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Abstract 
Objective: The purpose of this study was to evaluate the effect of radiation dose reduction on the 
quantification of air trapping on expiratory CT. Materials and methods: This study was conducted 
as a retrospective evaluation of inspiratory and expiratory CT studies performed in routine clini-
cal practice before and after alteration of the scanning protocol for expiratory CT at our institute. 
Eighty-six patients who had a clinical diagnosis of chronic obstructive pulmonary disease (COPD) 
and underwent inspiratory and expiratory CT and pulmonary function testing (PFT) were in-
cluded. For the quantitative analysis, CT scans were obtained at six evenly spaced levels from the 
lung apices to the bases. The area of segmented lung without emphysema between −500 to −950 
HU was obtained from the summation of six slices. The relative area between −900 and −950 HU 
for the area of the segmented lung (RA900-950) was calculated on both the inspiratory and expi-
ratory scans. Comparisons of the RA-change between the standard-dose group (200 mA) and the 
low-dose group (80 mA) were performed by Mann-Whitney U test. Results: There was no signifi-
cant difference between the standard-dose group and the low-dose group in the mean RA-change, 
and RA-change in both the standard-dose and low-dose groups correlated significantly with the 
results of PFT. In addition, there were no prominent differences in the correlation coefficients 
between the two groups. Conclusions: Low-dose CT could evaluate air trapping objectively and 
was not inferior to standard-dose CT for this purpose. 
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1. Introduction 
Air trapping is indicating the retention of excess gas in the lung of expiration, and is well known that it is corre-
lated with pulmonary function. Expiratory computed tomography (CT) provides physiologic information con-
cerning regional lung function, and has been used to reveal air trapping in patients with airway diseases such as 
small-airway disease, diffuse interstitial lung diseases. Chronic obstructive pulmonary disease (COPD) is cha-
racterized by the presence of airflow limitation [1] caused by small airway obstruction [2] [3]. Many studies 
have assessed the use of CT images in the quantitative analysis of airflow limitation in COPD. Because small 
airway disease cannot be visualized directly with current radiographic techniques, the extent of air trapping on 
expiratory CT, or paired inspiratory and expiratory CT scans can be used to evaluate small airway obstruction 
[4]-[11]. However, expiratory CT does expose patients to additional radiation, and reduction of radiation expo-
sure is vital.  

Bankier et al. evaluated the effect of radiation dose reduction on the visual quantification of air trapping on 
expiratory CT [6]. They found that the tube current-time product could be reduced from 80 to 20 mAs without 
impairing the visual quantification of air trapping on expiratory CT. Practically, however, air trapping has been 
evaluated with objective quantitative methods using densitometric parameters such as the changes in relative 
percentage areas of certain attenuation values among entire lung volume between inspiratory and expiratory CT 
scans, or the ratio of the mean lung attenuation value of inspiration and expiration in previous studies [4] 
[7]-[10]. How the reduction of radiation exposure will affect those objective quantitative measurements has not 
been assessed. Thus, the purpose of this study is to evaluate the effect of radiation dose reduction on the quanti-
fication of air trapping on expiratory CT. 

2. Materials and Methods 
2.1. Subjects  
This study was conducted as a retrospective evaluation of inspiratory and expiratory CT studies performed in 
routine clinical practice before and after alteration of the scanning protocol for expiratory CT at our institute. 
We changed tube current of the expiration CT into 80 mA from 200 mA from June, 2010. Reduction of tube 
current (mA) was used to reduce the radiation dose. The study was performed with institutional review board 
approval, and informed consent was waived. 

Sixty-six patients who had a clinical diagnosis of COPD and underwent inspiratory and expiratory CT and 
pulmonary function testing (PFT), including 11 females and 55 males (mean age 75 years ± 7; range 43 - 86 
years), were included in this study. The standard-dose group of 26 patients (mean age 74 ± 5 years; range 59 - 
82 years) was scanned with a 200-mA protocol. The low-dose group after alteration of the scanning CT protocol 
of 40 patients (mean age 73 ± 8 years; range 43 - 86 years) was scanned with an 80-mA protocol. 

2.2. CT Scanning 
All patients were scanned with a 64-detector CT scanner (Aquilion 64, Toshiba Medical Systems, Otawara, To-
chigi, Japan). All patients were examined at full inspiration and full expiration in the supine position, without 
contrast material. The rotation time was 0.5 seconds, and the tube settings were 120 kVp and 200 mA (stan-
dard-dose group) or 80 mA (low-dose group). Helical scanning was performed in the craniocaudal direction, 
with a beam pitch of 0.828 (helical pitch, 53). All images were reconstructed using a standard reconstruction al-
gorithm with a slice thickness of 0.5 mm and a reconstruction interval of 0.5 mm. 

2.3. Image Analysis 
For the quantitative analysis, CT scans were obtained at six evenly spaced levels from the lung apices to the 
bases. In general, scans were obtained at the following levels: above the aortic arch, between the aortic arch and 
the tracheal carina, at the tracheal carina, between the tracheal carina and the confluence of pulmonary veins, at 
the confluence of the pulmonary veins, and near the diaphragm. The inspiratory and expiratory CT images were 
transferred to a personal computer for quantitative analysis. For scans obtained at inspiration, special care was 
taken to define scan pairs with the highest possible agreement of the scan level using anatomic landmarks such 
as branching of bronchi. Each of the six CT images obtained at inspiration and expiration was segmented using a 
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semiautomatic image-processing program (ImageJ Ver. 1.46, a public domain Java image processing program). 
Quantitative CT analysis of air trapping has been described elsewhere [7]. In brief, the following procedures 
were performed. The area of segmented lung without emphysema between −500 to −950 HU was obtained from 
the summation of six slices. The relative area between −900 and −950 HU for the area of the segmented lung 
(RA900-950) was calculated on both the inspiratory and expiratory scans as follows: RA900-950 (%) = (seg-
mented pixels between −900 to −950 HU/segmented pixel between −500 to −950 HU) ×100 (%). The upper 
threshold value of −900 HU was chosen because this is the threshold value used for the detection of air trapping 
[12]. To evaluate the degree of air trapping in paired inspiratory/expiratory scans, the changes between inspira-
tion and expiration in RA900-950 were calculated using the following formula: change of RA900-950 (RA- 
change) = [(inspiratory RA900-950 − expiratory RA900-950)/inspiratory RA900-950] × 100 (%).  

2.4. Pulmonary Function Tests 
PFT was performed within 2 weeks of obtaining CT scans. PFT including spirometry was performed. Forced 
expiratory volume in 1 second (FEV1) and forced vital capacity (FVC) were measured according to standard 
techniques, and the ratio of FEV1 to the forced vital capacity (FEV1/FVC) and mid-expiratory phase of the 
forced expiratory flow (FEF 25% - 75%) were obtained. Values for each pulmonary function test, except for 
FEV1/FVC, are expressed as percentages of predicted values. 

2.5. Statistical Analysis 
Statistical analysis was performed with commercially available software (JMP, version 9, SAS Institute, Cary, 
NC). Comparisons of the RA-change between the standard-dose group and the low-dose group were performed 
by the Mann-Whitney U test. Relationships between RA-change and the PFT results of each group were eva-
luated by the Spearman’s rank correlation analysis. Linear regression analyses were performed to evaluate the 
relationships between RA-change and the PFT results of each group by the Spearman's rank correlation coeffi-
cient. 

3. Results 
There was no significant difference (p = 0.298) in RA-changes between the standard-dose group and the 
low-dose group. The correlation between the measured CT parameter and the PFT results of each group are 
shown in Table 1. RA-change in both the standard-dose and the low-dose group correlated significantly with the 
PFT results. In addition, there were no prominent differences in the correlation coefficients between the two 
groups. 

4. Discussion 
In this study, we found that objective quantitative CT evaluation of air trapping was possible with low-dose CT. 
This result was consistent with the findings of a previous study that examined air trapping visually on expiratory 
low dose CT [6].  

Radiation dose reduction is a practical issue in CT quantitation. In the quantitative evaluation of the extent of 
emphysema, several investigations have been conducted. Yuan et al. evaluated the effect of radiation dose on 
quantitative CT scan measurements of emphysema in smokers [13], and they concluded that the change in radia-
tion dose significantly affected measurements of emphysema assessed using mean lung density, threshold, or 
percentile methods. In contrast, Gierada et al. compared standard- and low-radiation-dose techniques in the CT 
quantification of emphysema [14], and they confirmed that low-dose technique had a minimal effect on CT  
 
Table 1. The correlation between the measured CT parameter and the results of PFTs.                                               

Table Head 
FEF 25% - 75% FEV1/FVC FEV 1% Predicted 

ρ P ρ P ρ P 

Low-dose group (80 mA) 0.6854 <0.0001 0.7799 <0.0001 0.7456 <0.0001 

Standard-dose group (200 mA) 0.5095 0.0078 0.6109 0.0009 0.4619 0.0175 
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quantification of emphysema. In regards to the quantification of emphysema, the effect of using low-dose tech-
nique has been controversial. Meanwhile, despite using the same densitometry technique to evaluate air trapping, 
no significant differences are found between standard- and low-dose evaluations. From this present study, we 
cannot explain these results and differences with the quantitative evaluation of emphysema, but the different at-
tenuation threshold values being used may be related to the differences between quantitative evaluation of air 
trapping and emphysema. 

The disadvantage of low-dose settings is the increase in image noise. Boone et al. evaluated the relationship 
between image noise and radiation dose reduction in CT, and they reported that image noise increases at lower 
mA and lower kVp settings [15]. Since image noise is not evaluated in this study, it can be possible that image 
noise affects the quantification of air trapping. However, there are no significant differences in the relationships 
with the PFT results between standard- and low-dose techniques. Thus, image noise in low-dose scans appears 
to have a minimal effect on CT quantification of air trapping. In general, expiratory scans are not used for visual 
evaluation clinically. 

In conclusion, the results of the present study confirm that objective quantification of the extent of air trap-
ping is possible with low-dose technique. To reduce radiation exposure, low-dose technique should be adopted 
in the quantitative evaluation of air trapping. But this present study has several limitations. First, the sample size 
of this study is relatively small, and this is a retrospective analysis. To confirm the present results, a prospective 
analysis with a large patient sample should be conducted. Second, the evaluation of the relationships with the 
PFT results is not sufficient. In most patients, measurements of lung volume parameters including functional re-
sidual capacity, residual volume, and total lung capacity are not performed. However, small airway obstruction 
can be evaluated with FEF 25% - 75% to some degree. Third, CT parameters are measured in six slices. Quan-
titative analysis with three-dimensional reconstruction images using a multi-slice CT scanner should be consi-
dered for future studies because misregistration of CT slices between inspiration and expiration may have af-
fected the present results. 
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