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BEE L7y vFEMLHELLEZIRRRARE, » 7 ETHIE Lic ERBIRE AU M ED
b, BAIFERLE—ZESNHERPEHREROMEE (P/V slope) 35 X VAR E, /£ ZINFERPER
e (P/V ratio) FHHEL, THIWLES 7 — F VREEN DR L EZIUGEETSE TH 5 mean Ver, LVEF,
ESVI, ESS/ESVI &l L, P/Vslope 35 X8 P/V ratio 0Bl HRF L. HE2L7 -y vFED
77— BEEE 2BRUVACKT L 12FE L, # P34 I vEBRECIDVREEL, 3 ATRAIR
FEMME & EZIERABERELRTE Lic, TOERBER O EE % P/V slope, FERTDORAIGEMMESY

EZIERAAR T LIcfE% P/V ratio & Li-.

P/V slope 35 XUt P/V ratio |, mean Vor, LVEF, ESVI

LILIERBIR T, ESS/ESVI L ix—%kB T, £h¥h r=0.83~0.88 TENE L, JEBMAY e ZILEIESE

BLLTERAThR LELLRI.

L FL®IC

Emax ¥, &, f£)II6Ic X Y $08 &h 7o DIE
HERETH 523, FHHELCER R A I8 i A
¥ UEL T 5. 72T Emax 28 U DIREEMES
BE B ICRY 5 70, ERIHERHEL &
RURFEHIMLE A U, B K U6 A i E— UG
KMAERBEROBEE L LTR® 5h 5 P/Vslope
(slope of peak systolic pressure-end-systolic volume
relation) 2, BLIC e RURIIMLIE & 72 S5 U4 A3
78 T L7z {f P/V ratio (ratio of peak systolic
pressure to end-systolic volume) ¥, 0¥ #7 14 $8 &=
ELTRHEShTNSE2D,

D7 =Ny vy FHERbT 3 — ik L RO IR
* FEAEEFBAREE —BE
Zf 3410547
R (34127108

BIRIGER%E « FFEHATHR2-2-8 (& 950)
PGB R

W x B E

2, SHLIEEWRICEESNTEZAHONE
DRETHY, TORBEELENLEILTNSY.
LZBT, DTNV UTFENLDERAEEA
WTEARBRE R, Bk oRD EEIR
FEPEFREE L B L e G 1R D v,

GE, LF—nvrFiEL h 7 EABLER
53k 7= P/Vslope & P/V ratio &, Mg » 57—
FVREE X Y R L BILE s EZE TR &
gL, zoFREERN Lo TRET 5.

L % 8

HMBIIDEY TF—F AVREBELL A — VY TR
2BEELANICHELT L7z 1240, WERIZEmELE
B8 f, HERLLARE 3 6, [MIEFHASARAIE 1
$I<TH 5 (Table 1). Tk T 57 % T, B9
B, ZHE3IBITHE. WFhOERLLT—Ly
VFEDES T —FAVREL ORICHRENEE
BT Twirw., 22FFRAEEZRL, LEM
B, &L VWEmEDEFIZERS L.
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Table 1 List of patients

Patient No. Age Sex Diagnosis  Patient No. Age Sex Diagnosis
1 28 F DCM 7 38 M OMI
2 54 F DCM 8 61 M OMI
3 57 M DCM 9 62 M OMI
4 60 M AP 10 63 M OMI
5 68 M AP 11 65 M OMI
6 71 F AP 12 61 M MR

DCM: Dilated Cardiomyopathy; OMI: Old Myocardial Infarction; AP: Angina Pectoris;

MR: Mitral Regurgitation

m. % %

1. 07 =LL o FRCEIEZBRMUNAE
D=y rFiE e ) VEERTR ™ Tc Rl
RENERETIT-o72. FHLZEBRE= XV
F-PABa ) A— s EE L cxtmiin—42 4
27 ZLCT7500, ¥ — 5 JLEBIEB v v F v 7
2400 Th 3. EBFHOHER, Ao FEICHE
v, OHFE R #8007 — v Single Photon Emission
Computed Tomography (.0» 313 [ #§ SPECT )
CXOVHELED. s37EMBERO= bu—
WVIREEC, DIERBTELE D SPECT # L -
7z. SPECT i3 1 Hd iz » DUNEERKZ 10 8 L
L, 10BEZLic 36 5L v 360 ETF—# 2R
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ROD AR, 2L T, 1l 254 2 LICEE
ROINDOE 7 e VBEFELIE, £2F74 2D
I N EERFLTESESRA 7 2L, 1
R ENVDY OBREERA 7 EABICRLCE
FEAMBE L. CoFECE 3 EEAMI, £X
EEELVRDLEZHLEBERH AR L y=1.0Ix
—3.7, r=098 THBEL, "y rSS5y L EFPER
HBLZLECKRESBEIREVWESATWVWSD,
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BARIEHIMEE, KBMEFIC X v AR
BN 7ETRE L. RERBER L VBRE

KTHRETIAZ LIcmEZFEL, V¥ MY
L3 HMELLBE, 20 3 EOFRKIFEHML
EDOXHEL Hvik.
EEHERAROFIIC IR o LHHER
#] SPECT % L ZHERLERRL S — vy v F
planar i (= VF % — bER) EAbETH W
D¥FERAY SPECT (0%, HERNICLERR
BL I AT E s EMM P LTS — B
THY Y ML, FDHEX PXH I 20mg
% AR A 50 ml i YRR L Wik E 0.5~
1.0 m//min DR T ARRHEL, HAINELME
23 10~20 mmHg L5/ U 72 B, 8 XU 20~40
mmHg EH L7cREAD 2 RTHE~VF— b
BCWEL. ZZTAMEFFIVAERIIK
HESRIRPECEE R, 7 e’y 0.5~
1.5mg Z#EL, Do 107 L EoE{Lz i
27, REMOERIERPARL L UI=v b
r — VIREE T 0. aFERY] SPECT (TRt H & h
EEREEAV, A XV IVREERCIBEER
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oy VEROEEPOBEL TR, ZOK,
INEERE XA RIT I 513 L 92Te IE L TWL 72
B, Byy M EE 9Tec DRE/BTHE L.
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MR AT, ERAHAHEX( - BHR) o
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3. P/Vslope, P/V ratio O5t&
BohERY L L, BRIUGHILE % §tih
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Control
i Methoxamine 0.2~0.4 mg/min DIV
O) 7)) ©)

4 4
BP UP(10~20mmHg)  BP UP(20~ 40mmHg)

Peak Systolic Pressure

(mmHg)
./
./
”’,,,,,ff""”’ Slope  — P/V slope
~0 Ratio of pressure to volume
at control - P/V ratio

Left Ventricular End-Systolic Volume (ml)

Fig. 1 Method to measure P/V slope and P/V ratio. Blood pressure and end-systolic
volume were measured at control state (D)) and at two different hemodynamic
states (2, ®) during infusion of Methoxamine. P/V slope was defined as the
slope of the regression line of peak systolic pressure—end-systolic volume relation.
P/V ratio was defined as the ratio of peak systolic pressure to end-systolic volume
at control state. BP: Blood pressure; DIV: Drip Infusion.

AEMBIURER2 ROGH3IRETry L
. ThoZRO 1 REREREZFHEL, 201
KERROBEE & P/V slope, [E F il 0 B ARUUE
HIME L EREARIBHE O b & P/Vratio L L
7= (Fig. 1).

ZZCRABITIE 3 RO L LS, MmEN
3EFAITE 312 L LR Lo 2fA, LK
BRESEULERERETE, RLEAT2R
ERESEMROBEE R P/Vslope & L7z,

4. BEmpEERREEEEOAE

B L e BRI DY 7 — 7 vk &
V3RDIZ. DR THEE & U TIE R SR
(end-systolic volume index, L F ESVI), EXRHEiD
INFEMETRAR & L T A ZE B H = (left ventricular
ejection fraction, DA F LVEF), MBS HEHEE
(mean velocity of circumferential fiber shortening,
LA mean Ver), IFERBBEIS S/ IFE RS
1% ¥ I (ratio of end-systolic wall stress to ESVI,
AT ESS/ESVI) o &85 4 K, P/V slope ¥ X

O P/V ratio L et L 7.
FRBEILUTOHFECIVHELE.

1) EEEM
EEERE» O 0EERML, AL 30 E
o D—HEBEEEICX Y Kasser DX, TR® 7=,
EERFE=0.668+(A2/L)«(CF)3+7.8 (A=£=
BERE L=EZR#o0ES, CF=HIE®R.
2) mean V¢r

mean Ver (3 (EDD—ESD)/(EDD x ET) »z &
Y ko /- (EDD=HLRAREER, ESD=IfEx
HsEER, ET=ERHREME). 7z, EERiAR
FHL» b OEEERMGE Y, (4A/7L)-CF ok
Y Rz (A=EEZRFEE r=HAER, L=F£
EE@#oOES, CF=@E#%¥%). ET 3 XK$RH
E L0 KSIRERFOREHEL Y, EOMDLEMRY
% & dicrotic notch = TR L L7-.

3) ESS

DS 7 —F niEd 5 0 ESS oE&ix Mirsky
DRIZE o7z,
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ESS = (P+b/h)«(1—h/2b—b?/2a2) x 1332 (P= I}
FEARHE, h=I[HEARWIEEE, b=IUEARMEED.O
EEER, a=IUERYIEPOREER). 2T
AR, AR TOEEERKRL Y,
WA AR B O ATRIEE 2 ST T O BEEDEHE L (F
BRIZHWE.

5. $EEHERE

P/V slope ¥ X U P/V ratio & mean V¢, LVEF,
ESVI, ESS/ESVI L o{ROBRN D, =377
S7EZEZERETwy FL, BOBOD 1 KENF
REFELE zo%k ERLVERTERFRLE
FHRL Y fitting ShZzH5hEAEAAEDEIICONT
i LREROE»ICEREERZ Tv, XY BL
fitting ShizHFOEIFRE L o7z, 2D, flx
¥ P/Vslope & LVEF L 0ig$B{%% R354,
P/Vslope # 3 5 &E# L, loge (P/V slope)=a-
(LVEF)+b D 1 &KX L LTHhEH/NZFETR
B & 1T\v, FD7% P/V slope=eP.ed (LVEF) =k X
h o R EAENicEER L .
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29 % 2 2 (1992)

IV, #& -3

1. P/Vslope, P/Vratio, B MpyZE=INiEYE
5E
Figure 2 iz 12 flo E R BEEROBERE =T
MEM3 EFHATEZ R ELR Lol
B, DHBEPARESERLEFA»2H LE3HIT
3EDERNTER 2272, Z03HicBNT
22 AR RBAEBROEE 2 P/Vslope & LTA[H
DREtiz g iz, Table2 iz, £&EH D P/V slope,
P/V ratio 3 X ' mean Vcp, LVEF, ESS/ESVI,
ESVI o FHlER 2 =T,
2. P/Vslope &t BMA L ENBEHIRED
Rtk
P/Vslope L4« DB MK E = INEHETEEREL
% et 35 &, P/Vslope i, mean Ver Li3 y=
0.34.¢1-9% (r=0.86, p<0.001) T3k & h % {5 A%k
<, LVEF X3 y=0.25.¢9-041x (r=0.83, p<0.001)
TR I 3 IBEEE T, ESVI kit y=7.8.e70-028%
(r=0.88, p<0.00]) TR S h 3 IEEMEE THD

- 4 T -

o T T T T
o 20 40 60 80

T T T T

100 120 140 160 180

End-Systolic Volume Cml)

Fig. 2 Peak systolic pressure-end-systolic volume relation for each patient. Open circles
were the points measured at control state and closed circles were the points meas-

ured during infusion of Methoxamine.
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Table 2 Summary of results in individual patients

No. P/V slope P/V ratio  mean Vcr LVEF ESS ESVI ESS/ESVI
1 0.59 0.68 0.09 19 288 108.0 2.67
2 0.50 1.04 0.63 41 269 86.6 3.11
3 0.77 1.42 0.82 37 155 56.5 2.74
4 4.29 4.71 1.50 81 66 13.0 5.11
5 4.04 2.69 1.28 71 95 16.3 5.84
6 6.55 6.53 1.33 65 102 16.8 6.07
7 1.03 1.46 0.59 45 154 52.5 293
8 2.33 1.14 0.69 44 204 55.5 3.68
9 1.71 1.13 0.74 39 178 45.0 3.96

10 2.04 1.00 1.04 47 165 54.3 3.04
11 3.46 2.17 1.04 46 188 449 4.19
12 7.00 2.88 1.35 75 133 26.5 5.02

P/V slope: Slope of peak systolic pressure-end-systolic volume relation (mmHg/m/)
P/V ratio: Ratio of peak systolic pressure to end-systolic volume (mmHg/m/)
mean Vcr: Mean velocity of circumferential fiber shortening (circ/sec)

LVEEF: Left ventricular ejection fraction (%)
ESS: End-systolic wall stress (dyne x 103/cm?2)
ESVI: End-systolic volume index (m//m?)

ESS/ESVI: Ratio of end-systolic wall stress to end-systolic volume index (dyne x 103/cm2/mi//m?)

BOEIBE L. ESS/ESVI L3 y=1.6x—3.7 (r=
0.88, p<0.001) »X THEMREF L 7= (Fig. 3).

3. P/Vratio LB MMEEINiEHIEE L ORMRK

P/V ratio % [ #!Z, mean Vcr L 1T y=0.47+
el (r=0.86, p<0.001) D3g¥ AT <, LVEF L
13 y=0.35.e0-032% (r=0.86, p<0.001) D FSixE%k
<, ESVI L3 y=4.8.¢-0-021x (r=0,87, p<0.001)
nIg % BE% TEJR L7z, ESS/ESVI &ix y=1.2x
—2.6(r=0.83, p<0.001) DX CTELER L -
(Fig. 4).

4. P/Vslope & P/V ratio & DR{R

Figure 5 iz 4 B & L 7= 12 FEFID P/V slope
& P/V ratio 0BAfR% R+, #t#hic P/V slope, #%

IZ P/Vratio # & o T3 25, T EIZFEBGREK
0.80 TEMRER L 7.

V. # B

Emax 13, &, &bk v B In-0RGE
HEIRET, MIAR, BAMORELEZTICSWE
BLEbhTWwaL, ZoBHERIVRDLH
7z Emax #, E#EAKLTRET 2 HEP W2
PEZLRTWS. RRMBFELLTRE, 2 b

XHIVRTUXFTF UV VR EDRERIR=F
ey ey rR=reF vy Kz EOBRER]O
BEICL Y BATNEELLSE, EZNHRHAHE
LEZNGRBELXHRT 2 EAH5Y. L
L, #hboEYikE TR OFENHT
LESked, TAEIRE A V—V TRECHAEL
BIARERY S, ToRORHOEZ ZHIDE
DR TERNMHEARE & E2ERAEHEZ NE
FTEHFELEZLATWED. LirL, WFho
FiET b Emax ORIEICIE & L TIBARIE:
BAvwzien, RAUKCBLARESLELRS.
LI AR, Tz TIEREIEY JEBMAICRIET
EHOJ/ANMHMETRAL, P/Vslope L LT
HELTY, AEOEREOLOTRAEBATSC
LDRREPD LR TNBH0,

Emax Lo nfEiEiERL o KRER TR L,
Emax {3 LVEF & 3#g3kBa%12 4 LS i | i
419 AR L, mean Vor &I BHAR CAEE T
310 L xhTnwa.

F 7= P/V slope ic >\ Tix LVEF L 0ffRx R
7z b DLW, P/Vslope i LVEF L $a¥EI%K
THET3 L Ebh Tz 481L), SFEO bh
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o 10 20 30 40 SO 60 70 8O0
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(D)
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7 n=12 ° /
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6
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[ ]
4 [ ]
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1
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[ ]
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o]
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o 1 2 3 4 S 6

ESS/ESVI (dyne x10°/cn*/ml/m*)

Fig. 3 Relations between P/V slope and mean Vcr, LVEF, ESVI and ESS/ESVI. P/V
slope was exponentially correlated with mean Vcr, LVEF and ESVI (A, B, C),
and linearly correlated with ESS/ESVI (D).

bhoWatcix, P/V slope i3 LVEF, mean Vor,
ESVI L3 1 k%X v L BEE Xy BEL
fitting Sh 7z,

7?21, P/Vslope Mo 5Bl L TER T
WBRIZOWTIE, SEORMET TfEmTE
Jz\v. SCEREYIZIE, P/V slope i& LVEF L $g%8
BCMHBET 5 L XY DIRREET LER® 5 R

f%& LVEFIch L, L ogimicHilfcEs s
bhTH Y, KEMRFAHRZIEDBE TR,
LVEF <3 DIGRRE 2 BARHE S 2 Hm 2 5 5 7c
¥, P/Vslope D 5N EHTH S L OBERD 5.
L = A ¢ ESS/ESVI % Carabello & iz & =T
BIBSh-fEET, DIEEEEZ R T LEDR,
LVEF it it LABEEOFEMTHE L ) R TFET
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Fig. 4 Relations between P/V ratio and mean Vcr, LVEF, ESVI and ESS/ESVI. P/V
ratio was exponentially correlated with mean Vcr, LVEF and ESVI (A, B, C),
and linearly correlated with ESS/ESVI (D).

% Z LTI, FRERALIMBIEIC BT b IR
BIEEL L THEATOB LEDRL TS0, 4
DIRET T P/V slope i3 = o ESS/ESVI & E#[E]
/L.

T OEMRENRLFE L LT, ESS L EAIX
FEHAMLE & 2R IA B OB o LT3kl
REBRTET Az LIz L EBbh3. A ¥

¥ I VAR T ESS LIUERHIAR O BR? %,
Fle=bu vy FAFR T ESS & IRFGEREIA
FREOBRY 2 2| E T, MEIERE
Ricms s, £, TOEBOHEE X P/V
slope L RAIfRICLINFE HERTLEbA TS,
ZD X 9z ESS B X U B KUUHEHIMLIE T IER
AR L THICERBRTELLT 29,
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y=1.0x+0.58
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T
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P/V ratio (mmHg/m1)

Fig. 5 Linear correlation between P/V slope and P/V
ratio.

ESS—INfa R ATRRBBROMEE &, HBRINME
i E— IR AEBEROFHES L LTREh S
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DEFDODRFBRENPELIZRE 5 LBRRTRYI®
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Summary

Scintigraphic Evaluation of the Peak Systolic Pressure-End-Systolic
Volume Relation: Comparison with Invasive Left
Ventricular Contractile Indexes

Tomohiko YAMAMOTO

First Department of Internal Medicine, Niigata University School of Medicine

We calculated the slope of peak systolic pres-
sure-end-systolic volume relation (P/V slope) and
the ratio of peak systolic pressure to end-systolic
volume (P/V ratio) using radionuclide ventriculo-
graphy and indirect sphygmomanometry to evalu-
ate left ventricular contractility, and to assess the
usefulness of these indexes, we compared them
with mean V¢r, LVEF, ESVI and ESS/ESVI using
cardiac catheterization. Subjects were 12 patients
who had received both radionuclide ventriculo-
graphy and cardiac catheterization within a two
weeks period. Left ventricular end-systolic volume
and peak blood pressure were measured at 3 dif-
ferent points, one in the control state and the other
two at two different hemodynamic states during
infusion of Methoxamine. We defined P/V slope
as the slope of the regression line of peak systolic
pressure-end-systolic volume relation, and P/V
ratio as the ratio of peak systolic pressure to left
ventricular end-systolic volume at control. Left
ventricular volume was measured by the non-

gated-SPECT method and changes of the left
ventricular volume was measured by the multigate
method. P/V slope was correlated exponentially
with mean V¢r, LVEF and ESVI (y =0.34.e1-9%,
r=0.86, p<0.001 for mean Vcy; y=0.25.0-041%
r=0.83, p<0.001 for LVEF; y=7.8.e70-028
r=0.88, p<0.001 for ESVI), and correlated lin-
early with ESS/ESVI (y=1.6x—3.7, r=0.88, p<
0.001). P/V ratio was also correlated exponentially
with mean Vcr, LVEF and ESVI (y=0.47-e!-4%,
r=0.86, p<0.001 for mean Vc¢p; y=0.35.€0-03%%,
r=0.86, p<0.001 for LVEF; y=4.8.e70.021X
r=0.87, p<0.001 for ESVI), and correlated lin-
early with ESS/ESVI (y=1.2x—2.6, r=0.83, p<
0.001). We concluded that P/V slope and P/V
ratio were useful indexes to evaluate left ventri-
cular contractility noninvasively.

Key words: P/V slope, P/V ratio, Radionuclide
ventriculography, Non-gated-SPECT, Left ven-
tricular contractility.
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