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Breathing Reserve Index at Anaerobic Threshold of Cardiopulmonary
Exercise Test in Chronic Obstructive Pulmonary Disease
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Hyun-Suk Jee, M.D., Jae-Chol Choi, M.D., Yong-Bum Park, M.D,,
Chang-Hyuk Ahn, M.D., Jae-Yeol Kim, M.D., In-Won Park, M.D.,
Byung-Whui Choi, M.D., Sung-Ho Hue, M.D,

Department of Internal Medicine, Chung-Ang University College of Medicine, Seoul, Korea

Objective . Cardicpulmonary 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 [Vg]/maximal voluntary ventilation[MVV7]) at the time of anaerobic threshold(BRl,) 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. Al 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<C0.01). 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,/V0,21.09) 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 BRIt
and BRI at maximal exercise in COPD patients was good(r=0.9687, p<<0.01).
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Conclusion : The BRIAr could be a useful parameter for the differentiation of COPD patients with normal con-

trols in the submaximal cardiopulmonary exercise test. (Tuberculosis and Respiratory Diseasss 1999, 46 : 795

-802)
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AN R =84 1% 371%,
=84 12 379/ =84 Sﬂl%%"ﬁl & F431
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AA FFGA (bicycle ergometer) & ©]8-3}<] incre-
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%9} 3&F, A AHZE(oxygen uptake | VO,),
oxygen pulse, ¥ Z&¥(minute ventilation),
aelal o|Akslerks  wl&EE(carbon dioxide out-
put; VCO) 58 10x 7t oz 7Igslgon ¢t
& mME ZAHAT &FF ZFE ¢ e 2EFE
& F5, AR dsh, dgsideld 200/
130mmHg oj4e] s, 13 dele 48 &
% Fol Jed &5& T 54 23
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A=At
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cise ; Vima) & 422138712 (maximal voluntary
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reserve index at anaerobic threshold ; BRI )&
BAAARA S 37 ¥ (minute ventilation at an-
aerobic exercise ; Vear) 3 s e]#718(MVV)
o] H]&(Vear/MVV) 2 BAIBIAR, Holae]3r]%
(MVV)& =34 1z 37|39 408 T3t 2313
o4, FAkA4 YA (anaerobic threshold): V-
slope o2 FAATNY. SFFTEHAY ¥z
&A% (breathing reserve index at end of exer-
cise ; BRL,.) & HU&F ThoF% Jogle] &5
AL BB AR S £9871% (minute ventila-

tion at end of exercise | Vi) & H52187|3 2
B & (Ve/ MVV) 2 315Th HuldAA 37| A%
| (predicted VOimax ; pred. VOpne) & AR, 9%,
Az, AL wrgsiel FAAH. FdET 78
B R{k(resplratory quotient = VCO,/VO,) o] 1

0904 Ae ATl 288 Aoz #A}
Aok,
3.8 A

ZAE ZAie T+ FFQX(mean+standard
error of mean) 2 vehid o, A 24 ¢
594 SPSSE o]gsle] Hx e v]ils Students
t-testE, 18|a AddAle
test & 2&st95,
d W2 &gict

Pearson’s correlation
oA AR pgrel 0.05 Wt

F=
1. eFEAl S71s ZAL

ghdH A Hde Bale} AAdixTe] %predicted
FEV,& 2zHz} 69.11+3.97% ¢} 102.62+1.58% 4
o, FEV/FVC(%)e 47} 54.94+1.62%%
86.50+0.80% =2 wHH A4 A ajoA FA
z w8 fesA wdt(#A# p<0.01)
(Table 1).

2. EchakAM A 2F (Maximal oxygen uptake ;
VOZmax)

S A o 4e sixlel Addiase Hihad
Here. 747t 1061.2 +65.6ml/min®} 2137.6+91.
4ml/mingow, ojE9] Aol it WEE(%
work capacity ; VOpma/pred.VOsn. )< 242 54.3
+3.0%% 86.0+3.1% 2 AN HFT |
A gz ais) AdiataAdF e HAAaay
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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+1424
FEV, (mD) 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=236) Control (N=42) p value
VOymax (ml/min) 1061.2+65.6 2137.6+914 <0.01
%pred. VOsmax 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;pa 45,51 £3.40 58.19+3.07 <0.01
BRI,.. 0.66+0.04 0.42+0.01 <0.01
BRI ¢ 0.50+0.03 0.28+£0.02 <0.01
R=1.09 7 18
R<1.09 29 24

Hel A YEEol fefsA WA (A% p<o.
01)(Table 2).

3. 2L x| { Anaerobic threshold ; AT)

T HAE B FdixTe] FAAdR
= Z7} 764.2+60.6ml/min$} 1433.8 +83.6ml/
min o]glor, FitAigR]e AT o4
Ao gt W2-E (AT %pred, VOuma) 2 27+ 39.3
+3.0%9} 58.8+£3.1% 2 T4 HAS Sl
A Bz BE fofEl Witk (2 p<o.
01)(Table 2).

4. REEE M| ofd|EEX|S (BRI 2 FHLH
x|ollA{2} offd | EX]|5(BRIAr)

R3Zk(respiratory quotient=VCQ,/V0O,;) 1.09E 7}
oz Agge] Ay 48 BAsAE v T
A4 AAY BAA Tl =2 A 36
HE 79(19.4%), AYRETAME 428%F 189
(42.9%) °l3ict.

528 A9 P FAF(BRLW) & 33
A HAdg @A 0.66 £0.04, FAUHERTNA 0.
42+£0.012 DA A28 FxTAA ZAdz
T vl frelatA =%eH (p<0.01), FALHA
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Fig. 1. The BRI, and the BRI, for COPD patients and normal subjects. Mean values are repre-
sented by horizontal slender boxes. COPD patients showed higher value of the BRI.. and

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

BRI..q ; breathing reserve index at the end of exercise
BRI+ ; breathing reserve index at anaerobic threshold

1.1 )r
0.9 |
5 |
5 0.7
3
0.5 ‘r
0.3 !
0. 0.2 0.3 04 0.5 0.6 0.7
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Fig. 2. Correlation between BRI,,., and BRI,z in
7 COPD patients who performed maxi-
mal exercise. The BRI, correlated well
with the BRI,,,.(r=0.9687, p<0.01).

Arel AuEFAL (BRI = TAHAAE w2
Bzl A 0.50+0.03, BAZTANA 0.28 +£0.022
2 S A2 SN gz v &
Al =%H(p<0.01)(Fig. 1).

5. i2SAlI2 olld[EEXIs(BRI..) 2 FALHK

oflMe] ol |EFX]4 (BRI r) 242 HEBA|

HYe5e 73T WAAHAA A8% B4 (n="7)
A Fakrax]e e uisEX|get HoleE Al
AR ZEAFE S ABFAE BIeH(r=0.
781, p<0.01), HWFo =L3Hd Atz
(n=18)4 T g FARAE HERHIH(r
=(.324, p<0.05)(Fig 2).

I ¢t
3§ 48 Ao 25%E Alge Be AAEA
o wEHY. & 7] T2 TFZ V15N o
VAR QAL AFAES Z2 *V’@r ] =7} T =l
Aol 7txudt Ao, HAAd ZF2 T4 HHF(dy-
namic hyperinflation) o] £]3+ Al ‘%%k A 5 A
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tion ; MVV) 3} dAl &5 A&7k pojol,
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Aol f-8-3 Ao AdE.
-
g ddg B 368 (H 344, o 2%)
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1

-

A A #2383 322l FVC(mean+SE) 3102.
8+132.7mL, FEV, (mean+SE) 1754.7+108.
6mL, FEV,/FVC 54.94+1.62% c¢]gom AAU
ZFMEe FVC(mean+SE) 4429.3+142.4mL,
FEV, (mean+SE) 3808.6+111.lmL, FEV,/
FVC 86.05+0.80% °|lct.

A GA HEE Aot FAAERTY] VOumad]
BHHFS 1.06 +£0.07L/ming}t 2.14 £0.09L/min S0
H(p<0.01), Aol g g 27 543+
3.0% 9} 86.0+1.9% °]UtH(p<0.05).

Rzt 1.092 7iFo= A w4 #2s i
AN ALY =28 Al 369 F 798(19.4%),
Az 428 F 1878 (42.9% ) o[3lt}.

A A A Bxle} ARy Fakad
o He] euEEA 5 0.50+0.037 0.28 +£0.02
o]2tk(p<<0.01).

A &FS FA WA HZF SxlolA 7
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FAFE fodt AEAE Bt (r=0.9687, p<
0.01).
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