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Summary

To evaluate left ventricular mechanical energy efficiency and ventriculo-arterial coupling in
humans, left ventricular pressure-volume relations were determined using the conductance catheter
technique in 20 patients undergoing cardiac catheterization. The results were as follows :

1. A convex, curvilinear relationship was observed between end-systolic pressure-volume rela-
tions (Emax) and left ventricular ejection fraction (EF), as shown in the equation of EF =28.5 x log
(Emax)+39.6 (r=0.67, p<0.01, n=20) ; EF remained nearly constant in the range of Emax >4 mmHg/
ml/m?, whereas, EF decreased markedly under the Emax of 4 mmHg/ml/m?.

2. A convex, curvilinear relationship was observed between Emax and mechanical energy effi-
ciency (EW/PVA), as shown in the equation of EW/PVA =30.5xlog (Emax)+54.8 (r=0.83, p<0.01,
n=16).

3. A concave, curvilinear relationship was observed between Emax and ventriculo-arterial cou-
pling (Ea/Emax), as shown in the equation of Ea/Emax = —0.8 X (Emax)®-5+2.6 (r=—0.85, p<0.01,
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n=16).

Accordingly, EW/PVA was markedly decreased with changes in Emax in the range less than
4 mmHg/ml/m?, although it remained slightly increased above 4 mmHg/ml//m2. Ea/Emax was main-
tained constant (p<0.5) in the range of Emax above 4 mmHg/ml/m? but was abruptly decerased when

Emax was reduced below 4 mmHg/ml/m?.

These results indicate that depressed left ventricle attempts to work effectively at the risk of
mechanical energy efficiency and with suitable matching by aortic property. Application of pres-
sure-volume relationships provides a new framework for evaluation and treatment of the failing

heart.

Key words
Mechanical energy efficiency
catheter

Ventriculo-arterial coupling

Ejectional performance Conductance

X C®Iz

Suga 5Viz X 01208 & W UERHIE - A58
RO (Emax) 3, HETIEBRIVE 2 %KD
TRIEYAEELLTEDLATWS. Fik,
Z DL 2o I E - ARBERE, HENBRZOR
BoT, BB AL -BOFERE Lo
EDREBRMICHL M Eh?. &bk FABEGRE
RWTESE LBIRR OB ERE % FHE+ 5 BE&
REIHDICW Y, E-AHEBEREOEAZED
WEED H72 6F, FRELDOHREEEL W 5 RS
HPbbERBESNBXICoTE . LHL,
FRRRMICEZE L AR E RIBRIC, »oMEEaIc i
VIRLTRIET A Z L3, EERHOREICES
DB D > lcicd, HEETHo. Zhx,
EEE - BRI W T ORI S HIR 2
ZiFTWwiz.

L2 U3E4E, Baan iz WEREshica v 4
7 EVABT—TAENE, BREICBT S EE
DEMLIELELRN, »oRVELAETSZ L
ERREIC L. SRIBAEZ, avFre2orhT
—FNVEERAWTEZEAEEBRIRLAEL, £
ERAMLRAIRICEHE LCESELOIE - BV —
FEER L, BERFICE T3 ESE OB T XL
¥—Zh0 L EE - BRR O BAEYIC o T RE
L.

*3 ®
HRIMFEEOHEEBNTLEY 7 —F VRE
EITLICBED Y b, REVRRED bR oT
fEeHEE 44, BWILERE2H, BOETH, BB
PLFBEZE 4 5, OFRBUE 14 72 5 O iz fEIER
OMHEE 2 9] o § 20 4] (B 16 i, &4 41) T
b5, FipiE 5013 5% (CFHELEERE) ©
5.
bl &

1. EERWLEOAE
DIATEIEIC D B 5 T T OIFEF 2 D74 <
L 48 BEERRIEL 729 2T, DI T —F AR
EEfTok. DAERE, E2EE, TORER
B EOBMIMNTREKT Licikic, mITEREH»S+
SICEIE LI2RERT, EZORHELEDORBEE
D7), F A4 XHB5NWRTF YA D= vy
% v 2 A7 —5 ) (Cordis BILEEH 5 —F L)Y
PEBLRBECTED. aVEF I I VAT —
FNEIC X D EERBORELEOHERIIEICHL
ERTWBY R, EEOFEIZOWTHEK TS &,
avyy B2 HF—F V% Leicom f Sigma-
59 icHE S, BRI Z ¥ = Xy FICE &, Mk
DEKEYY o ¥ WET B, ¢ OfEE Sigma-5
WCASI LT, MBRICEBEB LI TF—F A 1D
5% &K Smi~10ml #fHBIRICEA L, &8

— 438 —



MWED IS DOFIEM aVe k5. Znk iz
UTHHIE SNz fHME R, ESEAREEHEE X<
T %t shTns.

EEFEF= ¥ 7 %R BT —Fnic Statham
W PO ENT AT a—H 2 EH LT, flud
filled #:THIEL .

B D CICEDOBIENET Lickic, mifm
b5V HBANE L S CEETE - AREBRE R
Wit Thbb, EEELESRREHGNICET
FELEET R0, =t Y wyr GH) b5
WiEA MFFI v Of) AR LTEE 30~
40mmHg ZH s, —Eo s 6 F) T
Medi-tech $i~ s —yvh5—5 1% Hwc 1057
it O T RFFIRFAZESY 2 170, RiARZBED & &
WHD, EEE LAY MG I L .

PLEDFREITITAANERARY 7'5 7 25 4

Balloon inflation

T UE Sy

P

FEE OB = 3 L — )R L /e % - DRRE S

RM-6000 % vy, #&3% Y 3 50 mm/sec & % W
1% 100 mm/sec THEERF 2 L OCICEEEOEIF
R ICRESR L T2,

2. AEEE- AHEBEROER

F— 2 OfFFTICE, 7Y # 4 ¥ — (Graphtec #
KD4030B) & —yFprzayra—s— (NEC
i PC-9801VX) zMwviz. BEMEZSRELT,
RSN ELRABEFBET Y 2L F—T
25msec fRICfHTL, FDF—H &k N—YFra
vEa—FZ—lR AN L. ASTENTET—2056
FEHRIEARWIE (Pes), ZEmiiERMZAHR (EDV),
EEIEARMZAR (ESV), 1EHEHE SV) B
FUuEEFER (BEF) 28H L, &bic, FHIA
fif & % WE T REIREA ZERF O SR O JE - BFEN —
T a i, EEIIGERME - AFEGR oS5
(Emax) L58EERA (Vo) Zskwe (Fig. ).

200
[

—
o
o

Left Ventricular Pressure

0 ! = =
g 50 10a ml

Left Ventricular Volume

Fig. 1. Left ventricular pressure volume ralations and pressure-volume loop.

Left ventricular pressure (LVP), femoral arterial pressure (FAP) and volume (LVV) are continu-
ously traced as shown in the left panel before, during and after inferior vena caval occlusion less
than 10sec. Derived pressure-volume loops and end-systolic pressure-volume relations (ESPVR) are

shown in the right panel.
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Fig. 2. A schematic representation of pressure-
volume relations.

Left ventricular pressure-volume area (PVA), exter-
nal work (EW), systolic pressure-volume relations
(Emax), and arterial elastance (Ea) are measured from
pressure-volume loops obtained by the conductance
catheter technique. Left ventricular mechanical en-
ergy efficiency is estimated from EW/PVA, and
ventriculo-aortic coupling is estimated from FEa/
Emax.
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Table 1. Clinical and hemodynamic findings
in the six groups of subjects

Age BSA EDVI EF

Diagnosis (yrs) Sex (m?) (ml/m2) (%)
Normal
1 16 M 1.548 141 79
2 34 F 1.412 101 69
3 38 M 1.752 97 69
4 39 F 1.530 76 62
Hypertension
1 55 M 1.460 101 73
2 57 M 1.432 55 68
Angina pectoris
1 54 M 1.543 78 59
2 56 M 1.920 65 43
3 60 M 1.720 64 73
4 62 M 1.768 101 43
5 63 M 1.448 105 65
6 64 M 1.659 78 59
7 68 M 1.598 73 53
Old myocardial infarction
1 43 M 1.740 82 56
2 54 M 1.650 119 39
3 55 M 1.692 93 40
4 59 M 1.622 83 65
Mitral stenosis
1 49 F 1.285 86 69
Dilated cardiomyopathy
1 32 M 1.665 264 34
2 36 r 1.665 156 31
Mean 50 1.605 100 57
SD 13 0.150 44 14
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Fig. 3. Ejection fraction (EF), end-systolic pressure-volume relations (Emax), mechanical
energy efficiency (EW/PVA) and ventricular-arterial coupling (Ea/Emax) of all groups.

Normal=normal controls; Hypert.=hypertension; AP=angina pectoris; OMI=old myocardial
infarction ; MS=group of mitral stenosis; DCM =dilated cardiomyopathy.
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Fig. 4. Comparisons of Emax, EW/PVA and Ea/Emax in 3 subgroups.
Subjects are categorized according to their ejection fractions into as Group A (EF=60%), Group

B (60%>EF>40%) and Group C (EF<40%).
* p<0.05, ** p<0.01.
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Fig. 5. Relationship between Emax and ejec-
tion fraction (EF).

There is a convex, curvilinear relationship be-
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responds to EF of 579% in this equation.

»5L (Fig. 7), EW/PVA =99.7 — 30.5 x Ea/
(Emax)%5 (r=-0.93, p<0.01, n=16) ©% v, Ea/
Emax=0.5 © EW/PVA=78%, Ea/Emax=1 ¢
EW/PVA=69%, Ea/Emax=2 < EW/PVA=
57% L 72%. Zhb O BRI RDESHE
LRA—EL, SHEOKRIFCB T HMEEORY

EW/PVA

o

B

Ss
u]
"

~..0

EZOBBHT XX PR LER - BIRRES

HEXHETsL0Thol.

z i

E - BBV — 7 0B bh 3 EEE - AREH
(PVA) 11, DIUEHER—ED b & TRBREER
EEVEBMHEEZ R LS, PVA o0 HBREY
BECHT 3l (=320 ¥ — BHRHR) 3AME
#, D WEECEIC I > THLARETH S
tvnbhTwa?, —%, 1 EHHE-IERIE
Bfrckahns Ea 3b 3 EHREICE T 580k
FRTS2ZUREFRDL, WHEHEZFDT Emax
Lol Ea/fEmax BEZR-BIRZREARERZED
T, zhwx, zhoofazAvns L, EX
DB T XV X —FRLH 552 bh IRE
BhroEZEni+ | BN ERZBERICTS X
) BBATRGOHEEH FIHETH 5519, KBk
T, IVFIFURITF—FNEEAVWTESR
E-FHEN—7%20&L, 200 —FDFHH» D,
HEx DREDOLDHEL AT 2 EE OB~ X v
¥—PR L ZOEE - PIRFESREBIZOVTHR
R

4 EF T&£bENB.LR7#iEL Emax
THRb I 5 LREHOBFRICOWTH S L, EF

13 —eEW/PVA

o0Ea/Emax

EW/PVA vs Emax
N=16
Y=30.5log X + 54.8
r=0.83
P<0.01

xewg,/e3

Ea/Emax vs Emax
N=16
Y=2.6—-08X"
r=—0.85
P<0.01

6
Emax

8

0

10 12
(mmHg/ml/m?)

Fig. 6. Relationships between Emax and EW/PVA, and between Emax and Ea/Emax.
There is a convex, curvilinear relationship between Emax and EW/PVA, and a concave, curvi-
linear relationship between Emax and Ea/Emax. In both relationships, the point close to Emax of

4 mmHg/ml/m? seems to be critical.
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Fig. 7. Expected and measured relationships between EW/PVA and Ea/Emax.
Measured relationship (right panel) matched well with the expected correlation (left panel).
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