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B O ASEZICAE LS E SN EHR 1 ERK 73— - A 2— A # (exercise tidal flow volume
loop: extFVL) DA RIS 54PN ERERFT LI L2 AWM E LTPMMEL T o 720 W
KLY (B, KM24) 23 RITHERMEHBMEICB T 24135 D 90 % & 130 % T4 6 77 [HE
B4 5 2B B AN AR, 400 ml OFMMEEOFEIC L Y 20 k1T L, extFVL O Z L 72,
400 ml DFERERFFIZ & o TEBBFILHERARIZA I L 72, extFVL 3SR KNS E OB 2 £ -
THRLED 0D, AHRMIEBRE Dot Ldo T, EHFIIBT 2 BHEEMO & Tl extFVL O
BHRBMNOBERE S5 WI EAREN, SHBIEIMOERICET AN LEE b7z,

F—7—FK #EEEIHRK 70— - oK) 2 — AR, GRA, SEEAN

LU ®IC

B4 (chronic heart failure: CHF) BE IR
19 72 BRRFEIR C & 5 H VR N B, S5 7R B
LG L B LTB Y, SRR S Rk Bk
WA (VE/Veogslope) DA 7 & H—EB) £ 4 (12
Y2 BB RS ESFOBERIIH DL I EMRENT
W™ Leds T, TRETCCHFBAEILBIT 5%
VEREITR RS, 57 VR AU % B 2 B T 2> & 3F
MidsrIellkoTHRASNTE, LALEDS
2000 4 Johnson & 2 & » T, CHF B35 037/ W 005 B
AT 1 VR RS O B R AT LT B B3
WINFTEITE D VY, BIERER A US 2 BRI E 2
LT L LA REE LTEREShTE R,
Thbb, REEORKEH 70— R 2 — 5 i
( maximum flow-volume envelope: MFVL) W i
extEVL 2 {085, W% DN E MR S EBF O

* Change in Exercise Tidal Flow-Volume Loops with Added Dead
Space during Exercise
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BHRZFHGLLY LT250TH2Y,

Johnson & @ 7R L7 B R IE, CHFEH Tid
MFEVLIZ3 9 % extEVL O A2 E AT ~E F I
FRiT 220 bOTHLEHYY, ZoEFICOVTIE
TikkaE B X OIPIRAEREIR T, WELHELR S BB S
T2LENBLODT, FIZRZTSHTIE RV,
L 72455 T, CHF % 0 extFVL A 1R b o 4 3 3 1y
WELWRICT B 2021, SRS EBIICHRET S 2
EDWEE 50TV,

b L, extPVLA RN OEHFEHSRIAHREIC S
i, extFVL 23ili4 5 2 212X b, CHF & DI1E
N0 R A 2 5 % A ABE I 2 IR LSS A S L AT T &
HLEDER,

—7%, CHF B 05 p g ik, O
B3 FEREDBIIN & S 2 & L AHE S T V910,
FEREDBIIZAE ) extFVL OB bIZ, fEEEitgs L
R B EB G AT 2 AT 5 2 L THRET SR
TV 20 bR TR RMIZRD bh
Twiw, LA L7asds, CHFE B 05E e hlH5HE B
ERHTEE S ORI OHIRE & BFES 5 ik L VO,
et T % 723 A BB BT I
HEASBIII LT < o, FERER S LT LA
BIC & BIREIT AR O FAE L, BRICED B
DI E SR T T2 2 L E L oMb, Lizho
T, EZIZB VT CHF BE OFBERIE 7V % 1R
T 5120, OHMEN B L 2 b EHAMER I TR
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WEBTT 24T 5 L BEA D 5o

EXY, ZAQBCHFERHICEH IR TWw S
extFVL G JT R O A P2 19735 5 % SRS & 23R
TolEDB D SRS 5720, BB RFEEZ NS E LT
EHRAMIZ BT 2 ERER MO L IR 7 2R L,
JEREEAT & extFVL AL M L 72

MR ETE

1. *5E

BB R AAE <, IR F 72 3G IR AR B O S i R
KPR (k6 %, K24, HE 215 + 13K,
& 1639+ 74cm, RE | 549 * 6.1 kg, MiIEE !
35 05L, 1# & : 27+ 03L/sec, 1B | 903 +
56 %, WAREIWRE 1146 = 236L] ZH4E L,
AR RFNTERNGE Z TCHE L, EHICKZHE
%720 72, AWMRIATERFESBRAZESIC
£ BHRABEG: (KBF S 0 5516).

2. BRRTHA >~
1) DB A R

RANZHEEE TV T A —% (232C-XL . COMBI4E#)
2 HAWCOHLEB) AR (cardiopulmonary exercise
testing: CPX) #HMifr L, BERMEACHBYME (anaerobic
threshold: AT) %##lE L7z, 7u b a—ibid, B
40 W @ warm-up 3B D%, 20 W/ % @ ramp B T,
ZHIZ 20 W @ warm-up 35 B D%, 15 W/ ® ramp
B CIT o 720 BREYEIFEELIZ 60 BIdE/ 55 & Lize MR
AR LI R 4T 8% (AE-300S @ 3 - bIEFE
FALE) % v breath by breath #:iCCTHlE L 720 /O
R OENE =y —ICCGERMERT= 4 — L, T

X HEENIMEEE (STBP-780B @ COLINAEE) 12T 142

EATHIRE L 2o

130% AT watts ==~ = — === === — = =

90% AT watts— — = = = - — >

50% AT watts = =

2min 3min 4min !
P L

2) 2 Bk AR Bk

CPX &gl H iz, EBhEiIZHH 55, CPXIZ&L )R
HENZATO 1 5EiOMLFHEZE AT watts & L, 50%
AT watts T 3% @ warm-up Z 17 - 727, 90% AT
watts T 6 BTV, S HIZHITT130% AT watts T6
SO AT 2B EERMRBRE o7 (KD,
HENRIL 6 DDLU % & o 7o MFVLIZ, 28R 2 45,
357, ASrRRBRE, EEIRGEAMBED 25, 5aRGREE
12, AE-300S @ extFEVL I 71 75 A% v C HEl
FE L, extFVLIZ, EBIICMFVL OHE %2 BB 5
ERTO 30F0H, FARCEHBIEE L (K1), AR
WH % extFVLIZ, & MEVL IR 30 R lE L
T TRBEO 1T HBSICHYT 202 R 7075 A1
THEIWICEIRL 72 MFVLIZ, 1H#E % 2~ 3E4T
o 7otk, WO 1RO IR R R R S KR
S E TR EAT > TH S, RRENTRAELAN T
TIFH L, E5123 9 —ERAESAEZIT) L) ITHERL
THEL e & extFVLOMAMIL, WELZEED
MFEVL BT % WA E (inspiratory capacity: IC)
Yo THIEL 7Y, 2B B e amRBaT g, %
B 30th, 20W T5 5B OEE) %2172\, REFEE, &
BEE & U2 3E 2 MEVL 223 288 2475 720
L AT ORI 5 A HARE Z & o 72, EEITISER Y
AR & OB MAICE = & — L. S1ERE
23 0F 2 NI PR B K & T B 97 IR O FR R 121345 IF Borg
BREHWY, 22N H R Borg C, FHE
&% Borg LE LT, 10T &I ZHIE L.

BWERF L OB %, SHOIER IR 224 L
MABCHEED 20Tk o 720 FHYERER T4 7%
BRI AT X T & L2 L s 12,
EREERE OB O 10 % LA EI2HY L 72 400 ml % #
M U720 SMOTEREE, MPRT AT OmERFE < A 2
ORI, MEFFERFEDORT ¥ L A8 2N 2B L

o

e

X -MrvLolE

m =cxtFVLOHIE

g | g | .
« » i | Ll >
rest warm-up exercise recovery
S min 3 min 12 min 6 min

1 2BRBERAWHRBR o ba—
AT watts: CPX 2T E N2 AT O 15 HTOH4HEE
MFVL: &A%H 70 —RY 2 — 4
extFVL: SBEjR; 1 AR 7 0 — K1) 2 — Al
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72 (M2, BHAITOMEFBIZL LXK S V7Ll
PEL, BT I AU EOBEE BT,
3) MFVL 2B} % extFVL OO FFfl

3IZMFVL & extFVL 7 5 N2 extFVL O AH % 5%
fli§ 27200 E% /R L7, extFVL O MFVLIZ B
BUMOFM L, extFVL OMAOREENTH 5EA
KRR R & AR REOEIL T i3 5 2 & TIT
otz WRMEMER & AR EMKEOREIIEE
NFNRA THii® (inspiratory reserve volume: IRV)
/SN HEEE (forced vital capacity: FVC) (%) ™,
IC/FVC (%)% % B\ 7z, AT, IRV/FVC &

B B33BET

IC/FVC OWHZDMEIME S > CTHEARML L &L 72,
%72, extFVLOfIMx, REFHFO MFVL % w7
&L, #EBIFEO MFVL 2 W72 3546 CTafli L 72, %
il MFVLICIE, AABFERE 2N 2 2 W T IS TR
WZ3mPIE SN2 MFVL®D 95 5, FVCHARKTH 72
MFVL 2 A, E##E MEVL (3 & 51T ® extFVL il &
E#ICNE LA MFVL 2 227z,

3. 7T — ¥ f#T
2 Be W 2 % B 3 By o0 S B I IC/FVC, IRV/FVC,
FVC, M A5, Z L T Borg fe 04 AFL1E

. ¥ AT EHHISENE DB

X2 ALagFeHE R
Flow(L/sec)
1.2
1.0
MFVL — —
08
extFVL ===
0.6 -
s AN S
041 HmE ke PR
’ .
\
0.2 N ’ | Volume(L)*
\
e i | [ | |
R 4\ 3 200 b Jo
1
-0.2 |- N I IC/EVC O M= PR AR ROIET
AR kS / el
04 - R = IRV/FVCO M= RAERM G EDIET
N < >
06 F 0 v
0.8 _: > eXtFVL@Eﬁﬁ{i
FvC

X3 B ERK 7 T —
— A fi#E (MEVL) OAZEBGR

- R 22— A (extFVL) &¢EAREH 70— K2

IRV : A VR, IC @ IRWAE, FVC @ Fhuing

MEIEMLZOL & L7
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FEREAMFICHE S EBIE 1 RS 7 1 —

HEEIZBIT L, extFVL O AHSEM 2 25 MFVL
RS EGL, EHIFEMFVLE WA BED
IC/FVC 8B L WIRV/FVC D ILBIZ 1L, W% ExhR e
LB E ST vz, 35612, iy
BT CHELEORD HNZIRIED A, WEHE S
EITRHIBDH A tBEEITR - 72

#ETY 7 M & SPSS-versionl12.0 & M iz, BEAKEL
5%& L7z

] xR

ARFF T2 400 ml DAVRIFERE 1L, K #ERE ONf
RO 118 £ 20%IZHY L7z, FAMMEICE T 514
BEH72D 04 REKREERE (mnute oxygen
uptake/weight: Voo/kg), 54 E (minute ventila-
tion: VE), 1[4, ML, BREMEE (FEN:/1 [
Hi5 &, dead space/ volume tidal: VD/VT), Borg C,

c RV 22— AHROZLICE Y 5 MRET 373

Borg L, &#FB L UEEEMFVL % w72 IC/FVC,
IRV/FVC, ZLTFVCDOMIFEHED D &4 WFEHEZ: L
DOEMATICBT BEE R VIR L7z, SO Z &ML
722 & T, Vou/kgit 90% AT watts O 245 f& 8 &
130% AT watts ® 55 #68E:2, F72 Ve, 1|aHAE,
VO/VTIZ T RTOMRHHTTHEELRZMEMEZ R L 72,
IRV/FVCIZ, RHFEEEIRGE S 5D MFVL 2wz
BETH, WHRE2AFT LI EICL 5T, 90%AT
watts D 255, S5 RERIFICE B GRY 2 m Lz, Rk
¥, Borg C, Borg L, ZHHEB L8R MFVL 2 B
W72 IC/FVC, # LT FVCICIZHEATR T/ & 213380
bW doiz, £7-, Biked SEEIFICH T TFVC
WCAEBREIED L h ol LZHFE MEFVL 2 H\w/2
Yie L, BEIREMFVL 2 w7284 T, IC/FVCE &
UIRV/FVC ICH BRI AD o7z L LA
5, HEEOMIGEIRESMT T L ICTRE L T < E

F1 FEEAELLHHEOL(L

90% AT watts

rest 2 min 5 min
DS (-) DS (-) DS (+) DS (-) DS (+)
Vou/kg (ml/kg/min) 226 + 39 240 £ 477 231 £ 42 242 % 43
Ve (L) 319 + 63 420+ 96* 336 = 64 428+77%*
1 &R (ml) 1299.3 = 288.2 16108 = 2980 * 13145 * 2526 16480 = 3064 *
M0 ([ /min) 254 * 66 269 =72 261 + 58 269 + 6.7
Vp/VT 027 % 0.02 041 =004 * 0.27 * 002 041 + 0.06 ™
Borg C 21+ 12 27+ 14 29 + 083 28+ 16
Borg L 22+ 11 2412 29+ 1.2 25+ 09
IC/FVC (%) 59.1 = 728 + 46 725 + 6.1 738 + 45 756 + 4.9
IRV/FVC (%) 467 = 344+ 72 273+56* 376 £ 53 311+80%
IC/exFVC (%) 733 58 748 * 8.2 752 + 6.1 769 = 69
IRV/exFVC (%) 347+75 281 +59% 383 =57 317 +88%
FVC (L) 3.75 = 0.69 373 + 073 366 + 0.77 369 = 0.73 370 = 0.75
130% AT watts
2 min 5 min
DS (-) DS (+) DS () DS (+)
Vos/kg (ml/kg/min) 309 =59 312 +57 324 %70 340+ 69 ™
Ve (L) 469 = 109 559 + 103 ™ 51.1 = 135 626 + 155 ™
1K= (ml) 16215 * 3584 18575 = 2868 * 1612.3 = 2403 1871.0 + 349.1 *
ME0L %L (11/min) 304 + 103 308 = 7.0 325+ 115 348 + 11.8
VD/VT 0.26 + 0.02 038 =004 ™ 0.25 + 0.02 0.36 = 005 *
Borg C 44 =092 4415 49 %12 50+ 13
Borg L 45+ 15 40=12 50 = 23 49 =14
IC/FVC (%) 762 = 6.0 766 = 6.2 794 = 69 784 = 50
IRV/FVC (%) 287 + 96 218 8.1 342 * 105 262 + 97
IC/exFVC (%) 791 =98 787 = 74 810 + 81 843 % 74
IRV/exEVC (%) 207 + 95 222 %78 346 = 103 281 + 938
FVC (L) 364 + 0.76 367 = 0.77 371 =073 352 + 0.80

DS (+) : AEFERED b, DS (=) : SHSEMER L, Voy/kg : thEH 72D 0)5}%%%%@&?, Ve @ EHRAR,

Vo/VT

2B % IRV/FVC,

FERE/1 R E, Borg C : BIERIE % &, Borg L @ THEH K, IC/FVC | ERKE /S EMEE,
IRV/FVC | WA FHis/ 2 HEmiERE, 1C/exFVC [ B MFVL 23815 5 IC/FVC, IRV/exFVC : Bk MFVL
*p<005 : A UBERRIICBITADS (=) &DS (+) & olbE
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374 BRI H33RETY
HZH - 720 £ % extPVL OMAHZEALE MG L7224, extFVL D4 K

X4, 528D HWEBEDHRT, Kb MM REILE TRAIZELD BN h o T2,
RLU7Z1BORBEHREICBIT S extTVL Ofifiz R L extFVL OALAHEH 1L, EHliCH 5 MFVLIZ & -
72o B4, 5IZHRLE I, SMUBREZEM LS THEAE T2, % MFVL & &8 MFVL 132

2 & DI %X%m;ifﬂﬁ? WA RN SR A bohEVETEERNSHL—HTYY, EHjkEo MFVL
ﬂﬂ?‘%;kfextFVLli?fﬁ%ﬂ<Lto Thbb, &#E@ ARET A LENEERT 2000 H 0 Y, KT
FEHEDEMTIC & B extFVL O S RILIZFAD Sz o 32 MFVL & E8) MFVL OWE % v, Fh2
726 N T extFVL O Z 5l L72o ZO%E%E, 24FHIC

% = FEEEIADLN L o720 00, MHFHMIIZHW-%&
BEOMILGESRESH T I LT LTI B H

AWFIE T, CHF BZ I THE SN T 5 extFVL S57e ThIUE, EWEIZBITS MEFVL VKR~ EED
DEFREST OEFZNEREZRITT 2200 F ARIZBIT A MFVL &3 R A2 it 2RIELTH D,
Wige LT, @8 A% 38R 400 ml DA FEREE A 12 St D extFVL O AHEHINICHS L TR T REHEE %

Flow(L/sec) Flow(L/sec)
12+ 12
1.0 1.0 |- MFVL —
0.8 0.8
0.6 0.6
0.4 0.4
0.2 0.2

4. 4)
0.2 0.2
0.4 0.4
0.6 0.6
0.8 - 0.8 -

A 25YEBRE B. SHYRKBNE

4 90% AT watts KD extFVL

Flow(L/scc) Flow(Lisec)
12 | 12
Lo M\ MFVL —— | 1.0
0.8 | / \ 0.8
0.6 | 0.6
0.4 0.4
0.2 0.2
4 4
-0.2 -0.2
-0.4 -0.4
0.6 0.6
-0.8 - -0.8 |
A 257iEIBR B. S/MRIEN

5 130% AT watts K¢® extFVL
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FEREE AL ) EEEE | FHfR A 7 o — -

2H0EEbNI,

extFVL OMARIE, B3R L7z & 9 ITEBR KRR
HEMNEBEMARIZL - THEES NS, AT,
AT FEN VY| IRV/FVC (%) & IC/FVC (%)
EENFNROREL L THW, ABFETIX, FVCit
R L BB CHER LRI E R ST, 24t
HMEEDRITIC L > TOABLEILE RS o2 &
o, THEOZE LI ENRENIRY, ICOE LT KL
TWwabDEEbhiz, KRLZLIX, RARERENAKES
L UMK R O ZEIE, IRV & IC & I #bli4
HEWELZ L TRETRETH LY, BEETEIRA
ARMTORIARIZILAnESNEI L LD 19,
AWFETIEIRY, ICOELZ D » THREEITAE,
RS EMREDOEILE L,

AWigeCix, FRsEE L EBRM T v 5 2 & THA
ZIUE R, EERRAE RIS E L, MPREERTRE
DEALE BET L 720 ARAFE TRV 72 400 ml O 51 58
i, MHEFOMTERD 118 £ 20%ICHY L1z 2 04
WIBEDAEMIZE Y, EEK Vo/ Vi FE ML,
FOMEITEEMREICBIT S 240 & 5 0RBEIZ, 90%
AT watts T041 £ 004, 041 =006, 130% AT watts
T038 =004, 036+ 005%RL7 Myers 512, CHF
BHEBHENGII MLy FIVTCPX 247w, VD/VT
AYATHEIZ 029 = 008, B KEFIFIZ028 + 008 DIE%
RLEEHEL TS Y. 512, AT
DEBICE D VEB X U Voo kg BT B 42 W% R~
L, FRHESING X S 00HE & 210 pE ) IR EE o
WM RIS, Dol tas, A% CHW
400 ml &\ ) 4L 9FERE L, CHE 1238 S5 &80
FERESIN E FNIHE S MRITTHEDE TV E RS 512H
Y BEYTHorz Bbhi,

AR TIE, SMMIETEEMICL Y, VEASERIREC
L EF 57290% AT watts T extFEVL O H R AEED
LN drolzl bht, FEEEMMOAIC X 2 HS D TUE
BHEFRICHE LRw easRshtz, 72, VER
TERWIREL 257\ 130% AT watts 128 W T b RBEIC
FAHRMIEEEO LN Do/ 05, OB E
FAEMIC L BHEITED D > THHEHRAIZE L 2w
ZEAURE N McClaran 5 1%, @A E 2 HE L
T, AEI DL VCOH19%ITMYT 5 1L ost
HIFCHERLIT 24TV, TS BB BT % extFVL 0%
fbE#E L Tw Y, extFVL 04 FRALIZED Hh
TWhwv, ¥ 5120 Donnell 51, extFVLIZIE LT
WHRWDOD, EEBEEIRIZEVC DR 10 %M Y
% 600 ml DAMYILIEE AR L, WiEAWERIZEY
LA AEDS L CIPRBEEMAEOBILZHET L
TWAY, MHEVETFERD SN Ehorzb LTS P,
SR AR AV AED S 200D

K 2 — A MHROZALIZ BT 5 B 375

HBREPIFTL2LDE R, INB22IMA, 41
FEREZ AT L2 WIRRETld D 5785, % A Tl KER

F OB AMET T, TR R R & AR
KEMEOR T EEDONLVWETIMENSL VI L X
h WAVIDIS gl g st e <o SEBY BT IS & B A TTE D A
TidextFVL 3G AR ZELZ Wb DL Bbh, &
7z, SHOTEREOAMIZ I Y, BRILEIIERD 2D DY
PRI DR i D 54 & LTIV 72 BorgC i3 A 75 70 1
nEREF, ZOMD 130% AT watts D 555 F% 8T
CRPDEOW L “XOW OWHMERBICE YT
SR ITIR R 3 R KIS A A B O TR
SN BHIIPRA R L > ThEsS R T 5219,
130 % AT watts BFIZ 38\ TR IED RS E TR 7
BETDICAEL TV LD EHM SIS, CHF IZ BT
% extFVL A B w04 F2RT 51E, MOt ELAE
WSR2 > 75 4 7 v AR, i SR TR
BMbaEHOBEERELLRTEY >, SH%IEIBAT
HREDHM L WV BRF T2 LERDH L L Bbhiz, Tz,
ARWFFE TR L 72 B R SEER I 7 Vi, DAHE D
—E L B EHATEERCAMEIEE A 5 2 2 ic &
o TR N X 22TV ThH b, Lo
T, CHF BE CHRBE XN T A EOHHREE IS &
B BERE OB VOO b A T T SRR I
HLaWVwEWS FIE, KSEORRATH %,

CHF & THE S N7z extEVL A HRAL & v 9 Bl
BRI R R L T 5 L ST s 9,
Z DA BEL T 5 ORGSRy Il R S 0 74 B 22 11
BT OMBICHE T2 ERMBIND, 5K
extFVLIC X 2 B RGO B 2, L)L E
WEWHEGSELETFTVICTRET A LR EEEbh
725
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Change in Exercise Tidal Flow-Volume Loops with Added Dead Space during Exercise

Kotaro IWATSU, RPT

Program in Physical and Occupational Therapy, Nagoya University Graduate School of Medicine

Sumio YAMADA, PhD, RPT

Nagoya University Graduate School of Medicine

The purpose of this study was to investigate the physiological factor which contributed to the

right shift in exercise tidal flow-volume loop (extFVL) observed in patients with chronic heart failure

by Johnson BD. Eight healthy volunteers in our college underwent two-step constant load exercise

which was composed of 90 and 130% work load of anerobic threshold under the following two

conditions, in randomized order: 1) control, and 2) added dead space of 400 ml. We compared extFVLs

between these two conditions. The ratio of ventilatory dead space to tidal volume during exercise

was significantly increased by adding dead space. As a result, extFVLs expanded with an increase

in end-inspiratory lung volume, but it did not take on the right shift. This indicates that only the

increase in dead space dose not contribute to the right shift in extFVL observed in patients with

chronic heart failure. Future investigation will be necessary to examine other contributing factors.
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