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= Abstract =
Measurement of Ventilatory Threshold in the Patients
with Chronic Airway Obstruction

Kye Young Lee M.D., Young Koo Jee M.D., Keun Yeol Kim M.D,
Department of Internal Medicine, College of Medicine, Dankook University, Chunan, Korea

Background : There are many suggested methods for the indirect determination of anaerobic threshold( AT)
using the changes of ventilatory parameters in respones to veritilatory load accompanying the increase of blood
lactic acid level during exercise and the threshold derived from them is called ventilatory threshold(VT). They
include ventilatory equivalent method(VEM), End—tidal PO, method(PETQ,), V—slope method(VSM), and
respiratory quotient method(RQ). But in the patients with chronic airway obstruction(CAQO), the AT deter-
mined by ventilatory methods may not reflect true AT because the patients with CAO show inadequate venti-
latory response to the increase of blood lactic acid level during excercise.

Methods : For the investigation of detection rate and reliability of above four VT determination methods in the
patients with CAO, we performed the symptom — limited and maximal incremental exercise test in 17 patients
with CAO and 12 normal controls. The incremental workload was 10 W/min in CAO group and 25 W/min in
control group. The reliability of VT in each group was investigated by the calculation of Spearman correlation
coefficient.

Results : The detection rates of VT were 100% by RQ, 91.7% by both VEM and POETO, and 83.3% by
VSM in normal control group, while 94.1% by RQ, 64.7% by VEM and PETO, and 83.3% by VSM in CAO
group. Good correlations were noted among VEM, PETO,, and VSM except RQ in normal control group. But
there was no significant correlation except between VEM and PETO, in CAO group.

Conclusions : RQ is very sensitive but crude and VEM is near similar to PETO, The clinical usefulness of VT
determined by ventilatory method might be limited in patients with severe CAO.
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BAAGR] (AT © anaerobic threshold)@ Was-
serman® Mcllroyel” ojs] A& AFE gz
&% Ak 3UIEUARIA E7iddAlze] A
F AAEE A FARGRE FARINA 25l
g A HEme) fAkk FHEA 29 XBE
o]&-5H™,? A dH AfA M= HEH $5H
g 28kt S48 Aol Ho* 4, ol T
A9 FHAT F8Ad=E B7stn FAAYA
7t B2 28 FENA Wl dALe] S wgE)
<A didAe 42E ojzo] e Aeoln?, wo}
AZAHQ EAzA FALGRE S5 M9 2
o] RaliZleke WHEAQ A7} dFs ok

FAAHXE FYshs AP PHosE ¥
FAAE EFsH= Aol BF oz 48R Un
o]& fArdx (LAT : lactic acid threshold)&} 3}
<, ole #¥3 Wiolzhs Ade] Ut.” #H
TFA BB €5 fite=e 371l whE diag
BEFE A A8 Dshs FEtdel ¢33
83} olol] SukElE olisiRia WA Fvk= Bt
YA o2 F43] FUteHA e, ol2d &8
Al F AT FUl FUEE @18 Kl
Wgse o @714 Ee Zlaag A#e] Wl
o3l v@EH o FANHE FAALYAE WA 9
Z (VT : ventilatory threshold) & 7}Anf 2
A4 =] (ATge : gas exchange anaerobic thresh-
old)a}z Fo}”.

WNEHAE F3Fsh PHo=E A, olisle
& 87133 (EqCO,=VE/VCO,) 9 %7} glo] Ata
#713% (EqO,=VE/VO,)¢] AAFHo2 Zrlishes
A A AYEE 8718 (ventilatory equiva-
lent method)®®, &3, FL57] ojistetirEgl
(PETCO,) ¢} 74 glo] ¥2357] 4489 (PETO
Dol AAAez Frlete AN R F2%
714489 (End—tidal PO, method)®®, A5,
Beaver%o| AA# VO,¢ VCO.& YFoz 3o

3% E¥OA FAFEE o]8-% F o] dYsAR
AMof oja] AAs= V-7ZAPH (V—slope method)
10 Fo] glon, YAz, f44e FENE R
& BAHE olildleAg sl A FH e v}
o ula) olatsteia Wigo] BR¥Hoe Frleins
F&A4 (RQ : respiratory quotient=VCO,/VO,)
T #1499 vz oj88 5 Slvks 9= 9l
ol1M, olE X% o] HI7kA] Wy Fo) WA &
214 k.

ey oju] f713FN7t zefso] e WA=
HE Bole BAlAe Hd 1 887]Fo] 43 2
250 & FE Yu'*Y, FHY ojaksieks Bt
o] 713l we}t Frvkshs 871 ¥hgell Bz} &
o] £3] FAH o219 BALGAE ZA3=d]
ojA 8714 HAE ol&dh= AL 1 F¥A B3
A B vE £ Aok oo ARELS AVl
7H] 871492 &3 WEEd <& 2349 4 )
AYAE AU YA E Hole AA
vmgoen fr|golrt xegso] e 7=
A BAME F7IGHR] FHo] A=) e &
P& £ 75 APse.

e 3 Wy
1o &

AP 1739 BA7 |22 12959 ZA4d
ZFo2 FAEAY. U= 1 9l A%
o2 WA AR} 99, vEFEA 352
oA &g HdAgad g B¢t 59, /@NEEF
o] 3%olqitt. 5= L A% 7= (35%pred.
< FEV1/FVC < 65%pred.)& Hol= #x& o
4 A2 dAsen 2R dxlojln HFAHe
58.8 £9.041F T (Table. 1). A 3704 oo &
‘gotstel Weo] giglor Fxt, n¥ESL, AFAH 5
3} 2 FAARE 71 S At BAL B
Al theophyliineA|Ale} wiel—2 — RN AGRA =
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&Aoo R AT TL& FYO.2 AXES Aot 4t
2%<], digitalis 2 ol=AlE B8l = =
A I3t

Az 1299 A4 G3oisadd Wz
Agele} AsPEEN 25 PG HAFAY
-5—1-' 27.3+4.5499.29 spirometry& o}|&3% #Hris
MG 25 A 278 290 (Table 1).

2% 9

1) 55334

5 AAE 59 JaegerAle] Oxycon Champi-
on system(Version 3.2)9] bicycle ergometer&
o] g3te] At A= Holx AF 24t o]
Fol AL &5 TREZS F4 A4 F1F
HUl 523844 (symptom—limited incremental
maximal exercise test) & edtgdct. FH AT &
T EZREZS 180 AE L 18] 3

Table 1. Demographic data of cases and controls

A7) (free—wheeling period) 2 %58 A|33% &
LEHIE FRFor FTMAAHT. FdtiETdA
© 189 25 WHE, w7 |zddddrs 1&9
10 WH & 42t 377184 58 Ashed &
5 4% A& SAAE ggtor] &5 AR
dE ule} o] £Qlo] & # e Hd FEHA
+5E A45Y F 33, FE . R IR 32
5 5 58 A5Y 4 Qv 4] ¢ Bl
2248 $5E& FHE T4 ATH Z2EZE AY
it 2559 AE HABMY F4] £5FIE
FIA FEog Yo S&7te IEIE A F
A 28395 FAF 3 Triple V volume trans-
ducerel &g TwinTube& E3 Al87} AFHA
7] 2 37149 848 pneumotachographol 2Ja
ZREHI 72 BAvl) o8 ka9 olitsleiae]
7t Bqte] A=Y AFH 4 T2 93
Zt 3FE AsEH o] 7Hedith A4 Aave 83 5
F9] FEAEA A&

Control CAO*
Age (years) 273 + 45 58.8 + 9.0
Height (cm) 172.1 + 4.0 166.1 + 5.8
Weight (kg) 69.8 + 54 602 + 10.5
BSA (m? 1.82 + 0.08 1.67 +0.14
FVC (L) 482 + 0.38 3.05 + 0.54
FVC (%pred) 992 + 5.7 82.7 + 14.0
FEV, (L) 4.12 + 0.39 1.54 + 0.58
FEV, (%pred) 100.0 + 6.8 52.9 + 20.3
FEV,//FVC (%) 855 + 5.2 497 + 129
FEFymx (L/sec) 4.59 + 0.99 0.73 +£ 048
FEF 5 m%( %pred) 942 + 19.0 22,1 + 146
DLCO (ml/min/mmHg) - 138 + 380
DLCO (%pred) - 57.1 £ 102
PaC0O, (mmHg) — 394 + 5.0
Pa0; (mmHg) - 83.0 £ 124

% CAQO : chronic airway obstruction group
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NEANA 7]led upel o] BIIFRY, LI A
AR, V-3 A, 28y T W7k W
o3 Ztzt 714 gxE AR}, P
olAbsieta SR i WolYEE A Y1, Y
29] o2 3= =AM oiidlgs 3 H
(EqCO,=VE/VCO,)¢] %7} fl°o] 44 #719%
(Eq0.=VE/VO0,)¢] HAH& olFi AAZHeR F
7¥she AEOA dAsinr. $830] AaEehde
F2457] olddigaiygy FUIY] AAERE &
Zk Y1, Y29 202 3l XA $L37] ol4tat
w©a8q (PETCO,) S 74 glo] $257] AaBet
(PETO;) 0] AAAHE oj21 AAH e F7)5hz A
HolA ZA3IHE. V- BAPELS V0,2 VCO, & ¥
Zog &l I ZHEAAM AFEHE o]&F 5 £33
o] MYIARMA o8 AAIY. EFAFHL
RQ (respiratory quotient=VCO,/VO;)7} 1.0 1]
gtofl A A3 F7I8IEr ARo2 1.09 ¢2& Al
oA AAsIH o HLHE RQ7F 1.0 o3 3
$= 49A7) gle Aoz AR

3) A&EH

Table 2. Maximal exercise data of cases and controls

Az 7 zsdee] S Arig dl
7HA 871894 &3 vhdo] zte AZx(reliabil-
ity) & wasly] fisted 4 282 7 WEEld
Spearman J@AITE TIIAL F9J4 BHL p-
value 0.059|%A §-23 Ao e Hrisich

=

vl & E R38R @3t Table 29} o] AANZF]
Y-SR 192 £ 18 W, BANEHAHTNA
= 71 £ 22 W= §9% zlo] (p<0.05)E B
o, HQA2A AT FPdzToA 2512 + 321
ml/minE ¢&x]e] 74.8 + 7.9%, WA=
o4 931 + 22ml/minZ &X|2] 56.8 + 16.6%
2 #93% 2}o] (p<0.05)E BHh. o] o) 74d7]
= dFAe ERClEe] 12.8 + 10.3L/min,
Alukg ofu]&o| 52.4 + 20.9beats/min, Hoi Alu}
A2 (max O,—pulse) 7.8 = 1.6ml/beat2A] A4}
279 3FulE 27.2 £ 12.7L/min, Ak o
H}-§ 27.4 + 12.8 beats/min, Ht] A¥takA (max
O,—pulse) 11.5 + 3.7 mi/beat .t} §-2|§ a}o]| &
HAG(p<0.05).

Control CAO*
Wmax (W) 192 + 18 71 + 22
VO,max (ml/min) 2512 = 321 931 + 22
VO,max (%pred) 748 + 79 56.8 + 16.6
VO, /kgmax (ml/kg/min) 292 + 4.1 16.1 + 3.5
VCO,max (ml/min) 2821 + 4.7 1106 + 327
VEmax (L/min) 67.3 £ 12.9 37.3 + 10.7
BR (L/min) 274 + 12.7 12.8 + 10.3
HRmax (beats/min) 1652 + 124 121.1 £ 21.6
HRR (beats/min) 272 + 128 524 + 209
max O,—pulse (ml/beat) 11.5 + 3.7 78 + 1.6

*CAQO : chronic airway obstruction group
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Table 33} Table 4= W7IR] @7149% 344
Yol ojs 249 A W2 HYIEdATAA
9] Z}zhe] @7l A e] AadHFo|t}. Ak
o2 < RFOA B/, FEII] ARG
H, V=23 A1 58 vaa AR £X& Bo|x ¢l
o EFAFH 27 WG e 42T 2o
E HolT UL AT £ Ut 7 WS o
T WG AE AT F U= FE LS FPUERT
AA TExHel 100%, 7133y 957 4
2890l 91.7% 2 2L NMEE BT, V- 73AL
HE 83.3% 9 HIEE Ho Nty oz nwd £
Hlzol A& ¥l W, BV e B
FAFHo] 94.1% 2 78 whovt UG FE F
U5 7] AaEPHo| 64.7%9) ABWEE HATZ
o vjE] FA3] ZAHUR, V- AAPES 83.3%

2 A4z 4Egd oA e visE nyrd
(Table 5).

olu] &7|Aol7} XA e FFE oMol WA
71=ds] A F7)AHA Ao WEE AE
& #8l7] Ylete] A2 EE U7k 23 W) o
3 Z2AE Z7te] §r|49XE el Spearman 4
FAFE Tl F4E ASsd. AdURZo)
A 4 Y EY AT IEEET $357)
A2EQPAZI] 0.9182, Fr|Pepdat V— AApETY
o] 0.7455, a1 FL5 7] ALEYHT V- 34}
Ho] 0.7091 2 7|37 FU57]) AAEH,
aglal V—AARH Alolols fojdt AdFAIE 8¢l
T 7 Aoy, TEFAFHE Fr|FFE A7 0.
62429 ARAFE o F9X4E RAAT T2 50
AaEHE V- AAESE fod AU E 8

Table 3. VO, values at ventilatory threshold determined by four methods in normal control group.

(ml/min)
Paient’s No. VEM* PETO,* VSM® RQ=1°
1 1892 1892 1834 702
2 912 909 751 496
3 654 681 1098 420
4 1196 1251 899 640
5 1694 1650 1195 640
6 1383 1316 1288 850
7 1913 1889 1285 1105
8 1285 775 1063 1176
9 1758 1591 1257 1364
10 823 770 - 627
11 909 985 905 1087
12 - - - 923
Mean 1311 1246 1158 836
+5D 453 455 300 296

* VEM : ventilatory equivalent method
# PETO2 : End—tidal PO2 method

@ VSM : V—siope method

$ RQ=1 : respiratory quotient method
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Table 4. VO, values at ventilatory threshold determined by four methods in chronic airway

obstruction group (ml/min)
Paient’s No. VEM* PETO,* VSM® RQ=1°%
1 456 456 636 521
2 — - - 554
3 - - - 491
4 432 449 360 506 -
5 503 492 656 376
6 520 522 - 618
7 650 642 755 686
8 505 491 - 464
9 957 963 683 921
10 697 640 465 602
11 892 862 561 723
12 1005 983 710 537
13 634 624 570 448
14 - - 613 -
15 - — 561 674
16 769 779 600 495
17 -~ — 754 392
Mean 668 659 610 563
+SD 199 194 112 139
* VEM : ventilatory equivalent method
# PETO2 : End—tidal PO2 method
@ VSM : V—slope method .
$ RQ=1 : respiratory quotient method
Table 5. The detection rate of each VT measurement method
VEM PETO2 VSM RQ=1
Control(n=12) 91.7% 91.7% 83.3% 100%
CAO(n=17) 64.7% 64.7% 76.5% 94.1%

¥ 4 Peich(Table 6). Wt B zRol A
AH2Ae) BHge] HolAt BFATHE A
Qut oz ol AgslE Unix) A7k FEEgel
FoI FUBVAS UAY 5 o) BAAoIAL] 3]
Heix 2759 Ve BA & Atk wel D4

Z|=d Aol e B9 U5 AAaEey
Aol Mut AaAl4=71 0.98600 2 AANZTAA
Ay vlg 22 IA=E BYD Uz HEEDE
I ol ZFT Fog ARTAE FAY F Ui
(Table 7). wtebr] 47| Al M= 5FA
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Table 6. The correlations between each VT measurement method in control group.

VEM PETO, “VSM RQ=1

VEM r 0.918 0.7455 0.6242

p 0.0001* 0.0133* 0.0401*

n ' 1 10 1
PETO, r 09182 0.7091 0.4510

D 0.0001* 0.0217* 0.1638

n 11 10 11
VSM r 0.7455 0.7091 0.3344

p 0.0133* 0.0217* 0.3450

n 10 10 10
RQ=1 r 0.6242 04510 0.3344 ‘

D 0.0401* 0.1638 0.3450

n 11 11 10
(r ! Spearman correlation coefficient, p : p—value, n . number, * : p<0.05)

FRE Adstrizts REAY A yriA A7EA B B57] TS, V-3 5 A et
Bl dA=7} @As] oA mg #rIYHA] 4 o] A7 e 282 veRd Zoln, fig. 4414
< A et 9EE A% AR Fig. | fig. 67kA= TAE7I=HATZAA S 7] Al7bA] By
AlA fig. 374xE Az B1FFY, F B3t HRE7AdE =12 eP Fojo.

Table 7. The correlations between each VT measurement method in chronic airway obstruction group

VEM PETO, VSM RQ=1

VEM r 0.9869 0.3697 0.5455

p 0.0001~ 0.2931 0.0666

n 12 10 12
PETO, r 0.9850 0.4667 0.5454

p 0.0001* 0.1739 0.0666

n 12 10 12
VSM r 0.3697 0.4667 -0.0490

p 0.2931 0.1739 0.8797

n 10 10 12
RQ=1 r 0.5455 0.5454 -0.0490

p 0.0666 0.0666 0.8797

n 12 12 12

(r : Spearman correlation coefficient, p : p—value, n : number, * : p<0.05)
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Fig. 1. The correlation between ventilatory equivalent
method(VEM) and End-tidal PO, method
(PETO;) in normal control group.
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Fig. 2. The correlation between ventilatory equivalent
method(VEM) and V-slope method(VSM) in

normal control group.
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Fig. 4. The correlation between ventilatory equivalent
method(VEM) and end-tidal PO, method
(PETOz2) in chronic airway obstruction group.
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Fig. 5. The correlation between ventilatory equivalent
method(VEM) and V-slope method(VSM) in
chronic airway obstruction group.
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Fig. 3. The correlation between end-tidal PO, method
(PETOz2) and V-slope method(VSM) in nor-
mal control group.

Fig. 6. The correlation between end-tidal PO, method
(PETO2) and V-slope method(VSM) in
chronic airway obstruction group.
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Hol= it A 7Y ZAe Aol EA7 5
= AL A2 AHE vEst depsgest she
Azew A4 23" A7} Akl Gohd Fl7kest
= g Aok Axte] A A2 A% 7=
HE Hol= ASE 9x] AR 50%9 AA ¥
ob Br|gAR 9] QA FEAd JEE FE 4
= glout Esst AY A A 2E A%
ol ol A7t 24 shsdlths RIEE 3lol*9,
I §44e 2R Fue g BdPdAE FEV
/FVCE 71202 o|&X9) 35%oldolA dj&e]
65%TRke] FS5 ojate] G (elZXe} 35% vl
vhe] whe AF A= A9)) BRE oz B
oo 9 2937) AAEqPEe] A A
280] 64.7%, V— AL 76.5% 9 H&eg B
of Uwrael F2ed HEY $EL BT V-7
Aplo] 20 e A& L By

eogt 2" WINANIL A4 FALHR
o] Fgrel drh ZARVLE BYFE BYE (va-
lidity) @] BAIQE] o] A% EFe HEH W 9
8 2" A7} 712o] Feh et B AT
e A e 9% 84 ¥E8 S5 4st
7] B2 BldEe) Ao daiME =8 vt gl
7 Az 2eu 249 149X gkl o
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P gl 2 I feae fAT F ke
=23 ZAS ) £ A7 24e vI=dd 82
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g} tgo] $85 7RI 1FaTl dig v
$57} Zage] e BA7IES BxlAE ol
& 7t2ngd e 87 0|84 Aol =& 2
o B 4 o kAngg e o3 AW B
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B 2233 solA golatA AR £ A, o
AN V- AApgEe o tanddx] 2Y
of ulal fAred x| e} AAlgo] wria A QleHs .
gy V- 744 OE 71494 &3 HEET
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(F392]) = g8Holzkz AFH| o, EF5¥38
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€ FW3ks sl AAEHA i, olgdle 8]
G, TEI7] AR, V-FHA, 3&8AF
W Tl ¢8A Utk FAxYRE vk 314
A9 ElF=el B3l =] glE AL olA,
AU BHHA A=) fEsE 55 o
7hell QoIA FrdH A F-8Ao] T Lut
A oJHolt}. 2 ojn] 7] Felr}t xalso] 9l
< A= ddE Hole M 8371 o
2E 371 dAshe #7]9go] AAEA] Ra)

22 WGEAZE a9 E wgda] 2k
)& o] Ut RA7IEHHE Hol= SRl A7|%
U7 87149 S3UHES] A2 A
=& #J3] 93l £ A& Agsisit
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1299 APd=EH 1799 BA7I=ds $2e
oz F4ATH JeFRgA (B3I 25
W/min, S71=HAF 10 W/min)& AAE ¥
P12, LIRS, V- A, 584
7Y Tl g3 WNHGHNE 7 F ARASFE F
3t foj4d & AEso

H o

Z} 871494 S 93 93] AL A

Z2A ZEASFHO) 100%, B2 225

7] AkAaRgo] 91.7% & £ WES By, V-
AAPEE 83.3%¢ WEE Ho FiHoz HmA
Fe HlEe) d2ee Kol v, HyrlEAHgTNA
= FAFY0 94.1% 2 7% Eetout Sr1ey
I 27 BAEPEO] 64.7% 9] 2L HAUES
Bz s A48 BAHYT, V- HApge
83.3% 2 IYUNZTH &g YA B WEE
B 7 149N 23RS folye A%
27 AR TANE FAFYL AJs oG
F97 2%ey) AARY, T2lT V- AARY 57
o B FolF ABTAS K v WA EAHE
M= By Py BLE ] AAEHAo)o Ak
AAF7 0986002 AYYZFAMAY s &
S YAEE HYT Yo PHEDE 1 o= =
= T JBIAE AT 5 YAk

# E:

FEATHE u) e USRI A o] WolxE
Holx, Br|Rahdnt Fusr] AiRbEe Aol &
AR ubgoln], @715 0] A4 Ao A 8149
X ZHo] TALAAE WS 840 Yukm B
SR DY7IEHY BRGNE T $-840] Ho
Atk YzhEr.
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