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Summary

In 28 patients (pts) (5 normal subjects (N), 12 pts with valvular heart disease, 6 with cardiomyo-
pathy, and 5 with ischemic heart disease), left ventricular (LV) pressure was measured using Millar’s
cathetertip transducer simultaneously with LV posterior wall thickness (W) by echocardiography.
After the control recording, LV peak systolic pressure was altered by about 30 mmHg from the
control level by angiotensin (20 ng/kg/min) or nitroprusside (1 y/kg/min) to attain two (18 pts) or
three (10 pts) different end-systolic pressure points, determined after the steady state was achieved.
LV end-systolic pressure and wall thickness (P-W) relation at the three different end-systolic pres-
sure points was found to be linear (r=0.996) in each of the 10 pts, suggesting that end-systolic P-W
relation is independent of afterload. Isoproterenol infused in 4 pts, which led to an increase in peak
positive (4+) dp/dt by a mean of 289, increased the slope of the P-W relation by 43.4%, of the con-
trol value (p<0.001), while propranolol, which led to a decrease in peak (+) dp/dt by a mean of
16.7%,, reduced the slope by 27.3%, (p<0.001). This indicates the sensitiveness of the slope of P-W

WA REEER F=AF The Second Department of Internal Medicine,
FEHEX /N 1144 (T755) Yamaguchi University School of Medicine, Kogushi
1144, Nishi-ku, Ube 755

Presented at the 22nd Meeting of the Japanese Society of Cardiovascular Sound held in Tokyo, March 25-26, 1981
Received for publication August 24, 1981

— 1253 —



BEH, ABH, @, &2

relation to the inotropic change of the myocardium. In N, the slope of the P-W relation was —29.7+6.0
mmHg/mm (mean+SD), while the value in 4 pts with decreased functional capacity (NYHA III or
IV) was significantly lower (—13.742.9 mmHg/mm; p<0.001). Thus, the present study suggests that
the slope of the end-systolic P-W relation is useful in assessing regional myocardial contractility in

man.
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DEEERTAEIC 38 o 3 L EBEERIE 0B Ao
WTOEEIRZW?. Larl, BEE»SRDR
R A—F—0nFh LU, BAT, RAH
DEBYZIT B0, DO UEEE Zh
5 bIHET 3 ICIBRARD B, BEREICL-
TEEBEREIHENASICRETE 50T, %
DER EOFREEE 2, DAE & OBEHE S
SHEEE OBIIE 0T LB 32y, AEOR
MESRRE L EEHERE X Y fiAT S X CRAR
DFBEZ T 2, EENEEOREEHICR
BTazZiitdhs.

p] &

HREABWRE LR X TEE D 7 —F V2T
U 7 AR UE BB 28 (1] GRE R BE 5 4, FPRESE 12
B, CMFE 64, BmMEIRESH) THD. £
iz Millar 85 555~ ) * —# — (7F, PC-471)
rERALTCEENE P) &4, E2%8EE (W),
dp/dt, I HFELER, EELROFELE & bIT,
E for M (VR-12) TR#Eg L7 (Fig. 1).

Millar’s catheter (3#i§aiic 37°C, mercury
manometer {2 T calibration L, #f#iZiZ cathe-
ter LA B OPE & Statham P 23 Db pressure
transducer 2>58 T, Millar 5 OF & FIRFE
GELic. ZOFELLY, I7k</ A—2—D
0 level o shift #F v 7 Liz. JED 0 level
BRED® 12 oFs Lt L. bhxa—Kix E for
M il echocardiograph amplifier (mode V 3280)
FHV, MBAMILREITEREILIC TR L. Rt
Fix 2.25 MHz, 1.3cm BERB 2ER L. £

ERBEOR UMM ZFHICRHT 32, OEE
»50REE T M-mode scan L, HEIERET
TEENERETL, 2o, LIEELDIMERE D
BRI & h 5 5 [HIC echo beam ¥ FEHE L.
LI & D HMIE O R E D3 ANBARR R EEFIC o W T
XIERH BRI LTz,

FFEEE X E for M (VR-12) #4 multichannel
recorder Z{FRL, #HXvHEE 12 100 mm/sec
Tholz.

EMATMEIOETIREBICB T 2EERNE, £=
t%EE, dp/dt, 11 HFE.LER (ECG), LALER
(PCG) kmFFiHE%, HANE BlLs¥3HM
< angiotensin (20 ng/kg/min) % 7z {% nitro-
prusside (1 7fkg/min) & ERPIRFSE ATHIEA L
7o, EEHEEME (PSP) 234 30 mmHg #Ein
(18 1) % 71349 30 mmHg 34> (20 7)) L7frT
EFRBICHRL, TOMCBVEENE, £
#EE% ECG, PCG, dp/dt rFRIEsE&GE LK. =
DEfFHERCL Y, 104)icis v T 3 & (control,
nitroprusside, angiotensin), 18 iz v Tix 2
#& (control, 3 X 1% nitroprasside % 7z i an-
giotensin) DR L > T LR NVIZEIT 5 BATIRE
TEENELBERE LRI, 21T, Afltd
LT, LER, BE, EENEF ATINCER
L7z & #REER L7z%%, isoproterenol (0.4~0.6
y/min) EFEARPIFEGEATG L, peak positive (+)
dp/dt # isoproterenol EjD#) 28% LH xwH#E
Bl GRIERBRE: 4 4)). EZNELHREBEEY
ECG, PCG, dp/dt & & bic[FRE &L,
isoproterenol #¥f: L o>, angiotensin ¥ 7zi3
nitroprusside THUERR & AL LV RVICE CH
AfTE Bles¥ik. iz o445 GHRE2 4,
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Fig. 1. Examples of left ventricular echograms recorded simultaneously with the left ven-
tricular pressure, electrocardiogram, intracardiac phonocardiogram and dp/dt tracing.
IVS =interventricular septum; LVPW=left ventricular posterior wall.

el e 1 45, Rt O B RE 1 f71) 121 pro-
pranolol (4~5mg) % FERIC FHIRMNEA L7
Peak (+) dp/dt 2% propranolol FifictbL T, F
5 16.7% i/ L7z I, nitroprusside 12k > T
PSP # 30 mmHg b &+, =o)L 2R
LooEENE, Ex#eE, ECG, PCG, dp/dt
#[RIRFRCER L 7.

I L72,%5 2 — & — % control, afterload Z5
{bh53 L O positive, negative inotropism % £
i LicBeo.h%k (HR), PSP, ZEsIGHRYIE
(ESP), fZ=fisRMIE (EDP), ZessfiriRAibg
5= (EDWT), ik e (ESWT), Biftisk
(EF), % wall thickening (%WT) Th 5. £=
I - BEBEIE AR 2 R+ % B9 T Nac ft GP-
2000 LHEREREATS 27 A& Fv, H—Y e T
EEANE, EEBBENEER X OSMEE £—00 b
v—xz L, XflicgEEE (W), Y fiicE=nE
(P) #Hry, X-Y plotter iz TR L7z (Fig. 2).

END-SYSTOLE

LV PRESSURE

P

I;OSTERIOR WALL THICKNESS

Fig. 2. Left ventricular pressure-wall thickness
loop in a normal subjects.

A: end-diastole; B: onset of ventricular ejection;
C: end-systole; D: point just before atrial contrac-
tion.
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Fig. 3. Left ventricular pressure-posterior wall
thickness loops in three different loading con-
ditions in a normal subject.

A: angiotensin; B: control; C: nitroprusside;
S=slope of end-systolic pressure-wall thickness rela-
tion; ES=end-systole.

Sampling rate X 10 msec TH 3. ZEZRINFEER
2 LALEREIR I FOBBASY L L, £A
PRI OESEBERBIE & 7 O8O HEEE (IUHE
KEBEE) & BB OERE S OETEE L. B
hickE=E (Y) - BE (X) BiRofERHA 2 E
T fitting L, zoEBRAE S 2R (Fig.
3). Nitroprusside & angiotensin D EIEF] &
WL 104 BT, ER oL DINEE
KEIENIABONZDT, B/N2RECL->T
I EEH fitting L7223, nitroprusside %7
angiotensin OWFhh 1 FILMER L h o7
10 fflTix control L ERFHED 2 > DULHER A
REMTHY, @ik S L Lk

FataE i3 paired t-test %47V, p<0.05 %
FEL L.

= g
IEFI OFS, REABI VOO F 2 -5 —

% Table 1 iZ5k L7

@ © P-W loop 3Rzt HmIicE#: L7 (Fig.
2). $hbb, FEKES (ED) 0 A Kb bEEE
DL L 2 WERIRKERY AB 2T, BEEOHEK
T3EME BC 2L, C & (1A DB R)
TEHHEKRDS. LikedoT, CEABERIER
W2 RbT. oK, SEIRY, SFEHRAY,
AT CD Z{Ep, D &5 5 .LEMEN
WMEY, FRAH A THRD 3.

P-W loop i3 control (Fig.3 o B) iclk~—,
angiotensin A#fIck v E LF iR L (Fig. 3
o A), —3, nitroprusside B TIIATHIZHE
fizL7z (Fig. 3 @ C). Angiotensin & nitro-
prusside {2k W #HAME2LTL s € 10 flicksn
T, EERMERHO P-W BifgeRkoi L3,
2FBVWAEEEEE (r=0.996, p<0.01) CHEKIC
fitting T 7z,

st S i3 —29.7+6.0 mmHg/mm (mean
+8.D.) Thokd, ZhiHLT, LIFEED
ETFTLTWw3 NYHA III x oIV EnERR
4o S 3z —13.7+29 mmHg/mm <h v, A
FElEEERLE (p<0.001). —%, NYHA I,
II EEop fEGIBED S 13 —21.84+9.9 mmHg/mm
ThY, NEHLOBMTIARR Zderok
(Fig. 4, Table 1).

Fig. 5A, B 3 isoproterenol ¥ Xk 1% pro-
pranorol Af#fm 1 {2571, Table 2 izizin
BOAWIZRBITS X5 2 —F—0 BlLERLIE.
Isoproterenol £fifick » EDWT 3 109+1.4
mm 5 11.1+1.0mm ¢ 0.2mm oS &
Lok (NS). zhizxtL, ESWT 3 14.6+
20mm 2% 17.6+1.7mm ~} 3mm o
#orL (NS), InfEk#l P-W BAR A ~ R
L7 (Fig. 5A). S offiix control B (—27.2+
3.5mmHg/mm) 2L, F#y 43.49% HEmLiz
(p<0.01) (Table 2). —%, propranolol &7z
X v EDWT 13 9.3+09mm 75 9.4+0.9 mm
~& 01lmm oOBAIc L ¥ % - 725 (NS),
ESWT iz 139+1.7mm » & 13.3+1.6 mm ~
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Table 1.

Clinical and hemodynamic parameters

FERIERHIE - ISR YR B R (R

Diag- HR EDP PSP ESP Peak (+) EDWT ESWT EF %W S Wo
Case Age nosis NYHA /min mmHg mmHg mmHg dp/dt mm mm % % mmHg mm
mmHg/sec /mm

1) 63 AR IIT 86 28 113 91 1017 8.5 12.0 42 29.4 —-10.2 21.0
2) 49 MSr Ir 71 13 135 126 — 8.0 11.0 41 37.5 —16.7 18.2
3) 51 Msr,Ar III 60 10 164 142 1921 11.0 14.0 48 27.2 —15.3 23.3
4) 49 Ms, Ar I 74 12 140 107 1017 9.5 12.5 66 31.6 —30.0 15.9
5) 37 Ms Ir 72 6 136 116 1469 8.0 12.0 41 50.0 -—14.5 19.7
6) 39 MRs II 92 13 110 86 1413 8.0 12.0 58 50.0 -—38.0 14.5
7) 21 MPS I 63 15 131 105 1865 10.0 18.0 64 80.0 —21.4 22.7
8) 59 CCM IIT 59 10 102 76 — 11.5 16.0 10 39.1 —12.5 22.5
9) 47 CCM I 75 25 102 78 745 9.0 13.0 14 44.4 — 9.2 21.2
10) 48 CCM I 55 28 116 98 1300 10.0 17.0 55 70.0 — 5.5 34.6
11) 53 CCM I 78 13 124 97 961 9.0 13.0 18 44.4 -—10.6 21.4
12) 63 MRs,Ar II 91 6 92 90 — 8.5 12.0 52 41.2 -—-22.0 17.6
13) 51 CPNC I 62 18 172 130 — 7.0 12.0 57 71.4 -—38.0 16.4
14) 49 CPNC I 63 7 129 110 1441 8.0 12.0 61 50.0 —28.0 17.9
15) 48 AP I 53 10 150 110 1441 14.0 20.0 82 42.9 —-20.0 28.5
16) 53 MI I 65 17 128 103 1526 10.0 16.5 51 65.0 —19.6 19.6
17) 39 MI I 83 15 122 98 1752 10.0 15.0 55 50.0 -—23.5 19.3
18) 48 HCM II 84 5 126 90 1526 10.5 16.0 63 52.4 —15.3 22.5
19) 40 MR Ir 75 16 152 121 1215 11.5 15.5 54 34.8 —17.6 19.5
20) 40 MI I n 8 153 110 1328 9.0 12.0 58 33.3 —26.0 17.9
21) 49 AR, Ms I 61 18 156 110 1017 10.0 13.5 47 35.0 —29.3 21.3
22) 21 AR,MR II 77 12 114 83 1441 10.5 16.0 68 52.4 —45.0 17.8
23) 33 CPNC I 87 9 124 110 1695 9.0 13.5 53 50.0 -30.0 17.2
24) 40 AR I 61 27 134 88 961 12.5 17.0 57 36.0 —32.0 19.8
25) 41 MI I 68 21 157 125 1808 10.5 15.5 70 47.6 —23.0 20.9
26) 52 Msr, Ar II 58 18 133 95 1413 7.5 12.5 59 66.7 —17.0 18.5
27) 38 CCM II 80 8 97 76 876 10.0 14.5 34 45.0 —17.0 19.0
28) 30 CPNC I 79 92 58 1469 8.5 14.0 — 64.7 —-31.0 14.9

Values were presented as meanz+one standard deviation.
NYHA=New York Heart Association functional classification; HR =heart rate; EDP=left ventricular end-

diastolic pressure; PSP=left ventricular peak systolic pressure; ESP=left ventricular end-systolic pressure;
EDWT =left ventricular end-diastolic posterior wall thickness; ESWT =left ventricular end-systolic posterior
wall thickness; EF=ejection fraction calculated by echocardiography; % WT = percent wall thickening; S=slope
of end-systolic pressure-wall thickness relation; Wo=value where the LVP-W regression line intersects the
X-axis (wall thickness axis).

Ly 0.6 mm ¥4 Lz (NS) (Table 2). iuig

K#g P-W Bz b #hicfin,
(Fig. 5B).

EhH~RAL L7

S offix control B (—33.0+4.1
mmHg/mm) 2t L i 27.3% B L (p<
0.01) (Table 2).

— 1257 —

E

EZENR OB FEREIC X 3 0E8EEEK
WCRES b ERE R L, FRNEBRH oS &
3. Lo, FPteEE o dynamics (3£

z=



B, AEH, E, 30

mmHg/mm
=50 L
N.S. P<0.001
—40}
L] L]
° L]
—-30f : :
¢ s
-20} ¢ l
: .
H .
i
-10} : °
L]

CONTROL NYHAI~Il NYHAIl~IV

Fig. 4. Comparison of the slopes of end-systolic
P-W relations among patient groups.

NYHA=New York Heart Association functional
classification; N.S.=not significant.

pump HEEICEERE LY RiET. LrLl, UE
R—y 7R ) DEREEMSES L % wall
thickening, wall thickening velocity 34 L,
phenylephrine 12 X 3B AMOEFIT LY, Zh
b parameter (IR T B1P. DX ) ITREED
BEELIZBE T 3 4RI O IUREE DASH T b O a%k
RBAMEKET s eREShTER. 4
B O 4 ORRAR T EEIFERBIE - %EE (P-W)
BB BAR 2 AEMHA T LS E TLERL
8 L &2 RL, P-W BEasBEohizaid

S RBAMOKEBLZTLWIEETHE I L ET
BLTWw3.

Angiotensin % nitroprusside % inotropic
effect 2EFEONENITHNWTIE, BHOHB L Z
ATh 31912 Downing 52 X hiF, angio-
tensin ¢ inotropic effect ZFEAFIHICR S>3
DHTEFRIRETIZD L @ inotropic state 123
L3 LWL Twa. E72, nitroprusside o.l»
H~OEEER W EOBRE»H Y. R
ETRBATMELLE ¥ 5 AT angiotensin L
nitroprusside #{Ef L7223, AR AEIE
FREBIGELTALRTLEZOT, ZhbEHo
inotropic effect 1Zxt+ 33V LWwWEEBbh
3. LdL, ZORBEELTIRESIEBRHNINL
ETHH9.

IWERBOZ R ERALEROMEE (S) i1, L
BEEODRZ-LEMICIYV BEA~ OEERL L
(Fig. 4). st&if L NYHA III~IV g oEREE
LoD S DEREERENRONIZZ LD,
IHEHED BT LicEETIZ S pMEEEZERS Z &
b5, Isoproterenol 73 positive inotropic
action Z¥EFEH-oZ Lz b T 316718,
Percent shortening, mean shortening velocity,
percent wall thickening, mean wall thickening
velocity X\ ¥h 1, isoproterenol THIfNT 32
2, [k P-W B2 5187k S 4 %/ isopro-
terenol THINNT 5 = L BEEI D iz (Fig. 5A,
Table 2). —3J, propranolol X S @A s+
7= (Fig. 5B, Table 2). = »FFR, i3 propranolol
® negative inotropism 2 S BARELIzZ L %

Table 2. Echocardiographic and hemodynamic parameters

N H EDP PSP ESP

(beats/min) (mmHg) (mmHg) (mmHg)
Control 4 69+ 7 18+6.3 146 +10 107+14
Isoproterenol 4 77+£12 10+2.2 136+12 97+ 5
Control 4 79+ 7 8+3.3 121425 90+25
Propranolol 4 70+ 6 12+4.9 118+20 78+21

*p<0.01, **p<0.05 compared with the data of control.
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Fig. 5 A. Left ventricular pressure-wall thick-
ness loops in three different loading conditions
with and without isoproterenol.

SJRLTW3., LMo T, ZhbofER»6 S5
inotropism DZALIC S R T H 2 T LA
ArAmaEhs.

Active length tension curve I positive in-
otropism TA# L /29, negative TIIHEIZ
{t+ %222 Endocardial segment excursion
L wall thickness DB & M8 & T D502,
active length tension (L-T) BI{% 1 % 72UufEkR
HE - R (P-W) Bk L8R BfRICH B &
Zxbh3. F74bb, positive inotropic state

before and after isoproterenol or propranolol

EEBRERIE - INFER Y% EEEBAfR

—— CONTROL

mmHg —— PROPRANOLOL

175
150

125

PRESSURE
>

/L
7/

mm
0 9 12 15 18 21
POSTERIOR WALL THICKNESS

Fig. 5 B. Left ventricular pressure-wall thick-
ness loops in three different loading conditions
with and without propranolol.

Tix L-T curve &l L 25, o P-W
curve L¥7zAlR L 25, WIT negative inotro-
pic state <X, L-T curve 3, P-W curve 4%
DEHBRSMILT 3. Licd>T, SEE~ ORE
¥ P-W curve #5457 slope (S) #% contrac-
tility ORBVWEEIKR YV BHZ L ERRLTW 3.

IR HEE © BAT 220 BB AR o#inics LT+
STURKES o = L 23T X, % wall thickness
BhFrieBb e o+ ELn. ZhiKL,
INHES DIET Lz e B TR R AT o1

Peak(+)dp/dt EDWT ESWT EF %WT S
(mmHg/sec) (mm) (mm) (%) (%) (mmHg/mm)
1236£320 10.9+1.4 14.6+2.0 56.0+7.9 34.4+1.9 —27.243.5
15824206 11.1+1.0 17.6+1.7 63.3+5.6 58.7+£9.5% —39.0+5.3*

1483+154 9.3+0.9 13.94+1.7 59.7+7.6 50.1+£12.9 —33.0+4.1
1236+ 78** 9.440.9 13.3+1.6 55.3+4.9 41.2+7.2 —23.0+3.5*
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L Th % wall thickness 32 L < B
L, i@o¥tv P-Wloop ¥+ 5. D
F.ix 9% wall thickness RN AFICE L HE S
ZFBZLERLTWS. MMRAL®IERRIC
BT WTh-LVP R &R0, Zolufik#iz
A TSEB OB 1T inotropism OZE(KICEE X
¥, positive inotropism TEBR X HF ~,
negative Gt Fic shift 3+ L #ELE. S
DFERFE~ DR L TR 5. Bx ORR
Ti%, positive inotropism 2%t L T P-W Bi{%
DEE (S) Ak L 2->7nic KL, negative
inotropism Tt S @Skl Thbb, HE
S 2% inotropism ZEEICKEE L. Mz T, IX
BHEMETLTWwS L B bh 5 jE#l (NYHA
HI~IV §) oEKAE (S) dxtBRtickkL i
FRERETLTWE. Fx L D ofR0ER,
BHEER LEBRE L v ORROBVR, INHEER
HMEOBRYERECFEKRN H5005 LR
2B, EHLIERIVPSLETHA 5. RETOHIERE
&35 % @) e iR ST L R VW B T3 ERER
I bR - SBURIRRE L LT, & olUERY
E-#EEERFRO BEEEXSEH Shhd bk
AN

2 #

DS 7 —F V& BEfT Lic SFREEBEE 28
Bl CetFREE S 4], FRIEORERE 12 4, LAHE 6 4,
RO B 5 ) AE=E (Millar’s cathe-
ter tip transducer) ¢ AEZEHEE(LT2—K) # [
RFic#k L7c. Control MREETWEEFE, %A
Zfk & ¥ 5 HAEY T angiotensin (20 ng/kg/min)
¥ 721 nitroprusside (1 y/kg/min) %#ARPANEEE
REEALT, EEEENHESE 24 30 mmHg
Flesd, BHT2HE, 104jT3@EORAR-
ISERIIA 2. 3EoRL 3 IMERIIAICE
F e EERE - %EE (P-W) BfRiZEMRIC fitting
&h (r=0.996), HEAH O HE* BRI T
Isoproterenol &#Fm 4 flcix P-W B{RoHES
X control fHIZH L 43.4% #44nL, propranolol

ARFD 4 Tk 27.3% WAH L. oz kg,
P-W BfR o & AUFIRENE © 21k & ST K
Bt 5z LErY. P-W BRoOES IxBET
3 —29.7 +6.0mmHg/mm <, zhiCH L
NYHA IIT %7/ IV Eo 4 iz —13.7+£2.9
mmHg/mm ¢ FFiZ (p<0.001) [EfEZRL .
L7zhio T, InfERH P-W BAfR oM & 3/
BIEE TR B R Ch 5 2 L RIS hoe.
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