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Rationale and Objectives: We evaluated the role of automated quantitative computed tomography (CT) scan interpretation algorithm
in detecting interstitial lung disease (ILD) and/or emphysema in a sample of elderly subjects with mild lung disease. We hypothesized
that the quantification and distributions of CT attenuation values on lung CT, over a subset of Hounsfield units (HUs) range (−1000 HU,
0 HU), can differentiate early or mild disease from normal lung.

Materials and Methods: We compared the results of quantitative spiral rapid end-exhalation (functional residual capacity, FRC) and
end-inhalation (total lung capacity, TLC) CT scan analyses of 52 subjects with radiographic evidence of mild fibrotic lung disease to
the results of 17 normal subjects. Several CT value distributions were explored, including (1) that from the peripheral lung taken at TLC
(with peels at 15 or 65 mm), (2) the ratio of (1) to that from the core of lung, and (3) the ratio of (2) to its FRC counterpart. We devel-
oped a fused-lasso logistic regression model that can automatically identify sub-intervals of −1000 HU and 0 HU over which a CT value
distribution provides optimal discrimination between abnormal and normal scans.

Results: The fused-lasso logistic regression model based on (2) with 15-mm peel identified the relative frequency of CT values of over
−1000 HU and −900 and those over −450 HU and −200 HU as a means of discriminating abnormal versus normal lung, resulting in a
zero out-sample false-positive rate, and 15% false-negative rate of that was lowered to 12% by pooling information.

Conclusions: We demonstrated the potential usefulness of this novel quantitative imaging analysis method in discriminating ILD and/or
emphysema from normal lungs.
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I nterstitial lung disease (ILD) is increasing in importance
in part because of the aging population but also detec-
tion and/or incidence appear to be increasing. Data from

the National Center for Health Statistics indicate that the age-
adjusted mortality rate from pulmonary fibrosis has increased

by 28.4% in men and by 41.3% in women between 1992 and
2014 (1).

Inter- and intrareader variability in the interpretation of ra-
diographs for pulmonary fibrosis and pneumoconiosis has been
long recognized as a potential issue for screening programs,
epidemiologic studies, and medico-legal evaluations (2–4).
Studies have found variable degrees of agreement for both pa-
renchymal and pleural fibroses dependent on the extent of
abnormalities and the training and medical specialty of the
chest X-ray (CXR) readers (5–8). The National Institute for
Occupational Safety and Health recommends using multi-
ple, International Labour Organization radiographic
pneumoconiosis classification system (ILO system)-trained
readers and median profusion scores as the preferred recon-
ciliation protocol to increase accuracy and precision in PA
film classification (9,10). Clinical studies suggest that com-
puted tomography (CT) imaging technology may become a
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gold standard for the evaluation of obstructive airways disease
(11), but the literature is relatively limited on CT’s use in quan-
tifying and objectively characterizing patterns of subtle interstitial
fibrosis.

High-resolution CT scanning detects finer anatomic detail
than conventional CXR, and its superior sensitivity in diag-
nosing ILD, as well as lower potential for inter-reader variability,
has been established in multiple studies (12–17). The present
study utilizes recent advances in CT scanning, the spiral rapid
CT with multidetector volumetric CT scanning, a time and
cost-effective alternative to a single-detector row CT (18,19).
Quantitative data analysis systems such as the Apollo (VIDA)
software (20) allow for analysis of density histogram charac-
teristics by lobe and region, similar to the ILO scheme.

Our approach leverages on the fact that scarring in the pe-
riphery of the lung results in measurable if not dramatic changes
in the range, distribution, and relative frequency of HU summed
over sets of voxels. Similarly, changes in the distribution and
relative frequencies of voxels in differing ranges of HU are
useful in detecting and quantifying other lung diseases such
as emphysema. Our approach allows the identification of ranges
of CT values, which lead to the best discrimination between
fibrotic and normal lung. It is well known that the distribu-
tion of HU distributions and frequencies could be affected
by potential confounders including gender, age, and body mass
index (BMI). Therefore, we investigated that these confound-
ing effects can be effectively mitigated by using the ratio
function of the CT value distribution over the periphery of
the lung to that over the core, including the mediastinal struc-
tures and hilum. The purpose of this study was to assess the
potential of this novel CT technology in identifying and char-
acterizing patterns of subtle interstitial changes especially in
evaluation of normal aging lung and ILD.

MATERIALS AND METHODS

Data

The data for this study consisted of lung CT images from 17
subjects with no radiographic and functional abnormalities and
from 52 subjects with ILD diagnosis confirmed by ILO review
of CXR radiographs and functional testing. Table 1 summa-
rizes demographic and clinical characteristics of the study subjects.
The subjects with ILD were significantly different from normal
subjects in the following demographics at 5% level: predomi-
nantly male (92% vs. 47% in the normal group), older
(77.45 ± 8.41 years old vs. 40.35 ± 16.66), smokers (20% never
smokers vs. 100%), presence of pleural plaques (38% vs. 0%)
and majority having CT evidence of emphysema (88%) and
bronchiectasis (83%). Table 2 contrasts several pulmonary test
functions between the two groups. Compared to the normal
subjects, subjects with ILD had lower total lung capacity (TLC)
and residual volume (RV), but the differences were nonsig-
nificant at 5% level. The subjects with ILD also had significantly
lower functional vital capacity (FVC), forced expiratory volume
in 1 s (FEV1), diffusion capacity for the lungs of carbon mon-

oxide (DLCO), and FEV1/FVC, all of which, except
FEV1/FVC, were adjusted for age, gender, and body com-
position (and additionally hemoglobin level for DLCO). CT
imaging was performed on a Siemens SOMATOM Defini-
tion FLASH (Siemens Healthcare, Erlangen, Germany). The
CT scanning protocol consisted of obtaining multidetector
CT (MDCT) images at TLC and at functional residual ca-
pacity (FRC) supine, and one that is TLC prone. All results
reported previously are based on data-measured supine. Unique
breathing instructions were required to obtain appropriate
lung volume images. The MDCT acquisition parameters

TABLE 1. Demographic and Clinical Characteristics of
Study Populations

ILD Normal P Value

N 52 17
Sex 0.0002

Male 48 (92%) 8 (47%)
Female 4 (8%) 9 (53%)

Age, year 77.35 ± 8.41 40.35 ± 16.66 <0.0001
Race 0.16

African American 0 (0%) 1 (6%)
Caucasian 50 (96%) 16 (94%)
Hispanic 2 (4%) 0 (0%)

BMI 28.81 ± 5.25 25.65 ± 3.69 0.025
Smoking history 0.00006

Never 20 (38%) 17 (100%)
Former 25 (48%) 0 (0%)
Current 7 (14%) 0 (0%)

Pack-years 42.39 ± 34.47 0 ± 0 0.003
Plaques <0.0001

No 32 (62%) 17 (100%)
Yes 20 (38%) 0 (0%)

Emphysema <0.0001
No 6 (12%) 17 (100%)
Yes 46 (88%) 0 (0%)

Bronchiectasis <0.0001
No 9 (17%) 17 (100%)
Yes 43 (83%) 0 (0%)

BMI, body mass index; ILD, interstitial lung disease.

TABLE 2. Pulmonary Function in Patients with ILD
Compared to Normal Subjects

ILD Normal P Value

N 52 17
TLC 96.41 ± 22.20 103.41 ± 8.52 0.21
RV 96.08 ± 31.26 100.18 ± 17.44 0.61
FVC 82.71 ± 24.11 109.76 ± 19.62 <0.0001
FEV1 78.40 ± 24.40 112.82 ± 20.66 <0.0001
DLCO 62.25 ± 19.91 126.71 ± 15.81 <0.0001
FEV1/FVC 68.88 ± 14.14 82.94 ± 6.43 0.0002

DLCO, diffusion capacity for the lungs of carbon monoxide; FEV1,
forced expiratory volume in 1 s; FVC, functional vital capacity; RV,
residual volume; TLC, total lung capacity.
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