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ABSTRACT 

Objectives: To measure lung attenuation quantitatively in normal healthy Thai 

people and to measure the attenuation in various areas of the normal lung with quantita- 

tive high resolution CT. 

Materials and Methods: The subjects in this study were 154 healthy Thai 
volunteers. High resolution computerized tomography of the lung with spirometric 

gating (Pulmo CT) were obtained at level of the carina, 5 cm. above and 5 cm. below 

the carina. Scans were obtained at 50% vital capacity. Overall attenuation of the lungs 

and attenuation in various areas of the lungs were measured by using automatic fast 

contour tracing algorithms. 

Results: The mean attenuation of the lung parenchyma decreased when age 

increased. The mean attenuation of total lung parenchyma of healthy Thai subjects was 

—811 + 28 HU. The attenuation of anterior and posterior segments of the lung were not 

statistically different. The attenuation of the central part of the lung was more than in 
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the peripheral part of the lung. 

Conclusions: Quantitative high resolution CT or Pulmo CT is non-invasive 
method for measurement lung tissue attenuation. This method is useful in early 

detection of diffuse lung lesions and in follow up study. 
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INTRODUCTION 

High resolution CT imaging of the lung 

parenchyma constitutes a wide-spread clinical 

application both in diagnosis of diffuse lung 

lesions and in follow up after treatment.' 

Diagnosis is usually based on a subjective, 
qualitatives assessment of changes in morpho- 

logy and density of the lung parenchyma by an 

experienced radiologist. The problems commonly 

found are difficulties in the comparison of degree 

of impairment of the diseases because of different 

inspiratory level and difficulty in detection of early 

change or very mild cases of diffuse lung lesions. 

Factor influence accuracy of radiologist interpre- 

tation includes inconstancy of lung inflation.?- A 

10% change in inspirational status resulted on 

average in a change of about 16 HU of lung 
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attenuation.’ Quantitative evaluation of CT 

images with spirometric gating was developed to 

overcome this factor. 

Quantitative High Resolution CT or Pulmo 

CT is high resolution computed tomography 

(HRCT) with constant lung inflation, controlling 

by spirometry and same mA, KV technique. This 

method is very useful in 3 major ways. The first 

way is detection of early change or mild degree 

of diffuse lung lesions * because abnormal attenu- 

ation in HRCT could be detected earlier than 

abnormal! pulmonary function and could pointed 

the most affected area of the lung.* This method 

provides objective quantitative data that reflect 

changes of pulmonary structures corresponding 

to lung function impairment.*’ The second way 
is differentiation of diffuse lung lesion into 2 

major groups of diseases, the decreased lung 

attenuation group and the increased lung attenua- 

tion group. The third way is to follow up patient’s 

HRCT image and detection of improvement or 

progression of the lung lesions, comparison with 

previous study. 

Attenuation of the lung in healthy 
European, using this technique, were reported in 

many studies but very few in Asian and none in 

Thai. Very few reports compared lung attenua- 

tion in different regions of the lung. It is very 
important to know normal lung attenuation in 

healthy Thai people and to know whether the 

attenuation of lung in different regions are the 
same or not. 

OBJECTIVES 

1. To study lung parenchymal attenuation in 

normal healthy Thai people. 

2. To compare lung parenchymal attenuation in 

different age groups. 

3. To compare lung parenchymal attenuation in 

male and female. 

4. To find relationship between vital capacity from 
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spirometry alone and from spirometry gated high 

resolution computed tomography (Pulmo CT). 

5. To compare lung parenchymal attenuation in 

different lung regions. 

MATERIAL AND METHOD 

The study was performed in 154 healthy 

adult Thai volunteers, age between 20-69 years. 

41 cases were in age group of 20-29 years, 

16 males and 25 females. 

47 cases were in age group of 30-39 years, 

18 males and 29 females. 

34 cases were in age group of 40-49 years, 

12 males and 22 females. 

19 cases were in age group of 50-59 years, 

4 males and 15 females. 

13 cases were in age group of 60-69 years, 

6 males and 7 females. 

The subjects included in this study must reach the 

following criteria. 

1. nonsmoker or smoker not more than | 

pack—year. 

2. healthy person who have no history of 

previous lung diseases or previous thoracic 

surgery. 

3. no chest symptom such as cough, 

dyspnea, chest pain. 

4. had normal chest film performing within 
the same day. 

5. had normal lung function study within 
the same day. The HRCT studies of the lung were 

performed using Siemens Somatom plus 40 

machine. 

Vital capacity from CT scan (CTVC) were 

measured 3 times in each subject with 3 minutes 
interval between each time. The highest CTVC 

was used. The thin section HRCT of the lung were 

performed with spirometric gating at 50% 

CTVC.’° (Figure 1) The scan parameters were | 
millimeter slice thickness, | second scan time, 275 

mA tube current and 137 kV voltage. The patients 
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were positioned supine on the CT couch and 

instructed to breath through a small hand-held 

pocket spirometry connected to a microcomputer 

(Figure 2). When the 50% CTVC of the subject 

was reached, the scan was triggered by respira- 

tory gating device and airflow inhibited for the 

duration of the scan. Three lung levels were 

examined in each subject, the carinal level, 5 cm. 

above carina and 5 cm. below carina (Figure 3). 

To reduce operator-related reproducibility 

errors, evaluation of lung parenchyma was based 

on automatic fast contour tracing algorithms that 

isolated the left and right lung parenchyma in each 

HRCT section. The machine automatically 

rejected extrapulmonary tissue by excluding all 

pixels outside the range —999 to -350 HU.'° 
(Figure 4) 

Histogram was determined for the left 
lung, right lung and both lungs. In the analysis; 

mean value of lung attenuation and standard 

deviation were calculated (Figure 5). Lung 

parenchyma attenuation values were determined 
by divided lung in anterior-posterior segmenta- 
tion into 5 segments (Figure 6) and by central- 

peripheral segmentation into 2 segments (perip- 

heral segment was the lung from subpleural area 

to 2 cm. distant from the pleura) (Figure 7). 

RESULTS 

The vital capacity from pulmo CT (CTVC) 

had linear correlation with vital capacity from 

spirometry (PFVC). The CTVC is about 0.847 of 

PFVC (r=0.847). 
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The mean attenuation of the lung 

parenchyma related with age in both male and 

female. (p<0.05). 

Mean attenuation of the lung decreased 

(became more negative) when age increased. The 
mean attenuation of the lung parenchyma in 

healthy female subject was — 810 + 29 HU and 
—813 +25 HU in male which are not statistically 

different. (p<0.05) (Figure 8) 

The mean attenuation of the left and right 

lung were not statistically different (p<0.05). 

The mean attenuation of total lung paren- 
chyma of healthy Thai volunteers was —811 + 28 

HU (range from —716.4 to -847.3 HU) (Figure 

9). The attenuation of the lung parenchyma at 

carinal level and 5 cm. above caina were —-816 

and —813 HU respectively which were not 

statistically different (p<0.05). The attenuation 

at 5 cm. below carinal level is -803 HU which 

was more (less negative) than in the two upper 

levels. 

When compared between the 5 segments 

(divided equally from anterior to posterior 

location) of the lung at each level, the mean 
attenuation of all segments were not significantly 

different (p<0.05). 

The mean attenuation of lung parenchyma 

of central and peripheral segments were —811.9 + 

34 HU and —832.5 + 29 HU respectively. The 
mean attenuation of the central part was more than 

in the peripheral part of the lung (central part had 

less negative value) (p<0.05).
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Fig. 1. Example of a breathing curve used to obtain 

CT scans under respiratory control. 

|   
Fig. 2. The spirometer gating device with application in a 

volunteer study. 
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Fig. 3. Three examined lung levels: 5 cm. above 

carina, carinal level and 5 cm. below carina 
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Fig. 4. Scan of isolated lung parenchyma and (b) Histograms correspond with the left, 

corresponding histograms. right and total lung. 

(a) isolated left and right lung parenchyma 

using automatic fast contour tracing 

algorithm. 
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Fig. 5. Histogram and mean attenuation values of 

the left lung, right lung and both lungs. 
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Fig. 7. Lung parenchyma attenuation values 

(a) central segment 
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Fig. 8. Reference values for mean lung attenuation and 
histogram at 50% vital capacity 

(a) Lung attenuation decreases as age increases 

Frequency (%) 

  

Lung attenuation (HU) 

(b) Reference histogram, averaged over all 
age groups. 
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DISCUSSION 

The mean attenuation of the lung 

parenchyma in normal healthy Thai subjects is 

—811 +28 HU which is not different between male 

and female. The mean attenuation of the lung is 

age-dependent. It will decrease (turn more 

negative) when age increase. These results are the 

same as the study of Kalender.'! 

In comparison with other studies, the mean 

attenuation of lung parenchyma of normal healthy 

Thai subjects is not different from normal healthy 

foreigners which are -817 HU,'?-819 + 3 HU,’ — 

820 + 4 HU’ and -829.8 HU" (range between — 
770 to —875).'* We can use —811 + 28 HU to be 

the reference of normal lung attenuation in Thai. 

Many studies divided the abnormal 

attenuation of lung into two major groups.° The 

first is group of decrease lung attenuation such as 

pulmonary emphysema, air-trapping lung lesion. 

The other is group of increase lung attenuation 

such as pulmonary fibrosis, interstitial pneumo- 

nia etc. 

Some studies used —900 and —910 HU to 

be the upper value of normal lung (emphysema- 

tous index). *”'* Some used —700 HU to be the 

lower value of normal lung (fibrosis index).’ 

In pulmonary emphysema, expiratory 

quantitative CT is not as accurate as inspiratory 

CT for quantifying pulmonary emphysema and 

probably reflects air trapping more than reduction 

in the alveolar wall surface.® 

There is significant linear correlation 

between the vital capacity from CT (CTVC) and 

the vital capacity from spirometry (PFVC). CTVC 

is 0.847 times of PFVC which is the same as the 

study of Rienmuller '° (r=0.84, p<0.001). 

CTVC is less than PFVC because the 
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CTVC is performed in supine position. Because 

of linear correlation between them, we can 

predict patient VC (PFVC) from pulmo CT. We 

can also detect area of airway obstruction by 

detection of air trapping area in expiratory HRCT 

'° (air trapping area is area of different attenua- 

tion of lung less than 100 HU between full 

inspiration and full expiration). 

The advantage of HRCT with pulmo CT 

over spirometry is the ability to detect the 

location of abnormal or pathological area of the 

lung. 

The attenuation of lung parenchyma in 

right and left lungs and in different lung levels of 

each lung are not statistically different. By this 

result, in the follow up study of diffuse lung 

patient, we can use the average mean attenuation 
of healthy subject lung as the normal value in 

comparison with any abnormal lung area of the 

patient with or without comparison with the mean 

lung parenchyma of the patient to determine 

improvement or progression of the lesion. 

To determine the difference in lung 

attenuation between dependent and non-dependent 

portions of the lung, this study showed no 

significant difference in the 5 segments (anterior 

to posterior segments) but the more posterior 

segments (dependent portion of the lung) seems 

to have more attenuation (less negative) than the 

anterior segments. The study of Verschakelen'’ 

showed that changes in lung volume have effects 

on change in lung density in dependent and 

non-dependent parts of the lung. 

The gradient decreases as lung volume 

increases. The gradient was significantly smaller 

at lung volume of 90% and 50% of VC than at 

10% of VC."’ So if the lesion mostly located at 
posterior segment of the lung (such as in asbesto-
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sis), the pulmo CT done in prone position might 

give more accurate lung attenuation value. 

The attenuation of lung parenchyma is 
significantly different between central and 

peripheral part of the lung. Although HRCT is 

used to determine abnormality of diffuse lung 
lesion, some lesions have more profusion at 

central lung portion such as in sarcoidosis, 
pulmonary emphysema.'*'? Some have more 
profusion at periphery of the lung such as in 

pulmonary fibrosis, interstitial pneumonitis.'? In 

these cases we should also interest in both mean 

lung attenuation and abnormal attenuation in 
peripheral or central lung segments. 

CONCLUSIONS 

HRCT and Pulmo CT are non-invasive 

methods to measure lung tissue attenuation and 

are useful to determine lung pathology. 

HRCT and Pulmo CT are very useful in 

follow up study to determine progression or 

regression of diffuse lung lesions after treatment. 

HRCT and Pulmo CT are useful for 

clinician to determine mild cases or early cases of 

abnormal increased or decreased lung attenuation 

by comparison lung attenuation in suspected area 

with mean attenuation of normal healthy subject. 

CT is very useful but it is still the high 

cost machine in Thailand though we should use it 

with proper indication. 
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