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Objective in Vivo Quantification of Emphysema by Thin-Section CT
: Correlation with Physiologic Findings

Jee Young Lee, M.D., Kye Young Lee, M.D.,> Eun Kyoung Choi, M.D,,?
Sang Joon Kim, M.D., Young Hi Choi, M.D.,

Department of Radiology, Dankook University College of Mediciné
Department of Intenal Medicine, Dankook University College of Mediciné, Cheonan, Korea

Background : To correlate the emphysema score for quantification of the overall extent of emphysema in both
lungs by CT with physiologic fingings and to get more objective and simple method to assess the extent of em-
physema.

Method : Thin-section CT and pulmonary function test(PFT) were performed in 17 patients with emphysema
(all males, mean age, 62 years). Emphysema score was obtained as percentage of emphysematous lung area,
dividing the total area of the emphysema(voxels with attenuation value less than -880, -900, -920HU,
respectively) by the overall area of both lungs(voxels with attenuation value less than -400HU) with highlight-
ing voxels using “Density mask” program. Emphysema score was calculated from whole lung(ESW) and 5
representative scans(ESR) using “Density mask”. Visual emphysema score(ESV) was obtained by visual as-
sessment from 5 representative scans. Correlation of these emphysema scores(ESW, ESR, ESV) and physiolog-
ic findings were performed, comparing the ESW with ESR and ESV.

Results : ESW had correlation with DLCO(r=053-0.64) and FEV,/FVC(r=0.42 -0.57) among PFT parame-
ters. ESR had good correlation with ESW and with PFT parameters as well. ESV did not correlate with PFT
parameters except DLCO. '
Conclusion : CT quantification of emphysema using “density mask” correlated well with physiologic findings.
To assess the severity of emphysema, both ESW and ESR are more reliable than ESV, and ESR is recommend
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ed in routine practice as it is objective, simple and reliable. (Tuberculosis and Respiratory Diseases 1998, 45 :

992-999)
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Fig. 1. A. 70 year-old male patient with severe
emphysema. To measure the total lung
area, we fitted the ellipse to the image
including both lungs using roller.

- 993 —




— J.Y. Lee, et al —

Fig. 2. A. Density mask highlights all voxels with attenuation values less than -400HU repre-

AlB senting the lung parenchyma.

= B. —D. Density mask highlights all voxels with attenuation values less than -880, -900, -

CiD 920HU, representing areas of emphysematous lung respectively. After analysis of all
scans, total lung volume and total volume of emphysematous lung were quantitated.
The emphysema score was calculated by dividing total volume of emphysematous
lung by total lung volume multiplied by 100.

¥71%9] A%4 $4& GE highlight scanner9)
“Density mask” AT Ego] T2IYL o] &3}Yu}.
“Density mask”# €3k= CTZHAS: Qe
voxelsTHE M 5= Q17| W&ol rollerz HAHo)
25 ¥FSA d9e F(Fig. 1), “Density mask”
& #8319 -400HUo|3}e] voxelso] x}x|3k= &4
2 91 Z 9hdA dojd e 2F os) "A o
43& T3 (Fig. 2A)"0. $8 7153 & gaug
o 8T A7) Sl ZlF-|dA e 2ley
o 38 FV1E9E AYA AL HegHoe 3
HE H71%e FFEE /M B wodEls How o

212 Al 7Hel CTZA4=(-880, -900, -920HU) &
%7 71EA 2 A 4sled P AR HeYde B
ol AZIF WY B9 $3g 27 TN (Fig.
2B-2D)** 110, AR o] LA o s7)E gy 2
A9l &Aulg Tl FHr)FE A4 (emphysema
score using whole lung, ESW) 2 Asl1n, 7l&zte
-880HUZ +¢ 79+ ES1, -900HU= 7% 7<%
© ES2, -920HU=Z 7% 239+ ES32 3yt &
B 371F AFE Fike e veslsie 5-ud
e BEFHo g MY ¥ 9o U W o 2 vy
% A (ESR : esl for -880HU, es2 for ~900HU,
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Table 1. Visual emphysema score obtained by visual assessment. visual emphysema socre is cal-
culated by multiplying the extent and the severity at each scan and summation of 5-

scan score
Grade Extent Grade Severity
1 <25% 0 no emphysema
2 25-49% 1 <5mm LAA
3 50-74% 2 25mm LAA, circumscribed
4 2>275% 3 diffuse or large confluent LAA

LAA : low attenuation area

Table 2. Correlation of emphysema scores(ESW, ESV) with pulmonary function parameters.
ES1(r/p) ES2(r/p) ES3(r/p) ESV(r/p)
DLCO 0.53/0.033 0.61/0.013 0.64/0.008 0.71/0.002
FEV,/FVC 0.57/0.016 0.51/0.0036 0.42/0.090 0.12/0.641
ESW: emphysema score obtained by density mask from whole lung

ES1
ES2
ES3
ESV:

: ESW obtained using -880 HU as threshold
: ESW obtained using -900 HU as threshold
: ESW obtained using -920 HU as threshold

emphysema score obtained by visual assessment from 5 representative scans

r  correlation coefficient

es3 for -920HU) & <don, 5-3AL t¥Yy &
o] ARJMRE 4em NFog 5-PAE HYEHY
o} @9 o] 5-@ldA WAMAY ARl AF e
99| FAA} Hejdle] 2 vt} 971 PR
el A% AEE A Hristd |KU4F sU1F A
F(ESV)& T8 &, si71F ¥de] ¥Hee &4
gaolA Fd s dA dig H71F BH v &S
T3] 4719 TEoE RN, AY A=E A
£ (low attenuation area) HWe] =7]|¢} $HA
o] f-5o] w2t 3749 FFor EFIIAUH(Table
D). #71% Hde] yeist A% =& 9j¢} 2ol 4
Fasle] FEF, o4l G g tidtd £4F ¥
71% A48 T3

EE PROA sigee 2R WUl AR
FVC(forced vital capacity), FVC%, FEV,
(forced expiratory volume in 1 second), FEV,%,
FEV,/FVC, FEF-ss(forced expiratory flow 25-

75), FEF ;5_1s%(forced expiratory flow 25-75%),
RV(residual volume), RV%, TLC(total lung ca-
pacity), TLC%, RV/TLC, DLCOC(diffusion ca-
pacity of CQ), DLCO%, paCO,, pa0, 52 A HE &
T3t

Ztzte] 9j71% A4(ESW, ESR, ESV)¢} #7]
5 AAL A Hote] FUUAE A7 Yotrn, 57
F Wi d3te Mz & 71E%k(-880, -900,
-920HU) & H&¥ 2% 429 si71F A<t 57]
5 A Bl Mz fel® zlolr} YA Fobrgt
o} =3 AN sjolN 7 H|F Aot 5-wEw
AYHA 7 71F A Alold] MR Zpojrt Qe
A vl & W3, “Density mask” & o] &
T w715 A5 (ESW) ¢} 844 8715 A4+(ESV)
Atojel] f-ol¥t ztol7} Sl obrgtt.

A8 B8 Pearson Correlationg ’7:“] 34
Il o]& 934 Statistical Package for Social Sci-
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Table 3. Correlation of ESW with ESR and ESV.

r/p r/p
ES1/esl 0.987/0.000 ES1/ESV 0.482/0.050
ES2/es2 0.990/0.000 ES2/ESV 0.652/0.005
ES3/es3 0.995/0.000 ES3/ESV 0.775/0.000

ESW: emphysema score obtained by density mask from whole lung

ES1
ES2

esl
es2
es3

: ESW obtained using -880 HU as threshold
: ESW obtained using ~900 HU as threshold
ES3 :
ESR :
: ESR obtained using -880 HU as threshold
: ESR obtained using -900 HU as threshold
. ESR obtained using -920 HU as threshold
ESV:

ESW obtained using -920 HU as threshold
emphysema score obtained by density mask from 5 representative scans

emphysema score obtained by visual assessment from 5 representative scans

r . correlation coefficient

ence(SPSS) program& AR-3}gc}.

# =

A o)A “Density mask” & o]4s] d& w72
AL (ESW)E A sl7)% FHAF 293 FEV/
FVC(r=0.51, p=0.0036), DLCO(r=0.64, p=0.
008) et F@dAZd AU Ui wr)% NFeh=
ZHBA7E YUk Table 2). 71FE A4 ZoA -
880HU, -900HUE 7)Zo=z & 7% (ES1, ES2)
T -920HUE 7}Eo2 ¢ A$-(ES3)EY} sjris
AL AR OA B ABVATE YA, g A
Abolo]l BAIH o2 folF b0l gLt

5-GdolX A& #7)1F A5 (ESR) &= A w9
A L s71F A (ESW) k= 4844 r=0.98-
0.992 4% &A@t 2111 (Table 3), #7)%
A 2T fojd FEBAs U

F¢Fo2 74 s71F AF(ESV) & Hgibsa
physiologic dead space ratio& #|9J% o si7)%
A#SE FATHoR foF AT AV i
(Table 3).

o #

H71%L FY A7 1BA ol3} dxAe] o7 s}
AEYe] H3= ot Ahe gle Ao,
ZH o2 TFA F1H(respiratory airspace) o] £
TAT Fgo] UAY sAFE vFYHA 7y
(hole)o] oA CTH B|FAFHQ ALY dgoz
Uehdoh?. E o 289 v71Fe] A9 Hdade o
e dod 75 o shg AWAYE CTA) o
71%9] 228 HAYHA ALY o). Ay
@3 o] 71F $79) F22EE Wlske g
B dApdY o 4R dw, T B g
Q9] w2 AR 971Fe 2] AGE o} A
A vdlA s171% GGo] AR wge o Py}
A &5 A =HADD. H71%e] e g g
W2 Y dFo o Frhe dEAte AYs) W
¥ YA 343 window width, window level
of oj g we ¥ ol WA & FFA
Ho7}h 7] e & o A¥AH oz T8
Y ohd g olg8 AdiFH ALY 9L FPHoe
Brlstele Alert AUAT Alzte] Bol Hele wA
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o] AUt ®, HZ “Density mask” programo] 7}
wgle] & o WE AZhel AeFo|n FH3A o
71%9] AFEHE 5 A HUR™, Density
mask & ©]§% 971% AF £4 Fapl e 24
2& 3 vrgdiths AR olu] Bag uh gloh o,

AAEL o Ao dHoA #H71Fe] & ¢
7% H71%e] ¥ U9e A% A=E F o A3}
A g 5= Ag Aoz Azs]o] “Density mask”
& ol83iA BE dEe] HrF HHE ZFAA
71% A& (ESW)E 2t #71F As(ESW)7L
FEV,/FVC 2 s&bs3) f-208 4aaAE oA
Kinsellag* 9] B39} dA3tG}. E7F 453 7]
5 AARERL 538 srlE A 53] VD/VT,
VO,Max, AT Ao} vz g o 7|&9] AAA
7% AL AR o 28 A4EAsE 2R o
= 5438 w7Es ARt #Jr1Fd] % g
A€ 2ol AH3] dEg Ao iHe AR o
gt ESWE ol7ls ZAke ojvides AddAE
HQou A dA #riF A& 43 731
F AT A8 AJ7o] 20-30F AR HAAES F
o Ag3Fo|n dsA AM-E & s WEE Tt
7] S EHI 5y A £ g whgo
2 {7139 AFEANE A= 5-dEdA &
& #71F A4(ESR) ¢t AA sl &L 571F A
F(ESW) Atelo] @S FAAAZ A7 wf el
AR 2 #71%e AFEH] ESR7L F2 AM-E
Qlcka Azt 3 58EdA 813 BAE F
& 73 #7|F A4 (ESV)E “Density mask” oA}
de ESWele] JaAls+= ESWeL ESRe] 4#A
ol v W& kg B (Table 3) ol= 471%
#EAe] A¥, 4EF #4949 FHLF Window
width, window level, B&=17t Wolgs} Fo| 3
& Aoz yzpdct

H71Z3 A4sE T2 AT 7IEA2A CT
ZAAAFE 29E7FE Q7 4 -900HU"Y, =43
7% -910HU? oj3tz ¥ng vt vt A=) 4
Tl o3l -880, -900, -920HU A 7je] M= o}

& 7|&X & F g3 Belted -920HUE 7|&e=
T& ES371 si7)s AA Ao Fg@Als ghel o
& B o] AAUAT o] Al e srIF RS A
olo] BAHo R oun|gle Aol U

AL A F7) A Al CTAZAE #
A& ed Knudson§ ' Hdl 7] AejolA 4
& CT oM l71FA-Y Agdoeq Role 7}
Pdo] B7) diEo] 7] elolA #IE AE AR
sk gith 3 AFgHo e Hol Be IAE gite
2 ¢ ATE B8 4 i E 23 7 JAH.

AE3 o2 CTA “Density mask” & ¢]4-3] 7]
38 FAYEAE HIF A5 #Hois A4 AR A
ololi= f-old JREAYL AN HrFe] FF=E
Brlshe 483 Wies Ydwct w3 5-¢
oA A& r|F AFe A% 528 & o
AgAola rdsA 2ela vlay A ey
7 A& Aoz A=Y §AF HUIF AFno 4
B o AYAE o AR i)

2 <%

g F< N

CTZ 7%y AZH £4& #8314 “Density
mask” & ©]&3tAY &AHog BAdA vr)F A
g 731, d71F Mgt #r1s AAE AR Alold
A@TAZE e NE golnted, srF AsE
T o8 Wi vimsle B} idsla 4@
U e etz .

g B

1799] 9713 82 ddez asy His} &3
29 AR (2T E2 A, AP 62
A, BE BzllA s#ibes vl7)s HALE A8t
Aot @zl AN g TR ZE AN
“Density mask”& o¢]&3le -400HUE r|gos
@ A #8H] N -880, -900, -920HUE 7]
Fog & WF 999 ulE 47 Fao #riE A
F(ESW)& A%l E di5dT HFolA 4cm T
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How 5-9g HYsle] “Density mask”& o] &
& 9171% A4 (ESR)E T3lx, Stdoz watst
o H71F AL (ESV)E Falant. Zzte) f71% %)
€ ks AR} vmsle FARH o2 fo
T FBBA7E deA] ol ngtew, HIE AeE
(ESW, ESR, ESV) Ajolo] §-9J3t 2ozt Q=X
Yo}r gt}

2 1

371% 84 “Density mask” 2 A% HE o]&
3] AL H71F A5 (ESW) e HEbs(r=0.61)
3} FEV,/FVC(r=051) %9 <HHA] Hr)s AA}
gt A7 A9 -880, -900, -920HU =

NERE € 3t de Ao ESW Alojdl= & -

o Aol7h glict. 5-@EE ojg3le d& ESR
+ ESWel 93d AgdArl sz, 4718 #7)
T AR E F& ARAAE 2YT. 8UF ¥
71% A$+= DLCO(r=0.71)%} physiologic dead
space ratio(r=0.58)& #|2% 2E 7% HAle}
FoJ% AEA} AATHp<0.05).

4 &:

CT’ “Density mask”& o| 23] o758 AH3FRY
@ H71% A+(ESW, ESR)¢ #7)% AR}
g FBBAZE AU H71Fe FFE] ol
88 oz Az, T3 W75 HA A E
sl ESW7l &3 og 73 5)7]F A$(ESV) R
o ¥ JUTAE B dEHY 5-GEgA &
< H71F A (ESR) & 7idstn Jesie] 44 o
ol B34,
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