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Summary

In nine patients with cardiac dysfunction (ejection fraction <509,), we evaluated the effects of
dobutamine (5 p¢g/kg/min) on ventriculo-arterial coupling by monitoring direct arterial pressures and
simultaneously-recorded M-mode echocardiograms guided with two-dimensional images. Left ventric-
ular end-diastolic volume (EDV) and end-systolic volume (ESV) were calculated by the of formula of
Teichholz, and left ventricular end-systolic pressure (ESP) was approximated from the arterial dicrotic
pressure. Arterial pressure was altered by phenylephrine or nitroprusside and the slope (Ees) and vol-
ume axis intercept (Vo) of the end-systolic pressure-volume relationship were determined as the contra-
ctile properties of the ventricle. The arterial system properties were expressed by the slope (Ea) of the
end-systolic pressure-stroke volume relationships. Ees during dobutamine infusion was derived assum-
ing that the Vo was unchanged from the baseline state. The left ventricular pressure-volume area
(PVA), the sum of external work (EW) and end-systolic potential energy (PE), and ventricular work
efficiency (EW/PVA) were determined from a time-varying elastance model.

The EDV and ESV were significantly decreased by dobutamine (—49,, p<0.05; —229%,, p<0.01),
while the ESP and heart rate remained unchanged. Dobutamine increased the Ees markedly (4+419%,
p<0.01) and decreased the Ea (—23%, p<0.01). These changes resulted in a substantial decrease in
the ratio of Ea to Ees (—449%,, p<0.01). The EW was augmented (+229%, p<0.01), but the PE was
reduced (—339%, p<0.01) by dobutamine, while the PVA remained the same as in the baseline state.
Consequently, the EW/PVA was increased significantly by dobutamine (+422%,, p<0.01).

Thus, the dobutamine-enhanced inotropic state modulates the ventriculo-arterial coupling toward
optimizing ventricular work efficiency.
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BfRicEo X > IMERAL, MEERL ZOEE
BEEZHE2VTR ORI T VARV,
ZOEAE, THhET, OELLEROBEEREGR
EREMTTADOICE L FEET, FMEOKFELE
FBTBoLRTERP LD THS. HE El-
zinga, Westerhof 5V R 7#fehis, Suga,
Sagawa L YDOLEDORKRET SR X VRAET I,
ELRKBIRADA v =5 v 2D S 0 B
XY, DELHBATIME R ORBMEL A ICESR
L, MEOHERFROBERLLT, LMFEEEE
ZBTZELNREEL R o TE .

SELDIMER O HERBRE BT 3212 blco
T, Sunagawa, Sagawa L9 iC X ViRE X hiz,
IFEHARERHBR TREINDLET IR VR
&, BUEHIARE—RBHH &R TR S h 28kR
EHT 52 F URICEBLIEROBEMEAESE
FLIREAB LKL ZOEFAMLRDONBESR
EAMHE Suga 57Xk, EEOBEM
WHERZRTLEATWVWS. LB ->TESEML
BRI, EEOBBARMLEEFRICHT 550
HEOEALLTRDHZLNTES. Hrizz
DFEwH T, dobutamine Iz X 2. CMHERE D
WA, AR 200 ROHEERRLE
BHEPRFLEOIOICELESE DI 2 2R L
Iz.
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MELTa—KBIUOEEERICLY, BN
DEEEBIEEZ R L, BEHAED 50% AT O3k
RRLLMGE O 6 (B4 8 i, otk 141, 54.2+18.0

B VHERIBERE) Exife L. 24,
AFAET, |B NYHA O EEESB 1~
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2FIEMLIC T ELBEBRIC == — v & BE
L, EEPIREZEBL = —HEET GRER
SHA-60A) iz, £2 M £—Fihza—REi
FIREEESE L /- (Fig. 1). x}Brs0iE##%, phenyl-
ephrine (5mg/100ml), ¥ v~ G nitroprusside
(50 mg/500 ml) o SFEFFEIC L Y, IFEHLE 2
BREAYIcH 40mmHg Bk & &, ZofjoE=E=x
a— LBIRER B8 L. 30450 ED BifE: B
VT ASEFON o PRI 0 /K ZE I [BI7E L 72 4%, do-
butamine % 5 pg/kg/min o EFGHEE CREL A2
o, FBEDELEFE2T-7- (Fig. 2). L=a—[
DEEGEEE X 50 mm/sec & LISEREIZ LT
HEo I ERERT, IERHIRTLER ED
R oBEATRHEL, ERIERPARE (ESV)
LBERMAE (EDV) 11 Teichholz nox19 x
DEH L. EAESNMERSE (ESP) Bk
JE o dicrotic pressure {2 T3E{ L 7z. Suga 529
DFEHME T F VI X, EE o DRERE R
IEHAREARBROEE MBI X ¥ v %,
Ees), 8 XUz 0&EHEIF (Vo) itk v REh 3.
SEIME 2 Eb S ¥ THR S 2L EoERIEER
HIAFE L, dicrotic pressure DELEIF L Y Ees
& Vo #kwie. —F, BIRREAT KL, T
BHRE—ERHERFROEE TRIN S (BNR
REHT IR & 2, Ea). 2T, EHBIRE
X, WHERBIEICGEET 22 &5, BHERHE
RLELBRFROEEEE L LT, T oMFREIR
WA EABEBR L RACEAEYALICERAY
Bz EenTE S (Fig. D). EsSgthdFEaE (EW)
iz Fig. 1 ol omiE [ESP X(EDV-ESV)]
T, Suga 57DV 5 MHEET 2L ¥ — (PE) 11
EAFOEBETELIL, WEF OfE: EAEEHE
(PVA), PVA izxi+ 3 EW ofl& 2 E=LHEY)
# L L. Dobutamine #¥5#% nEBEHEE L,
Vo BxMBEEL bR ve LT RRICEH L.
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Fig. 1. Illustration of method of measuring ventriculo-arterial coupling on the pressure-
volume plane and its schematic representation.

Left ventricular M-mode echocardiogram is simultaneously recorded with direct arterial pressure
(left panel). Left ventricular end-systolic pressure (ESP) is approximated from arterial dicrotic pres-
sure and left ventricular volume is calculated using the Teichholz formula.

The shaded area represents the external work (EW) and the triangular area shows end-systolic
potential energy (PE) (right panel). Left ventricular pressure volume area (PVA) is defined as the sum
of the PE and EW. Ventriculo-arterial coupling during infusion of dobutamine is shown by broken lines.

EDD =end-diastolic diameter; DES=end-systolic diameter; Ees=slope of the left ventricular
end-systolic pressure-volume relation; Vo=volume axis intercept of the left ventricular end-systolic
pressure-volume relation; Ea=slope of the end-systolic pressure-stroke volume relation; ESV=end-
systolic volume. EDV =end-diastolic volume.
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st PR3 X OF dobutamine $¥-5.4% O K45 4E D 2E
{t.% Table 1 L Fig. 3 57+

Dobutamine #¢45.1z X .05 & ESP %L
ST EEE b o 203, EDV (—4%, p<0.05)
L ESV (=22%, p<0.01) 3AZc@b L. £
7o, MR (+28%, p<0.01) 3 X OZERERH S

i (+35%, p<0.01) 1%, dobutanime D51z X
L7z (Fig. 2) (p<0.01). Dobutamine %
Haz X 0 WGEIRERFBR OB & Ees 13 4%
L (p<0.01), ULHEHIRE — =148 H B R o i
% Ea 13 23% W L7z (p<0.01). Z ok Ea/
Ees (3 147+0.57 76 0.82+047 ~LED Lz
(—44%, p<0.01).

Dobutamine o#5.1z X v EW 13 229% 4
L (p<0.01), iz PE 13 33% WL (p<
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THEE R RS R ol 2Ok, EEERE
fFzhi EW/PVA 13 59.7+93% 75 723+
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Fig. 2. Left ventricular M-mode echocardiograms in the control state and during the
administrations of phenylephrine, nitroprusside or dobutamine (Case 9: 54-year-old man).

104% ~L#ak Lz (+22%; p<0.01).
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Fig. 3. Dobutamine-induced changes in hemodynamic parameters, ventricular and art-
erial end-systolic pressure volume relations and left ventricular work.

EDV and ESV are significantly decreased by dobutamine, while ESP and heart rate remain un-
changed. Dobutamine increases Ees markedly and decreases Ea. These changes resulted in a sub-
stantial decrease in the ratio of Ea to Es. EW is augmented, but PE is reduced by dobutamine, while
PVA remains the same as in the baseline state. Consequently, the EW/PVA rises significantly with

dobutamine.
Abbreviations are the same as in Table 1.
*: p<0.05, **: p<0.01.

R LELTHRER BB bITFbN 5.
&SE DR, dobutamine #3 PVA #igfns+
FieEEtEHR (EW/PVA) 2lfRks®52 L
WIS TR, —F T, AF|OT kX —TEHSH
R (PVA/MVO,) e+ 3 HEIC X > T LEME
REAEEHShsb 0 L EBEbh 37 Sug
516103 MVO, & PVA MESAEHE %R
T LEBREL, ZoBERERETAREEOLHE
¥, DI RS R L. #EoiXhid
D~ OAREESL LR O EIT X o T Y,
PVA-MVO, Bz RETh-7z. ZhicHL
epinephrine iz X % [MfEME o ¥k i, PVA-

MVO, EHE Eczoffs s Exfic, OBk
P EHEBBSEZZ LALLM ERE. TR
bbb, epinephrine &Rz ix, RFEED® PVA
SEICHL, XV%E<D MVO, BUETHY,
Z DR R FEFNIC X 508 0ERERB oTTE I
briEZLATWS —FhFa—n7IviE
Doz ALX—RE LTEHOBARZ bbT
7z, [FIFEEE» adenosine triphosphate (ATP)
BEHEICE+ 3 MVO, 23% < 7 % (oxygen-wasting
effect) =L L amph T3P, HEEKT dobu-
tamine ®» PVA-MVO, F§{g&ic R&iF 54 B
LMTHRVS, DEOWENS, FHIR MVO,
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5 PVA ~px 2 X —FHSRFET 2
AJEEMES FREh 3. Li#oT, dobutamine
2 & 30 OBBIIER I, MEERhR (EW/PVA)
DREOEEL, =X VX —FHBHR (PVA/
MVO,) nELOBEICEEShEbDLEERD
hs.

4Bl oEHT, dobutamine iz X » Ea/Ees 7%
EFLA—EL LT, Ea o 23d 5. Ea i3
DR BRI ETTIC X YV HE & h B,
dobutamine 5% DOLMKICHEEATLRAE D
Nhholcz kb, Ea B4 oZRHRML
FEROBD LE % bh 5. Dobutamine i, 3
BAiE f1 BEEE N+ B LIEE O HEIER ©
BT, P BEEE N 555\ RAEMAE LR
ER%E L2, Lal, SEOREETEILRLA
DI DRI X 2.0 AH BN A=)k TR
B ERETZ 4726 L, REMLEEFTEHD
SELAEELREZL LS.

SEOKREFICI T 3 HELo BERE LT,
%1z, MEEBICHT 5 REMERBAHREED
B, EHREFHEBERCRETHER DT
b s, Suga 5203 UNKERIMES 100 mmHg
& 150 mmHg % CHEhN L 72BE o Ees o%{kix
#13% TREVWELHELTWS. Fi- Vatner
LWL EBREA, EFREZR-> CMEEE
LS, ERSF OLIHRENE Ik E %1
EELIDLLTVWS. —F, F&LICBVWTE
BER?P ROREERS OEZERRE 285 LT
WaBZ ERmbRATWS. Lo T, SRR
2FlERH L LRV T, MEOEBIC
X% Ees oZfbid/hsnibnltExohs.

% 2%, dobutamine #5%#% » Vo % %ML
FICERE LA THS. Suga 53 OIGHERL
AW RSz X v, epinephrine #¢ 5.1z T { Vo
BAETHBZ EBMbhTWS. —HFERREK
TiX, epinephrine 7% Ees #2231z Vo ¥
LEEBHEL, Vo BFREDE %, Ees ik
SEBHEODBZ LBMESATRYY, £k
R W TLIHENE DA Vo ic & 5 B8+ 5 2

A4 & dobutamine

Z2oWT, WERBERO—EE2HZTWEW. FE
Borow 5293, $ix LREEDOFEE BT, E
BN DOIHEHRERTE B4R 2 Kk », dobutamine
12Xy Ees 3k L 72, Vo 3RETholzz

LEWMELTWS. 4 dobutamine %
TR—®» Vo 2HW3IZbloT, HRAIZZD
Borow & n#i&ErBEIC L.

B33, ERHHEEROEHICEWT, #E
HtERZEZBE Lok L ThHE. EEn=
V7TAT v RABET LI ER R ERELARLF o
IO CHAMTHAMET Lcb 0T, E=i
ERMENLE L LR+ 5720, EHHEEY
R Lz 2. SEOSSRE, WTERLEBER W
LHEEOLAREFITH Y, LR - MmBT
REBE® LT, HEREHTFERIC X 58ET/NE
WhortEXLNRB.

DlE% %L 3L, dobutamine (d.UMTEEM: D
WK LERMMEOIEICL Y, LELEBIROHEE
BfR% &V EFE ORIES Y, ERFEHRE
BES T 5%, FARLEBT 5008 % 0
HERER L, EEHBIIRICHT MLEOREL
Wit 2RI, EBEMAEDRCRETHROA
76T, [LEHT XX —2 5 EE ORI
HE~NDOEBRDNE~DBL LEETILENRD
HLEZS.

= #

VBREOERBEESH EE LR L, BH E
50% LAFo 9 fERI%E x4 & L T, dobutamine
(S pg/kg/min) i X B IRAEME DB, DE L
DIk OB L EEHBEHRICKIETHELR
AL’

InfERBE (ESP) & LCEEBRE® dicro-
tic pressure #% Fjv», phenylephrine & nitro-
prusside 1 X % MEZE(LEF » EEFLERBIAR
(EDV), InfEk#ias (ESV) %, WEL==—
HMBETIL, M E—Fhza—RIVEHLE.
EBIHEREME & L, ESP-ESV B{Z o fE &
(Bes) LAMEIN (Vo) %, BIIRRBATIENE &
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AR, BRI, RIL, Eh

LT ESP-1 E#HEBROBEE (Ea) ko i
Suga b OREWEET VLY, ARSI EE
[EW = ESP x (EDV — ESV)] L B fET 1
¥— (PE) #kw, W#H oz EXEAHEH
(PVA), EW/PVA % ZE={HEH=R L L. Dobu-
tamine #5#% 0 Vo IxBEELFEL L LT, %
BELEH L.

Dobutamine iz X » ESV (-22%, p<0.01),
EDV (—4%, p<0.05) 3@ Licas, Oagke
ESP 3HEEABILE RS RM o7, %7 dobu-
tamine #%51% Ees (3B icgin (+41%, p<
0.01), Ea i/ L (—23%, p<0.01), znfEE
Ea/Ees i34 Lz (—44%, p<0.01). Dobuta-
mine X b EW 38in (+22%, p<0.01), PE
B (—33%, p<0.01) L, PVA 3REDE %
EW/PVA 3387z (+22%, p<0.01).

LI, dobutamine iz X &.CMHEM: O HA T,
EE4AEDHREWET 5 HAICOMEROESR
BErTLEE3 LERTS.
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