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Breathing Reserve Index at Anaerobic Threshold of Cardiopulmonary
Exercise Test in Chronic Obstructive Pulmonary Disease
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Objective : Cardiopulmonary exercise test is a useful tool to evaluate the operative risk and to plan exercise
treatment for the patients with chronic obstructive pulmonary disease(COPD). In cardiopulmonary exercise
test, most of the measured parameters are recorded at the time of peak exercise, which are hard to attain in
COPD patients. So we evaluated the usefulness of the parameter, breathing reserve index(BRI=minute venti-
lation [Ve]/maximal voluntary ventilationfMVV]) at the time of anaerchic threshold(BRI,r) for the
differentiation of COPD patients with normal controls.

Methods : Thirty-six COPD patients and forty-two healthy subjects underwent progressive, incremental exer-
cise test with bicycle ergometer upto possible maximal exercise. All the parameters was measured by breath by
breath method.

Results : The maximal oxygen uptake in COPD patients (mean+SE) was 1061.2 +65.6ml/min which was
significantly lower than 2137.6 +91.4ml/min of normal subjects(p<0.01). Percent predicted maximal oxygen
uptake was 54.3% in COPD patients and 86.0% in normal subjects(p<0.01). Maximal exercise(respiratory
quotient; VCO,/V0,>1.09) was accomplished in 7 of 36 COPD patients(19.4%) and in 18 of 42 normal sub-
jects(42.9%). The BRI,y of COPD patients was higher(0.50 +0.03) than that of control subject(0.28 +0.02, p
<0.01), reflecting early hyperventilation in COPD patient during exercise. The correlation between BRI, ;
and BRI at maximal exercise in COPD patients was good(r=0.9687, p<0.01).
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Conclusion : The BRI,r could be a useful parameter for the differentiation of COPD patients with normal con-
trols in the submaximal cardiopulmonary exercise test. (Tuberculosis and Respiratory Diseases 1999, 46 : 795

-802)
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ks AF 243 Fo 553 AsrlsAAE
AABIER &5Hl 7], FFA, St ela e
A2 =84 12 371%, =84 83 aga
=34 12 37 /=84 HE¥8P] 5& A3
t}. %2 SensorMedics AFe] Model No. 2900 =}
AA AJA (bicycle ergometer)E ©]€-819 incre-
mental exercise€ AAIEITh. &FHAL e 2-
427 B3R Al H 23 10 Watts® 355318
ZIVsEA Ao 58 AFen 5% AuF
F9 3FF, Ah A% (oxygen uptake ; VO,),
oxygen pulse, ¥3 I &% (minute ventilation),
aglz o]Aksbgkh  ul&E(carbon dioxide out-
put ; VCO,) 5 10& 7tHo g 7|E3lgled 8¢
2 oi¥ 33t 53 A 5 Qe TES
&, F5, Az ¥, ddsideld 200/
130mmHg o)< #jMibs, 28l b A% &
Z Sol YehE 58 FA3Th &84 £3%
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index at maximal exercise ; BRI,,) & 5]
9] #7]%¥(minute ventilation at maximal exer-
cise | Vime) 3 )52l 8 7% (maximal voluntary
ventilation ; MVV) 9] ¥l& (Ve /MVV) 2, 8
I FAAGX A Au]ERA 4 (breathing
reserve index at anaerobic threshold ; BRI,;) &
BarAdx)o| A 2] @7]8F (minute ventilation at an-
aerobic exercise ; Vear) 3 i@z (MVV)
2] B &(Vear/MVV) 2 EAIE9T, |5
(MVV) & x84 1% 3713 408 F3ld 7314
t}, FAkAA o] (anaerobic threshold)¥ V-
slope #goz 243U, SFFEAHY ouz
& A4 (breathing reserve index at end of exer-
cise ; BRI HEF Fo5} Jaglel &5
AA F83 A0 248 23871 (minute ventila-

tion at end of exercise ; Vi) HdlF2l8 73]
H & (Vea/MVV) 2 3130 A3 HFe] o4
Z](predicted VO;pax ; pred. VOum )= A, €9,
AF, AFE vagste 230, T 739
B Rzk(respiratory quotient=VCO,/VO,)o} 1.
09013 A4 HuUEFd =2 Aoz BAS
Hrt.

328 A

24¢¥ ZHi= T + EFE L} (mean tstandard
error of mean) & Uehliglen], S48 24 ¢
98 SPSSg o]&3le Hax|e] viny Students
t-test&, 28] AAUHA= Pearson’s correlation
test& HL3x, K4 HAL pakel 0.05 vivt
d "= suct.

2 o
1. eP¥Al Biots HAM

s oA Aot FddizTe] %predicted
FEV,& Zz} 69.11+3.97% ¢} 102.62+1.58% <
on, FEV,/FVC(%)E Zz} 54.94+1.62%¢}
86.50+£0.80% 2 vrAs|AA lAg FxloA FA
Wz vigd  fedkA Bdth(dd p<0.01)
(Table 1).

2. EcHatAM A8k (Maximal oxygen uptake ;
VO Zmax)

s A HAE @xet FdizTY HoidaA
HFe 2zt 1061.2 +65.6ml/min®} 2137.6+91.
dml/mingon, ol dAxd] iF WEL(%
work capacity ; VOime/pred.VO;n.) S 242} 54.3
+3.0%<} 86.0+3.1% 2 THAsAA H A B}l
A ARzl vis oA FS Hdgaay
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Table 1. Baseline characteristics
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COPD (N=36) Control (N=42)
Male : Female(No.) 34:2 22 :20
Age (year) 66.7+1.3 25.2+0.5
Height (cm) 165.4 +0.9 168.6+1.3
Weight (kg) 61.1+1.4 64.9+2.1
BMI (kg/m?) 22.33+0.46 22.62+0.51
FVC (ml) 3102.8 £132.7 4429.3+142.4
FEV, (ml) 1754.7 +108.6 3808.6:+111.1
FEV, (%predicted) 69.11+3.97 102.62 +£1.58
FEV,/FVC (%) 54.94+1.62 6.50+0.80

Table 2. Results of cardiopulmonary exercise
COPD (N=36) Control (N=42) p value

VO;max (ml/min) 1061.2+65.6 2137.6+91.4 <0.01
%pred. VO;max 62.89+3.34 85.13+1.87 <0.01
AT (ml/min) 764.2 £60.6 1433.8 +83.6 <0.01
AT %pred, VO;max 45.51 +3.40 58.19+3.07 <0.01
BRI .. 0.66 +£0.04 0.42+0.01 <0.01
BRIy 0.50+0.03 0.28+0.02 <0.01
R>1.09 7 18
R<1.09 29 24

HoAgA o WE-go] fefsiA w3t (A2 p<o.
01)(Table 2).

3. BALA2{%|( Anaerobic threshold ; AT)

Ss A o ARE Bt A ERTY] FAAEA
= 7Ztz} 764.2+60.6ml/min9} 1433.8 +83.6ml/
min o]len, FAARY HPAAHHF o4
2o 3t HE-E (AT %pred, VOuma) & 242 39.3
+3.0%$} 58.8+3.1% 2 THAW A HAE A}
Al Azl s foEA wektk (A p<o.
01)(Table 2).

4. 2EBR T oljd|SH/X| (BRI.L) 2} FALH
XloflA2] of|t| & B x| (BRI 1)

Rz} (respiratory quotient=VCO,/V0,) 1.09& 7]
oz HUEFo AY 958 BPs%E o g
A4 AAE AN HA T =B A 36
B 79(19.4%), AYUZTAME 429F 189
(42.9% ) o]3]t}.

SEEE HA9 8 ZEFAF (BRLo) & DA
A dAF JANA 0.66 £0.04, FAHETZANA 0.
42+£0.012 sy SEE FRTAN Addz
2o W) felapl Eom (p<0.01), T4
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Fig. 1. The BRI,.; and the BRIt for COPD patients and normal subjects. Mean values are repre-
sented by horizontal slender boxes. COPD patients showed higher value of the BRI..s and

the BRI, 7 than control(p<0.01, p<0.01).

BRI, ; breathing reserve index at the end of exercise
BRIt ; breathing reserve index at anaerobic threshold
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o
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Fig. 2. Correlation between BRI,., and BRI, in
7 COPD patients who performed maxi-
mal exercise. The BRI, correlated well
with the BRI,,.(r=0.9687, p<0.01).

oxe] o] EFAF(BRIL)E WHIudg sid#
FA A 0.50+0.03, AFtiETlA 0.28 £0.022
] sAA Y EATAA BedETd B &
AA =X (p<0.01)(Fig. 1).

5. HcHREA|2| ofly | & XIS (BRI ) 2 FAEAHR|
ofiA2] oflt | & &X|<(BRIAr) 22| SEBA

Hoe5-& 9 DA R R (n=T)9
Al B ANA Y uSER T H-FAl
dulzEATE FA¥ YABAE BEILn(r=0.
781, p<0.01), Hh&3ol =3 FAN=T
(n=18)oM EF ¥ FEAAE JehhAH(r
=0.324, p<0.05)(Fig 2).

¢
FE7) AW BA9 £55Y AT W AAES
o8 viREdh & W] L IR 715N 2%
7144 A, HA2EF F-& AR 7} T wed
Aol 7t2nd o, s4dd Fe F¥ YA (dy-
namic hyperinflation) o] 2} A& 24 5 A
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FEAQAL, AR S BoAEHE TR, 5 &
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of Hlar}l Bt 9n)7} Ao, ouEFASe A
24 AMSEE AHdgre] #7138 R4 R| A
ZEFE BF AET 2Fgolng oo} BAglo)
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SFAADE 8All dF EFATo|Y Fedy ¢
B H7t T B30 {83 ol88. &FHAL
of ¥3d o3 AFEL HF (maximal exer-
cise) AJHNA Y] o] F2 olRHER PR} 7]
o $5& Sl HdE&Fol TE3HR] 231 A9
71%9] HA3 J7P oei e wEhA old Bz
48 £ A& AR o] st AdLFA

9] U EFAFE HulE-E5e] BT AP
Fo] B & (Ven/ MVV) 2 WHS34 AR E=
e uAGEo R F7HE AAE BT, v 1
AuHA sl AE BlolA A Bl o 7
And Mg AuBFRFE A F7EY U
A Ho) Tl =EEkA] B @xle] &5HA it
oo f-8% oz U

I

DS HEdE B2 36 (g 341, o 29%)H
ARz 429 ( 229, o 20%)& ddes &
T8 vl s zArE AT

d B}

DA #2A8 $x+e] FVC(mean+SE) 3102.
8+132.7mL, FEV, (mean*SE) 1754.7+108.
6mL, FEV,/FVC 54.94+1.62% o|lor A
ZFME FVC(mean+SE) 4429.3 +142.4mL,
FEV, (mean+SE) 3808.6+111.1mL, FEV,/
FVC 86.05+0.80% °]%it}.

A4 sl AE Eaiet AYAEREE] VOimnd
BHe 1.06 £0.07L/min®} 2.14 +0.09L/min 9.
3 (p<0.01), oo gt HESS 47 543+
3.0% ¢} 86.0+1.9% °©1UrH(p<0.05).

Rzt 1.098 7|1Eeg U4 sdA vZE Bl
A A5 2% Al 369 F 79H(19.4%),
A ETNME 429 F 187 (42.9%) °|31c}.

A A A Pl Addizie FALY
HojMe] du)EFAFE 0.50+0.033% 0.28 £0.02
o]t} (p<0.01).

HU5E FUT TN A Ao T
Ar ) Ae] dvl gL HEFA9] dujE
FAGFE Fo% ARdAE B8 (r=0.9687, p<
0.01).
<R
Fitadaloa e dqusFAFE A A
BT FYNZT Alolol] f-2F xpolE Yo,
o Me] T EXFAE ROl JauAE
B9c) mEky BALE XA Y] AujEFRFE F
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