
Introduction

The Global Initiative for Chronic Obstructive Lung
Disease (GOLD) defines chronic obstructive pulmonary
disease (COPD) as a common preventable and treatable
disease characterised by persistent airflow limitation
that is usually progressive and associated with
enhanced chronic inflammatory response in the
airways and lung to noxious particles or gases.1

Pathologically COPD involves small airways, lung
parenchyma and pulmonary vasculature leading to
small airway inflammation, emphysema and
pulmonary hypertension. Emphysema is defined as
permanent enlargement of air spaces distal to terminal
bronchioles accompanied by destruction of alveolar
walls. Emphysema can be centrilobular, panlobular,
paraseptal and bullous. Histologically centrilobular
emphysema is characterised by the loss of respiratory
bronchioles while panlobular is uniform destruction of
secondary pulmonary lobule. These pathological
changes cannot be assessed by conventional chest
radiographs but can be well studied on computed
tomography (CT). Various CT techniques are available
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Abstract

Background and Objectives. Chronic obstructive pulmonary disease (COPD) is a heterogeneous disease with small airway
inflammation and emphysema. Emphysema is permanent enlargement of air spaces distal to terminal bronchioles
accompanied by destruction of alveolar walls. These morphological changes can be studied on quantitative computed
tomography (CT).

Methods. Thirty-four patients diagnosed to have COPD as per Global Initiative for Chronic Obstructive Lung Disease
guidelines underwent chest CT using full inspiration with low dose radiation protocol. Pulmo-CT® software was used to
analyse the scans. The primary aim was to quantify emphysema and emphysema clusters and secondary aim was to assess
correlation between percentage emphysema and lung function.

Results. Their mean [standard deviation (SD)] age was 66.4 (7.0) years; 11 (32.4%) were current smokers (median pack years
45.5). Their mean (SD) forced expiratory volume in the first second (FEV1%) was 55.6 (17.6), mean (SD) % emphysema was
26.8 (11.1), mean (SD) lung density was –848.35 (29.5) Hounsfield units (HU), median (interquartile range) %cluster class 4
emphysema was 22.4 (13.5–32.6). There was no significant difference in %low attenuation volume (%LAV) in current and
ex-smokers (p=0.4); across various severity grades of COPD (p=0.15). Further, no significant correlation was observed
between %emphysema and post-bronchodilator FEV1%.

Conclusions. Volumetric CT can detect and quantify emphysema. Majority of emphysema clusters in COPD are >25mm.
The %emphysema does not correlate to the severity of the disease. Quantitative CT is a good objective method to study
emphysema and can be used to phenotype COPD radiologically. [Indian J Chest Dis Allied Sci 2015;57:155-160]
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to quantify emphysema2 and many studies have
addressed the ability of CT to accurately quantify the
extent and severity of emphysema.3-5 Multi-detector row
CT (MDCT)  provides non-invasive methods to study
the lung pathology. Apart from quantifying the overall
lung destruction, CT helps in identifying the specific
location in the lung where emphysema has occurred
and also evaluate changes in small and large airways
by measuring the airway wall thickness. Therefore, CT
is able to precisely define the pathological process in
COPD. We can now understand the natural history of
COPD, quantify its extent, assess its progression,
investigate structure-function relationship and also
study the impact of therapeutic interventions based on
radiological phenotypes.6

Hayhurst and colleagues7 were first to quantify
emphysema severity with CT and showed that
Hounsfield units (HU) frequency distribution curves of
patients with histologically proven emphysema
differed significantly from patients without
emphysema. In the 1980s and 1990s, the images were
10mm in thickness and these appeared blurry because
of averaging of structures within the slice. With the
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advent of MDCT, we get thinner slices of entire chest
within a single breath-hold of 5–15 seconds. These new
CT scanners can visualise the airways, vessels and
accurately measure lung density.

In 1988, the density mask was introduced and is
based on a pre-defined voxel as a threshold to
differentiate between areas of normal attenuation
values and areas of low attenuation (LAA).8 The
density mask technique is defined as the percentage of
LAA of total lung volume that contains voxels of lower
attenuation value below –950HU. This type of
densitometry analysis correlated with lung function.9

The strongest pathologic correlation with emphysema
at macroscopic10 and microscopic11 level has been
observed at –950HU on 1mm non-contrast enhanced
high resolution filtered images. Another method used is
the 15th percentile cut-off in the attenuation distribution
curve. It provides the HU under which 15% of voxels
are distributed. However, densitometric analysis can
not differentiate from centrilobular, panlobular, para-
septal and bullous emphysema. This analysis is done
by visual scoring (qualitative) but has inter-observer
and intra-observer variability.12

It is difficult to detect earliest form of pulmonary
emphysema on CT where size of lesion is less than
5mm on qualitative analysis.13 It has also been
observed that this method consistently under-estimates
the extent of disease.13 Intra- and inter-observer
variations in visual assessment were significant, and
hence, limited the reliability of this method. Therefore,
research has been directed towards objective methods to
quantify emphysema.

The primary aim of our study was to quantify total
percentage of emphysema and emphysema clusters in
COPD patients using inspiratory MDCT scans. The
secondary aim was to assess the correlation between
percentage emphysema and lung function.

Material and Methods

A sample size of 34 was calculated considering the
standard deviation (SD) of 15.8 from a previous study14

and assuming a desired total width of 95% confidence
intervals as 11. In this observational descriptive study,
we enrolled 34 tobacco smoke associated COPD
patients reporting to out-patient clinic of a respiratory
diseases hospital. After obtaining informed consent,
patients aged 40 years or more were enrolled. Chronic
obstructive pulmonary disease was diagnosed as per
GOLD guidelines 20091 basing on post-bronchodilator
ratio of forced expiratory volume in the first second
(FEV1) to forced vital capacity (FVC) less than 70% in
stable clinical condition. We excluded patients with
biomass smoke associated COPD, bronchial asthma,
pulmonary tuberculosis, lung resection, bronchiectasis,
diagnosis of silicosis, asbestosis or pulmonary fibrosis
and patients who had experienced acute exacerbation
of  COPD four weeks prior to enrollment. This study

was approved by the Institutional Ethics Committee.
Spirometry was performed as per American Thoracic
Society (ATS)/European Respiratory Society (ERS)
2005 guidelines15 using Master Screen Diffusion
spirometer (Jaeger, Germany). The parameters
measured were FEV1, FVC, FEV1/FVC.

Computed tomography of the chest was performed
using Siemens Somatom Definition AS (Siemens
Healthcare, Germany), MDCT without intravascular
contrast material. Automatic calibration and automated
quality control tests were done daily and periodically
as per built-in machine standards. A low dose
radiation protocol was used (140 kVp and
milliamperes (mAs) were set by Care dose 4D protocol).
Care dose 4D offers a real-time anatomic exposure
control, adjusting the dose according to patient’s
anatomy and position during the scan. The lung was
scanned from apex to base in supine position.
Inspiratory scans were acquired in a single breath-hold
period and for this a trained technician coached the
patient on correct inspiratory breath-hold technique.
The images were then reconstructed using a kernel
B40f and analysed using the Pulmo–CT® software. The
trachea, main bronchi, mediastinal structures and soft
tissue were selectively removed by the software. Lung
density values were calculated by the density mask
technique. Percentage of emphysema was defined as
percentage of total voxels within the lung field below –
950HU; also called %low attenuation volume (%LAV)
less than –950HU. Clusters of emphysema were also
analysed and defined as Class 1: if area of low
attenuation below –950HU measuring >2mm to <8mm
(blue); Class 2: >8mm to <15mm (green); Class 3;
>15mm to <25mm (yellow); and Class 4: >25mm (red).
The analysis was available in the form of histogram,
tables and coloured images.

Statistical Analysis

Continuous variables were expressed as mean
[standard deviation (SD)], median [inter-quartile range
(IQR)]. Categorical variables were expressed as
percentage. One-way analysis of variance (ANOVA)
was used to compare percentage low attenuation
volume and severity grades of COPD and Pearson’s
correlation to test relationship between %LAV and
post-bronchodilator FEV1 (%), and FEV1/FVC (%). A p-
value <0.05 was considered statistically significant.

Results

Their mean (SD) age was 66.4 (7.0); all were male
tobacco smokers (Table 1). As per GOLD guidelines,
five patients had mild COPD while 17 and 11 patients
had moderately severe and severe COPD respectively;
one patient had very severe COPD.

Tables 2 (A and B) shows the quantitative CT
findings. The mean (SD) lung density was –848.35
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(29.5) HU and the mean (SD) 25th percentile on the
attenuation distribution curve was –956.2 (29.8) HU.
Mean (SD) %emphysema was 26.8 (11.1). Emphysema
was uniformly distributed in both the lungs (26.3%,
27.3% in right and left lung, respectively), of which
Class 4 %emphysema was the most common cluster
[median (IQR) 22.4 (13.5–32.6)]. There was no
significant difference in the mean (SD) %LAV in current
smokers [29.1(9.9)] and ex-smokers [25.7 (11.6)] (p=0.4).

There was also no significant difference between
%LAV and severity grades of COPD (Table 3). When
whole group was studied, there was no significant
correlation between %emphysema and post-
bronchodilator FEV1% [correlation co-efficient (r)=0.05,
p=0.75] and post-bronchodilator FEV1/FVC (%)
(r=–0.097, p=0.59).

Table 2B. Cluster class volume

Clusters Total Lung* Right Lung* Left Lung*
Class

Volume  (%)

Class 1 1.0 (0.4–1.7) 0.7 (0.4–1.9) 0.7 (0.4–1.5)

Class 2 1.0 (0.4–1.8) 1.0 (0.4–1.8) 0.9 (0.4–1.7)

Class 3 0.31 (0.07–0.5) 0.3 (0.0–0.5) 0.3 (0.07–0.5)

Class 4 22.4 (13.5–32.6) 20 (12.2–33.0) 23.6 (14.1–33.9)

*Data are expressed as median (interquartile range)

Table 1. Patient characteristics (n=34)

Variable Observations

Males [No. (%)] 34 (100)

Age (years) [mean (SD)] 66.4 (7.0)

Current smokers [No. (%)] 11 (32.4)

Ex-smokers [No. (%)] 23 (67.6)

Pack years [median (IQR)] 45.5 (28.7–70.2)

Post-bronchodilator FEV1% [mean (SD)] 55.6 (17.6)

Post-bronchodilator FEV1/FVC [mean (SD)] 50.6 (10.0)

Severity of COPD ( N o . )

Mild 5

Moderate 17

Severe 11

Very severe 1

Definition of abbreviations: COPD=Chronic obstructive pulmonary
disease; SD=Standard deviation; IQR=Inter-quartile range

Table 3. Severity of COPD and emphysema

Severity of COPD No.  LAV%* p-value

Mild 5 23.0 (12.1)

Moderate 17 30.6 (10.7) 0.15

Severe 11 21.8 (10.0)

Very Severe 1 34.5

*All data are expressed as mean (standard deviation)

Definition of abbreviations: COPD=Chronic obstructive pulmonary
disease; LAV=Low attenuation volume

Table 2A. Quantitative CT findings

Variable Observations*

Mean lung density (HU) –848.35 (29.5)

Right lung density (HU) –846.6 (34.0)

Left lung density (HU) –849.7 (27.3)

25th Percentile (HU) –956.2 (29.8)

50th Percentile (HU) –898.7 (26.3)

75th Percentile (HU) –820.2 (41.7)

Total lung volume (mL) 4793.5 (1009.8)

Right lung volume (mL) 2546.3 (542.6)

Left lung volume (mL) 2247.2 (494.7)

%LAV 26.8 (11.1)

Right lung 26.3 (11.1)

Left lung 27.3 (11.5)

* All data are expressed as mean (standard deviation)

Definition of abbreviations: CT=Computed tomography;
HU=Hounsfield units; %LAV=%Low attenuation volume

We also observed that individuals with similar
levels of physiologic impairment may have substantial,
little or no emphysema (Figures 1 and 2).  Both these
patients had FEV1 of 30%; but the %emphysema was
10.5% for the patient in figure 1 while it was 18.9% for
the patient in figure 2. Further, patient in figure 2 had
larger clusters of emphysema.

Discussion

Quantitative CT is a good objective method to quantify
the percentage of lung having emphysema. In healthy
individuals, the normal mean lung density on
inspiratory scan is between –700 HU to –900 HU with
a mean of –800 HU. In our patients with COPD the
mean lung density was –848.35 HU, suggesting that
emphysema is not detected on assessing overall mean
lung density. The mean 25th percentile of mean lung
density (MLD) was –956.2 HU, which is in the
definition of emphysema range, thereby suggesting that
percentile value helps in detecting emphysema. First
percentile value is optimal for correlation with
histology.4 However, because of concern regarding
artifact from image noise and truncation artifact at first
percentile level, most studies use the 15th percentile
threshold.16,17

We found that emphysema was equally distributed
in both the lungs with cluster Class 4 being the largest
collection of emphysematous spaces in lung. The mean
LAV% was 26.8%. The distribution of emphysema in
healthy individuals ranged from 1.07%14 using a
Siemens scanner to 2.73% in healthy military divers
and submariners using a Philips scanner.18 It is
important to remember that quantitative measures can
differ according to the CT scanner used, and hence,
scanning parameters must be ascertained before
comparing the results.19 Even when repeating scans in
longitudinal studies, it is recommended to keep the
same scanning protocol.20
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Figure 1. Distribution of relative percentile volumes: (A) in an ex-smoker (44 pack years) with severe COPD
(post-bronchodilator FEV1 30%). Quantitative data displaying average HU values by percentile. As shown in left
upper panel, average density is calculated for the lowest 25th percentile expressed in HU. For this patient, the
values were –923 HU for left lung and –930 HU for right lung. Distribution of relative low attenuation volume
cluster class, and (B) of the same patient. All low density foci fall in class 4 category, with right lung more ex-
tensively involved. Graphical representation of these data is shown in upper panel, right.

Definition of abbreviations: COPD=Chronic obstructive pulmonary disease; FEV1=Forced expiratory volume in the
first second; HU=Hounsfield units

Figure 2. Distribution of relative percentile volumes; (A) in a current smoker (48 pack years) with severe COPD
(post-bronchodilator FEV1 30%). Quantitative data displaying average HU values by percentile. As shown in left
upper panel, average density is calculated for the lowest 25th percentile expressed in HU. For this patient, the
values were –942 HU for left lung and –932 HU for right lung. Distribution of relative low attenuation volume
cluster class (B) of the same patient. All low density foci fall in class 4 category, with left lung more extensively
involved. Graphical representation of these data is shown in upper panel, right.

Definition of abbreviations: COPD=Chronic obstructive pulmonary disease; FEV1=Forced expiratory volume in the
first second; HU=Hounsfield units
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We also assessed the relationship between lung
function and emphysema and did not find a significant
correlation between lung function [post-bronchodilator
FEV1 (%)] and %emphysema. The %emphysema in
mild COPD was similar to patient with moderate and
severe COPD. Therefore FEV1 alone does not explain
the amount of emphysema in lung. As reported
earlier,21 we had observed that individuals with similar
level of physiologic impairment may have substantial,
little or no emphysema (Figures 1 and 2).  In one
study,22 no correlation was observed between
emphysema and  FEV1 in smokers without COPD and
COPD stage 1 (r=–0.008, p=0.94). In another study,23

also  no correlation was noted between FEV1 and
%emphysema but mean airway luminal area and wall
percentage showed significant correlation. However, a
negative correlation between %emphysema and FEV1%
ranging from –0.67 to –0.09 was reported.24,25 Our
observations could have possibly been influenced by a
small sample size.

Quantitative CT is used to assess outcome in
therapeutic trial of COPD. In a recent study,26 it was
observed that airway wall thickening as assessed by
CT was significantly reduced with combined
bronchodilator therapy in COPD patients. Phenotyping
the lung radiologically can identify emphysema
predominant COPD, and hence, management can be
personalised to treat the radiological phenotypes. Also
as early emphysema does not manifest with clinical
symptoms of COPD, it is advisable to get quantitative
CT done in smokers. The CT findings may help in
encouraging the patient to stop smoking as
emphysema is also known to increase the risk of lung
cancer in such patients.27 Patients with COPD may
also be followed up longitudinally with quantitative
CT to assess the rate of progression of emphysema or
response to therapeutic interventions.

There are some limitations to this study. The sample
size was small and we could not study correlation
between lung function to %emphysema. We also did
not analyse airway wall thickening and air trapping
which would complete the radiological phenotyping of
COPD. Quantitative CT appears to be a useful tool to
detect, quantify and phenotypically classify
emphysema in tobacco smoke associated COPD.

Conclusions

Quantitative computed tomography is a good objective
tool to detect and quantify emphysema in tobacco
smoke associated COPD. %emphysema does not
correlate to severity of COPD, hence, QCT can be use to
phenotype COPD radiologically.
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