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BACKGROUND: In lymphangioleiomyomatosis (LAM), infiltration of the lungs with smooth
muscle-like LAM cells results in cystic destruction and decline in lung function, effects
stabilized by sirolimus therapy. LAM lung disease is followed, in part, by high-resolution CT
scans. To obtain further information from these scans, we quantified changes in lung pa-
renchyma by analyzing image “texture.”

METHODS: Twenty-six texture properties were quantified by analyzing the distribution and
intensity of pixels with a computer-aided system. Both cross-sectional and longitudinal
studies were performed to examine the relationships between texture properties, cyst score
(percentage of lung occupied by cysts), FEV1, and diffusion capacity for carbon monoxide
(DLCO), and to determine the effect of sirolimus treatment.

RESULTS: In the cross-sectional study, 18 texture properties showed significant positive
correlations with cyst score. Cyst score and 13 of the 18 texture properties showed significant
differences in rates of change after sirolimus treatment; 11 also significantly predicted FEV1

and DLCO.

CONCLUSIONS: Increased cyst score was associated with increased texture degradation near
cysts. Sirolimus treatment improved lung texture surrounding cysts and stabilized cyst score.
Eleven texture properties were associated with FEV1, DLCO, cyst score, and response to
sirolimus. Texture analysis may be valuable in evaluating LAM severity and treatment
response. CHEST 2019; 155(5):962-971
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Lymphangioleiomyomatosis (LAM), a multisystem
disease that primarily affects premenopausal women, is
characterized by cystic lung destruction, lymphatic
involvement (eg, chylous effusions), and abdominal
tumors (eg, angiomyolipomas).1-4 LAM occurs
sporadically or in association with tuberous sclerosis
complex (TSC), an inherited neurocutaneous disorder.5,6

Neoplastic LAM cells have smooth muscle
characteristics and harbor inactivating TSC1 or TSC2
mutations.5-7 The loss of function of proteins encoded
by the TSC genes results in constitutive activation of
mechanistic target of rapamycin signaling, which is
responsible for cell growth, size, and survival.8

The Multicenter International
Lymphangioleiomyomatosis Efficacy and Safety
(MILES) trial showed that sirolimus therapy stabilized
lung function and was associated with reduction in
symptoms and improved quality of life.9 Further studies
showed that sirolimus slows changes in lung volume
occupied by cysts10 and decreases the size of renal
angiomyolipomas11,12 and chylous effusions.13

Monitoring of disease progression in LAM is
accomplished by serial measurement of lung function4;
however, this testing requires patient cooperation and
exertion, and may fail to uncover gas exchange
abnormalities that manifest only during exercise testing.
High-resolution CT (HRCT) scans of the chest are used in
the diagnosis and evaluation of LAM.1,4 The regular
collection of HRCT scans makes LAM an appropriate
model for the development of image processing
techniques to quantify disease progression and treatment
response. Although radiation exposure is a risk of serial
CT studies, advances in low-dose chest CT imaging have
led to improvement in image quality,14,15 and low-dose
imaging has been used in screening for lung cancer.16,17

Radiologic studies have analyzed the lung and
established correlations to physiologic data. In LAM,
chestjournal.org
these include calculations of a disease-specific radiologic
score, determinations of areas with lower attenuation, or
the percent of lung volume occupied by cysts (cyst
score).18-21 Beyond cyst score calculation, other image
processing techniques can be applied, such as pixel-level
analysis of CT images. The distribution of pixels of
various intensity yields an “image texture” that can be
quantified by distinct mathematical calculations that
highlight different attributes of texture.22-24 This image
texture can be used quantitatively to detect emphysema,
pulmonary nodules, pulmonary embolism, and other
abnormalities,25 and to classify pulmonary tissue
patterns into different categories (eg, nodular, ground-
glass, emphysematous).26,27

In LAM, we identified emphysematous-like changes in
lung areas adjacent to cysts both radiologically and
histologically,20 and found that some texture properties
correlated with FEV1 and lung diffusion capacity for
carbon monoxide (DLCO).20 These texture properties
allowed identification and quantification of areas in the
vicinity of LAM cysts, were associated with disease
severity, and permitted assessment of lung tissue around
the cysts. Overall, these textural imaging changes were
associated with changes in tissue degradation.20 A study
of 12 patients with LAM showed that presirolimus rates
of change in the lung parenchyma as measured by
texture properties tended to be greater than, but not
significantly different (P ¼ .13) from, changes in texture
during treatment.10

The aim of this study was to compare and validate
methods of calculating texture in tracking LAM disease
progression and treatment as defined by FEV1, DLCO,
and cyst score. A cross-sectional study examined the
association of cyst score with texture properties. Texture
properties showing significant findings were then
analyzed in the longitudinal study, assessing the effect of
sirolimus treatment on the rate of texture changes.
Materials and Methods
Complete descriptions of all methods are in e-Appendix 1.

Patient Population

This study was approved by the National Heart, Lung, and Blood
Institute Institutional Review Board (Protocols 95-H-0186 and 96-H-
0100). All patients provided written informed consent. Patients
received a diagnosis of LAM on the basis of American Thoracic
Society and/or European Respiratory Society guidelines.1,4

One hundred thirty-five women with LAM (age 49 � 10 years)
participated in a cross-sectional study (Table 1). Thirty-five women
with LAM who were treated with sirolimus (age 45 � 10.6 years at
the start of treatment) were studied in a longitudinal study (Table 1).
There was no overlap between the two study populations.

Pulmonary Function Testing
FEV1 and DLCO were measured during the same hospital visit with a
CT examination per American Thoracic Society/European
Respiratory Society standards.28,29

Radiologic Methods, Lung Segmentation, and Cyst
Detection

HRCT scans of the chest were performed with the patients in a prone
position because this position minimizes the compression of the lungs
by the heart. The radiation dose for obtaining select images of the lungs
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TABLE 1 ] Demographics and Clinical Data of 35 Patients With LAM Studied Longitudinally and 135 Patients
With LAM Studied at a Single Time Point per Patient

Category Longitudinal Study Cross-Sectional Study

No. of patients 35 135

Demographics

Caucasian 31 (89) 108 (80)

African American 0 9 (7)

Asian 2 (6) 8 (6)

Hispanic 2 (6) 5 (4)

Other 0 5 (4)

Clinical characteristics

Age of diagnosis, y 34 � 10.8 41 � 9.9

Age of initial symptoms, y 35 � 9.4 38 � 11.0

TSC 6 (17) 20 (15)

Oxygen therapy 22 (63) 32 (24)

Lymphangioleiomyomas 19 (54) 37 (27)

Angiomyolipomas 18 (51) 62 (46)

Data are presented as No. (%) unless otherwise indicated. LAM ¼ lymphangioleiomyomatosis; TSC ¼ tuberous sclerosis complex.
is over 6 fold lower than a standard chest CT with coverage of the
chest.30 Cystic regions and total lung areas were calculated for every
slice in a CT examination, yielding a total percent of lung volume
occupied by cysts (cyst score) (Fig 1).

Texture Analysis

Texture properties are established mathematical calculations used to
quantify the distribution and intensity of pixels in a selected region
of an image.22-24 Twenty-six texture properties, falling under three
categories (histogram measures, co-occurrence matrix measures, and
run-length measures), were calculated for each HRCT (Table 2).
Histogram measures describe the spread of values and do not
incorporate spatial information. Co-occurrence matrix measures
calculate how often pairs of pixels with specific intensities occur
adjacent to each other, whereas run-length measures describe the
Figure 1 – Selection of cystic regions (blue), regions near cysts (yellow), and
lymphangioleiomyomatosis. For every slice in a CT study, areas occupied by cy
percentage of lung occupied by cysts). Image texture is calculated in all region
(red) and averaged across all slices. The difference in texture between regions
Increases in texture measures suggest increased degradation of lung parench
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continuity of signal by identifying “runs,” which are strings of pixels
with the same intensity in a certain orientation.

Data Analysis and Statistical Methods

Cross-sectional Study: Linear regression of cyst score vs 26 texture
properties was computed. Texture properties with significant (P < .05)
correlations with cyst score were identified and analyzed further in the
longitudinal study.

Longitudinal Study: Multiple HRCTs and pulmonary function
measurements for each patient were plotted over time. Mixed effects
models were used to incorporate within-subject and between-subject
variability, as well as repeated measures. Yearly rates of change in
cyst score, texture properties, FEV1, and DLCO were calculated using
mixed effects models, adjusting for initial values and sirolimus
regions away from cysts (red) in a CT examination of a patient with
sts are summed and divided by total lung area, yielding the cyst score (the
s <10 mm from cysts (yellow) and all regions >10 mm away from cysts
near and away was used as a measure of lung parenchymal degradation.
yma surrounding cysts.
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TABLE 2 ] Categories of Texture Properties Calculated on Chest HRCT Scans

Texture Category Description Texture Name

Histogram measures Describe spread of values in a figure that
plots frequency of pixels with a certain intensity

Mean

Variance

Skewness

Kurtosis

Absolute deviation

SD

Co-occurrence matrix
measures

Calculate how often pairs of pixels with
specific intensities occur adjacent to each other

Energy

Inertia

Inverse difference

Entropy

Correlation

Sum entropy

Difference entropy

Sum average

Difference average

Run-length
measures

Describe continuity of signal by identifying
“runs,” which are strings of pixels with the
same intensity in a certain orientation

Short run emphasis

Long run emphasis

Gray-level nonuniformity

Run-length nonuniformity

Run percentage

Low gray-level run emphasis

High gray-level run emphasis

Short run low-gray emphasis

Short run high-gray emphasis

Long run low-gray emphasis

Long run high-gray emphasis

HRCT ¼ high-resolution CT.
treatment. Unadjusted, other than the initial value of each outcome,
associations of pulmonary function (FEV1 and DLCO) and cyst score
against texture properties were also obtained.

Establishment of Method of Analysis of Texture Properties

We have previously calculated cyst scores and texture properties for
patients with LAM and compared them with pulmonary function
tests.10,20 Some texture properties and cyst scores were significantly
associated with FEV1 and DLCO. We did not show a significant effect
of sirolimus on the rate of change cyst scores or texture properties
before vs during treatment, although a trend was noted for
improvement in lung parenchyma during treatment.10 This may be
due to the small sample size (12 patients) and the difficulty in
comparing texture properties calculated on HRCT scans performed
on different CT scanners over time. In this study, we have expanded
the population studied longitudinally to 35 patients (including 11 of
the 12 previously studied10). We also used the difference in texture
properties near and away from cysts, so that we had texture
chestjournal.org
measurements that have an internal control for the HRCT scan itself
and thus can be compared across CT scans from different machines.

To show that texture values away from cysts can be used as stable
controls for the texture values near cysts, we examined the texture
properties near and away from cysts over time. After the cysts are
identified by the computer, all regions near cysts (< 10 mm) and
away from cysts (> 10 mm) were selected (Fig 1). For example, the
values of the texture property energy at least 10 mm away from
cysts 5 years before sirolimus treatment were not significantly
different from textures at the start of treatment despite decline in
lung function and increase in cyst score; however, energy values near
cysts varied significantly (P ¼ .004) (Fig 2). All 26 texture properties
were examined, and stable areas far from the cysts were found for
each; therefore, texture values at least 10 mm away from cysts served
as suitable controls to measure texture changes near cysts. The
difference in texture (absolute value) between regions near and away
from cysts was used to measure the degradation of lung texture.
965
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Figure 2 – The difference in texture (absolute value) between regions near and away from cysts can be used to measure the degradation of lung
parenchyma and to control for technical differences resulting from type of CT scanner used. A, Comparison of cyst score and FEV1 at 5 years before
starting sirolimus treatment (t ¼ –5) and at the start of sirolimus treatment (t ¼ 0) in 14 patients using a paired t test. B, Comparison of energy near
cysts (< 10 mm) and away from cysts (> 10 mm) at t ¼ –5 and t ¼ 0 in 14 patients using a paired t test. Energy is a texture property (co-occurrence
matrix measure) with significant (P< .001) correlations to FEV1, diffusion capacity for carbon monoxide, and cyst score (R¼ 0.79). Energy is used here
for illustrative purposes; all 26 texture properties were examined, and stable areas far from cysts were found for each. NS ¼ not significant.
Results

Correlation of Cyst Score and Lung Texture

Linear regressions and correlations of 26 texture
properties vs cyst score were computed (Table 3).
Eighteen texture properties showed statistically
significant correlations with cyst score. Almost all
significant correlations had a positive slope, indicating
that the texture difference between regions near cysts
and away from cysts increased as cyst score increased.

Comparison of Lung Texture, Pulmonary Function,
and Cyst Score Change Rates Before and During
Sirolimus Treatment

Mixed effects models were used to compare the rates of
change in FEV1, DLCO, cyst score, and texture properties
before and during sirolimus treatment (Table 4).
Analysis was conducted on texture properties that
showed significant correlations with cyst score. Before
sirolimus treatment, annual rates of decline in FEV1 and
DLCO were 2.61 � 0.24% and 2.20 � 0.21% predicted,
respectively. During treatment, annual rates of decline in
FEV1 and DLCO were 0.32 � 0.34% and 0.48 �
0.30% predicted, respectively (both P < .001). Before
sirolimus treatment, cyst scores increased at an annual
rate of 0.93 � 0.15%. During treatment, cyst scores
decreased at an annual rate of 0.14 � 0.22% (P < .001).

Before treatment, the difference in texture between regions
near cysts and away from cysts increased in all but one of
the 18 texture properties. After treatment, the annual rates
of change in all texture properties were negative, indicating
966 Original Research
a decrease in the texture difference between regions near
and away from cysts. Thirteen texture properties showed
significant changes in rate (all P < .005) (Table 4). Of the
13 properties, 11 were also significantly associated with
FEV1, DLCO, and cyst score (all P # .017) in visits before
sirolimus treatment and in all visits (Table 5). The texture
properties “kurtosis” and “mean” showed statistically
significant changes in rate during sirolimus treatment (P¼
.009 and < .001, respectively), but did not correlate
significantly with FEV1 or DLCO in visits before sirolimus
treatment and in all visits (Table 5).
Discussion
Our study shows that certain texture properties generated
from HRCT scans reflect changes in lung parenchyma in
areas surrounding cysts in LAM. In a cross-sectional
study of patients, we determined the effect of increasing
cyst score on texture changes in lung parenchyma
surrounding cysts. The texture properties that were
significant in the cross-sectional study were then
examined in a longitudinal study looking at differences in
the rate of change of texture before and during sirolimus
treatment. Among the 13 texture properties that had
significantly different rates of change after initiation of
sirolimus treatment, 11 were also found to correlate
significantly with FEV1 and DLCO. These data indicate
that texture properties have the potential to serve as
markers of LAM disease status and progression.

The cross-sectional and longitudinal studies provide a
new understanding of LAM lung disease progression and
[ 1 5 5 # 5 CHE ST MA Y 2 0 1 9 ]



TABLE 3 ] Linear Regression Results for 26 Texture Properties Compared With Cyst Score (% of Lung Occupied by
Cysts) in 135 Chest HRCTs of Patients With LAM

Texture Property Texture Category P R

Mean Histogram < .001 0.524

Variance Histogram .208 –0.108

Skewness Histogram .0051 0.238

Kurtosis Histogram .0042 0.243

Absolute deviation Histogram .661 –0.038

SD Histogram .571 –0.049

Energy CM < .001 0.799

Inertia CM .546 –0.052

Inverse difference CM < .001 0.729

Entropy CM < .001 0.756

Correlation CM .724 –0.030

Sum entropy CM < .001 0.745

Difference entropy CM < .001 0.733

Sum average CM .029 0.187

Difference average CM < .001 0.286

Short run emphasis RL < .001 0.752

Long run emphasis RL < .001 0.800

Gray-level nonuniformity RL < .001 0.493

Run-length nonuniformity RL < .001 0.737

Run percentage RL < .001 0.788

Low-gray run emphasis RL < .001 0.737

High-gray emphasis RL .953 0.005

Short run low-gray emphasis RL .007 -0.229

Short run high-gray emphasis RL .758 0.027

Long run low-gray emphasis RL < .001 0.841

Long run high-gray emphasis RL .522 –0.055

All textures values were plotted as the difference in texture near cysts compared with away from cysts. Texture properties in bold showed statistically
significant correlation with cyst score after adjustment for initial cyst score. CM ¼ co-occurrence matrix; RL ¼ run-length.
response to sirolimus treatment. Because the percent of
lung occupied by cysts increases, texture changes around
cysts are consistent with parenchymal degradation. This
was demonstrated by positive correlations between cyst
score and the difference in texture between regions near
cysts and away from cysts (Table 3). From the
longitudinal study, we found that sirolimus reverses
decline in texture surrounding cysts (Table 4). The
magnitude of the rate of texture improvement during
sirolimus treatment is generally much lower than the rate
of texture decline before treatment. Cyst scores also show
slow improvement during treatment. These findings
suggest that sirolimusmay have a profound effect on lung
parenchyma and cyst formation.

Although cyst formation in LAM is poorly understood,
it is likely driven by LAM cell-mediated overexpression
chestjournal.org
of matrix metalloproteinases and decreased expression
of the tissue inhibitor of metalloproteinase-1, leading to
aberrant destruction of lung epithelium and connective
tissue.31 Inhibition of mechanistic target of rapamycin, a
coordinator of cell growth and proliferation,8 by
sirolimus may decrease LAM cell activity, resulting in
decreased protease-driven lung damage and greater
opportunity for lung repair. Furthermore, sirolimus has
also been shown to increase expression of connective
tissue growth factor (CCN2) and migration of lung
fibroblasts,32 which could explain the reversal of lung
parenchymal destruction during sirolimus treatment.

We have identified 11 texture properties that track lung
changes in LAM, all of which incorporate spatial
information into their calculations (Table 2), suggesting
that the use of spatial information in calculating texture
967
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TABLE 4 ] Comparison of Mean Rates of Change per Year Before and After Sirolimus Treatment for PFTs (FEV1,
DLCO), Cyst Score, and 18 Texture Properties of 35 Patients Using Mixed Effects Models

Parameter Mean Pretreatment Rate Mean Posttreatment Rate P Value

FEV1, L –0.088 � 0.007 –0.022 � 0.010 < .001

FEV1, %predicted –2.607 � 0.239 –0.320 � 0.342 < .001

DLCO, mL/min/mm Hg –0.524 � 0.045 –0.142 � 0.065 < .001

DLCO, %predicted –2.199 � 0.206 –0.482 � 0.297 < .001

Cyst score, % 0.930 � 0.150 –0.142 � 0.221 < .001

Histogram Mean 2.626 ± 0.862 –2.765 ± 1.275 < .001

Skewness 0.011 � 0.004 –0.002 � 0.006 .060

Kurtosis 0.036 ± 0.009 –0.003 ± 0.013 .009

Co-occurrence matrix Energy 1.105 ± 0.187 –0.091 ± 0.274 < .001

Inverse difference 0.008 ± 0.002 –0.002 ± 0.003 .002

Entropy 0.050 ± 0.010 –0.008 ± 0.015 .002

Sum entropy 2.773 ± 0.595 –0.406 ± 0.873 .002

Difference entropy 2.035 ± 0.479 –0.467 ± 0.706 .003

Sum average 3.224 � 1.650 –1.898 � 2.533 .089

Difference average 0.397 � 0.100 0.120 � 0.149 .113

Run length Short run emphasis 0.006 ± 0.002 –0.002 ± 0.002 < .001

Long run emphasis 0.315 ± 0.053 –0.045 ± 0.077 < .001

Gray-level nonuniformity 0.138 � 0.055 –0.022 � 0.082 .095

Run-length nonuniformity 0.860 ± 0.212 –0.186 ± 0.312 .005

Run percentage 0.021 ± 0.004 –0.004 ± 0.006 < .001

Low-gray run emphasis 0.009 ± 0.002 –0.001 ± 0.003 .004

Short run low-gray emphasis –0.0004 � 0.0003 –0.001 � 0.0005 .349

Long run low-gray emphasis 0.379 ± 0.060 –0.042 ± 0.088 < .001

All analyses were adjusted for the initial values of each outcome variable. Texture properties were calculated as the absolute difference in texture between
regions near cysts and away from cysts. Texture properties in bold showed statistically significant (P < .05) changes in rate during sirolimus treatment.
e-Table 1 provides descriptive statistics of the parameters and P values to five decimal places. DLCO ¼ diffusion capacity for carbon monoxide; PFT ¼
pulmonary function test.
is essential to reflect lung changes. These texture
properties have also been used in biomedical imaging to
characterize or classify tissue/bone.33-38

Limitations

HRCT imaging might be affected by patient breathing or
movement during the scan. We limited this effect by
using a large sample of pixels within a single scan. The
CT scans used in this investigation were collected over a
10-year period, and variability in imaging protocol and
use of older CT scanners might have contributed to
some differences. We reduced these effects by
calculating texture differences between regions near and
away from cysts on the same CT scan. Texture
calculations in regions away from cysts served as
independent, individualized controls for each CT scan,
which eliminated some variability between studies.
968 Original Research
Because this is an exploratory study, the multitude of
statistical tests have not been adjusted for multiple
testing, and therefore, some findings deemed significant
may be due to chance. We have provided P values to five
decimal places (e-Tables 1-4) to allow for ad hoc
adjustment. The conclusions of the study may only be
applicable to a population of patients with LAM and
clinical phenotypes similar to that of the patients of the
longitudinal study. Because the longitudinal study
examined the effect of sirolimus treatment on the
association of the texture properties with pulmonary
function, the patients of the longitudinal study may be
sicker than the general LAM population.

Conclusions
Texture analysis of HRCTs can serve as a tool to
measure lung texture degradation in LAM. We have
[ 1 5 5 # 5 CHE ST MA Y 2 0 1 9 ]



TABLE 5 ] Associations of Texture Properties With FEV1, DLCO, and Cyst Score in Patient Visits Before Sirolimus
Treatment, as Well as in All Patient Visits (Including Visits When Receiving Sirolimus Treatment), Using
Mixed Effects Models

Parameter

FEV1 DLCO Cyst Score

Pretreatment
Visits Only

All
Visitsa

Pretreatment
Visits Only

All
Visitsa

Pretreatment
Visits Only

All VisitsaCyst score < .001 < .001 < .001 < .001

Histogram Mean .006 < .001 .066 .041 < .001 < .001

Skewness .309 < .001 .720 .453 .002 < .001

Kurtosis .411 .120 .918 .598 .011 < .001

Co-occurrence
matrix

Energy < .001 < .001 .003 .001 < .001 < .001

Inverse difference .001 < .001 .006 < .001 < .001 < .001

Entropy < .001 < .001 .004 < .001 < .001 < .001

Sum entropy .001 < .001 .008 .001 < .001 < .001

Difference entropy .003 < .001 .017 .001 < .001 < .001

Sum average .070 < .001 .202 .013 .227 .795

Difference average .059 < .001 .003 .008 < .001 < .001

Run length Short run
emphasis

.001 < .001 .005 .001 < .001 < .001

Long run emphasis .001 < .001 .004 .003 < .001 < .001

Gray-level
nonuniformity

.064 < .001 .125 .039 < .001 <.001

Run-length
nonuniformity

< .001 < .001 .005 .002 < .001 < .001

Run percentage < .001 < .001 .002 < .001 < .001 < .001

Low-gray run
emphasis

< .001 < .001 < .001 < .001 < .001 < .001

Short run low-gray
emphasis

.010 < .001 .259 .124 .002 .006

Long run low-gray
emphasis

< .001 < .001 < .001 < .001 < .001 < .001

All associations are adjusted for initial values of respective parameters. Texture properties in bold show significant correlation to FEV1, DLCO, and cyst score
for both pretreatment and all visits. e-Tables 2-4 provide descriptive statistics of the parameters and P values to five decimal places. See Table 4 legend for
expansion of abbreviation.
aThe effect of various textures on the outcome variables (FEV1, DLCO, cyst score) was independent of sirolimus treatment, which was a significant predictor
of these outcome variables. The statistical interaction of texture and sirolimus treatment was used to assess whether the effect of a texture property on an
outcome was different in the context of no treatment or sirolimus treatment. Because the statistical interaction of each texture variable and treatment with
sirolimus was not significant, we combined all visits (and adjusted for sirolimus treatment) to assess the relationship of textures and each of the outcome
variables.
identified 11 texture properties that track lung changes
that were validated in cross-sectional and longitudinal
studies, as well as with correlations with pulmonary
function data. As cyst score increases, lung texture
degradation occurs in areas surrounding cysts.
Sirolimus improves lung texture in areas surrounding
cysts and reduces cyst scores. We also found that the
texture measures that incorporate spatial information
into calculations are better at detecting tissue changes.
Cyst scores may be a better biomarker to follow disease
progression and treatment than pulmonary function
chestjournal.org
tests, because a healthy person with no lung disease
may have FEV1 and DLCO of 80% to 120% of predicted
as a normal baseline, but the cyst score would be < 1%.
Abnormalities and changes in cyst score may be
detected before pulmonary function decreases below
the normal range.
As image quality and resolution continue to advance in
medical imaging, texture analysis will become more
sensitive to tissue changes. The use of CT in women of
childbearing age is a concern because of the risks of
radiation exposure. The texture determinations
969
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presented here were calculated using preexisting CT
scans and did not require additional radiation exposure.
We have developed procedures to lower the radiation
dose necessary to quantify cyst score to minimize patient
risk39 and are testing them on texture properties. The
970 Original Research
findings presented here are broadly relevant to any
disease involving general lung tissue damage. Texture
analysis of HRCT imaging can supplement clinical
findings to provide greater understanding of disease
status and progression.
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