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Thailand has passed the COVID-19 crisis, and is facing a new challenge

From The Editor
Received 23 December 2021 ; accepted 23 December 2021 
doi:10.46475/aseanjr.v22i3.160

It is October that the average of COVID-19 infection rate is lower to less than 
10, 000 cases a day in Thailand after rocket-shooting to more than 20,000 cases  
a day in August, killing hundreds of people and 4 doctors, 2 of whom are  
radiologists. The decreasing rate persists to less than 5,000 cases a day in December 
and lives seem to return to normal in all parts of Thailand. The Royal College of  
Radiologists of Thailand (RCRT), in corporation with the Foundation for Orphan  
and Rare Lung Disease (FORLD), welcomed onsite participants in a hybrid- 
conference on high resolution computed tomography (HRCT) for the first time 
in this year, during 4-5 December 2021 in Bangkok, after cancellation of the  
hybrid 2021 annual meeting in March and monthly online activities were  
promoted instead. From the mentioned conference, the results from the  
discussions in the multidisciplinary working group for interstitial lung disease  
focusing on estimation of disease and fibrosis on HRCT are summarized in  
this issue.

Tanomkiat W.
ASEAN J Radiol 2021; 22(3) : 3-7
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A hybrid conference on HRCT in Bangkok 
during 4-5 December 2021, held by RCRT 
and FORLD.

Miss Radiology Queen and the editor at the Gala of the TSRT annual meeting.

And then the second hybrid radiological conference was the annual meeting of 
the Thai Society of Radiological Technologists (TSRT), during 19-21 December  
2021, in Bangkok. To prepare for the International Society of Radiographers  
and Radiological Technologists (ISRRT) Word Congress which will be held in  
Bangkok in 2022, TSRT selected its best society ambassadors, namely,  
Miss Radiology Queens, in its onsite gala dinner, apart from 3 full days of  
academic activities.
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Mrs. Nipha Ngamtrairai, the director  
of  prisons  in  Songkla,  a  province  in 
the deep south of Thailand (left), the  
editor (middle), and Mr. Adisorn Taprig 
(right)  at one of the participating  prisons,   
representing  government,  non-profit  and  
private  sectors,  in the RadioVolunteer 
project. 

RadioVolunteer, the teleradiology project run by radiologist volunteers, RCRT 
and J.F Advance Med Co, Ltd. [2], ended on 25 December 2021 after the  
interpretation of more than 280,000 chest radiographs for infected patients in 143 
prisons across Thailand, several communities and field hospitals in Bangkok, and 
provinces in other parts of Thailand since 2 June 2021, a few weeks before the peak 
infection rate in August. It is believed that RadioVolunteer was a significant factor 
that saved the infected prisoners, reducing the case fatality ratio to approximately 
0.12%, comparing to 0.98% in communities [1]. 

Tanomkiat W.
ASEAN J Radiol 2021; 22(3) : 3-7
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RadioVolunteer in a prison (left) 
and a community (above).

Sixty-three tourists infected with the highly concerned Omicron variant of 
COVID-19 has been found in Thailand since 1 December.  To balance between 
the economic contribution from tourism which accounted for around 20% of 
the gross domestic product (GDP) in 2019 [3], significantly higher than most 
other countries, and the prevention of another crisis from this fatal virus, the  
government is trying its best to find the epitome for the country.

Tanomkiat W.
ASEAN J Radiol 2021; 22(3) : 3-7
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Quantitative CT characterization of normal 
lung anatomy: In relation to locations and 
gender and study of various lung volume  
estimation 

Background: Mean lung parenchymal attenuation (MLA) may show gender  
differences and vary in different locations. Lung volume estimations play an  
important role in lung transplantation workout. In the current study, we focus 
on quantitative measurement of lung volume using different estimations obtained 
through calculated formulae from CT images and Chest Radiograph. This study 
could help to generate data for future references, particularly for Malaysia or 
Southeast Asia.

Objective: To study the MLA in relation to the location, patient’s position and 
gender differences, in order to find the correlation of various lung volume  
estimation methods.

Abstract

Received 17 December 2020; revised 26 October 2021; accepted 27 November 2021
doi:10.46475/aseanjr.v22i3.100

Chang H.K., et al.
ASEAN J Radiol 2021; 22(3) : 8-31



THE ASEAN JOURNAL OF RADIOLOGY

Volume XXII Number III September-December 2021 09

ISSN 2672-9393

Materials and Methods: This was a retrospective cross-sectional study. A 
total of 62 patients’ CT images were selected and measurements of MLA 
were analyzed at lung apex, main carinal level (MCL), and base level (BL). 
At MCL and BL, the MLA was measured in three regions which were  
anterior, middle and posterior regions. A total lung volume of 26 from 
the 62 study subjects was also estimated using the predictive equation  
(method i),  estimation from the frontal chest radiograph (method ii),  
ellipsoid formula using measurement from CT images (method iii) and 
semi auto-segmentation and volumetric calculation (method iv).

Results: MLA of the right lungs range from -860±9.52 to -787.66±14.8 HU. MLA 
of the left lungs range from -845.60±10.0 to -789.66±14.0 HU. MLA at middle  
MCL is lower than apex and middle BL bilaterally (p<0.05). Male subjects have 
lower lung attenuation with several areas showing a statistically significant  
difference (p<0.05). The four lung volume estimations show moderate to strong 
linear correlation (r = 0.565 – 0.899).

Conclusion: Variation of MLA among MCL, apex and BL could be related to  
better chest expansion at MCL. The posterior part of the lungs shows a higher  
value of MLA and this is related to the supine position during scanning that results 
in a lesser degree of chest expansion at the posterior part and gravity influence. 
Lung volume estimation is possible using demographic data, a chest radiograph or 
the ellipsoid formula. 

Keywords: Mean lung attenuation, Lung volume estimation, Ellipsoid formula.

Chang H.K., et al.
ASEAN J Radiol 2021; 22(3) : 8-31
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Computed Tomography (CT) scan is an important imaging modality that  
provides cross-sectional images with three-dimensional reconstruction [1,2].  
Images are presented as a range of grayscale and can be calculated in Hounsfield  
Units (HU), using density number of water as the main reference “0” [1]. In other  
words, structures with density higher than water will be presented as a positive 
HU; whereas structures with lower density will be presented as a negative HU, 
such as lung parenchyma and adipose tissue [1]. 

In 2016, Stein et al. conducted an analysis on 42 CT images of a paediatrics age 
group and it was found that lung attenuation was in a rapid reducing trend among 
growing children younger than 2 years old, as the lung volume was growing larger 
[3]. Lung attenuation was also higher in the dependent part of the lung, related 
to gravity [3].  The attenuation value of a normal lung may show variation due to 
gender and age factors according to previous studies; however, in a cohort study 
by Zach et al., there was no persistent association demonstrable between lung  
attenuation and the age group or the gender factor on his multivariate  
analysis [4]. In another study by Smit HJM et. al, no significant difference in lung  
attenuation measurement between male and female was revealed [5]. Lung  
attenuation was found to be lower at the main carina level compared to the top, 
but the value increased upon expiration [5]. According to another study on 155 
adults patients by Kauczor et. at, the mean lung density (MLD) measured -813 
HU during full inspiration and it increased to -736 HU during expiration [6].  
Therefore, the inspiratory effort of subjects during CT acquisition may be one of 
the factors affecting the mean attenuation value of the lung parenchyma. 

Besides, the lung volume could be measured from CT images, using manual  
contour delineation or automatic lung segmentation [2].  However, CT lung  
volumetry was still not the gold standard in total lung volume estimations and 
it also exposed patients with radiation [2]. From 1930’s, there were a few studies  
focusing on the estimation of the lung volume or lung capacity based on chest 
radiographs, namely the study conducted by Hurtado and Fray in 1933 [7-8], 

Introduction

Chang H.K., et al.
ASEAN J Radiol 2021; 22(3) : 8-31
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Barnhard et al. [7 - 8], Gamsu et al. [7], Reger et al. [8] and others. These studies 
published data and estimations of the total lung volume from chest radiographs, 
correlating with plethysmography [7-8]. One of the methods published in some of 
these studies utilized ellipsoid formulas [7-8].

Another method published by Canal et al., assessed the estimations from the  
measurement based on a frontal chest radiograph of small mammals [9]. The  
estimation equation is V*L  = 0.496 . VRX. ; whereby VRX is the measurement of the 
volume containing lungs and mediastinum and  

					         . W is the straight line width between two  
costophrenic recesses; H1 is the height from W to the top of the left lung;  H2  
is the height from W to the top of the right lung; w1 is  the left lung width at  
the midpoint of the diaphragm dome; w2 is  the right lung width at the midpoint 
of the diaphragm dome (Figure 1). This formula shows a possible similarity or 
correlation to the previously published calculations, where it could be correlated 
with ellipsoid formula: Volume, V = 0.523 . a . b . c ; whereby a, b and c are the 
diameters of the ellipsoid [9].  

Furthermore, there are also equations for the predicted lung volume suggested  
by Konheim et al.: Predicted TLV (pTLV) = [-630.819 + (967.100*Gender) + 
(25.197*Height) - (713.838*Race) + (15.103*Age)]/1000; Gender: Male (1),  
Female (0); Race: African American (1), others (0); Height in cm, Age in years. 
This formula was created by correlating with 4 different variables and CT  
volumetry calculation of 400 patients using lasso regression, which was further 
tested with one of the gold standard – body plethysmography and lung function 
test. This predictive equation also shows a strong positive correlation between the 
predicted total lung volume and the total lung capacity (r = 0.82; p<0.0001; 95% 
CI, 0.59 – 0.93) [10]. 

The total lung volume estimation plays an important role in the clinical  
procedure as well as in research fields [7]. It is important particularly in lung  
transplantation workout and size-matching of the lung volume for donors and  

Chang H.K., et al.
ASEAN J Radiol 2021; 22(3) : 8-31
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recipients [7 & 10]. This study utilized 4 different methods of quantitative  
measurement to estimate the total lung volume of Malaysian adults; i.e. based on 
the predictive equation published by Konheim (method i), based on estimation 
from the frontal radiograph published by Canals M (method ii), the Ellipsoid  
formula (method iii) and semi auto-segmentation and volumetric  
calculation using DICOM compatible program, Osirix Lite (method iv).  
Furthermore, the correlations between these four methods were looked into. 

CT scan examination imposed more radiation to the patient compared to a chest 
radiograph. For lung transplantation patients, they may not need to undergo  
CT scan examination in order to estimate their lung volume, if method i and 
ii showed a positive correlation with the other described methods. Method i  
requires the patient’s demographic data [10], whereas method ii needs calculation  
from a frontal chest radiograph [9], which is easily available [1]. Method i is  
considered as good as the gold standard as it shows the correlation with body  
plethysmography and the lung function test. 

This study aims to generate local data for a mean lung volume and lung  
parenchymal attenuation (MLA) for Malaysian adults, which could become the 
reference for future studies and in clinical settings in Malaysia and perhaps in 
Southeast Asia. In clinical practices, the area of low lung attenuatiuon (LAA%) 
is used to assess the extent of emphysema, whereas the high attenuation area 
(HAA%) assesses the extent of lung infections, interstitial lung diseases and ARDS 
[11].  The inspiratory effort, gravity and gender differences may alter the area of 
the low attenuation area (LAA%) as well as the high attenuation area (HAA%). 
Therefore, these factors should be considered during the interpretation in normal 
patients as well as patients with lung diseases.

Chang H.K., et al.
ASEAN J Radiol 2021; 22(3) : 8-31
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This was a retrospective cross-sectional study conducted in the Radiology  
Department of Universiti Kebangsaan Malaysia Medical Center (UKMMC),  
analysing CT images and plain chest radiographs done for patients in the age 
group of 13 – 85 years old from 1st January 2015 to 20th June 2015.  The universal  
sampling method was used and there were a total of 462 CT Thorax imaging  
cases performed in this period. Among the 462 sets of CT images, 184 CT were  
reported as lung fibrosis and infections, 86 CT were reported as lung malignancy 
or lung metastasis, 69 CT were associated with granuloma or atelectatic changes  
and 58 CT were associated with breathing artefacts. It was found that 65 sets  
of CT images were reported to be normal while 3 sets of images were performed  
on non-Malaysian citizens and therefore were excluded. In conclusion, a total of 
62 sets of CT images (n=62) were included in this study. 

Imaging techniques of CT scans and chest radiographs
CT Thorax was conducted using a CT scanner, Siemens CT Somatom Sensation 
64 (64 slices) of the helical mode in the craniocaudal direction. The patient was 
in a supine position during the scanning and a standard instruction in respective 
dialects was given to the patient: taking a deep breath and holding the breath.  
Images were acquired during inspiration. An approximately 1.0 - 1.5 ml/kg  
contrast material was injected via an intravenous assess at the upper limb with  
the flow rate of 2.5 - 5 mls/s. An image was acquired with 120 kVp, 200 mAs, 
one millimeter reconstruction (1 mm slice thickness), B30 and B70 reconstruction 
kernel using software Syngo CT 2006A. 

A chest radiograph was carried out using Xray machine computed radiography 
unit, Digital Diagnost Philips Medical Systems with 100 - 110 kVp, 4 – 8 mAs  
exposure with the presence of grid and filter. The patient was in a standing  
position with his chest facing the detector. An AP view of the radiograph was  
acquired given the patient was unable to stand erect during the examination.

All CT and Plain radiograph images were interpreted using DICOM viewer  
OsiriX Lite.

Materials and methods

Chang H.K., et al.
ASEAN J Radiol 2021; 22(3) : 8-31
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Lung attenuation measurement from CT scans
Mean lung parenchymal attenuation (MLA) of these 62 sets of images was  
analysed to measure lung attenuation at the lung apex (Figure 2a), the main  
carinal level (MCL) at anterior, middle and posterior regions bilaterally  
(Figure 2b) and the lung base level (BL) at anterior, middle and posterior regions 
(Figure 2c and 2d) bilaterally. The sampling location for MLA at MCL (middle) 
and BL (middle) was at the mid clavicular line, with additional imaginary lines 
to divide the lungs into anterior 1/3, middle 1/3 and posterior 1/3. The region of 
interest (ROI) for the measurement is round in shape and is fixed constant with 
an area of 1.0 cm2 ± 0.2 cm2. The ROI was placed at the lung parenchymal by  
avoiding large vessels.

Lung volume estimation calculation
There were a total of 26 patients from the 62 study subjects who had a chest  
radiograph within six months from the date of CT acquisition. These was a  
quantitative measurement of the total lung volume methods used in the  
calculations:
	 i.	 Predictive equation published by Konheim:     
		  Predicted TLV (pTLV) = [-630.819 + (967.100*Gender) +  
		  (25.197*Height) - (713.838*Race) + (15.103*Age)]/1000; Gender: Male (1),  
		  Female (0); Race: African American (1), others (0); Height in cm, Age in  
		  years.
	 ii.	 Estimation from frontal radiograph, as published by Canals M (Figure 1).
	 iii.	 Ellipsoid formula (a summation of right and left lung volumes of  
		  0.52xAPxWxCC) based on the measurement from CT images. The AP and  
		  width diameter of both lungs was measured at lung bases, whereas for the  
		  craniocaudal measurement, it was measured by drawing a line from the  
		  apex to the posterior medial most of the costophrenic angles shown in  
		  (Figure 3a, 3b, 3c & 3d). This is a modified method after considering  
		  previous publications suggested by other authors. Some authors use the  
		  ellipsoid formula in their complex calculations. According to Canals M’s  
		  formula: V*L  = 0.496 . VRX, shows a possible similarity or a correlation to  
		  the previously published calculations, where it could be correlated with  
		  ellipsoid formula: Volume, V = 0.523 . a . b . c ; whereby a, b and c are the  
		  diameters of the ellipsoid.

Chang H.K., et al.
ASEAN J Radiol 2021; 22(3) : 8-31
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	 iv.	 Semi auto-segmentation and volumetric calculation using DICOM  
		  compatible program, OsiriX Lite.  The lungs were differentiated into right  
		  and left lungs with the dead space (air in the trachea and bronchus) and  
		  major blood vessels excluded in the calculation (Figure 4a, 4b, 4c, 4d, 4e &  
		  4f). Correlations between these four methods were made. 

Statistical analysis
T test was used to determine a statistical difference of MLA of both lungs.  
Subsequently, the independent T test was used to determine the statistical  
significance of MLA among female and male data. Pearson-correlation was 
used to analyse the correlation of the four methods of the total lung volume  
estimations i.e. based on predicted calculations (method i), the frontal chest  
radiograph (method ii), the ellipsoid formula with measurement from CT  
images (method iii) and volumetry calculation using DICOM compatible  
program, OsiriX (method iv). A statistical analysis was done using IBM SPSS  
Statistics 20.

Figure 1. Frontal radiograph displays the reference 
line for calculation of VRX. (reproduced referring to 
Canal et. al [9]).
W:    straight line width between two costophrenic 
         recesses
H1:  height from W to the top of left lung
H2:  height from W to the top of right lung
W1: left lung width at the midpoint of the 
        diaphragm dome
W2: right lung width at the midpoint of the 
        diaphragm dome

Chang H.K., et al.
ASEAN J Radiol 2021; 22(3) : 8-31
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Figure 2. Multiplanar reformat 
shows lung attenuation of apical  
regions (a), main carinal level  
(anterior, mid and posterior) (b)
and at base level (anterior, mid and 
posterior) of right (c) and left lungs 
(d).

Figure 3. Multiplanar reformat shows measurement of AP diameter and width of right (a) and 
left (b) lungs and craniocaudal measurement of right (c) and left (d) lungs.

a

c

b

d

Chang H.K., et al.
ASEAN J Radiol 2021; 22(3) : 8-31
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Figure 4. Images show semi auto-segmentation of right (a, b) and left (c, d) lungs with the right (e) 
and left (f) lung volume calculations using DICOM compatible program, OsiriX Lite.

a

c

e

b

d

f

Chang H.K., et al.
ASEAN J Radiol 2021; 22(3) : 8-31
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There are 62 sets of CT images included in this study. Majority of the CT images 
were done for Malay patients (n = 38, 61%), followed by Chinese (n = 18, 29%), 
Indian (n = 4, 6%), Orang Asli and Kadazan (n = 1, 2%) respectively, as shown in 
Figure 5.

Results

Figure 5. Demographic data based 
on different race.

Figure 6. Demographic data based on age groups.

Chang H.K., et al.
ASEAN J Radiol 2021; 22(3) : 8-31
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Lung parenchymal attenuation
There were a total of 62 sets of CT images (n = 62) analysed for lung attenuation, 
with 34 female patients and 28 male patients. Demographic data was classified 
based on race and age group of the study subjects (Figure 5 and 6). 

The mean of lung parenchymal attenuation (MLA) of both lungs at apical, main 
carinal levels (anterior, middle and posterior) and at a base level (anterior, middle 
and posterior) is shown in Table 1.

*R = right, L = left, MCL = main carina level, BL = base level

     Lung locations Lung attenuation (HU),
mean ± SD Comparing with P

R Apex (-HU)          821.77 ± 8.67 R Middle MCL (-HU) < 0.05

R Anterior MCL (-HU)          849.23 ± 9.41 R Middle MCL (-HU) < 0.05

R Middle MCL (-HU)          838.85 ± 9.67 R Middle BL (-HU) < 0.05

R Posterior MCL (-HU)          802.39 ± 12.9 R Middle MCL (-HU) < 0.05

R Anterior BL (-HU)          860.26 ± 9.52 R Middle BL (-HU) < 0.05

R Middle BL (-HU)          823.53 ± 11.4 R Middle MCL (-HU) < 0.05

R Posterior BL (-HU)          787.66 ± 14.8 R Middle BL (-HU) < 0.05

L Apex (-HU)          819.76 ± 8.62 L Middle MCL (-HU) < 0.05

L Anterior MCL (-HU)          845.6 ± 10 L Middle MCL (-HU) < 0.05

L Middle MCL (-HU)          834.16 ± 10.6 L Middle BL (-HU) < 0.05

L Posterior MCL (-HU)          806.42 ± 11.2 L Middle MCL (-HU) < 0.05

L Anterior BL (-HU)          842.65 ± 11.2 L Middle BL (-HU) < 0.05

L Middle BL (-HU)          816.44 ± 11.8 L Middle MCL (-HU) < 0.05

L Posterior BL (-HU)          789.66 ± 14 L Middle BL (-HU) < 0.05

Table 1. Mean lung attenuation of 62 subjects with T test result.

Chang H.K., et al.
ASEAN J Radiol 2021; 22(3) : 8-31
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For the right and the left lungs, the differences in MLA at the middle MCL vs the 
apex and the middle MCL vs middle BL were statistically significant (p<0.05). 
At the main carina level, the MLA values at the anterior vs the middle and the  
posterior vs the middle parts revealed a  statistically significant difference (p<0.05). 
At the base level, the differences in the MLA value at the anterior vs the middle 
and the posterior vs the middle parts also showed statistical significance (p<0.05).
Additionally, MLA of both lungs for male and female at the apical, main carinal 
level (anterior, middle and posterior) and at the base level (anterior, middle and 
posterior) was tabulated in Table 2.

*R = right, L = left, MCL = main carina level, BL = base level

     Lung locations
Lung attenuation (HU),

mean ± SD P
Male (n = 28) Female (n = 34)

R Apex (-HU) 828.68 ± 12.7 816.09 ± 11.7 0.158

R Anterior MCL (-HU) 862.54 ± 11.1 838.26 ± 13.6 < 0.05

R Middle MCL (-HU) 854.14 ± 11.5 826.26 ± 13.6 < 0.05

R Posterior MCL (-HU) 819.43 ± 15 788.35 ± 19 < 0.05

R Anterior BL (-HU) 873.89 ± 13.1 849.03 ± 12.5 < 0.05

R Middle BL (-HU) 835.39 ± 16 813.76 ± 15.6 0.065

R Posterior BL (-HU) 799.07 ± 17.2 778.26 ± 22.7 0.172

L Apex (-HU) 826.32 ± 13.9 814.35 ± 10.6 0.178

L Anterior MCL (-HU) 864.36 ± 11.1 830.15 ± 13.9 < 0.05

L Middle MCL (-HU) 851.25 ± 14 820.09 ± 14 < 0.05

L Posterior MCL (-HU) 818.89 ± 15.6 796.15 ± 15.3 < 0.05

L Anterior BL (-HU) 854.71 ± 14.2 832.71 ± 16.1 0.054

L Middle BL (-HU) 833.5 ± 16 802.38 ± 15.7 < 0.05

L Posterior BL (-HU) 803.21 ± 15.4 778.5 ± 21.7 0.086

Table 2. Mean lung attenuation of male and female with independent T test result.
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Lung Volume Estimation
The mean of the estimated total lung volume using method i was 4717.58 ± 276 
ml (95% CI 4440 – 4990), method ii was 4086.96 ± 446 ml (95% CI 3640 – 4530), 
method iii was 3903.27 ± 448 ml (95% CI 3460 – 4350), whereas method iv was 
2864.54 ± 345 ml (95% CI 2520 – 3210). Based on method i, the range of the lung 
volume for the study population ranged between 3476 until 5884 ml. (Table 3)

Quantitative estimations of the total lung volume using four methods are  
summarized in a scatter plot and it showed positive linear relations (Figure 7a - f).  

A moderate to strong correlation was observed between the estimation of the total 
lung volume using these 4 methods: method i versus ii (r = 0.679; p < 0.005, 95% 
CI, 0.396 - 0.844), method i versus iii (r = 0.655; p < 0.005, 95 % CI, 0.359 - 0.831), 
method i versus iv (r = 0.565; p < 0.005, 95% CI, 0.228 – 0.781), method ii versus 
iii (r = 0.782, p < 0.005, 95% CI, 0.567 - 0.897), method ii versus iv (r = 0.745;  
p < 0.005, 95% CI, 0.503 - 0.878) and method iii versus iv (r = 0.899 p < 0.005, 95% 
CI, 0.786 – 0.954) (Table 4).

       Estimation methods
Total lung volume (ml)

Min Max Mean 95 % CI

Calculating total volume using 
formula by Konheim et al. 3476 5884 4717.58 ± 276 4440 – 4990

Estimating lung volume using 
formula by Canals et al. 
(Chest X-Ray)

2076 7669 4086.96 ± 446 3640 – 4530

Estimating total lung volume 
using Ellipsoid formula 
(0.52xAPxWxCC)

1938 6222 3903.27 ±448 3460 – 4350

Calculating lung volume using 
semi automatic segmentation 
with CT images

1187 4267 2864.54 ± 345 2520 – 3210

Table 3. Estimations of total lung volume (in unit mls) with 4 different methods.

Chang H.K., et al.
ASEAN J Radiol 2021; 22(3) : 8-31



THE ASEAN JOURNAL OF RADIOLOGY

Volume XXII Number III September-December 202122

ISSN 2672-9393

Figure 7. (a) Positive correlation between calculated total lung volume using method i and ii, (b) 
using method i and iii, (c) using method i and iv, (d) using method ii and iii, (e) using method ii 
and iv, and (f) using method iii and iv.
*Method i: Calculated total volume using formula by Konheim et al, Method ii: Estimated lung 
volume using formula by Canals et al (Chest X-Ray), Method iii: Estimated total lung volume 
using Ellipsoid formula (0.52xAPxWxCC), Method iv: Calculated lung volume using semi auto  
segmentation with CT images.
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Estimation
methods*

Pearson correlation** p-value***

Method
i

Method
ii

Method
iii

Method
iv

Method
i

Method 
ii

Method
iii

Method
iv

Method i 1 .679 .655 .565 .000 .000 .003

Method ii .679** 1 .782** .745** .000 .000 .000

Method iii .655 .782 1 .899 .000 .000 .000

Method iv .565 .745 .899 1 .003 .000 .000

Table 4. Pearson Correlations between estimations of total lung volume with 4 
different methods.

*Method i: Calculating total volume using formula by Konheim et al., Method ii: Estimating lung volume 
using formula by Canals et al. (chest X-ray), Method iii: Estimating total lung volume using Ellipsoid  
formula, Method iv: Calculating lung volume using semi automatic segmentation with CT images.
**Correlation is significant at the 0.01 level (2-tailed).
***Sig. (2-tailed)

The quantitative measurement of mean lung parenchymal attenuation (MLA) 
among Malaysian citizens with normal chest CT and methods of total lung volume 
estimations are described in this study. 

Lung attenuation
Differences in MLA during inspiration in relation to the location of the lung, 
were described in previous studies [5,11]. In this study, MLA at the middle main  
carinal level (MCL-M) was lower than the value at the apex and the middle base  
level (BL-M). At MCL, MLA at anterior MCL (MCL-A) was the lowest followed 
by MCL-M and posterior MCL (MCL-P); whereas at the base level, MLA at the 
anterior base level (BL-A) was also the lowest followed by BL-M and the posterior 
base level (BL-P).

Discussion
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MLA at MCL was lower compared to the apex and could be related to more chest 
expansion at the carinal level compared to a relatively fixed apex [5]. MLA was 
higher in BL compared to MCL probably also related to better chest expansion 
at MCL. The variation seen across MCL and BL (anterior, middle and posterior)  
could be related to the supine position during image acquisition as the chest  
expansion at the posterior part of the chest is reduced compared to the anterior  
part of the chest. Chest expansion or lung volume measurement in the sitting  
position (using the single breath gas dilution method) was found greater than 
in the supine position, as in during the CT scan [11]. Therefore, in the supine  
position, lung expansion is reduced with the most affected part located  
posteriorly, as seen in this study, whereby, MLA of the posterior part of the lung 
(MCL-P and BL-P) was higher than the middle (MCL-M and BL-M) and the   
anterior part (MCL-A and BL-A) at the same corresponding levels. This finding 
was also  observed in the previous study and the MLA regional differences could 
be related to the lung volume, chest expansion or inflation and gravity influence 
on the blood flow [3, 12].

According to a study conducted by Smit et al., there was no statistical difference 
in MLA due to gender differences [5]. However, the low attenuation area in male 
was found larger compared to females in a study conducted among Chinese  
population [11]. According to Kim et al., quantitative variation due to gender  
differences was significant in his study [13]. In this study, it was observed that 
the MLA of males was lower than females’ in both lungs, at the apex, MCL and 
BL bilaterally. It was a statistically significant variation of MLA due to gender  
differences (p<0.05) at MCL (anterior, middle and posterior) bilaterally, right 
BL-A and left BL-M. The possible explanation for lower MLA in males could be  
related to a larger lung volume [11] and more chest expansion compared to females 
[14] as males were found to have a larger thoracic rib cage [15]. Even though the  
ratio of the alveoli amount over a standard unit area or volume was similar in both  
sexes, males were found to have a higher amount of alveoli than females in general 
[15]. This is however, the variation due to gender differences at both apical regions 
and BL-P showed no statistical significance (p>0.05), which could be related to a 
poor degree of expansion at these regions in both females and males. 

Chang H.K., et al.
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Lung Volume Estimation
Lung volume was generally higher among males, taller and thinner individuals 
[11]. There are prediction formulas for the total lung volume estimations published 
and some of these equations take into consideration of an individual’s height [10 & 
11], gender [10 & 11], age [10], race [10] and weight [11]. 

The lung volume for the study population ranged from 3476 to 5884 mls with 
the mean of 4717.58 mls (95% CI 4440 – 4990) using method i; Predicted TLV 
(pTLV) = [-630.819 + (967.100*Gender) + (25.197*Height) - (713.838*Race) + 
(15.103*Age)]/1000; Gender: Male (1), Female (0); Race: African American (1), 
others (0); Height in cm, Age in years. The mean of the 2nd, 3rd and 4th methods 
was lower compared to the 1st method, but the 2nd and 3rd methods showed a 
95% confidence interval of  3640 – 4530 mls and 3460 – 4350 mls, respectively,  
whereby the upper limit values were relatively closer to the lower limit value 
of the 1st method. The mean of the estimated lung volume using method ii, iii 
and iv was found to be lower and this could be attributable to positioning and  
inspiratory effort during image acquisition. For method iv, the airway and blood 
vessels’ volume were not included and this is another additional explanation  
leading to a lower estimated lung volume mean. 

A moderate to strong correlation (r value range from 0.565 until 0.899) was seen 
between all the four different estimation methods described [16]. Method i has 
a simple method to estimate the lung volume by filling in demographic data of 
the patient such as gender, height, race and age, without the need of  any invasive  
intervention. 

Method ii required information from a frontal chest radiograph. A plain chest  
radiograph was a routine pre-operative workout prior to anaesthesia  
administration in some centres [16,17]. The total lung volume could be estimated 
without any additional unnecessary radiation to the patients, as all patients will 
have a baseline chest radiograph done prior to their operation. However, some 
authors do not recommend a chest radiograph as a routine preoperative workout 
without a clear clinical indication [17 & 18]. 

Chang H.K., et al.
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Ellipsoid formula and measurement from CT images (Anterior-posterior distance, 
width and cranio-caudal length) were used in method iii. This method yielded 
a positive linear correlation with other methods of total lung estimations (with 
method i, ii and iv). Even without a sophisticated software for auto-segmentation 
and calculation of the lung volume, estimation of the total lung volume from CT 
images was possible by using ellipsoid formula. 

Comparing all the 4 methods for lung volume estimation, method iv showed 
the lowest mean value, as the chest expansion of an individual was reduced on 
the supine position, during CT scan examination. This may not be as accurate 
compared to method i and ii. Method i only required demographic data from the  
patient, whereas method ii needed data from a frontal chest radiograph, which 
was a routine pre-operative examination done in most centres. By considering 
the risk from radiation exposure, method ii was as good as method i due to no  
additional radiation given to the patient. 

In the occasion when a CT scan examination was already done for the patient with 
the absence of a sophisticated software to do auto-segmentation and lung volume 
auto-calculation, method iii (ellipsoid formula) could be used to estimate the lung 
volume easily.

Several limitations were encountered in this study. Smoking history was not  
considered during data collection and this could also be one of the factors in  
causing variation in mean lung attenuation [11] although a study by Smit et al., 
showed no correlation of smoking or number of pack years with lung attenuation 
[5]. 

In this study, four different methods of total lung volume estimation were  
derived and the correlations between these four methods were demonstrated. The  
estimations of the lung volume using calculation for the chest radiograph and CT 
images could be lower compared to the spirometry or body plethysmography due 
to variation in chest expansion in sitting versus the supine position [11]. During 
CT image acquisition, there were challenges to ensure all patients were in their 
maximum effort of full inspiration [10].

Chang H.K., et al.
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To further strengthen the next related projects, it is suggested to correlate the 
study of mean lung parenchymal attenuation (MLA) with smoking history and  
differences in lung attenuation changes during respiration such as during full  
inspiration and forceful expiration. The correlation of lung volume estimation 
methods can be made with findings in spirometry,  body plethysmography or gas 
dilution technique, in a prospective trial in the future.  

MLA at MCL was lower than the apex and the base level bilaterally. It was also 
lower at the anterior part compared to the middle and the posterior part at 
MCL and BL. This could be related to better chest expansion and inspired air  
distribution at the MCL. The posterior part of the lungs showed higher lung  
attenuation which was likely related to the position during scanning, a lesser  
degree of chest expansion at the posterior part of the lung and gravity influences.  
Generally, MLA of the male subjects was lower than females, except at both  
apices and part of the lung bases. Lung volume estimations using methods i, ii, iii 
and iv showed a linear positive moderate to strong correlation among all the four  
methods. Therefore, it was possible to estimate the total lung volume using  
demographic data, a plain chest radiograph or ellipsoid formula. 

The area of low attenuation (LAA%) and high attenuation area (HAA%) could 
be affected by inspiratory effort, gravity and gender differences. Therefore, these 
factors should be considered during the interpretation of LAA% and HAA% in 
normal patients as well as patients with lung diseases.

This study could help to generate data for future references for lung parenchymal 
attenuation and the lung volume particularly for Malaysia or Southeast Asia.

Conclusion
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Paraquat (PQ) is a non-selective widely used weedicide. Paraquat poisoning has 
a high mortality rate with no available antidote as of now. It is rare in Bhutan, but 
mostly discovered in the southern part of the country. Patients usually present 
with multi-organ failures such as respiratory, liver, and renal failures. This is a 
case report of a 24-year-old female referred with a history of paraquat ingestion.  
Initially, she complained of epigastric and retrosternal chestpain with  
excoriation of the oral mucosa. She later developed acute kidney injury and  
respiratory distress. Chest CT revealed pneumomediastinum, massive bilateral  
pneumothoraces, and subcutaneous emphysema. Although there have been 
few reported cases of pneumomediastinum with or without pneumothorax and  
subcutaneous emphysema, most of them have an acute presentation (less than 1 
week).

Abstract

Gyeltshen T., et al.
ASEAN J Radiol 2021; 22(3) : 32-40



THE ASEAN JOURNAL OF RADIOLOGY

Volume XXII Number III September-December 2021 33

ISSN 2672-9393

A 24-year-old female was admitted to the emergency department (ED) with an 
alleged history of deliberate self-harm in which she consumed around 15-20 ml 
of PQ at her home. She was initially seen at her local hospital and was referred 
to the district hospital on the same night. In the district hospital, the patient was 
given intravenous (IV) fluids, H2 blocker, antiemetic, steroids, and IV antibiotics  
(ceftriaxone and metronidazole). On admission at ED, she complained of  
retrosternal and epigastric pain (burning type) and shortness of breath on  
exertion. She had a history of migraines and no past psychiatric history. There was 
no fever, nausea, vomiting, diarrhea, or cough. Urine output was adequate at the 
time of admission. On examination, she was afebrile and anicteric with mild facial 
swelling. There was excoriation of oral mucosa and around the lower lip. Her GCS 
was 15/15 and all her vital signs were stable. The auscultation of the lung revealed 
few bilateral basal crepitations. The neurological, cardiovascular, and abdomi-
nal systems were unremarkable. Her blood report at the time of the admission 
showed neutrophil leukocytosis (WBC-21930 μ/mL, neutrophil-89.2%). Her renal  
function test showed raised urea and creatinine level, about 165 mg/dL and 4.7 
mg/dL, respectively, and low potassium (3.3 mEq/L) suggestive of acute kidney 
injury (AKI). The rest of her investigation was unremarkable.

Initial standard CXR anteroposterior (AP) view revealed patchy infiltration  
involving bilateral lower lobes with pleural effusion. No evidence of pneumothorax,  
pneumomediastinum, or subcutaneous emphysema (Figure 1).

Case summary

Figure 1. Chest X ray anteroposterior(AP) view showing  
patchy infiltration involving bilateral lower lobes with  
pleural effusion.
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She was admitted to the medical ward where they established a central line and 
urgent hemodialysis was performed. IV steroids and ceftriaxone were continued. 
With regular hemodialysis and potassium chloride (KCl) solution, her AKI and 
hypokalemia improved. The subsequent abdomen ultrasound showed bilateral 
increased renal cortical echoes, in line with kidney insult, and bilateral pleural 
effusion. Echocardiography showed mild left ventricular hypertrophy (LVH) and 
tricuspid regurgitation (TR) with small pericardial effusion. The systolic function 
was normal.

Then on the 20th day of the admission, she developed respiratory distress and 
was given high flow oxygen. The urgent computed tomography of the chest was  
performed which revealed massive subcutaneous emphysema, bilateral  
pneumothoraces, and pneumomediastinum with collapse-consolidation of both 
lungs (Figure 2).

Figure 2. Plain CT Chest 
A) axial (lung window), 
B) axial (mediastinal  
window), C) coronal (lung 
window) and D) sagittal 
(lung window) showing  
p n e um o - m e di a s t inum  
subcutaneous emphysema,  
bilateral pneumothoraces  
and with collapse- 
consolidation of both lungs.

A

C

B

D
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The patient was immediately transferred to the adult intensive care unit (AICU) 
in view of impending type 2 respiratory failure. She was intubated and bilateral 
intercostal drainage (ICD) was inserted (Figure 3). However, the patient expired 
on the same day in the evening.

Figure 2. Chest X-ray anteroposterior (AP 
view) showing bilateral pneumothoraces,  
pneumomediastinum, subcutaneous  
emphysema and consolidation in both 
lungs with endotracheal tube and bilateral 
intercostal drainage tubes.

Paraquat (N, N’-dimethyl-4, 4’-bipyridinium dichloride) is a non-specific  
weedicide that has broad-spectrum effects, rapid deactivation on contact with soil, 
and is relatively inexpensive. Due to these favorable characteristics, it is a widely 
used weedicide which is frequently abused with lethal consequences. It is a leading 
cause of fatal poisoning in many parts of Asia, Pacific nations, and the Americas 
[1]. Paraquat poisoning is rare in Bhutan but is mostly discovered in the southern 
part of the country.  In Bhutan, PQ is not an approved weedicide according to  
National Plant Protection Centre (NPPC) [2].

Discussion
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PQ intoxication results in multi-systemic toxicity with early manifestation seen 
in the gastrointestinal tract, kidney, liver, and lungs [3]. The toxic effect of PQ 
is thought to be caused by the production of free radicals which damage cell  
membrane resulting in a wide spectrum of cellular, structural and functional  
abnormalities [4].

PQ poisoning can either be accidental and deliberate, although in most cases it 
is deliberate [5]. Following ingestion, early symptoms of PQ poisoning include 
burning sensation in the throat, abdominal pain, nausea, vomiting, and diarrhea.  
There can be excoriation and ulcerations of the tongue, oral mucosa, and  
esophagus due to its caustic effect [6]. If the patient has ingested 4mg/kg or more, 
it can lead to multi-organ failures such as renal, liver, and respiratory failures. 
Likewise, in our case, the patient complained of retrosternal and epigastric pain 
(burning type), shortness of breath on exertion with excoriation of oral mucosa 
and around the lower lip. Later on, she developed oliguria with a deranged renal 
function test suggestive of acute kidney injury.

The most common affected system in PQ ingestion is the respiratory system. 
This could be due to the increased concentration of PQ and low concentration of  
antioxidant levels in the lungs [4,7]. Following ingestion of PQ, initially, there is 
a destructive phase characterized by damage of alveolar epithelium, hemorrhage,  
and congestion which will manifest as diffuse ground-glass opacities and  
consolidation on imaging. In some rare cases, a patient can have an acute  
presentation of pneumomediastinum with or without pneumothorax and  
subcutaneous emphysema as demonstrated Daisley et al [4], Im et al[6] and Chen 
et al [8]. Our patient initially complained of shortness of breath on exertion. 
CXR revealed patchy infiltration in bilateral lower lobes which could be due to  
consolidation. There was no evidence of pneumothorax, pneumomediastinum, or 
subcutaneous emphysema then.

It was only on the 20th day of admission that she developed respiratory distress. 
The computed tomography of the chest revealed pneumomediastinum, massive  
subcutaneous emphysema, and bilateral pneumothoraces with collapse- 
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consolidation of both lungs. The available literature reported that  
pneumomediastinum occurs mostly within 1 week of PQ ingestion [4,6,8].  
However, there were 2 reported cases of pneumomediastinum that developed 
in the 2nd week while there were 2 cases of pneumothorax and 1 case of  
subcutaneous emphysema that developed after 2 weeks of PQ ingestion  
according to Im et al [6]. Therefore, that makes this a rare case scenario  
in which the patient developed pneumomediastinum after 2 weeks of PQ  
ingestion. Although one could argue that patients might have developed 
pneumomediastinum during the first 2 weeks as no follow-up CXR or CT 
was done then, those pneumomediastinums would have been small or  
insignificant as the patient was clinically stable without respiratory distress.

There are various theories explaining the pathogenesis of pneumomediastinum 
and pneumothorax. According to Im et al, it is caused by pulmonary interstitial 
emphysema with bullae formation when ruptures give rise to pneumothorax and 
subcutaneous emphysema [6]. Maunder et al postulated that it is probably caused 
by rupture of alveoli into bronchovascular sheath due to alveolar over-distension 
[9]. Another obvious cause would be esophageal perforation due to the caustic  
nature of PQ. In our patient, there was no evidence of esophageal perforation. 
However, there was air within bronchovascular sheath suggesting PQ-induced  
alveolar injury with subpleural bullae formation and subsequent rupture in  
accordance with Im et al. hypothesis.

Following the diagnosis, the patient was intubated, and bilateral ICD tubes were 
inserted. The patient expired the same day around the evening. This is in line with 
other literature which states that the presence of pneumomediastinum indicates 
poor prognosis [6,10]. The other poor prognostic CT findings include increased 
lung segment involvement, the extent of disease characteristics visualized in CT, 
and speed of progression from baseline [11].

Gyeltshen T., et al.
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Pneumomediastinum, pneumothorax and subcutaneous emphysema are rare  
subacute complications of paraquat poisoning and are associated with poor  
prognosis. Nevertheless, one needs to anticipate and recognize these  
complications for proper management.

Conclusion
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Blebs and bullae are gas-containing spaces commonly found in many conditions  
and usually cause no symptoms, but may progress over time resulting in  
respiratory distress; pneumothorax and superimpose infections are common  
complications of bullae. Spontaneous regression of the bulla is rarely encountered, 
and its mechanism remains unclear. However, a few case reports suggest that it 
usually occurs after an infection or a rupture.

We present a 72-year-old male ex-smoker who presented with progressive  
dyspnea for 1 month. His chest radiograph showed a few lung blebs and bullae 
in the right upper to middle lung field. Bronchodilators and anti-inflammatory  
medications were prescribed and he was referred to the pulmonologist. His 
first chest CT also showed multiple blebs and a large bulla in the bilateral upper 
lobes and he was scheduled for bullectomy because his bullae were symptomatic.  
However, at a 17-month follow up, his symptoms spontaneously improved and his 
chest CT showed regression of the bulla with only a few small calcifications and 
pleural thickening in the right upper lobe remaining. 
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Blebs and bullae are gas-containing spaces commonly found in many conditions.  
Blebs are usually located within the visceral pleura or in the subpleural lung 
and are smaller than 1 cm in diameter while a bulla is described as a sharply  
demarcated region of emphysema larger than 1 cm in diameter with walls less than 
1 mm thick [1].  

Bullae usually cause no symptoms but may progress over time resulting in  
respiratory distress; pneumothorax and superimpose infections are common  
complications of bullae. Spontaneous regression of bulla is rarely found. Only 4 
of 49 patients with decrease in size of bullous lesions during the x-ray follow up 
have been reported [2]. The mechanism in which this occurs remains unclear. A  
literature review and case report by Chang WH suggests that spontaneous  
regression of bullae usually occurs after an infection or a rupture [1].

A 72-year-old male, 25-pack years ex-smoker who had quit for 5 years, presented 
with progressive dyspnea for 1 month. He complained of chest pain and dyspnea  
on exertion. The physical examination showed expiratory wheezing while the 
rest of his pulmonary and cardiovascular examination was unremarkable. His 
chest radiograph revealed multiple thin-walled lung lucencies, up to 6.1 cm in  
diameter, in the right upper to middle lung zone which was suspected to be bullae 
(Figure 1). Because of his history of chest pain on exertion, an electrocardiogram,  
cardiac enzyme test, as well as an echocardiogram were performed which  
found no abnormality.  Bronchodilators were prescribed and he was sent to the  
pulmonologist.

Introduction

Case summary

Daewa R., et al.
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His pulmonary function test revealed an FEV1/FVC of 45% with an irreversible 
obstructive pattern and his postbronchodilator FEV1 was 75%; compatible with 
chronic obstructive pulmonary disease (COPD). He was treated with short and 
long-acting bronchodilators and inhaled corticosteroids. During a follow-up, 
his symptoms got worse. A chest CT was performed which revealed diffuse lung  
emphysema with multiple thin-walled blebs and bullae in the bilateral upper lobes 
(Figure 2A). He was discharged with bronchodilators and instructed to inhale  
corticosteroids and was scheduled for a bullectomy.

A few months later, he developed acute dyspnea with fever and was diagnosed  
with pneumonia at another local hospital where he received intravenous  
antibiotics for 3 days and was discharged once his symptoms improved. He then 
presented at our hospital for his follow-up chest CT (17 months after the previous  
study) which showed regression of the bullae with only a few residual small  
calcifications and pleural thickening in the right upper lobe observed (Figure 2B 
and 2C).

Figure 1. Chest radiograph 
PA upright showed multiple 
lung blebs and bullae (black 
arrow) in the right upper to 
middle lung field.

Daewa R., et al.
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Figure 2. Conventional chest CT in (A) lung window on axial and coronal views shows a few lung 
blebs (white stars) both upper lobes.  17 months later, his follow-up chest high resolution computed 
tomography (HRCT) in (B) lung window on axial and coronal views shows regression of the lung 
bullae (black arrows) in both upper lobes with new pleural thickening and a few small calcifications 
visualized in (C) axial mediastinum and bone window (white arrow) in right upper lobe.

A

B

C
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In the literature review by Chang [3], most cases of spontaneous regression of 
lung bullae occurred after an infectious process which could then result in  
inflammation of the airway and thus the closure of communication between 
the airway and bullae, converting the bullae into a closed space. The air within 
the closed-off bullae was then reabsorbed resulting in the disappearance of the  
bullae. Our patient reported a brief history of pulmonary infection before his  
follow-up chest CT which may precipitate the spontaneous regression of lung  
bullae in our case. However, no medical records and imaging evidence of his 
pulmonary infection was made available.

Chang [3] also suggested that smoking cessation and medical treatment could be 
associated with the regression of bullae. Tobacco smoke causes airway irritation  
and inflammation; smoking cessation combined with anti-inflammatory  
medication could decrease airway inflammation and relieve the check-valve  
obstruction of the airway, resulting in regression of bullae [3]. Our patient had a 
history of smoking cessation and also began continually receiving bronchodilators  
and anti-inflammatory medications after his first visit at our institution, prior 
to his initial chest CT. This seemed like the most probable explanation for the  
spontaneous regression of the bullae observed in our patient as his prior history of 
pulmonary infection remained questionable.

A few remaining small calcifications in the right upper lobe observed after 
the regression of bullae in our case also corresponded with the previous case  
report described by Benito Bernáldez et al [4]. However, no clear explanation 
about the pathophysiology of the calcification is described. 

Despite the pathophysiology behind the spontaneous regression of the bullae  
remaining unclear, we suspect that bronchodilators and anti-inflammatory  
medications in conjunction with cessation of smoking may play a significant 
role in this particular case. Therefore, bronchodilator and anti-inflammatory  
medications with a close follow-up may be a good treatment option for patients 
with symptomatic bullae who refused surgical treatment, or in cases where  
bullectomy may not be a viable option due to surgical comorbidities.

Discussion

Daewa R., et al.
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Interstitial lung diseases (ILDs) comprise a diverse group of diffuse lung  
parenchymal disorders, which are classified together due to similar clinical,  
radiologic, physiologic, or pathologic manifestations (Table 1) [1]. As shown 
in Table 1, most ILDs are caused by either known or unknown pathogens and 
are usually chronic. These include idiopathic interstitial pneumonias (IIPs;  
particularly idiopathic pulmonary fibrosis (IPF) and idiopathic nonspecific  
interstitial pneumonia (NSIP)), connective tissue disease-associated ILDs  
(CTD-ILDs), chronic hypersensitivity pneumonitis, familial pulmonary fibrosis,  
sarcoidosis, and other exposure-related diseases. Based on previous literature  
[2-5], the two most common ILDs in Western countries are idiopathic pulmonary 
fibrosis (IPF) and sarcoidosis, while the two most common ones in Asia are CTD-
ILDs and IPF. 

Introduction

Table 1. Clinical classification of diffuse lung parenchymal disorders [1].

Tanomkiat W., et al.
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ILDs can be suspected or diagnosed based on clinical and radiologic  
manifestations. The patients with ILD often present with dyspnea at rest or on 
exertion and has abnormal lung sounds on lung auscultation [6]. The two main 
physiologic changes on pulmonary function tests are restrictive pulmonary  
defect and decreased carbon monoxide diffusion capacity [7]. Chest radiography 
remains the most commonly performed primary imaging tool. However, the low 
sensitivity and specificity hinder its use [6]. Hence, high-resolution computed  
tomography (HRCT) has become a cornerstone for evaluating the morphology 
and distribution and diagnosing various ILDs [6]. 

At times, a confident diagnosis of several ILD entities can be made when  
patients have typical clinical and imaging findings, for example, usual interstitial  
pneumonia (UIP), lymphangitic carcinomatosis, lymphangioleiomyomatosis,  
Langerhans cell histiocytosis, pulmonary alveolar proteinosis, subacute  
hypersensitivity pneumonitis, asbestosis, and pulmonary edema [8]. The diagnosis 
of CTD-ILDs usually relies on clinical, physiologic, and radiologic data to define 
the presence of the disease, determine the clinical course, and assess the prognosis 
of the lung involvement [9].  

Despite advances in knowledge, a significant proportion of ILDs remains  
complex and challenging to diagnose. Various ILDs often share common  
histological features and pathological mechanisms regardless of their causes. When 
the specific diagnosis cannot be entertained based on clinical, physiologic, and  
radiologic data, surgical lung biopsy (SLB), a gold standard tool for ILD diagnosis, 
may be required [10]. However, the procedure carries a high risk, especially in 
old or frail patients. The 30-day mortality is approximately 2.4% [11], comparable 
to the 2.3% 30-day mortality of lobectomy [12]. Hence, SLB is not a commonly  
performed procedure. As shown in previous studies, SLBs  were performed in 
1.8% in Indian National Registry [3], 8% in the previous study from a single center 
in Singapore [4], and less than 1% in the study from a single center in Southern 
Thailand [5].

Tanomkiat W., et al.
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Furthermore, SLBs are rarely performed in CTD-ILDs because there are no 
pathognomonic pathologic findings in CTD-ILDs, and the usefulness of a biopsy  
in predicting prognosis and management decisions is controversial. There is a  
tendency to treat all CTD patients with immunosuppressive therapies if they  
develop progressive clinical impairment or ILD on HRCT regardless of the  
histopathologic findings [8]. 

Due to inadequate pathologic data, a proportion ILDs remain unclassifiable  
because of insufficient data or significant discordance among the clinical,  
radiological or pathological findings. A specific diagnosis of ILD requires a  
multidisciplinary discussion (MDD), which has generally been accepted as 
the current diagnostic process for ILDs in many societies [13-15] since its  
introduction in 2004 [16]. The dynamic interaction and information exchange  
between physicians (pulmonologists and rheumatologists), radiologists, and  
pathologists help improve the diagnosis and management of ILD patients.

A proportion of ILD patients can have a progressive fibrosing clinical phenotype,  
termed progressive fibrosing interstitial lung disease (PF-ILD). PF-ILD is  
characterized by symptom worsening, a decline in lung function, and an increase 
to the extent of fibrosis on HRCT, which eventually leads to decreased quality of 
life and early death despite current therapy [17].  PF-ILD can also occur in patients 
with IPF, CTD-ILD, chronic hypersensitivity pneumonitis, familial pulmonary  
fibrosis, and unclassifiable ILDs.

Among IIPs, IPF is the most common and likely to have the worst prognosis 
[13,18]. Various studies [19-20], including a retrospective study from a single  
center in Southern Thailand [5], have reported that the survival time of patients 
with IPF was the shortest, while that of unclassifiable ILD cases was between 
that of the IPF and non-IPF patients. There is a guideline for the diagnosis and  

Progressive fibrosing interstitial lung disease (PF-ILD)
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At present, a clear definition of the ILD severity and fibrotic extent has  
become mandatory for the diagnosis, management, and treatment of patients with  
PF-ILDs. To facilitate communication among members and practitioners  
regarding the disease severity and fibrotic extent appearing on HRCT, the  
Royal College of Radiologists of Thailand and the Foundation for Orphan 
and Rare Lung Disease invited Thai thoracic radiologists and physicians  
(pulmonologists and rheumatologists) (Figure 1) to discuss the proposed method 
for estimation of ILD extent on December 3rd, 2021. 

management of IPF providing levels of certainty for patterns of UIP based on 
HRCT and pathologic findings. The presence of the UIP pattern on HRCT in  
patients with clinically suspected IPF could guide a diagnosis if they are not  
subjected to SLB [10].

Previous studies [21-24] have found that antifibrotic therapies effectively slow 
down disease progression when lung fibrosis has become progressive. These  
included nintedanib and pirfenidone in IPF [21, 22] and nintedanib in  
systemic sclerosis-associated ILD (SSc-ILD) [23, 24]. In Thailand, nintedanib  
has been approved to treat patients with IPF diagnosed by MDD in 2016 and  
patients with SSc-ILD diagnosed by MDD, who has the fibrotic extent of more than 
10% on HRCT and with PF-ILD feature in 2020. Moreover, the Thoracic Society  
of Thailand under Royal Patronage, the Thai Rheumatism Association, and the 
Thai Society of Pediatrics Respiratory and Critical Care Medicine recommend  
immunosuppressive therapies in SSc-ILD patients with the disease extent of more 
than 20% on HRCT.

A multidisciplinary working group in Thailand

Tanomkiat W., et al.
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Figure 1. Multidisciplinary working group on global disease and fibrotic extents on 
HRCT on December 3rd, 2021.

Participant list:
1. Wiwatana Tanomkiat, M.D.     		  Songklanagarind Hospital, 
						      Prince of Songkla University
2. Sitang Nirattisaikul, M.D.     		  Songklanagarind Hospital,
						      Prince of Songkla University
3. Nantaka Kiranantawat, M.D.		  Songklanagarind Hospital,
						      Prince of Songkla University
4. Thitiporn Suwatanapongched, M.D. 	 Ramathibodi Hospital,
						      Mahidol University
5. Warawut Sukkasem, M.D. 		  Ramathibodi Hospital,
						      Mahidol University
6. Chayanin Nitiwarangkul, M.D.		  Ramathibodi Hospital,
						      Mahidol University
7. Thanisa Tongbai, M.D. 			   King Chulalongkorn Memorial Hospital, 
						      Chulalongkorn University
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8. Nitra Piyavisetpat, M.D.     		  King Chulalongkorn Memorial Hospital, 
						      Chulalongkorn University
9. Wariya Chintanapakdee, M.D.		  King Chulalongkorn Memorial Hospital, 
						      Chulalongkorn University
10. Itthi Itthisawatpan, M.D.		  King Chulalongkorn Memorial Hospital, 	
						      Chulalongkorn University
11. Amornpun Wongkarnjana, M.D.  	 King Chulalongkorn Memorial Hospital, 
						      Chulalongkorn University
12. Juntima Euathrongchit, M.D.		  Maharaj Nakorn Chiang Mai Hospital, 
						      Chiang Mai University
13. Yuttaphan Wannasopha, M.D.		  Maharaj Nakorn Chiang Mai Hospital, 
						      Chiang Mai University
14. Phakphoom Thiravit, M.D.		  Siriraj Hospital, 
						      Mahidol University
15. Suwimon Wonglaksanapimon, M.D. 	 Siriraj Hospital, 
						      Mahidol University
16. Pailin Ratanawatkul, M.D.		  Srinagarind Hospital, 
						      Khon Kean University
17. Sumapa Chaiamnuay, M.D.	  	 Phramongkutklao Hospital,
						      Royal Thai Army Medical Department,
						      Ministry of Defence
18. Krisna Dissaneevate, M.D.		  Rajavithi Hospital, Department of Medical  
						      Services, Ministry of Public Health
19. Sutarat Tungsagunwattana, M.D.	 Central Chest Institute of Thailand,
						      Department of Medical Services,
						      Ministry of Public Health
20. Sunpob Cheewadhanaraks, M.D.	 Songklanagarind Hospital, 
						      Prince of Songkla University
21. Thunyarat Wiwattanapusit, M.D.	 Songklanagarind Hospital, 
						      Prince of Songkla University
22. Natnicha Thet-asen, M.D.		  Songklanagarind Hospital, 
						      Prince of Songkla University 
23. Laksika Bhuthathorn, M.D.		  Songklanagarind Hospital, 
						      Prince of Songkla University
24. Wethaka Kritcharoen, M.D.		  Songklanagarind Hospital,
						      Prince of Songkla University
25. Thitithep Suriyamonthon, M.D.	 Songklanagarind Hospital,
						      Prince of Songkla University
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Our working group agreed that the ILDs should be estimated regarding all  
radiological features related to ILDs found on HRCT. These mainly include 
coarse reticulation, honeycombing, and traction bronchiectasis, considering the  
essential HRCT features of the UIP pattern since they are well correlated with 
fibrosis at histology and associated with increased mortality and poor prognosis  
[25-30]. Other CT findings suggesting non-ILD findings, such as cancer,  
pneumonia, or aspiration, are excluded from the estimation. 

The extent of HRCT findings in each level can be determined by visually estimating 
the percentage to the nearest 5% parenchymal involvement. Minor interobserver  
variation or more reproducibility in estimation can be achieved by drawing a  
horizontal line on each level, leaving a measurable area of 50%, and then a second 
line, which runs perpendicularly to the horizontal one leaving a 25% assessable 
area of each lung. Each 25% is subdivided into five portions, corresponding to an 
area of 5% each [31] (Figure 2).

Estimation of the global disease and fibrotic extents of ILD in both lungs can be 
quantified by averaging the summation of all three or five chosen HRCT levels 
previously described in the literature [29, 32]. The three-level method included 
the three selected HRCT levels from the upper, middle, and lower lung zones [32] 
(Figure 3). The five-level method included the HRCT levels at 1) the origin of 

Figure 2. Extent of disease assessment on HRCT using estimated to the nearest 5% method. 
This figure represents a cut of HRCT of a patient with SSc, at the level of the main carina. A  
drawing a horizontal line; leaving a measurable area of 50%, and then a second line, which runs 
perpendicularly to the horizontal line; leaving a 25% assessable area of each lung. Each 25% is 
subdivided into five portions, corresponding to an area of 5% each.

Tanomkiat W., et al.
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Figure 3. Estimation of ILD extent. 
An example of a table demonstrates a calculation technique regarding the three-level method. Each 
side of HRCT level, the right and left lungs, was separately scored to the nearest 5%. The extent of 
disease (either global disease extent or fibrotic extent) is derived from the summation of all chosen 
HRCT levels divided by a number of areas of the lungs (total of 6 selected areas).

the great vessels; 2) the main carina; 3) the pulmonary venous confluence; 4) the 
halfway between levels 3 and 5; 5) immediately above the right hemidiaphragm 
dome [29]. However, the anatomical level defined in these methods, particularly 
the three-level method, is deemed unclear about which level to be assessed. 

Noteworthy, many ILDs, especially IPF and SSc-ILD, are basal predominant. 
Moreover, patients with early ILD often have interstitial abnormalities confined to 
lung bases, specifically below the right hemidiaphragm dome. Hence, the global 
disease and fibrotic extent can be underestimated. 

Since there are no clear description of how the level should be selected and the  
potentially inadequate inclusion of ILD extent, we have proposed the six-level  
method by modifying the original five-level method and adding level 6 (2-3 
cm above the posterior costophrenic angle). The details regarding the six-level  
method will be further discussed in the upcoming article in the following  
journal issue. Nevertheless, the proposed method requires further validation  
to confirm its usefulness in evaluating ILDs in routine clinical practice. At 
present, the methods for estimating the ILD extent can still be based on  
personal preference.	
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