ± 110 −815.2 ± 106 <0.001 

Air trapping regions    

 HU at inspiration −914.4 ± 51.8 -  

 HU at expiration −831.7 ± 74.4 -  

Rate of change in lung volume 59.3 ± 10.1 70.4 ± 14.5 <0.001 

Note: unless otherwise indicated, data are the mean ± standard devision; Data in parentheses are percentages; ns = not 
significant. 

 
Table 4. Pearson’s correlation coefficient between pulmo- 
nary function tests and expiratory HU value.  

Variables n r p 

VC (% predicted) 109 −0.038 ns 

FVC (% predicted)  109 −0.021 ns 

FEV1.0 (% predicted) 109 0.303 <0.01 

FEV1.0/FVC (% predicted) 109 0.501 <0.0001 

MEF50 (% predicted) 109 0.421 <0.0001 

TLC (% predicted)  86 −0.231 ns 

RV (% predicted)  86 −0.226 ns 

DLco (% predicted) 83 −0.499 <0.0001 

Note: ns = not significant. 

 

Figure 3. The HU value on expiratory CT images shows a 
significant relationship to predicted diffusion capacity for 
carbon monoxide (%DLco) in a single regression analysis in 
83 patients.  
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Figure 4. The lung length at inspiration shows a significant 
relationship to total lung capacity (TLC) in a single regres- 
sion analysis in 86 patients. 
 

 

Figure 5. The lung length at expiration shows a significant 
relationship to residual volume (RV) in a single regression 
analysis in 86 patients.  
 
noticeable finding in this study was that the HU attenua- 
tion value was highest for interstitial pneumonia and 
lowest for bronchiolitis obliterans.  

Variables by air trapping findings cohort indicated that 
the features for presenting air trapping were FEV1.0/FVC, 
MEF50, HU attenuation at normal regions, and rate of 
change in lung volume. Regarding the evaluation of air 
trapping on CT images, there have been many literature 
reported about the comparison between CT findings and 
pulmonary function tests, and there still appears to be no 
agreement in the results [3-11]. In our study, regression 
analysis showed a significant linear relationship between 
TLC and inspiratory lung volume, but a weak relation- 
ship between RV and expiratory lung volume. This result 
showed that inspiratory lung volume reflected the indi- 
vidual’s lung volume, whereas expiratory lung volume 
did not reflect it well. Because the depiction of air trap- 
ping depends on the degree of expiration [22], it does not 
show any correlation with volumetric variables such as 
VC, FVC, TLC, and RV.  

On contrary, the expiratory HU value showed a sig- 
nificantly positive correlation to FEV1.0/FVC. This was 
supported in some previous studies that FEV1.0/FVC had 

a stronger correlation with air trapping findings [6,8]. If a 
patient exhaled strongly in 1 s, which may be very simi- 
lar to the situation during expiratory CT scans, the 
FEV1.0/FVC ratio could approach to 1.0 and the lungs 
would be adequately compressed. Actually, higher at- 
tenuation can be better seen in compressed lungs [15]. 
Therefore, as a result of the degree of compression, 
FEV1.0/FVC shows a strong correlation with the expira- 
tory HU value. 

Basically, decreased attenuation on CT images is char- 
acterized by an altered ratio of three components: air, 
blood, and tissue [21]. Obstruction of the bronchiolar 
lumen results in hypoxia of the underventilated lungs, 
which leads to blood flow reduction to the affected areas 
and blood flow redistribution to areas of normal lung 
[18,19]. However, concerning the effect of blood flow 
distribution, Jung et al. reported no changes in lung at- 
tenuation due to obstruction of the pulmonary arteries in 
their experimental study [23]. Furthermore, in terms of 
the effect of air space, the cytoplasm of the alveolar wall 
is only 450 Å to 600 Å thick [24], whereas spatial resolu- 
tion using the highest-resolution technique was report- 
edly 0.25 mm for 64-row multi detector CT [25]. This 
means that it seems to be difficult to confirm changes on 
CT images even if the 5000 collapsed alveoli were piled 
on at one time. Therefore, we focused on the tissue, since 
the interstitial parenchyma is a key factor in attenuation 
change.   

Our study indicated that there were significant positive 
correlations to FEV1.0/FVC and a negative correlation to 
DLco compared with expiratory HU attenuation, which 
was confirmed by simple regression analysis.  

The DLco represents the alveolar to vascular diffusion 
ability and worsens when the thickness of the parenchy- 
mal interstitial space increases [26]. Thickness of inter- 
stitial parenchyma is commonly referred to as fibrosis, 
and fibrotic interstitial parenchyma is characterized by 
difficulty of compression. However, if the effect of fi- 
brosis is only referred to by the difficulty of compression, 
an expiratory HU value should decrease when the DLco 
value decreases as higher attenuation can be better seen 
in compressed lungs [15]. In our study, DLco showed a 
significant negative correlation to the expiratory HU 
value, which means that the thicker the interstitial pa- 
renchyma (or the lower the DLco value), the higher the 
expiratory HU value. Indeed, this study showed that the 
HU attenuation value was highest for interstitial pneu- 
monia even though the rate of change in lung volume 
was not small in this diagnosis. Therefore, we also pro- 
pose that DLco, a determinant for the degree of fibrosis, 
be considered as an affecting factor of air trapping.  

Previous studies have reported age [8,18], smoking 
[18,27], longer duration of asthma [8,18], a clinical his- 
tory of pneumonia [8], and gravitational gradient [15] as 
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factors influencing the frequency of air trapping. Our 
study further indicated 4 factors as influencing the fre- 
quency of air trapping: FEV1.0/FVC, DLco, HU attenua- 
tion, and rate of change in lung volume. The abovemen- 
tioned factors can be divided according to two elements: 
pressure and fibrosis. The former consists of gravita- 
tional gradient, FEV1.0/FVC, and the rate of change in 
lung volume; the latter consists of age, smoking, diagno- 
sis of asthma or pneumonia, and DLco because advanced 
fibrosis occurs as a result of inflammation or age. As 
seen in the bronchiolitis obliterans shown in this study, 
lower HU attenuation at normal regions and lower rates 
of change in lung volume sometimes induce difficulty in 
perceiving abnormalities (Figure 6). As a cause of het- 
erogeneous attenuation, it can be suggested that lung 
attenuation increases when fibrosis is advanced, and this 
is exaggerated when lungs are compressed. Therefore, air 
trapping could be better depicted when adjacent normal 
parenchyma achieves higher attenuation by advanced 
fibrosis and deep expiration. 
 

 
(a) 

 
(b) 

Figure 6. Bronchiolitis obliterans in a 54-year-old woman. 
Transverse thin-section CT (1 mm thickness) of the lower 
lobes shows no particularly mosaic perfusion on (a) Inspi-
ratory and (b) Expiratory images. The rate of lung changes 
is 108.3. Predicted forced expiratory volume in one second 
(FEV1.0) is 38.7%. The values of expiratory flow at 50% 
and 75% vital capacity (MEF50 and MEF75) show severe 
airway obstruction (0.18 l/s and 0.1 l/s. respectively). 

Our study had limitations. First, our stimulated influ- 
ential factors were conducted by comparisons of cohorts, 
which were not stable in number in divided groups. A 
larger sample size would have provided more confirma- 
tory analysis results. 

Second, we measured the HU value of lung attenuation 
in a small area, which showed most dominant changes 
during inspiration and expiration. Even though this focal 
area may not reflect the whole lung, it is meaningful that 
the results are well matched to the pulmonary function 
test results. One reason could be suggested that the focal 
area, as showing a good reflection of changing lung 
volume, may represent the individual’s lung function. 
Further comparison with a multivariate analysis as 
measured by quantitative CT analysis should assist in 
confirming our results.  

In conclusion, expiratory HU attenuation showed a 
significantly positive correlation to FEV1.0/FVC and 
negative correlation to DLco, which would have resulted 
in two elements: pressure and fibrosis. As a cause of het- 
erogeneous attenuation, air trapping could be better de- 
picted when the adjacent normal parenchyma obtains 
higher attenuation by advanced fibrosis and deep expira- 
tion.  
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