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Abbreviations and
Acronyms

CT
computed tomography

COPD
chronic obstructive
pulmonary disease

GE
General Electric

ILD
interstitial lung disease

ROI
region of interest

Rationale and Objectives: Previous investigation suggests that visually detected interstitial changes
in the lung parenchyma of smokers are highly clinically relevant and predict outcomes, including death.
Visual subjective analysis to detect these changes is time-consuming, insensitive to subtle changes,
and requires training to enhance reproducibility. Objective detection of such changes could provide a
method of disease identification without these limitations. The goal of this study was to develop and
test a fully automated image processing tool to objectively identify radiographic features associated
with interstitial abnormalities in the computed tomography scans of a large cohort of smokers.

Materials and Methods: An automated tool that uses local histogram analysis combined with dis-
tance from the pleural surface was used to detect radiographic features consistent with interstitial lung
abnormalities in computed tomography scans from 2257 individuals from the Genetic Epidemiology
of COPD study, a longitudinal observational study of smokers. The sensitivity and specificity of this
tool was determined based on its ability to detect the visually identified presence of these abnormalities.

Results: The tool had a sensitivity of 87.8% and a specificity of 57.5% for the detection of intersti-
tial lung abnormalities, with a c-statistic of 0.82, and was 100% sensitive and 56.7% specific for the
detection of the visual subtype of interstitial abnormalities called fibrotic parenchymal abnormalities,
with a c-statistic of 0.89.

Conclusions: In smokers, a fully automated image processing tool is able to identify those individu-
als who have interstitial lung abnormalities with moderate sensitivity and specificity.
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INTRODUCTION

I nterstitial lung diseases (ILD) such as idiopathic pulmo-
nary fibrosis have long been described based on clinical,
radiographic, and pathologic findings. However, there is

a growing recognition that a broader definition is required
to identify the early stages of ILD (1). This has become in-
creasingly important with the introduction of new therapies
that slow, but do not reverse, the progression of idiopathic
pulmonary fibrosis, which is a progressive and frequently fatal
disease (2,3). Interstitial lung abnormalities are radiographic
precursor lesions to ILD, which themselves are associated with
reduced total lung capacity, decreased exercise capacity, and
increased mortality (4–8). In populations at risk for ILD, such
as smokers, the rate of interstitial lung abnormalities seen vi-
sually on computed tomography (CT) scans can be as high
as 9.7%, but visual analysis alone may be insensitive to very
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early pathology, and grading systems built using visual anal-
ysis may be inaccurate (8–10).

Certain types of objective analysis of CT images, includ-
ing densitometric and textural-based approaches, have been
shown to be sensitive for detecting ILD in patients at high
risk, and have been found to correlate with pulmonary func-
tion and mortality in those with known ILD (11–15). However,
the role of objective CT as a screening tool for the detec-
tion of interstitial lung abnormalities in a large cohort of smokers
is unknown.

We have developed an objective and fully automated method
that uses the local histogram pattern of lung density pro-
posed by Mendoza et al., but which in addition also
incorporates the distance to the pleural surface to identify and
quantify the volume of radiographic features consistent with
interstitial lung abnormalities on CT imaging of 9501 smokers
(16). We hypothesized that the objective measurement of these
interstitial radiographic features would accurately identify those
individuals who have visually identified interstitial lung ab-
normalities, and may also identify those individuals who have
the visually defined subtype of interstitial abnormalities called
fibrotic parenchymal abnormalities.

MATERIALS AND METHODS

Study Design and Image Acquisition

The Genetic Epidemiology of COPD (COPDGene) is a lon-
gitudinal investigation focused on the epidemiologic and genetic
risk factors for the development of chronic obstructive pul-
monary disease (COPD) in smokers. A total of 10,300 smokers
were enrolled, and each underwent a protocolized study visit
that included an extensive interview, volumetric high-
resolution CT scanning of the chest, and spirometric assessments
of lung function. Smokers between the ages of 45 and 80 with
at least a 10 pack-year history of tobacco smoke exposure were
eligible to enroll. Subjects were excluded if they had active
lung diseases other than asthma or COPD. These exclusion
criteria included the presence of ILD as determined by the
visual review of CT scans by the COPDGene imaging core
(17).

Volumetric CT scans of the chest were performed at both
maximal inflation and relaxed exhalation. Images were acquired
with the following CT protocol: for General Electric (GE)
Lightspeed 16, GE VCT-64, Siemens Sensation-16 and -64, and
Philips 40- and 60-slice scanners with 120 kVp, 200 mAs, and
0.5-second rotation time. Images were reconstructed using a stan-
dard algorithm at 0.625 mm slice thickness and 0.625 mm intervals
for GE scanners; using a B31f algorithm at 0.625 (Sensation-16)
or 0.75 mm slice thickness and 0.5 mm intervals for Siemens scan-
ners; and using a B algorithm at 0.9 mm slice thickness and 0.45 mm
intervals for Philips scanners.

All subjects who participated in the COPDGene study pro-
vided written informed consent, and the study was approved
by the institutional review boards at all of the participating
centers.

Objective CT Analysis

The objective detection and quantification of the volume of
radiographic interstitial feature subtypes was performed using
an approach similar to that which we designed for evaluat-
ing subtypes of emphysema, and which combines the
attenuation properties of the local tissue and distance from
the pleural surface (18). First, segmentation of the lung pa-
renchyma from the chest wall and surrounding structures was
performed on the inspiratory scans using a fully automated
approach that uses particles, thin plate splines, and maximum
a posteriori estimation. This method has been described pre-
viously and was implemented through the Chest Imaging
Platform (http://acil.med.harvard.edu/chest-imaging-platform)
(19).

To train the objective detection and quantification tool,
two experts placed 33,865 fiducials in 138 CT scans on ra-
diologic features unique to each disease type. The training
CT scans were randomly selected by subject identification
number. The radiologic features included normal paren-
chyma, interstitial feature subtypes (reticular, honeycombing,
centrilobular nodule, linear scar, nodular, subpleural line,
ground-glass), and emphysema subtypes (centrilobular and
paraseptal). (Note that panlobular emphysema was not iden-
tified in the training cases likely because patients with alpha
1 antitrypsin disease were not represented in the cohort.) This
was done to build a library of points to be used as tissue
classifiers.

Regions of interest (ROI) consisting of 30 by 30 in-
plane voxels centered about these training points were
constructed to use as training data. For each ROI, a local his-
togram of densities within that region was built using kernal
density estimation. This information was combined with the
distance of the ROI from the pleural surface to create a feature
vector (Fig 1). Kernel density estimation is a nonparametric
method used to estimate a probability distribution over the

Figure 1. Averaged kernel density estimates over the training
samples for each radiographic type. Each kernel density estimate
approximates the probability density function over computed to-
mography density values in the training patch.
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