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Objective in Vivo Quantification of Emphysema by Thin-Section CT
: Correlation with Physiologic Findings
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Background : To correlate the emphysema score for quantification of the overall extent of emphysema in both
lungs by CT with physiclogic fingings and to get more objective and simple method 1o assess the extent of em-
physema.

Method : Thin-section CT and pulmoenary 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 physiclog-
ic findings were performed, comparing the ESW with ESR and ESV.

Results : ESW had correlation with DLCO(r=0.53-0.64) and FEV,/FVC(r=042 -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. ’ o
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.
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Fig. 2. A. Density mask highlights all voxels with attenuation values less than -400HU repre-

A_‘_? senting the lung parenchyma.
clD

B.—D. Density mask highlights all voxels with attenuation values less than -880, ~900, ~
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%&2] A% 242 GE highlight scanners]
“Density mask” A Ego] T2 1%L o]23 )
“Density mask™@& s CTAHAIF 499
voxels¥hg A& 4= 9J7] ef ] roller 2 #Ago]
25 285 A48 F(Fig. 1), “Density mask”
& #g-8to] -400HU o31e] voxelso| A}A|ah= £-3
< 93 7 99N QoA g 25 oF 24 9
44¢& T3grh(Fig. 2A)". ¥4 753 @ J44
o] §3Te 47 St @ -7|#AN Y 7183
3 AEe] F7lede AdAZ. Y es 5
BE W7F FERE VP 2 vdsle Ao &

22 A A CTA4A4(-880, -900, -920HU) &
7} 71EA 2 He3le] B AR ALGE B
ol Hr1E WY %99 &4& 77 FalrH(Fig.
2B-2D)4 118, AR o] S-2ef gt Wi HE B
e} &Hug Fild #H7IF A4 (emphysema
score using whole lung, ESW) 2 Asl%, 715zt&
-880HU=Z 78 7A9$-= ESI, -900HUZ 73 A%
+ ES2, -920HU = 3¢ 739 ES32 a3t &
@ H71% AFE e WS Il 5-gE
ghe R0z A F 4o AT H oz o]
% A4 (ESR : esl for -880HU, esZ 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 >5mm LAA, circumscribed
4 >75% 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 : ESW obtained using -880 HU as threshold

ES2 : ESW obtained using -900 HU as threshold

ES3 : ESW obtained using -920 HU as threshold

ESV : emphysema score obtained by visual assessment from 5 representative scans

r : correlation coefficient

es3 for -920HU) & dglon, 5-dHLe g=u F

o HRAMEE 4dom 7HFoz 5-THL MHsiy

o @8 o] 5-gHdA WA ARoel Ao
T3] BEA} st 7 dnit) Hr)1F Wi
Helsh A% =g AH Frkle {43 A71F A
F(ESV)E T3l &, #7iF Wi el 4
AN Fg = BH digt H1F w3 vee
Tl 4719 THoE BRAUL, AT =& A
€% (low attenuation area) ®Wwe] =v)e} §3A4
o 7o wet 3709 FFe2 EF3HH(Table
D). #71F w¥e] Hest AF A= 99} 2o] A
F3let] FIF, X g ghe tsle 89k 1)
71% A+E T3kt

EE A HAidse ¥Ee Hs AAE
FVC(forced wvital capacity), FVC%, FEV,
(forced expiratory volume in 1 second), FEV,%,
FEV,/FVC, FEF - ss(forced expiratory flow 25-

75), FEF -7 (forced expiratory flow 25-75%),
RV (residual volume), RV%, TLC(total lung ca-
pacity), TLC%, RV/TLC, DLCO(diffusion ca-
pacity of CQ), DLCO%, paCO,, pa0, 52| XEE
Tt

Z+ztel #H7]%E AF(ESW, ESR, ESV)s} #H7)
T A Axete] FVBAE 47 dolrx, #H)
Z Wi disty A2 & 7]E3(-880, -900,
-920HU) & &3 49 479 H71F A9t 7]
T AA A9} ME {7 Aol7} YA dobr gk
o} =3 A HelA 7 H)F Aot 5-gEnt
AeEiA 7 H71F AF Aololl A= zol7} e
A B & B 3, “Density mask” & o] &
g #H71%s A (ESW) ot $2t3 #7]%% A+ (ESV)
Atojell f-olgk zpol7k QeA] dobr gt

EA 52 B-24-& Pearson Correlationg A3
L o]& 9JallA] 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 : ESW obtained using -880 HU as threshold

ES2 : ESW obtained using -900 HU as threshold

ES3 : ESW obtained using -920 HU as threshold

ESR : emphysema score obtained by density mask from 5 representative scans

esl : ESR obtained using -880 HU as threshold

es2 ! ESR obtained using -900 HU as threshold

es3 : ESR obtained using -920 HU as threshold

ESV : emphysema score obtained by visual assessment from 5 representative scans

r ! correlation coefficient

ence(SPSS) program-& ARS8},

g5

AA HeolAl “Density mask” & o]84] & Hr|S
AF(ESW)= M4 dA7ls ZA 293 FEVY/
FVC(r=0.51, p=0.0036), DLCO(r=0.64, p=0.
008) ¢} AEAAYT AT UHA Hrls AE=
FBABAZY FUtH Table 2). 71% A5 FA -
880HU, -900HUE 7}&c2 3 ZAL-(ES1, ES2)
© -920HUE 71§z ¥ A9 (ES3)Rt wr)s
A A8} thd B FBATE B9AW, 4 Al
Atolel] BAF R FoF Aol Y

5-gHfA E& H71F AF(ESR) = AA| 4
A 4 WH71F A (ESW)sh= A RAlS r=0.98-
0.992 714 HA#A7 ULL(Table 3), 7%
At A9 fo@ daEAst Al

FAHo g g HUIF A (ESV) = sibsa
physiologic dead space ratiog A% & 7%
A= FATH R f98 4% AV g
(Table 3).

il

715 Y A7A olst Hl¥x7e]l 473 gt
Hzye] s Qo di-she gl 8ot ¥
282 0.2 3FA F7H(respiratory airspace) o] &
AT GFo] A HAAY wRRAHY 7
(hole)e] JoIM CTAF v}ZAAL ALRF d9o=2
yeidt?, & o A9 #1359 A ddde ¥
g dod & gloy} 7Ry ANAAE CTA< 4
7189 27& nAAAEA AgR dgoldt. A
@5 #@go| WViFe] R FE=E YR U7
3 Aoz U9A Qlx, nad dist 9sd
o wEe A Hqr)Fe 7] ISR oz A
A soA #H71% dYo] Ak vl&E o AL
A g5 A =GR, AFe A5F G U
Pz AR S o3 ke dEAe] FEH 4
& &9M9 AHL% window width, window level
o ojsf dFgg g ¥ ohlel A £ #EAD
ozl gl7] WiEel F o A e nel=
Y i g ojgs] JdAH ASF 99 AgHeR
B AT UMAT Azbe] Beol Ale 94
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o] At} ®, HZ “Density mask” programe] 7l
WEo] & o ME Al AuEeln FEslA o
719 RAREAE 5 A HJUR'®, Density
maskE 0|83t #71% A 24 Aoyt Hel 244
g & rgdivhe AME oln) Bag u) Qlops o,

AREL o AAe oy HriFe] Bde de
7S d715e] W9 Aot A AeE & o st
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T AR &ENE Wl AAF 53] VD/VT,
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7Ve AN AfE o 28 ABAFE 2Yed o
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g Bt Fs] g Aoz diEE A o
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T(ESW) Aol 2He FaAaA7E AW A=
AA 2 H7IFe] FFEAel ESRIE 2 A8d
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o] 2lsld -880, -900, -920HU A 7Mel Mz o}

& 712X E H gt Byed -920HUE 7gez
T8 ES37} W75 AAF AEse] AaAT ol o
A B2 73%o) AR o] Al A9 HAZIF XS AL
olo] EAIF o2 oulde Aol Y-

ARNEL A F7] oA AgdE CTAAE &
Agtged Knudson$ ' Hodl §71 AelelA Al
gy CT ollde 7|49 HgPoz Kole 7}
o] Wr| ufjol E7] dejelA #EY A& BF
a1 vt FF AgHon Hoh B BRE e
2 3 478 53 49 e 2RE F A

AzA o g2 CTA “Density mask”& o]&3f 7]
2 AFEAI JV1F A5 AV)F A AR A
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Bk 448 wyos Az, gy 5-v
Ho| A L& HV1F AF% drlFe] 5328 F o
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I
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Zog 5-9Hg A9l “Density mask”& o]§
g H71F A4 (ESR)E F3ln, $¢Hoz @33}
o #71E AF(ESV)E T3t 449 #71% A
& W15 AR ES vasld SAgHE fo
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d 3
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= ESWel S AudArt A9, 471 #7)
5 AANAESE $2 JTAAE BT 8944 §
71% A4 DLCO(r=0.71)%} physiologic dead
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o3 ABEAE 9ATH(p<0.05).
3 E:
CT% “Density mask” & o|48) #7]&& Agki4
g #71% X4 (ESW, ESR)$} #7l% AAANES}
Frefgt AAEAVE AU A5 2F5E9] Hrll
83 PHo g AzEn, £ Hr)E HAF AR
s ESW7) S}t o2 731 H7|& A (ESV)IE
FE AABAE 2. dEAHQA 5-dHA &
2 #71%F AF(ESR)& 7dsta sty A4 o
ol AT}
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