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AR v 7 BEREREE R CEIRYE R R IC
FEFIRESEE FR 2RTHEF OHEE

B =
i
& ERRT
OB IE e
= #

BELORBBZICT, BET TR AR {HE
AR (8 2METS) #inz, OLREOHEME
(ACY), FHIFBIREAED LR E (APAW), FH
#IRED LA E (AVP) #%k®», ACI/APAW>
0.18 L-min—1-M—2-mmHg~! 13 £.0F v 7H4E
BfF (WH, n=22) %, ACI/APAW=0.18
L-min—!-M—2-mmHg~! 3£ LK FHEEREE
(P®, n=22) 2RTELEHELL. DK,
AVP 3WE L PREZ L <RI L. AVP 2P
CRVCTEFEHEERTEF T2kt
LT, MBETEMLLLAER—FEFE plot (T,
R AZE A ER & R EEIRE AR 2
fit ¥ L.

AVP pELHRY 7HEREMIC CREREL
TTHEEF L LT, EBAMIC L 206E ML ER
BoB L QUFFEIRERMROE LLEGHBEH
REIhT.

i3 U &I

W T, B THBIREXIIEL, &
Bl PR LEMES AN 2z BEicET 5K
WEIRED EAE (AVP) 2 ENERBEDOLL
Ry 7BEFRIRBT S L EHEDY LT3,

AWRICTIE, ZOBHBES)NC X 506045 (CD
DHEINE (ACD & EHIBIIREEAE (PAW) o
28 (APAW) o it (ACI/APAW) » &,

I B RFER TR IRt

R B
FonoE w49 T
&% K P T R

- IR A

ACI/APAW >0.18 L-min—'-M~2-mmHg ! i34
DAY TR RIF (WE) %, ACI/APAWS=
0.18 L-min—1-M~2-mmHg~1 X704 o 7 HEhE
[EE (PH) 2T LERLILEHE, AVP<35
mmH;0 2 EOLHE Y FHEEREF 2, AVP235
mmH,0 MELR Y FEEREESRT LHET S
CEDUEBEESHLES LRBLLDOTHY, K
SAAE M HEMR & R ABIRE R 2 A
W, LRy TEEEESICK VT, chabof
Borokskflnfbeicky, AVP 0RE
EfE (=235 mmH;0) ZF TE 52 ICHE 2 hn
z 1.

HREFE

1) SSAESI ,

R L LIRERNE, E1LICRT X 5 2E—FW
CELERTOEBBEETHY, [H NYHA “0O
BRE" i B\ C Class I~I1 eI 5 ‘B
iE" EOVEBBEMURTHS.

2) HMEHICLIXMEREDOLAE

(AVP) ORIE

LEHMPEAZ O B — N #IRIC T, K1 (RE)
7”3 Moritz-Tabora %Iz X % RKHE#FIRERE
20 AV, 30 MEIRRE CARMBIRE &2 BIZE L.
TRTOEBREY METH, R2IZRTI&<,
203 OB LR 2320, ok, BEM FKE
HRAERY Erz<y b bENT I ERL,
33E/ 5o TRRAZAJEM) K L. 2O
TR LEMES, L& LCKREEFIRE D72
ED 2 AU ERUEEZRTR A (BEFIRRE,

Presented by Medical*Online



490 & B H o F1E F45  (1990)

Table 1 Subjects (NYHA Class I~II)

Number of Patients

Heart Diseases

W Group (M:F) P Group (M:F)
Aortic Regurgitaion 4 (3:D 3 (2:1
Ischemic Heart Disease 16 (13:3) 16 (12 : 4)
Hypertensive Heart Disease 2 (1:1) 3 (2:1)
Age (y. 0., mean+SE) 58.3+2.4 62.5+2.2
Total 22 22

W Group (well-functioning left heart)=ACI/APAW >0.18 L-min—!-M~2-mmHg~!
P Group (poorly-functioning left heart)=ACI/APAW <0.18 L-min—*-M~2-mmHg~!

Measurements of
Becher Hemodynamic Parameters

3.8% sodium citrate ) ® ®

glass tube
measure board —

=iy
11

meniscus

Blood Sampling l

forceps @ @@ @
\ {4 {

0O 1820 24 30

Ager Time(min)

L N Instrumentation  Exercise
(4VP Measurement)

19 gauge venipuncture needle Fig. 2 Schedule for blood sampling and
measurements of hemodynamic para-

silicone tube

N TRA

C

meters.

VPso
(mmH20) Exercise

1001 i B L EBBARK 3 ~4 58 ETHRIL. o0
X572 E 8 X 2 AMEZA 2 METS T %Y.
AVP 3, M1 (TR rdaBglo L,
[AVP (mmH0)= CEBAMIC L 2 #EEFIRED
KIEFRIRE) — (Z#EREORERIRE)] & 1T
-~y ke,
VPo TTIREE) LTWw5b <, AVP<35
o | & _ . mmH;0 %G, AVP235mmH,0 &%
0 20 30 40 fafl & L, &fEFZ 2 B KA L.
Time (min) IoXdizLTRDI AVP 0FRMKF +10
Fig. 1 Method of measurement of peripheral mmH,0 TH %9,
venous pressure (VP,) and increase of 3) miTENRED AT
peripheral venous pressure (AVP) dur- —MIREIRIC T, ERBIRE 2RI T 5 & AR
ing dynamic leg exercise. ©. Swan-Ganz h 7 —F L &ML, OHHE
TIGEIIREAE (PAW), FEIIREE (PA), ABLE
(RAP) %X 2 i7" RFRNCRIE L7,

501 4Vp
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R B AEB A MR LRE CD &
PAW 705, W&OHINE, ACI & APAW %3k
%, ACI/APAW>0.18 L-min—!-M~2-mmHg~!
RELR Y FEEERIF (W) £, ACI/APAW =
0.18 L-min—!-M~2-mmHg~! |Z4£ .08 v 7#EE
fEE (P#) 2#RTLERL, &EMALT 2FFICK
AL,

4) M#E catecholamine (CA) EEDAIE

BEo—{ Lk =5 ER M 2 BRE 2 H)
ALY, FREKEMEHRT L THIRZHER X
2127”7 sampling schedule |z L=as\, =HiE
Boy Bz iz cEmL (—Ei2&8 7ml),
%% noradrenaline (NA) & ~ ## adrenaline
(A) ¥ % =3# W& chromatography & THI #
ICCHIE Lc. EBAMRFoMmEE CA REL LT
iz, K2 imT@H 5\ ix@0HEMmd 5> H, Xb
BUWEERZL-T, ZhicY T,

WMHZ T kT B MM NA BE L miE A BED
BHEM (% difference) 1%, iEic T +7.1%, #%
FZiz T +13.0% TH 3.

6 ) #EEtALIE

Bz T RCEHEAESE ©FE R L, Student’s
t-test (paired # % \>i% unpaired) % FH\>,
p<0.05 2% - CHIFHIICER & L.

R L

1) BrEHREAICE 2 MITEREOE(L

(a) DLRE CD & FHEFE (RAP)

X3k, [HENHE] i Th~% ACI/APAW
DfED RS LIeWEE (ZE0R v 7B RIFA,
n=22) & P# (LR FHEEREER, n=22)
lZoWT, ks (C) @ CI-RAP plot 7VEHA
fif (EX) 2k EnX5icZibT 50 E2KHICT
MrLIcEETHSH. Wi (ZFF : CI=3.21
L/min/M2, RAP=5.1mmHg) cttL, P&k
T 2 %#Ero CI (2.73 L/min/M?) 132#3HHICHE
BEOEMEEZTR LA, RAP (5.8 mmHg) (I
EEZRLI.EOD, HETNICERZE 2R DD
Sste. EBAMICEY, WELPEHOXKHIIZVT
Ny hE EHEE LY, WEE CESA M :
CI=4.55L/min/M2, RAP=7.9 mmHg) <kt L,
P#» CI (3.59 L/min/M2?) #inixE E I/,
RAP (10.1 mmHg) EHixEEICKTHY, PH
TRERWHIICHLT, &L, PEIL LR ERL

Cardiac Index

(Lemin~'+M~2

6 7
] W Grou EX

41 g/*‘ . 2
3 *E “2_P Group
21 c (n=22)
14
ol -

O 5 10 15
Right Atrial Pressure (mmHg)

Fig. 3 Shift of cardiac index and mean right
atrial pressure due to dynamic leg exer-
cise.

Values are expressed as mean+SE.
C=control, EX=exercise,

W Group=well-functioning left heart,
P Group=poorly-functioning left heart,
*=p<0.05, **=p<0.01.

7.

(b) RAHBEIRE EA & (AVP)

EHAMC LY, FEIRc TRIE Lo RE#DR
Eo LAE, AVP ik, PHics\vT, 2261419
PN REEE (=35mmH,0) #/-L, 36IMNIE
HHOME (<35 mmH0) 2R L. —F, Wi
kT35 AVP %, 2260 2FrEHHOMEEZR
L7:. AVP OREEMEL S LELKR Yy 7HEEREE
T+ 580 sensitivity i3 86%, specificity
1 100%, positive predictive value (X 100%,
negative predictive value | 88% T#H »7c.

() BEELAE (ARAP) L KEEIRELA

£ (AVP)

F21x, WHEPHIzoWT, EBAMIZLS
RAP » +FRE [ARAP (mmH,0)] & KFEEHRE
o FHE [AVP (mmH20)] #xft LR LAcET
HB.

ARAP & AVP I, WTFhtWHickL, P
ek THEOEMBEER L. —F, WHO
ARAP i, AVP 2L T, REER2RL, ™
FHICABRZERDL. ThicRL, PO
ARAP & AVP [3fe TR LAfEEZAR L.

(d) “FHMBIIRE (PA)
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Table 2 Increments of mean right atrial pressure (ARAP) and peripheral
venous pressure (AVP) in response to dynamic leg exercise

No. ARAP (mmH,0) AVP (mmH,0)
o L L
W Group 22 3844+ 23+2+
* L
P Group 22 61+7- 57+7 -

Values are expressed as mean+SE.
W Group=well-functioning left heart,

P Group=npoorly-functioning left heart, *=p<0.05, **=p<0.01

Mean Pulmonary
Artery Pressure

(mmHg) r 1
40' ' * * ‘I
**
304
[—* *—‘ —
204
IOW
0 C EX C EX

W Group(n=22) P Group(n=22)
Fig. 4 Mean pulmonary artery pressure before
and during dynamic leg exercise.
Values are expressed as mean+SE.
C=control, EX=exercise,
W Group=well-functioning left heart,
P Group=poorly-functioning left heart,
**=p<0.01.

4%, WELPEICOWT, LHEF (C) &iE
B AR (EX) ® PA #/RLAXNTHD. WL
LEBAMEML 52 Lk, PA (W : K
% 13.6 > EB) &M 21.0 mmHg, P& : 28
17.3 —>EE) & k¥ 26.4 mmHg) iZz6EZIC EH L,
PRIC R T, T, EBNERRE WS
L THEEOEEEZR L.

2) BNEENARICLDIMIE catecholamine

(CA) BEDZIL
WEEE PREICOW T, Rl (C) & EF)ATHEY

EX) om#t CA BE*XS5 [A£ : M4
noradrenaline (NA) EE, 4 : 1% adrenaline
(A) BE] 1TRLE.

ZEERFIMAE NA BE X, WH (0.19440.016
ng/ml) 2L, P# (0.314+0.028 ng/ml) iz 3
WCHEBICEETH -1, EBAMIC LY, Wi
DOZEIMAE NA 2 (0.27740.023 ng/m)) i,
bImnThsdn, EEOREMEEZRL, P
(0.460+0.041 ng/ml) TixMH 5172 2 EEEED
fo. LaL, MR A REE, WEFESRHRRC
L, EHAMROLhIEREOREME (Wi : &
#Hr 0.0424-0.004 ng/mi—E &) & ik 0.071+
0.009 ng/ml, P#f : &#kF 0.0684-0.014 ng/m/
—>EH) AR 0.09840.022 ng/ml) &R L,
EERFOWERE & PREOR], HEE) A MR OB IC
BHEEEZRDRD ST,

% £

Guyton® iz LhiE, #IERE (=.O0WHE,
CO) 13, ToRrOAEME MR & AFBIER
RS CHE) KX-TEED 5. £
=, Guyton OHFIEY LRI A T BEHR
EDAREREOAZH B & AR RAER O
ZAt pattern %, AW THLNICLH (EH)
LEBAME () ook C) —FHBHE
(RAP) plot (K 3) iz fit # LT 6 IR Fo.

ODARZOBENEEST 21 L, AEHH
BHBFEIATHICENSEY. K6iRTIEL,
WHE & PROLHNFAEMHESRFE 2T Tho
FRIKEE TH 5 CI-RAP plot |z fit X&THiL
TofEER, WEHIZH LT, PHOLHBLASEHRE
AR IZ R A T HICAE L, PRORHIFAZENA
HEMBIZRRHIE LT B EEL bR, EE)

Presented by Medical*Online



LR v ZHEREESIC TEIREBRHC RIEHIRE 2 BE LR 2R THF Ot

Plasma Noradrenaline

Concentration
(ng/me)
1.01
I—'**—'l
—**—
**7
0.5
[—**—]
OJ l:r-l r] ‘Il i 0
C EX C EX

W Group(n=22) P Group(n=22)

493

Kk
Plasma Adrenaline r—‘
Concentration
(ng/me) I
0.17
**7
0.051

C EX
P Group(n=22)

C EX
W Group(n=22)

Fig. 5 Plasma noradrenaline and adrenaline concentration before and

during dynamic leg exercise.
Values are expressed as mean+SE.

C=control, EX=exercise, W Group=well-functioning left heart,
P Group=poorly-functioning left heart, **=p<0.01.

Cardiac Index

Cardiac Index

(£-min~"-M"2) (£+min~"-M~2)

ﬁ _____ W Group (n=22) ﬁ P Group (n=22)

10 \ 10

9 Venous Return Curves 94— ——_ Venous Return Curves
Cardiac Output Curves 8 \\

g T 71 Cardiac Output Curves

6 6 1

5 51

4 4]

3 : 31

21 | 21

1 E 11

0 ‘ 0 v .s + —

-5706 5 0 15 220 -5 0 5 10 15 20

T Right Atrial Prﬁsmsﬁlgre "'—"ARAP Right Atrial P{zfnsHu;)e

Fig. 6 Probable shift of right ventricular output curves and venous
return curves due to dynamic leg exercise.
W Group=well-functioning left heart, P Group=poorly-function-
ing left heart, ARAP=increment in right atrial pressure.

ATEOAEMHEREZ, WEICT, bIric
EEH~BTL, PEIZT, BWonich FHcS
fbLCHivhic. ZoEBARMICL->THHI
hi-PHoOAZEMEEMBEOLILIZ, 0K, F
BMBIRES»KRES LR LTWBZ EnbHT
(K4), £& L TEERATMOBRICI 5HERE
HEIhi:.

Guyton!® = Xiix, FAMIRIC TRO-EEER
FEHEESE (Pms) i 6.9140.9 mmHg ic45#i L,
Fio, LEBEEZOEBIC T RN plethysmogra-
phy AW THE L ARBRTHFHEZ, A
NYHA “#E” 4388 Class I ofESIIC R\ T,
X% 7.6 mmHg, £/, F& LT, Class II »
FEFIIC BT % FhidH 9.6mmHg TH-7ck
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Venous Return

=Cardiac Output

(m&/min/kg)
120,
100+
801
60+
401
201

0 E

0 2 4 6 8 10 12
Right Atrial Pressure(mmHg)

Fig. 7 Effect of noradrenaline on the venous
return curves (n=15).
Values are expressed as mean+SE.
(quoted from reference 3).

WO 2o k5 e B 6, WEE O RRRRHATE
BAEHEFHES 8mmHg &, PEEoOZFh% 10
mmHg & U CHEIRERMR 2. 26,
Guyton OHFIEY Iz L i, OTLDEL &
iz, AREIRGRE TR KR ER 2 7R Lo (%
RZERE O, HH~BTT 25 (KEREE
#FHED ER) L5, KT7iEA X (n=15) i<
T, FHMEZ®REL ) 30 mmHg LR L
¥ % & 51T noradrenaline (NA) # M ERFFEHEHTE
L, ZoFR L@ RTHEFHE (MCP), CO,
RAP #H\>, ##h (RAP) Lic &ERFTHFHE
% plot, Z#& CO-RAP plot ZE#H TRV,
FEANCFFBIRERME LK TH Y. g
R AR T NA i X v BE o KRR (&
URE ST - S PBEF 457452 — NA &R
528+51 dyne-sec-cm~5, p<0.01) %/ L2,
EH~BT (ZTERTHFHE « xR 8.84:0.3
— NA #1iERF 11.04+0.3 mmHg, p<0.01) L7-.
OB L PRIC BT 2 LHIFMAE NA REN
FEEZRLCEE (K5) »b, EORY 7HE
PHEAE LT B PRICTIE, KREFICR T, T
TIAZRRMRERRITEI A U, RO REIGE
T B RS ET IR T 2 b 0 & L THiV e,

EEAMICL Y, KRHEOBRIIETY, To
K, MERRDE EEIh, REOEETZ
BAT3E0510 FEEMFICKVTIE, %
5<, NA kv, & LTHBREBESED
LR, mEREDEICL Y E L L TEIGRRIE
oL BET 50 L Bbh, Guyton OFKF
B TR\ T b, FERIRE U AR X REET B Lo
DEH~BITTBH ENRINTVS. K5 IIR
T, WEHOEBHARRICHL, PROES
AT MEE NA BEEEEEZT LS &0,
PREECIX, X viv NA oFBIRERME~D
HE (KEREHFHED L, #HIRERERLD
R BRERET 0L LT, EBARMEEO GE
JREMBBREIWEOZh IV b KELS A~ (K
BRAMFHED LF), »o, Bitiem (#Eik
BEETNOBEA) 2580 TERLE.

4, WL PHOEEAMMICLS RAP 0 bR
B (ARAP) ZH#:3 2K, WHiCHL T, P#f
O ARAP RAEBICEMEThH 7= (F2). %1,
ARAP & EHAMIC X 2 RMHEIRED ERE
(AVP) ZH#3 58, P& Ti3, ARAP=AVP
%, WEETiZ ARAP>AVP %2R LA (E2),
AVP ®K/NEx ARAP ok/NEkkieda T L
72, PEHZE\WT, ARAP & AVP 2GR L%
Eihé LT, #HERIcTELEFEIRT VIR
», BIREDOEWGPEIC S\ Tix, EEA#Erh,
T OfER, PHCTRAERENZL (ARAP) XK
WEIREDNZE (AVP) L L TR R LD
LEEINS. 20X REENDH, AVP=
ARAP raie L, WEHZH L TPE® ARAP »
K& DEF 2K 6 OLLROBHTRIZ KD IE
&, AVP 7 PHICCEESELZELTEFLL
<, OFEBAMIC X 2 AEREEMGOHL (B
BIRE LR IC X 2% ATH N LOEEARIC X
BUAEIRERERO L VELVET~OBIT (X
R\ B R TUE I X 2 AR E DI
i) X aBREMEShL.

¥ & O

BAEDIEOR v 7R ESICBEER PR L
JE A& B & 1] & 0 2 Ac BRI ER Y B B R AR IR E
ERE (AVP) oRE&fER, EBARICE 0
AERHBMBEOL T H~0OBT L QFEIRER
HROELVWEA~OBTICL > TH LI
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Mechanisms of abnormally high peripheral venous pressure

during mild supine leg exercise in patients with

impaired pumping function of the left heart

Hiroyasu Ito, Koji Ishimura, Sinya Minatoguchi,

Kiyoji Asano, Hisaya Iguchi, Yoko Imai,

Masatoshi Koshiji, Masao Kagami and Senri Hirakawa

The 2nd Department of Internal Medicine, Gifu University

School of Medicine, Gifu, Japan

In patients with mild left-sided heart disease,
we performed mild exercise with alternate flex-
ion and extension of both legs (about 2 METS)
and obtained the increments of cardiac index
(ACI), of mean pulmonary artery wedge
pressure (AW) and of peripheral venous
pressure (AVP). When defining patients with
ACI/APAW >0.18 L-min-!-M—2-mmHg~! as
having well-functioning left heart (W group,
n=22) and those with ACI/APAW <0.18 L -mi
n—1-M~—2-mmHg~! as having poorly-functioning
left heart (P group, n=22), AVP differentiated

well the W group from the P group. To clarify
the mechanisms of abnormally high AVP in P
group, we plotted hypothetical right ventricular
output curve and hypothetical venous return
curve on a plane by taking the actually obtained
CI on the ordinate and the actually obtained
right atrial pressure on the abscissa. The
mechanisms of the abnormally high AVP in P
group were suggested to be (D deterioration of
the right ventricular output curve and @ mark-
ed rightward shift of the venous return curve.

Key words: 1) mild left-sided heart failure
2) dynamic leg exercise

3) plasma catecholamine concentration

4) right ventricular output curve

5) venous return curve
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