EEFSBRFRREME EaMRBERMTESR)
DIBARERESE

18 PR B S KT R HEAE D 818 CTEH (C 35 1) 3R B A S 2 D B EhF i

MFEaiBE  fERESE
EMRFZAMAFR I EFREFE ARFE—HE iR

RREE

— R ICTHIRESMNTUL\D density mask technique ZRWLWZY T bD 17 ToHSD INTAGE Station
LungVision® Version3.0 ([C&> TREMZELERET DERISEAEEI S (LAV®)B LU E SRS S
R D ERINRAIEEIS (HAVY ) Z ERF (C BB DEERN (CFHE L. TOBERAMICDVWTRET Uz,

fOEB CT B KXUIMFIRMEEIRE Z 1T Lz COPD B#&E 40 fl. 41FFMEMIRMEE (IPF) BE 40 fld KUIFEL
BREEE 11 flEMRICAMES(TARIT Uz, VI NI T PICKDEEHNTHIE S BEDRCEDVWZRE
HEHIEEDERZ LR Uiz, FIEERENFHIEDRIER EIFIRMEEEDREZ AN,

SUEMZA LS XFUHEBEMERER (X 9 2 FEHHE SRR FHMEOR (CENENEVEBREZ DIz, KR
IUHAIEEIS (LAV%) DHY hATEZ 1.5%ETDE. BUE 86.8% - I5RE 84.2% CRIEUHZELZRE
TEz, BRPNEAIEEIS (HAV%) DAY hATEZ 12%ETDE. BE 87.5% - 1F2E 96.1% CHE
4R BZRIE TS/, RWMEEES (DLV%=LAV% + HAV%) &RBILERRE &DBICHEV VBN RS S
nr

f9ER CT (CHULVT. density mask technique (CEDWEY DI NI T 7BV TEERMN(CH DR ICKAE
HZES KUOBEMEMEEZFT T D EFBRATHDCENRE SN, $5(C. COPD HKU IPF BHEI(C
ST DLVYoh ittLEREDFHE (CB A TH o 1z,

HEMAFRE :
FEORR. £WE. MEFH, ZREEE

A. THRBE®N

CT (B TMEHE EBEEMERBDOFRICH T DY T MO T 7 ICKDEEHENBENNELCL <4Th
N, BAREFBRFEZRBWVEY I RO 7HEETD. B4 FFHENE - ZE!ME(CEBNE density mask
technique [CEDWTH N, —MRICHIRESNTLBY J T 7 T3HD INTAGE Station LungVision®
Version3.0 ZHAWTCESRNENTZIT Do, JUEMZE(LZRIE T DIRIIVHAFEEIS (low attenuation
volume % : LAV%) S XU EMEIEEZ R 9 DRI AFEEIS (high attenuation volume % : HAV
%)%z [ERF (CEHBMNH DEERICTHEL . TDBERAMICDVLTIRET Uiz,

B. HARAE

(X5RE] 2016 F4 HLD 2019 £ 10 AF TICHRAKEZZZ UTZRTERD COPD B% 40 . Rt
FARAEE (IPF) BE 40 HlZRICHIME (CHRET LTz, MIRZFEZBOBEN /R < IOEP CT Z 1R (CEHE L
FSUBES KFUORIBE MR REFEDOEEFIRZ DRV FFEUERES 11 fl SR Uz,

(A= CT i) ORENEHEE ; BEDNHCEDVWTHER CT (CHIFDTIEUZELDIEE (LAA X
77) [Goddard PR et al. Clin Radiol. 1982; 33: 379-387]. SXUMEMAMEEDIZEE [Kurashima K et
al. Respirology 2010; 15: 843-8481& TNENHEM (CFHE L =,

QEHMIFHIE ; FEP CT (CHIFDEMDRY 1 — AT —FZBEEFENTY T D177 TéH S INTAGE Station
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LungVision® Version3.0 ZFU\T. #FHZE (total lung volume) . LAV%3 KT HAV% & 247 L 7z, LAV%
+ HAV%ZiRMIAhES 23S (diseased lung volume % : DLV%) &EEZE U,

(FEEIFIRMEEERE] /1O 35 L. NUDABIREIC K DHEENERKEDRIE. 1 BIFRGE(C K Dbk
BREEDAITE . Ny W\ UBBRR(C KD o0O—> >R 21— ADRIEZ 1T D 1= Composite physiologic index
(CPI)%Z IPF B2 (CHBLWTEH U,

(B#A55] SUEMZES KUHEBEMEMREDIZE (CDUWT. FENGHS KUK Bz LLagst Ui
(Pearson DIEXMEEDHT) . [UBEZELS KRUBEEMMER(CDULVT. ROC BHRICKDEMZALNTHY
RADEZFZREL. BE - FREEZBH UL, BENFHUES KOEEBITIREREIRBEORIERZ LLEIRFT Uc
(Tukey-Kramer i&) . #istZRIBRTOBRUKE(L 5%FKiEmE LTz,

C. TRRHER
SIEMZ{bZRIE T D LAVY% SRR (LAA X 77) DfE (58 B & Rs 7= (r=0.865, p<0.001).

LAV%DAY hATEZ 1.5%ETDE. BHE 86.8% - FFEE 84.2% CRENE(LEZRETE. BEMY
REZ R T D HAV% SR EMFHMODRE (T8 U VERSZ R E (r=0.840, p<0.001). HAV%®D AW A
JiEZ 12% &3 E. BUE 87.5% - 15E2E 96. 1% CHEIBEMMEEZRE CE/z. COPD 8. IPFEH LU
COPD Bf+IPF B¥DZNENICHULT. DLV% & AHLENBED R (LR UVWVEBN R SNz (r=-0.7922,
p<0.0001; r=-0.7257, p<0.0001; r=-0.7570, p<0.0001, respectively)., IPF&£(CHSL\T. DLV% &
CPI & DR(C&UVMERZ R8Tz (r=0.8254, p<0.0001),

D. %

Density histogram, density mask technique, texture classification method (C&23 CT FTRDEEH
HiiE. TNENERKRICBVWTERTH D ESNTUL\B[Respir Investig. 2018; 56: 5-13]. Density
histogram (If&fEd 2 U\ (IR E MR EDIEE % kurtosis score KU skewness score Z AU\ T 9
BDENTEZN. CNSDIBIZRIFERKRICH LT not “user friendly” T B[J Comput Assist Tomogr.
2011; 35: 266-271]., Texture classification method (I g RIE AR BDFRIEFNEL 7 R BRI
U[Acad Radiol. 2006; 13: 969-978]. RULTFERMNS SN D &SN TL\SB[Respir Investig. 2018;
56: 5-13] . LM L. texture classification method (IEERFEHZEL. AN BEDEERY T
DI VEHRESNTE ST AFRE T, BRARTRAL I TS EFARTIEETHSD. —F. density mask
technique (FZDFUEN - TRIENSREBIL < BULSNTULS[Respir Investig. 2012; 50: 78-87]. 4
DR (&, DAY 1 —AFT—F%ZANT LAV% E HAV%Z R (CEHE 9 2 & T, density mask
technique ZAWEY I MO T V7 OBRAMZESS(CEHDICENTETDZEERU

E. &R

f@ER CT (CHBUVT. density mask technique (CEDUWWEY I MO T 7BV TEEN(ICH DEE (CKIESE
ZEB LUHEEEMREZFENTT D EOBRAMNRE SNz, $5(C. COPD KU IPF BEHICHLTDLY
Yo AL EBEDFHE (CB A TS D 12,

F. HARRER

1. &
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ORIGINAL ARTICLE

Automated Diseased Lung Volume Percentage Calculation in
Quantitative CT Evaluation of Chronic Obstructive Pulmonary
Disease and Idiopathic Pulmonary Fibrosis

Yoshiaki Kitaguchi, MD,* Keisaku Fujimoto, MD, 1 Yunden Droma, MD,* Masanori Yasuo, MD,*
Yosuke Wada, MD,* Fumika Ueno, MD,* Takumi Kinjo, MD,* Satoshi Kawakami, MD,}
Kiyoyasu Fukushima, MD,§ and Masayuki Hanaoka, MD*

Objective: Several software-based quantitative computed tomography
(CT) analysis methods have been developed for assessing emphysema
and interstitial lung disease. Although the texture classification method ap-
peared to be more successful than the other methods, the software pro-
grams are not commercially available, to our knowledge. Therefore, this
study aimed to investigate the usefulness of a commercially available soft-
ware program for quantitative CT analyses.

Methods: This prospective cohort study included 80 patients with chronic
obstructive pulmonary disease (COPD) or idiopathic pulmonary fibrosis (IPF).
Results: The percentage of low attenuation volume and high attenuation
volume had high sensitivity and high specificity for detecting emphysema
and pulmonary fibrosis, respectively. The percentage of diseased lung vol-
ume (DLV%) was significantly correlated with the lung diffusion capacity
for carbon monoxide in all patients with COPD and IPF patients.
Conclusions: The quantitative CT analysis may improve the precision of
the assessment of DLV %, which itself could be a useful tool in predicting
lung diffusion capacity in patients with the clinical diagnosis of COPD
or IPF.

Key Words: quantitative CT, COPD, IPF, CPFE, LungVision
(J Comput Assist Tomogr 2021;45: 649-658)

uantitative computed tomography (CT) analysis is a rapidly

growing field of radiomics of practices of extracting, an-
alyzing, and interpreting quantitative data from medical images to
aid in disease diagnosis and prognosis. Quantitative analysis can
range from simple threshold measurements to texture metrics for
evaluations of changes in features over time. Quantitative CT
has been applied to various obstructive, infiltrative, and restrictive
pulmonary diseases including chronic obstructive pulmonary dis-
ease (COPD)/emphysema, cystic fibrosis, asthma, idiopathic pul-
monary fibrosis (IPF), hypersensitivity pneumonitis, connective
tissue—related interstitial lung disease (ILD), and combined pul-
monary fibrosis and emphysema (CPFE)."
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In history, the software-based quantification of emphysema
that was based on the lung density threshold in CT images was de-
veloped more than 3 decades ago.? After that, the quantitative CT
was applied to patients with COPD with increasingly ulilization.>
Some of software-based quantitative CT analysis methods are cur-
rently used in clinical practice at specialist centers.® Furthermore, it
has been reported that, in approximately 30% of patients, emphysema
complicated TPE”® Recently, this disease state was termed CPFE.
Emphysema and pulmonary fibrosis can sometimes be superimposed
on chest CTs, which makes it difficult to visually assess separately
the extents of emphysema and pulmonary fibrosis. Therefore, a
software-based quantitative CT analysis that simultaneously detects
emphysema and pulmonary fibrosis might be useful.

Several software-based quantitative CT analysis methods
have been developed for assessing emphysema and ILD, includ-
ing the density histogram analysis, the density mask technique,
and the texture classification method. Although the texture classi-
fication method appeared to be more successful than the other
methods,® the software programs are not commercially available,
to our knowledge. In contrast, the density mask technique is the
most widely used method. A threshold on the order of —950
Hounsfield units (HU) was identified for the quantification of em-
physema in patients with COPD.>*?"'? The density mask tech-
nique is also convenient for evaluating disease status in patients
with ILD.!31% A threshold value of =950 HU could distinguish
emphysema from normal lungs, and a threshold value of —700
or =750 HU could distinguish normal lungs from ground-glass
opacity.® Thus, the density mask technique has universal applicabil-
ity, and the results are highly consistent with visual assessments, be-
cause the CT values provide clear cutoff points.® A previous study
used semiautomatic software to evaluate simultaneously the per-
centage of low attenuation area (%LAA) and the percentage of high
attenuation area (%HAA) in 4 CT slices selected from CT images.
They showed that the %LAA and %HAA were independent con-
tributors to the lung diffusion capacity for carbon monoxide (D co)
in patients with CPFE. 'S Moreover, a longitudinal study highlighted
the usefulness of the percentage of destructed lung area, defined as
%LAA + %HAA."

The present study aimed to confirm the usefulness of a new
software program that applied the density mask technique. Previ-
ous reports showed that the texture classification was best for
quantitative CT analysis.® However, we aimed to demonstrate that
the density mask technique was also effective for quantitative CT
analyses. The software program we tested could perform auto-
matic, simultaneous assessments of the low attenuation volume
(LAV) and high attenuation volume (HAV), based on volumetric
image data from whole lungs of patients with the clinical diagno-
sis of COPD or IPF. In the first part of this study, we assessed the
validity of the quantitative assessment performed by the software
program, compared with a visual assessment. We determined
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