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The purposes of this study were (1) to compare the Emax (peak ratio of pressure / volume) cal-
culated from left ventriculography (LVG) with that from echocardiography (UCG) and (2) to examine
whether peak left ventricular systolic pressure [ end-systolic volume ratio (PLVP/ESV) from the echo-
cardiogram was a sensitive index for the assessment of myocardial function in man.

Patients underwent left heart catheterization using Millar micromanometer-tipped angiographic
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catheter. Cineventriculography at 60 frames/sec was performed in the 30 degree right anterior oblique
view using Conraxin H (3040 m!) injected at a speed of 8-12 ml/sec. Every 2 frames of ventricular
volumes were determined by the area-length method (Dodge et al) with the aid of a sonar pen digitizer
(Oscon) and DEC computer system (model PDP 11). Just before the cineventriculogram, all echo-
cardiographic measurements were made at a paper speed of 100 mm/sec. Ventricular volumes were
determined by the method of Gibson et al. Left ventriculographic, echocardiographic and hemody-
namic data were digitized. Data were processed and analyzed using PDP 11 computer. Pressure-volume
loops, instanta neous pressure volume ratio, E(t)=P(t)/[V(t)—Vd] curve, PLVP/ESV and ejection
fraction (EF) were determined. E(t) was not corrected for zero pressure.
The results were as follows:

(1) Comparison of estimates of Emax derived from LVG and UCG showed a close correlation (r=
0.978 and y=1.20x—0.194). (2) Relation between PLVP/ESV and Emax derived from LVG showed
good correlation (r=0.996). Relation between PLVP/ESV and Emax from UCG was also excellent
(r=0.989). The value of PLVP/ESV was approximately 6 percent higher than Emax. (3) Comparison
of estimates of PLVP/ESV derived from LVG and from UCG showed close correlation (r=0.965 and
y=1.169x—0.209). (4) Relation of Emax derived from LVG to PLVP/ESV from UCG showed close
correlation (r=0.961). (5) Comparison of estimates of EF derived from LVG and UCG showed good
correlation (r=0.85). However, relation between EF and Emax or PLVP/ESV was curvilinear. When
ejection fraction was less than 40%, the value for Emax and PLVP/ESV was less than 1.6 mmHg/ml.
In patients with ejection fraction greater than 60%, Emax and PLVP/ESV ranged from 1.25 to
3.1 mmHg/ml. (6) The value of PLVP/ESV derived from UCG showed less than 2.0 mmHg/m! in
patients with coronary artery disease, less than 3.1 mmHg/ml/ in patients with valvular heart disease
and greater than 5.5 mmHg/m/ in control, in this study. Therefore, PLVP/ESV derived from UCG,
which was easily obtained in clinical practice, was a sensitive index in detecting subtle changes of
myocardial function in man.
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Peak left ventricular systolic pressure [ end-systolic volume ratio (PLVP/ESV)
volume (Emax) Ejection fraction
volume ratio

Peak ratio of pressure /
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Table 1. Hemodynamic parameters

Heart rate LVP (rrerﬁ) EW ()  AoP (mmha)
No sex 0S| n.

A control group
1SM 47 R 67 37747 11 841 5.4 1% /8
28s 51 F 69 10770 9 &l 2 13/6

B valvular heart disease

388 35 M MS, AR 60 1979/6.1 10 105 555 & /58
KTE 55 F MS,of 78 o4/ 14 6 %29 4.1 112 /7
SIM 35 F M 78 98.9/1.5 7 1384 45.2 104 /68
6T 44 F AR 100 118 /13.8 37 312,3 1144 1% /51

C coronary heart disedse ( three vessel disease )
7HE 40 M 52 15.9/0 9 1985 9.1 12 /83

8TT 54 M 80 102.9/ 9.2 16 301.3240.6 104.7/ 66.7
97Ts 42 M 64 113.1/12.8 27 19031163 110 /78
04 51 M 54 126.4/11.2 24 174.9 8.0 117 /68

LVPsleft ventricular pressure, EDP=endodiastolic pressure,

LWW=left ventricular volume, EDV (ESV)=endodiastolic (endosystolic) volume,
AoP=aortic pressure, Fz=female, M-male, MSemitral stenosis,

AR =aortic regurgitation, af=atrial fibrillation.
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Fig. 1. Echocardiographic pressure recording of a patient with angina pectoris (H.H., 40

y.0.).

The pressure trace is obtained from PC 471 micromanometer tipped angiographic catheter. PCG =
phonocardiogram; IVS=interventricular septum; LVP=left ventricular pressure; LVPW=left

ventricular posterior wall; ECG =electrocardiogram.
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PRESSURE-VOLUME CURVE
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Fig. 2. Left panel shows left ventricular pressure volume relation and right panel shows
instantaneous pressure volume ratio (E(t) curve) in a control patient by left ventriculography.

Emax is not corrected for zero pressure. Emax shows the highest volume for the ratio of ventri-
cular pressure to systolic volume. PLVP/ESV =peak left ventricular systolic pressure/end-systolic
volume ratio; T'=time to Emax from the onset of systole.
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Fig. 3. Left ventricular pressure /| volume relation (left panel) and instantaneous pressure
volume ratio curve (right panel) from the same patients as in figure 2 by echocardiography.

Emax=peak ratio of ventricular pressure to systolic volume; PLVP/ESV =peak left ventricular
systolic pressure | end-systolic volume ratio; T=time to Emax from the onset of systole.

BRHRGATATNCRARICEE SN S, LI
Db L TREE 2 #EL Lo
DI L RO BRI T & RV ERD 5. FKE
® /& v~ micromanometer tipped angiographic
catheter |X, ZElH 7 —F Vi L RIBICESER
bAREL L, EEEREBBRBEHIHELH, BB
REEAFRIL D f KB (Emax) 32 ZUNHERE 0 5
KAVORB L DIk -3, & bic, IKEKS
DL TREAM LA LREHMLTV5Z L,
BIENES &H 5, end-systolic pressure [ end-
systolic volume ratio® PZEZIUFEEEDEE L L
THwbhD XS5 >TEf. Suga H¥F%E
BAERD S, IERD ORREAEBROERE
BOFHEE LOYEIR LA L —EDETEDS
L#I% L7eAs, Sasayama 57 @S FLL—ET
%<, Thidfc0ARCXY, BRMEEZML
THE < B ISR DR NICEBI L TS B 7

HEHALTVS. £, HEFATREANARE
TR vFEELEL, BIREREEDZ EHMRT
Eh\ v FORE v EiE 2.

FRERIIIC AV D h 2 RRERTAE L BEHAR Z &
R, hoRESLEhiz kL gL TRV 2
bhaFETRITRIEE bl

Nivatpumin 5®j%, PLVP/ESV o lt# v 5
i, ThAVGBRRERELORKREZRDLT
VB EVIBIICESV TV B, EHELTYS.
ER, FRESWNHEHE L Emax icki7 3 £=
WEDE#RZEI R 10% 2E T, Zoizw PLVP/
ESV  10% B iz L @B LTHY, BE
DLH T —F METHAMERTREAIREETH S
LTz

UEDEXICESVT, RaZZOMELZIT-
fo. EEEREC X SERHRT, ALY
YaEE 0L LT, BREEAMILOKEKE Emax #

— 446 —



mmHg/n;l

L N

Echocardiography

~N

2 4 6
Left Ventriculography =~ mmHg/ml

Fig. 4. Relation of Emax between left ventri-
culography and echocardiography.
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left ventriculography and echocardiography in
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Correlation coefficient is 0.85.
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Fig. 6. Comparison of Emax and ejection fraction by ventriculography and echocardio-

graphy.

Relation between EF and Emax is curvilinear.
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Correlation between PLVP/ESV and Emax by LVG is excellent (r=0.996), and so is the relation

between PLVP/ESV and Emax by UCG (r=0.989).
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Y=1.169 X—0.209; r=0.965.

kw5 &, PLVP/ESV L officit, b Tk
VHBEERL, BERNCHSACONRBIERETH

5z LERLI.

Ehihza—HEizsnTh,

=
o
I o
13
E o
6}
>
RS
o
o
=)
O 4r
e 1
=10
3t 7Zases
2
ocC
I.ﬁ 2t - = VD
- 4 CAD
¥
A
A
6 mmHg/ml

B
Left Ventriculography

Fig. 9. Relation of PLVP/ESV from UCG to
Emax from LVG.
Y=1.356 X—0.282; r=0.961.

Emax, PLVP/ESV # =k », EZE@E¥EICX3
Emax Loz 4 5L, ThZThOMICEEY
HERAR LA Zhidd = 2 —Ric X 5 PLVP/

— 48—



ESV < { EZDWHERED FEfic +20%EETH
2ZLERTLDOTHSB. Lizd-T, BEER
Hleakon b, ER0 ERESD»NE,
Dxa—E ) INERAFREZRD T, BRI
i 4 2l 2 AL+ 5 0INFERE D & = & — 03ATRE AR Z

b 7 N AL

EBRHHBENEH T H b 4 5 5, PLVP/ESV %
Emax 2EfE# & 5 mix, Grossman &% (3 UINHE
KYBEVBKE D THBEL, ZhidFHan
BARich, KBRFAEALHFITHORE. —F
REIRIRAEE TIREBRRII/DN S, ERERNEN
By REXONB0DE, PLVP/ESV 3w
Ex R+ LeEXONBEH, SBLETRENE:
L2 BREBETEZENEORE LEF L 1T\
RENIRFPIRAESE D DHERE D IE L V37 & 1T 5 &4
ERdh 5.

RRBRE R T, Lxa—FEokE )
BRDS, HRIAZHREE L b, —FRICBEES)
DIET LERIE L. EXEBESOEBERYEES
DB b1 BIEF OULHERE D FEMIC %, X4 LIk

LI DFIMMER A B RETHB LER 5.

¥ |

BRI E(t) i3 Vd=0 & LT, £EEE
b a—FEic L vskw, & 6ic PLVP/ESV
EWGELYVET, ol a—Ric & 5 PLVP/
ESV n&#Hic > T L7

(1) ZExmwE#EkLy Bohiz Emax Lz =
—[X & v #7 PLVP/ESV oRici, r=0.961 o
B2 B - 2.

(2) Lxz=a—REyH5hi PLVP/ESV 43,
23 5.5 mmHg/ml P b <, @RERESR <
2mmHg/m! LUF L& <, FAE i3 3.1 mmHg/
ml YL FTdh oz

THLDOREREY, DT a—RXVko i
PLVP/ESV REZRoIHEESE M+ 3 1c+47%
RETHY, BERAICLTHAVORBH LV i
Eick >3 LBbhr-

ZEEIERERTi

E2 ¥

IOBEDBHNE, (1) ESERBELLTa—
Mk V& 5h Emax # KERE L, DT a—
KX vE5hiz PLVP/ESV ratio 2 A0 A=
RO B IR Th o0 E ) pRET 5
LTh 5.

2 Millar 2 PC471 micromanometer-
tipped angiographic catheter i\ CTZELH 7
— 7 VERAT Lic. X $EEEEBEI $H 60
22T, ARl 30 ERMLIC THEFT L. 2a~Z¢
iz Sonar pen digitizer TAEZEHEE L —X L,
Dodge & @ area-length i T EEFAH* EH
Lic. EEEFERNC, T a2 —RIT%E D EHE
100 mm/# CFEgk L, ZZEAH I Gibson Eic T
B L7z, Sonar pen digitizer o2& v %7 v ¥ F
ATEBEEZRAVC, EEER, M =— Fhza—
K, Z£ZKE% DEC computer system (PDP 11)
AL, AR, BRREERKLL L 2 o,
PLVP/ESV, BRHR#HE " r v # —icTHA L
. E(t) #B3ichbiy Vd=0 & L.

RRIKDZELTH 5.

(1) LVG & UCG x v bz Emax o
REEbDTRVHEERA A (r=0.978, y=
1.20x—0.194).

(2) LVG »5%E6hiz Emax & PLVP/ESV
DRIzt r=0.99 D4R H Y, UCG niHa
bIRER r=0.989 DR\ EBIM » - 7z. PLVP/
ESV 22 Emax X 9# 6% Bz 5 L.

(3) LVG s xwt UCG » 54 bhi PLVP/
ESV oBifgciz, r=0.965 oM » v ERE
iz y=1.169x—0.209 < - 7=.

(4) LVG o Emax izx+% UCG o PLVP/
ESV 3 r=0.961 o vHEERA ST,

(5) LVG & UCG xv#Eshni EF oRlic
Zr=085 DEVHEEANA LR L LARD,
Emax £ PLVP/ESV & ofilic i #5345 5% 0 B
BHh bl EF 5 40% LAF ©id Emax, PLVP/
ESV 3¢ bz 1.6 mmHg/ml Y FchHot. —



ﬁﬁgi %i#: )_:'-&y (E3:a

% EF #60% £l k¢, Emax & PLVP/ESV
i3 1.25 5 3.1 mmHg/ml o d - 7.

6) z oHFFEHL 51, UCG iz & 5 PLVP/ESV
SR EIRE BEE <1 2.0 mmHg/ml LUF, FpiE
£ <z 3.1 mmHg/m! BT CE# 5.5 mmHg/
ml PYETholz.

PLEnS, BEREESCE>LS UCG 260
PLVP/ESV i3, DHEEOLILE FHifi+2 D+
iigETHB EEX b

X

1) Downing SE, Sonnenblick EH: Cardiac muscle
mechanics and ventricular performance: Force
and time parameters. Amer J physiol 27: 704-
715, 1964

2) Taylor RR: Active length-tension relations com-
pared in isometric, afterloaded and isotonic con-
tractions of cat papillary muscle. Circulation 26:
279-288, 1970

3) Grossman W, Braunwald B, Mann T, McLaurin

LP, Green LH: Contractile state of the left ven-

tricle in man as evaluated from end-systolic pres-

sure volume relations. Circulation 56: 845-852,

1977

Rackley CE: Quantitative evaluation of left ven-

tricular function by radiographic techniques.

Circulation 54: 862-879, 1976

5) Suga H, Sagawa K, Shoukas AA: Load inde-
pendence of the instantaneous pressure-volume
ratio of the canine left ventricle and effects of
epinephrine and heart rate on the ratio. Circulat
Res 32: 314-322, 1973

6) Gibson DG, Brown D: Measurement of instanta-

4

~

7

~

8)

9)

10)

11)

12)

13

o

14)

15)

— 450 —

neous left ventricular dimension and filling rate
in man, using echocardiography. Brit Heart J 35:
1141-1149, 1973

Sasayama S, Kotoura H: Echocardiographic ap-
proach for the clinical assessment of left ventri-
cular function. Jpn Circulat J 43: 357-366, 1979
Nivatpumin T, Katz S, Scheuer J: Peak left
ventricular systolic pressure | end-systolic volume
ratio: A sensitive detector of left ventricular
disease. Amer ] Cardiol 43: 969-974, 1979
Sagawa K, Suga H, Shoukas AA, Bakalar KM:
Endsystolic pressure [ volume ratio: A new index
of ventricular contractility. Amer J Cardiol 40:
748-753, 1977

IR B ST FAEER, REREA, FiR
# FEH B, MREfcH, BRES, B B A
HERE I L 3 BOEREOELEEES OE
Beest. BFEFHRFT (in Japanese)

Dodge HT, Sandler H, Ballew DW: Usefulness
and limitation of radiographic methods for
determining left ventricular volume. Amer J
Cardiol 18: 10, 1966

Gibson DG: Estimation of left ventricular size
by echocardiography. Brit Heart J 35: 128-134,
1973

Teichholz LE, Kreulen TH, Herman MV, Gorlin
R: Problems in echocardiographic volume de-
termination: Echocardiographic correlations. Cir-
culation 45 & 46 (Suppl): 75, 1972

Pombo JF, Troy BL, Russell RO Jr: Left ven-
tricular volumes and ejection fraction by echo-
cardiography. Circulation 43: 480-490, 1971
Suga H, Sagawa K: Instantaneous pressure-
volume relationships and their ratio in the ex-
cised, supported canine left ventricle. Circulat
Res 35: 117-126, 1974



