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= Abstract =
The Correlation between HRCT Emphysema Score and
Exercise Pulmonary Testing Parameters

Eun-Kyoung Choi, M.D., Young Hee Choi, M.D., Doh-Hyung Kim, M.D.,
Yong Ho Kim, M.D., Se Young Yoon, M.D., Jae Seuk Park, M.D.,
Keun-Youl Kim, MD., and Kye Young Lee, M.D.

Department of Internal Medicine, Dank ook University College of Medicine, Chonan, Korea

Background : The correlation between the high resolution computed tomography(HRCT) emphysema score
and the physiologic parameters including resting and exercise pulmonary function test was investigated in 14
patients(60.6 + 10.3 years) with pulmonary emphysema.

Methods : The patients underwent a HRCT, a resting pulmonary function test, and incremental exercise test-
ing(cycle ergometer, 10 W/min). Computed tomography scans were obtained on a GE highlight at 10 mm in-
tervals using 10 mm collimation, from the apex to the base after a full inspiration. The emphysema scores were
determined by a CT program ‘Density mask’ outlining the areas with attenuation values less than -900 HU, in-
dicating the emphysema areas, and providing an overall percentage of lung involvement by emphysema.
Results : Among the resting PFT parameters, only the diffusing capacity(r=-0.75) and Pa0, (r=-0.66) cor-
related with the emphysema score(p<C0.05). Among the exercise test parameters, the emphysema score corre-
lated significantly with the maximum power(r=-0.74), maximum oxygen consumption(r=-0.68), anaerobic
threshold (V-slope method : r=-0.69), maximal O,-pulse(r=-0.73), and the physiologic dead space ratio at the
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maximum workload(r=-0.80) (p<<0.01).

Conclusion : We could find that exercise testing parameters showed a much better correlation with the HRCT
emphysema score, which is known to have a good correlation with the pathologic severity than the resting PFT

parameters. Therefore it is suggested that exercise testing is superior to resting PFT for estimating in the esti-

mation of the physiologic disturbance in emphysema patients. (Tuberculosis and Respiratory Diseases 2001, 50 !

415-425)

Key words : Emphysema scoring, HRCT, Excercise pulmonary testing, Correlation

M B

#7]goldt Hel2Aey Age Mdos L Ay
FA] (terminal bronchiole) ©]3l¢] 717} (air space)
o] HIg4A Q) J74 g Bola Axye] war}
ZE AHE omgth. aey, HA 94 A

& WE 2o 270 s incke ¥ ve
FRIEG § A5 24 Bl B ol gan
o WEe Ba 530 AL AT AseAn

A2 H715E ddFe s Ads)r) o8& AS
7t Bt

olg o] 2 ZHE HI|EE Adsh= oly] WY
o] AAHIL =] o] FAlA FH A4t g
Fol HF2E & vl Wiy 3= B4
e E=gol Hu At 53] us = Halks)
#<d (high resolution computed tomography,
HRCT)& 717¢] 3 =& H71% %4 (emphy-
sema score) ¥ 3l H71E& Adsls Wos ¥
23hy FFh WS Aol & Aew 4HA
L= S
S, H71%0) 54 54 TEETe|nE
159 e A Hrhe 58 2AE X
Aol egsitia deiA At ey oM e
A% 55 BE A AVlE 74/~}°ﬂ °]&3)
B A7t BEA o] A ) WrlEe Ades
A 7 dom #xje] =8 o3l ujet iy} o}
& T U A Aok 2 A5 #e
Y FE= W A9 svx ¥8A de

0

o e N

Qrﬁ

st &g <3t Eﬂﬂ& HeE Hr1Ee)
Z2Z5 @A olgdlEe dy-Ec] MAHL ot
a2y 853 d7]% 74/‘} XIEE—*JJ{ H71E dast
o] A o7 dig d7e =8 AT
°]°ﬂ £ ddiAe #H71E S da usid=
5} 9, A dAVls AAL 2l FAAA
23] #7]% AAM(incremental cycle ergome-
ter )é— APt H71Ee ST B lolA 13|
A= Aaksl #95 QAA H71E AAL R 558
715 AARR) 45 FAAo) A ZARSe] Bttt

ro rN

oATOY X
1. cH A

1995%d 8¥XE] 1996\ 6Y7HA] E{LEE FLE

g 39loll J9s BARE FolA HAAH, dEE,

SFRAl H7ls AL B FEAMIEY S B8 A

71Folghi AVEATL H7)E 099 o] §l

o, %"b’—‘ii HgH 1479 =S Yoz

o}git‘r 2E e 990 e B Baaw
60.6 £ 10.34] (50-704) ]irh.

1) SHHA| Ho s 2Ab
FA A7l AN 1430) B mRolA dfee
4 317] 7% AAPH (forced expiratory flow vol-

— 416 —



- HRCT Emphysema scoring vs. exercise pulmonary testing -

ume curve), @F AU o3 HEH F 2
243t B4 (COY9l ©3] 359 (single breath tech-
nique)e] 2]% H ik (DLheo) S &3sl¥on 12
Be] #Azl A g & T HA| o] T spx
4 (ABGA) & Adslact.

2) &3 Hls Al

SERE Fr)s A= JaegerAte] bicycle ergom-
eter& o] 83l H3)5H 37|7)xe] bk o oAt
3 wael SRS Mo AAE mE o) ot
3154 7] (pulse oxymeter) 2 o] &3 MAT
S SAN AYBE T 2-5A1A T v e
& FAsYT &ER-HARE 7|ZARE
% 99e T eEraglel 187 234 &
g2 B 10 watt®y Faleke =v)
AFPEA Bap ado] U E 4 = Ao gkl

i b >
© e
" e

™

{ o
po & @ Ml P

+
Pt
il
L
e -‘10(‘

25E ASAES fusgion, 4% £ELY, §
o] Hohe] g

HoE Aol &85
£ el Azd 3Ae
g3t Zr}l, #ri4d <X (anaerobic threshold,

? T Adskd 3] HEA (re-
gression analysis)-& ©]-838 V-slope®l 0.8 73l
@71 AR A Yo R SAEY AuE
ME o) o) eaiRel A o e
= e, H AaadFEe] 7 A s d@xe] 3
$[5.41 X A& {em)-0.025 x 1}o] -5.66] (L/min)
9] FNoz AMIPHL. 5F ]S (breathing
reserve, BR)& Ho 2] #r)2F(maximal volun-
tary ventilation, MVV) oA $%A12] Hr 8r)ek
& W e Hd o] iR o wEes, Add
4= o u)&-(heart rate reserve, HRR)& o Hrj
Al A Ao Hd) Al W gom o
FHoj Avked] digt MEEE FeigEd A4 Hu
A [210-0.65 X Yol [o] FA A Al4teta
o, Huel )RR 124 Vi) 358 %
Fto2, oxygen pulser 24 AHZE(VO,) & Al

=

=2 ez L/ min/beat) 0 & -8l

3) THMT FMS 2 (HRCT)

F5 Asrsk 29L& GE highlight advantage(Gen-
eral electric medical system, Milwaukee, Wiscon-
sin)& o]gsl] 2 FAglol Ay F7IAl 1.5
mm A& (collimation), 10 mm 7FHo = w0 &
289 s FYF2AL 140 KVp, 170 mAsg 2%
7 2Ee] 2EdE AT (high spa-
tial frequency reconstruction algorithm)& AM&-&}
Ak A71Fe) A EAe ettt 2E 2709
A} density mask program$ ©]43le -400 HUZ
Nwow g Fws -900 HUE 7|5Eeg & 4
71% AAE A2 sl MEER #sle] of7]F
g Faldeh .

emphysema area

emphysema score= *x100(%)

total lung area

3. foldel H¥

BA 8k 848 statistical package for social sci-
ence(SPSS) software program£ o|-88kd Pear-
son AAle BEayeos A4sH D, pgrel 0.057]

RholB BAH frelye] Qe Aom 1S
o7 Zn
1. QFEAl Bi7lS ZAL

g BxEe A A s BA AEE FVC(%
pred)E 91.3420.2% 1om BE 3Aols FEV,
/EVC7L 70% olslz =34 #sbt Ao
DLco(% pred) = 62.7+27.3% = A HT}E 74y
o] gabgael ozt At FHE Jhx AAVS F
Wy AAReHe 73.2+12.3 mmHg® A4 dZ9)
27& 2Yri(Table 1).

— 417 —



— E. K. Choi, et al —

*apIXoUOW uoqaeo 10} s8uny oy} jo Ayordeo uolsnyjp | @ ‘Anoedeo Sunj [e107 | 1L
awnjoA [enpisal ¢ AY ‘DA 98Ul JO JIBY o[ppIlut oy} SuLINp MO[] AI01RIIdXS Paoloj ¢ %L,y .y
puooes auo Ul swinjoa Aroyeaidxs paodoj { IAH ‘Aioeded [elA peodo] { DA

6'€cF 9°0F 202+ 90F

€eI+ 298+ €L+ Q'L+ '8+ 61+ T'1F 6¢CF 60+ 8¥e+ 80+ 621+ as
A YA ¥'8e L7329 661 09¥% 86 66 9121 8¢ L18 01 8'Gg g8 V¢ ¢16 Ve usely
7'89 T0v L2S 8¢l 6°0% 78 LS 606 €7 T61 1I¥0 8'0% v ¢1 €8 A% 14!
L'LS (44 g'61 AN %S €T €L L91T 6'¢ gPe 860 9'69 1°68 4 61T G'¢ el
208 ¢y 80¥ 6¢£°6 g'1s 80T S9 6E1 ¥'E ¥0Z 90 "8y TG €1 88 6°¢ Al
7 1544 g1e 83 8°LS €9 Sy G011 92 %3l 2¥0 6'%¥ v¥¢ 80 Ay 81 11
§'gg gee 102 18574 £°6¢ 01T g9 266 ¢€¢ TL8 L1 6°69 91T 9¢ 21 L¢ 01
0L ¥o9e G'L¥ 701 21y L9 L’e T69 &1 ¢€V%¢ ¥#.0 ¥°99 ¢Sy T1 79 0°g 6 ]
628 20y ¥'¥9 (A L'yvy 66 €9 821 8¢ T9T LSO {444 ¢0s 91 16 9'g 8 o...m
96 1%2 1y 801 ...V g9 d81 L? 1% 2L0 18 299 61 %01 8¢ L |
LAY 0¥ a0t 1'v¢ 9y NOM 79 €¢1 67 67%¢ ;;mw.o g6y L'€9 91 101 €€ 9
a8 L'EE 969 L'61 y'ee g6 g9 001 <7 6¢ i S g'Le ¥7 G6 (A4 G
L08 8'¢ed 1°14 66 g9 8yl ¢¢ ¢g¢e ¢1 9'19 999 €7 .3 8¢ 4
a8 v V'8¢ vl £'%a 20T €6 Lgl 6% S¥I &¥0 ¥y 208 N.H 06 L'? ¢
08 g1y 8’16 S A 9'%4 801 ¥9 €41 ¢g'¢ ¢ 860 109 8L 4 G6 (A <
166 H.mm,. €62 27 gv 4§28 ¢S1 668 Q1 1'gL 8’89 VG 28 ¥'e T
S Bt % spwwww | % % 1 % L % SA % % 1 % 1 oN
‘oed  0Ded “r1a O1L/AY 1L 9H-AY STRARd DAd/'ARA 'AdA DAL ushred

ewesAyduie yum quened 1 eyl ul suelswrled uonounj Areuowrnd pue [estur)) T d[qR],



— HRCT Emphysema scoring vs. exercise pulmonary testing —

*QES 9SII8XS WNUIXBW-*()RG 1534 | ‘(eg v ‘Ajoedeo [e1ia/eoeds prap otSojotsAyd ¢ I A /A
Ndino 9pIXoIP UogIed [BWIXBW | XBUW (O A ‘UONdUNSUod () [eulIXew ¢ Xew FOA ‘Jemod [BUIXBUL ¢ XBUI I\

671+ VSF 96+ G6IF 882F &SGF €¢F TVI+ L2€3F VE8ET 9IF G¥%F 602F 9996F z2e~ as
vie 6'1 £€c6 o9y 608 60¢ '8 9€r 0804 6'¢e0T 009 841 919 8196 Q011 umey
029 14 €6 9'6¢  L0g 8€ 69 £9¢  L¥9 geL  T'6%7 801 6'9% 828 09 ¥1
¥'6S g1 9L Uit L3 €e L 919 /89 980T 188 V61 698 ¢l6 g9 €1
§'€s I €6 ¢’1e 099 6¢ Ly 6'8¢  86¢ s19 €95 g7l 80¥y 199 ov 4}
86V 01~ €6 ¥'0Z €99 1€ ¥a €92  g¥s 08, 205 LTI L1e €99 0g IT
0'9% 01 ¥8 I'ze  06¢ 9¢ 9 6'9¢  6€2 S65  9¢€y 901 128 &Sy Gg 01
0y 0 68 8¢ 979 9¢ 8y 8ve  Siv €S €1y 901 gevr 91§ 0s 6
6'9¢ 0 L6 L6y 20y 43 €01 g2¢ 169  ¥R0T 2¢€v 6731 61y 168 0L 8 W
v'se 0 96 6'1¢  0'8¥ 1€ 8'g 46y G998 €¥6 879 VGl 687 6301 04 L A_w
(225 1 86 §LT 9¢1 9€ 6 Ves 89  §%1 298 661 26 tElel 0 9
€'Le I- L6 €61 §'Le [£4 6'8 0y Lgé  06¥V1 Q€9 702 Lys 99¢1 06 G
§'Ge 9 68 07 £'8¢2 9¢ LT £€¢S 1811 6661 8¢9 02 §'¥8 6481 091 14
L'¢e [ 96 ¥ee  9'G1 514 9'6 1¢. 698 1621 L'¢8 9762 ¢'88 6311 08 €
'1e 0 96 A AN L3 §'8 9'¢s  ¥8. 011 T'99 891 8.9 266 SOT (4
§'01 1 ¥6 606 S¢S £€¢ €1l LSy 8201 SIVD P18 987 LG9 Tivt 01T 1
% % % % vesq w9 wu/u uma/jwe 9 i/ g, umu/un ON
Xeuw asnd Xel Xeuw Xeul
8100s IDORS V. fOBS  Y¥H  dd  LA/JA Wnunxew QA /LY ‘00A 4/°0A XBW OA dM - uened

sjnsal 1591 as10J9Xe puUrR 81008

pwesiyduis 1HYH 7 9Iqe]



— E. K. Choi, et al —

Table 3. HRCT density mask emphysema score
results

Emphysema score
<10 %
10-19.9 %
20-29.9 %
30-39.9 %
40-49.9 %
50-59.9 %
>60 %
Total

[ N - - R - BT e Y [ o

bt
>

Table 4. Correlations of HRCT emphysema
score and Resting PFT parameters

correlation p-value
coefficient (r)

FVC % 0.0051 0.986
FEV, % -0).4531 0.104
FEV,/FVC -0.5148 0.060
FEF 35— 5% -0.4621 0.096
RV % -0.0194 0.947
TLC % -0.0783 0.790
RV/TLC % -0.2970 0.302
DLCO % -0.7225 0.004
Pa0, -(.6580 0.028
PaCoO, -0.0334 0.922

FVC ; forced vital capacity, FEV; ; forced expir-
atory volume in one second

FEF 515 ; forced expiratory flow during the
middle half of the FVC, ]
RV ; residual volum, TLC ; total lung capacity,
DLCO ; diffusion capacity of the lungs for car-
bon monoxide.

2. o715 et 235 F8t wvls Al

Table 5. Correlations of HRCT emphysema
score and Exercise testing parame-

ters
correlation p-value
coefficient (r)
VO, max -0.6802 0.007
VO,/kg max -0.7103 0.004
VO; max -0.6800 0.007
WR max -0.7382 0.003
AT -0.6938 0.006
BR -0.1030 0.726
HBR -0.1264 0.667
max O, pulse -0.7282 0.003
VD/VT max 0.7976 0.001
max O, desaturation 0.2179 0.454

Wr max , maximal power, VO, max ; maximal O,
consumption, VCO, max ; maximal carbon dioxide
output, AT : anaercbic threshold, BR : breath
reserve, HRR : heart rate reserve, VD/VT ; physi-
ologic dead space/vital capacity, A Sa0,; rest
Sa0,-maximum exercise Sa0,

o} zoht. HeErs(Wrmax)s 110.0+32.2
W, H22AH%H (VOuma) S 61.6+20.9%, &7)
A AX(AT/VO,) = 43.6+14.1% Fom A
AP3E1&(VD/VT) & 30.9+5.5 ol #7715 &
T 10.5%904 62%2 2XE Egon 10-29.9
% Alol= 59, 30-59.9% Aol 89, 60% o4
& 199[3lth(Table 3).

3. H71F B2 Al 7|5 ZAL R EZHe) AEkd

#7155 Aot GRA @7l AAke AR AEds
37|12 % (FVC, FEV,, FEV,/FVC, FEFys_15) %
#4-4 (RV, TLC, RV/TLC), 598 o) @i
4 (PaCO,) 7holl= ol & A7t glgih. <3
Al 2AE s E9H(Pa0,)(r=-0.66, p=0.004)
#} #3845 (DLeo) (r=-0.75, p=0.028) 7t Ajut
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#9]% A7 AT (Table 4).
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