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Effects of Vasodilator Therapy on Cardiac Hemodynamics and Regional
Ischemia in Experimental Aortic Regurgitation with Coronary Stenosis

Satoshi Kakumae

To assess the effects of vasodilator therapy on cardiac hemodynamics and
regional myocardial ischemia in aortic regurgitation (AR) with coronary stenosis,
28 anesthetized dogs were studied. Acute AR (regurgitant fraction of 50—80%)
was created by using a basket catheter, and the heart rate was kept constant
by right atrial pacing. The effects of hydralazine (H, bolus administration of
0.4 mg/kg) on hemodynamic parameters, regional myocardial wall motion and
lactate metabolism were evaluated in two groups (group I: without coronary
stenosis, group II : partial coronary occlusion with 20—40% reduction of cor-
onary blood flow). After administration of H, the mean aortic pressure and
coronary blood flow were significantly decreased and myocardial segmental
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shortening and the lactate extraction ratio in the coronary stenotic area were
significantly reduced in group TI. In group I, the total and forward stroke
volumes (SV) were significantly increased and regurgitant volume was significantly
decreased, but the total SV was variably changed in group II. In group II, the
mean aortic pressure before H was significantly lower, and coronary blood flow
after H was significantly more decreased in the case of decreased total SV than
in increased total SV. The changes in total SV and coronary blood flow after H
correlated with each other. Thus, it was concluded that in AR with coronary
artery stenosis, the hemodynamic effects of vasodilator therapy would not be
consistent. Its effects may be influenced by myocardial ischemia related to
decrease in blood pressure. (Accepted on September 22, 1989) Kawasaki Igakkaishi
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Fig. 1. Schematic diagram of experimental
preparations
Abbreviations: AO=aorta; LA=left atri-
um ; LAD=anterior descending branch
of left coronary artery; LCX=circumflex
branch of left coronary artery; RA=right
atrium; SVC=superior vena cava; [VC=
inferior vena cava i
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Fig. 3. Original tracings of hemodynamic data before AR (A) and during steady-

state AR (B)
Abbreviations: TSV=total stroke volume; RV=regurgitant volume
Other abbreviations: See Table 1
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Tl Eh Zh—OBEWE 27 ) A X LEHE
% 3A %, ultrasonic dimension unit (Mediland
Inc., UDM-5) #A L CREATLR % fiskl,
FEHAMEL AR fERER © fRBRREIR % 10 mm
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FEHEE dp/dt, RBIRMKE, SkE, RT
DffR) LBNFELBRE HANLERRY 7
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BlEckDdIz, Fiz, £FRBOEELZLTO
R hRDI,

£ R AR I8 K i_ P ARE)IRE(mmHg) % 80
(dynesesececm™?) LFEEE (I/min)

LHEE=FSV .0
EhiL, FHEHIRE D EREREY AL TRLE
P& Ci#@A L7 Cournand A5 —~F 1 &, kK
BRI A LI 7 — T 4 X D RIME (T
A, HBF o b (R=) V= e w v At
) AAFERH USRIBOCERE S (AArg,

BTN — a NIRRT 100-60 BY) % FC
AMBEAYWEL, FMEIELRAC X DR
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BIRMAE  _ AOF IR FLER
FURRERR _ R (mg/dD) RE (mg/dl)
(%) Bk FLERIREE (me/dl)

£ B F R

D FRpAERE

MERAX 0% AT, = v br—1(AR
TERGET) DFEREEE (CRBIIRE, A£=EL dp/dt,
RERMAEE, EORE, RILHR) 2HE
L, B L7c"Ay » b AT —F A%
THE 50~80 % D AR % {ER L7c CEG
W 64+3 %, mean+SE). MIATEREDRE
PEHRBIER 20 S LR RELHIEL,
Z® #% hydralazine 0.4 mg/kg @ bolus #5
wfTole. BAMR: BOLIIGD L8RS 205
e FEEERE s E Lz (Fig. 4 D).
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Fig. 4. Experimental procedures
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Closed circle: data recording
Open triangle: blood sampling

v — LD FEREY I LIcH, i 50~80
% D AR % B L 7o (PR 6512 %,
mean+SE). AR {EpL 20 Hikic LEFERRERD
HE & ARBEERE D Icd DRI & 1T - 7.
D, FIMFEE & 20~40 WA &85 5k
ZERVER L 20 A FRRRETREONIE & il
{Tolc. WiZ, 1) &R hydralazine %
BEL, 20 55IC ERED WE L BRilLy 17 -
. ek, AMRIERD B 65 TT-72
(Fig. 4 @).

CHEL L

SHE O 7o\~ 2 BERE 0 HEE K E ik Stu-
dent’s t-test & fH\, FE—REBIFT S FA—t
HIE B OB ZEBRBICIL paired t-test & F\»,
a5 BT OERRTELY RD IS
A [HEEHY | LHELK.

= R

1 FEERAERE @ X% hydralazine Dz
£ (Table 1, Fig. 5 @)

hydralazine 54 ' v, IUEHAMAE, IR3E
W, FHmEXThZh 139+7 CRGfE+
SE, MIFAL) # & 12446 mmHg, 7146 %
5 60+ 6 mmHg, 9446 7 » 8145 mmHg ~
FBLCET (~Fhi p<0.01) L, £kMEiM
EEHUL 11778 £ 1618 25 6894 + 649 dynes «
sececm™ (p<0.01) ~AERET LR, A%
PRERME X 11.1+£0.4 A5 9.6£0.5 mmHg
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Table 1. Effects of hydralazine on cardiac hemodynamics and regional

wall motion in 10 dogs

Control AR Hydralazine
Aop systole 139+7 139+7 124 £ 64+
7 xﬁmHg) diastole 11446 714 6% 60+ 64
mean 12246 94 4 6** 81+5H
LVEDP (mmHg) 7.6%0.5 11.140. 4% 9.6+0.5+
LV max dp/dt (mmHg/sec) 4950756 5800 + 426%* 6290 + 468+
TSR (dynes - sec - cm™3) 14279 £ 1665 11778 +£1618 6894 + 649-H
total —_— 14.1+1.2 15.3+1.2H
SV (mD) forward 5.440.6 4.940.4 7.0+£0.5
RV (ml) — 9.2+1.0 8.2+0.9H
RF (%) — 6443 53+ 24
CBF (ml/min) 16.942.2 24.4+3.3%* 28.6+3.3+
EDL 8.67+0.11 10%* 9.9240.05
LAD area ESL 7.8140.16 8.23+0.20 8.00%0. 184
9 short. 9.3 +1.8 17.8 +1.8%* 19.8 +1.4+
EDL 8.85+0.24 10%* 9.9340.05
LCX area ESL 7.50+0.27 7.68+0.20 7.38+0.20H
9 short. 15.2 £2.0 22.4 +1.6% 25.6 +2.0H
Abbreviations: AoP=aortic pressure; LVEDP=left ventricular end-diastolic

pressure; LV max dp/dt=maximal first derivative of left ventricular pres-

sure; TSR=total systemic resistance;

SV=stroke volume;

RV =regurgitant

volume ; RF=regurgitant fraction; CBF=coronary blood flow; LAD=anterior
descending branch of left coronary artery; LCX=circumflex branch of left
coronary artery ; EDL=end-diastolic length ; ESL=end-systolic length % short.=

% shortening
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All parameters are shown as mean value+standard error.

* p<0.05 ** p<0.01 vs control

(p<0.05) "EFEWILTL, 7% max dp/dt
1% 5800 + 426 A> B 6290 + 468 mmHg/sec (p
<0.01) ~ABCHEML . O, TSV
BIOFSV L T hEFh14.1+£1.250 5
15.3+1.2ml, 4.9+ 0.42:5 7.0 £0.5ml ~
BRHMm (Fhi p<O0.01) L, #ifiEs
WRHRIT9.2+1.025 8.240.9ml, 64+3 A
b 53£2 % ~BE WY (\WFhi p<0.0D)

L (Fig. 5 @). SEmfEE 24.4£3.3 55

28.6 £3.3ml/min (p<{0.05) ~FE T Hin
L.

PO BEE B, A BIIRAET T FT

+ p<0.5 4 p<0.01 vs AR

WU Js & O IEBGERSEIR & i A2k
L, EZILEXRIE (end diastolic length,
EDL) 3B B Z(bed, ERIEARLR (end
systolic length, ESL) X2 hFHh 8.23+0.20
2 8.00+£0.18, 7.68+0.20 435 7.38+0.20
~HRBER M (p<0.0D) L, EELHEH
Hi17.8+1.8 725 19.4+1.4 % (p<0.05),

22.4+£1.6 05 25.6+2.0% (p<0.01) ~BE
WKL,

2) Rt xp 3% hydralazine DR
(Table 2, Fig. 5 @)

hydralazine 854z X v, INMEHIME, 35
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Q) 3R PR min (p<{0.01) ~ FHE I
, ‘total SV forward SV RV DLtz

" mi mi TSV O« O Btk 5%
7 2 & (Fig. 5), TEFZERETIL,
WNT5L0EWITHLO
= —  #bb, —EDMENRD
J— 4)** 10+ S hichotc. Figure 6 i23F
¢ 2 % O — Ow  FERRZERE & RRAER T BT
104 J— o 7 E— % hydralazine 51 X %
TSV oZ(t&R%x 7. D

"TAR fya ) TR IRAERECIRAEMINL 7223,
SERRAERE T X 11 5R A3 H#En

@ B =
total SV forward SV RV (TSViginie) L, 78 (TSV
mi m BB 2D e,
i w — RFF LRI BT
— @55 (Fig. D, AT
% N TR G R
¢ +NS 10 10 ¢ ¢** <, EDL 01%1‘37& <’ ESL
% Ok TIEE LN EE Tl -
] < . <

: == p EROBEERT 5.9+
1.7/5:5 12.9+ 2.3 % (p<
AR:St.  Hyd. ARsSt.  Hyd. ARsSt.  Hyd. 0.05) ~FECEA L. [
+%P<0.01  meansSE FektsEik GERERZAEHEE) T

Fig. 5. Changes in stroke volumes, regurgitant volumes and
regurgitant fraction before and after hydralazine

Abbreviations: St.=stenosis; Hyd.=hydralazine

1%, EDLixZ b3, ESLiX
8.14+0.11 2355 7.98 £0.12

Other abbreviations: See Table 1
P vs AR+stenosis .

B E, SFHME & X0 &R EEsE Ik
SERRAERE L FIRRIC. T Fh 14583 205 12443
mmHg, 7442 5 5 55+2 mmHg, 98+2 2
5 78 + 2 mmHg, 9759 + 655 A & 6271 + 523
dynesesecscm™® NFEICET (WFhd
p<0.01) L7z, ASFIRERPE & £%E max
dp/dtiz Fh L EBEXRDIh T, FSV
126.1+£0.4 75 7.6+0.6 ml (p<0.01) ~F
Bl es, TSV REBEE%X RO -
Fo. WHE L 10.0£0.92 5 9.3+£0.9ml (p
<0.01) ~NEBIEAL, WHKL61£225
55+2 % (p<0.05) ~HEIMETF L7 (Fig.5
®). M EL21.1+£1.955 17.2+1.8ml/

(p<0.01) ~EEICIEMEL,

FEEOFFMER 12 18.1+1.2

25 19.5+1.3% (p<0.01)
~NEBIBA L. ¥, KLEIRCOARSE
B 1%, hydralazine £ 512 X b 14.4£3.0
2B 2.5+4.7% (p<0.05) ~ HE WL
7= (Fig. 8).

3) TSV skt e TSV BB BT % H#E
(1) DMmfTENRE & RATOFESESNC Rz
hydralazine DOz (Table 3)
hydralazine #5112 X b, IUGEHME, 5
EHMAE, Al ER X O 2R E KL
L L BB ET (WFhd p<0.01) Lic.
FIERPERER & LAEBREMIRL,
725 max dp/dt X TSV ¥ it AEE R
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Table 2. Effects of hydralazine on cardiac hemodynamics and regional wall
motion in 18 dogs (Abbreviations: See Table 1)

Control AR AR +Stenosis Hydralazine
rop systole 13647 146 £3%* 145+3 124 £38§
(rgmH o) diastole 104+6 68 £ 2%* T4+ 24 55+ 288

mean 115+5 94 £ 2%* 98+2+ 784288
LVEDP (mmHg) 6.7+0.5 11.0£0. 4% 11.1£0.5 10.44+0.4
LV max dp/dt (mmHg/sec) 4806 +427 6072 £407** 5744 +384-H 5378 +426
TSR (dynes - sec » cm~?) 10088 + 1069 9474+ 833 9759 + 655 6271+5238§
SV (m) total — 17.9+1.4 16.1+£1.2+ 16.9+1.3
forward 7.6+£0.8 6.4+0.6 6.1+0.4 7.6+0.68§
RV (ml) — 11.6+0.9 10.0£0.94 9.340.98%
RF (%) — 652 | 6142 55:+2§
CBF (ml/min) 21.4+1.6 29.6£2.8%* ‘ 21.1£1.9H 17.2+£1.88§
EDL 8.88+0.12 10%* 10.10£0.08 10.2740.16
LAD area
. . ESL 7.50+0.18 7.84+0.15% 8.51+0.22H 8.96+0.35
(ischemic area)
9% short. 15.7 +£1.4 21.6 £1.5%* 15.9 £1.7H 12.9 £2.2§
LCX area EDL 9.33%+0.10 10%* 9.9440.05 9.914+0.06
<n0n-ischemic\ ESL 7.88+0.16 8.16+0.11%* 8.1440.11 7.98+0.128§
area ) % short. 15.5 £1.1 18.3 +£1.1%* 18.1 +1.2 19.5 +1.3§§
* p<0.05 ** p<0.01 vs control + p<0.05 + p<0.01 vs AR
§ p<0.05 §§ p<{0.01 vs AR+stenosis
RERE JE Bk I
%
204 —" 1 segment length segment length
° EDL
204 o—-=o0—0 EDL
y B } TS VHEmE h T oo
(o)
10 .’.. o &”AﬁA A——aﬁai*
$ %8 7 : 7
’ &
ot o | svmon %shortening %shortening
%
20 1 8 % N _— 30
30 4 o = ==
20 20 OE};;?O**
} } —
FRBEE ERER * é%
mean3SE 10 \\ 0O* 4 ==
Fig. 6. Percent changes in total stroke \
volumes after hydralazine ° 0

feinotedy, TSV AR Tk &
<0.05) L7z, TSV #ngecix, FSVirEE
g (p<0.01) L, Mt XL AE W
(p<<0.01) L7728, TSV /AR ¢l 2455 &
LEERBYED e -7, BB RE

B

WA (p

AR ARs+st. Hyd.
* P<0.05,

** P<0.01,

AR ARsst. Hyd.

mean+SE

Fig. 7. Changes in regional wall motign
before and after hydralazine in is-
chemic and non-ischemic areas

Abbreviations: See Table 1 and Fig.5

P vs AR +stenosis
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ELHEBRED (p<0.05) L.
JRPTOREEEE) © ik, AR T TR TR SR
(GERRZEfIR) T O EEOHERER X, TSV

% - *7

-20 |

-30

AR AR+st. Hyd.

* P<0.05 ** P<0.01 mean+SE

Fig. 8. Changes in myocardial lactate
extraction ratio before and after
hydralazine

Abbreviations: See Fig. 5

(3$15% $£3%5 1989)

WINEE IR (L LT hs 5 7edd, TSVRARE Tl
HECHEAD (p<0.05) L. EfessRTi,
TSV #init© ESL 12 B & & (p<0.0D)
L, ESEOFEMHER L FERCHA (p<0.0D)
L7c2y, TSVRBABTHAEE LB LxRD
Motz

(2) FEEw 3% hydralazine #E5§jD
MATENAE & FRZAERE, ¥ X0 hydral-

azine #5445 D M 25 L Z(Table 4)
hydralazine $¢5-§7D mTEHREIRE © 5 b,
I E, SRR ME, £% max dp/
dt, £RBMEEDT, ML, WEETEL
15 s o oy, JREE M AE &SP M R TSV 3
BT TR Fh 83+4mmHg, 105+4mmHg
CH 1D, TSV EABETIL 60+£7 mmHg,
86+6 mmHg =, \Fhi TSV EIRC &
WTH B EHETH -7 (ThZh p<0.01,

Table 3. Effects of hydralazine on cardiac hemodynamics and regional wall
motion in two groups (Abbreviations: See Table 1)

TSV #hn#f TSV A%
AR +Stenosis Hydralazine AR +Stenosis 1 Hydralazine
I

systole 150+5 132 £ 6%* 138+ 10 110+ 13%*

o gy | diastole 834 64+ 4% 607 41T

mean 105+4 87 £ 4% 86+6 64 £ 8**

LVEDP (mmHg) 11.0+1.4 10.6+1.1 11.340.8 10.2+1.2
LV max dp/dt (mmHg/sec) 5780+ 461 57704449 5690721 4760 + 828*
TSR (dynes - sec - cm™%) 10515 + 880 6328 + 789%* 8571 4840 6183 + 602%*
SVl total 15.7£1.3 17.841. 4%* 16.7£2.5 15.4+£2.6%

mb forward 6.0+0.5 8.6+0.7%% 6.1£0.9 6.0+0.8

RV (ml) 9.6+1.1 9.250.9 | 10.6£1.7 l 9.441.9%

RF (%) 60+3 51+ 2%F 63+£2 § 60+3

CBF (ml/min) 20.3+2.4 18.0+£2.3*% 22.443.3 16.0+3.0%
EDL 10.16+£0.12 10.30+£0.19 10.10+0.06 10.23+0.30

LAD area ESL 8.60+0.33 9.00+0.51 8.3740.22 8.90+0.47

(ischemic area) YT : . I YT

9% short. | 15.5 +2.6 13.0 £3.5 16.4 £2.0 12.6 +£2.7*

LCX area EDL 9.91+0.08 9.90+0.07 10.00.+0. 07 9.94+0.12
(non_ischemic) ESL 8.14+0.13 7.9440. 14%* 8.14+0.23 8.04+0.23

area 9 short. | 17.8 +1.3 19.7+1. 4%* 18.4 £2.6 19.1 £2.8

* p<0.05 ** p<0.01 vs AR+stenosis



FLRI IR % (R L7 BB KBRS 2RI s W T mEPREF]
(Hydralazine) %L TEYRE & RFT O RiE 2 RICBI$ 5 BT58

p<<0.05). #F 7, hydralazine #5.8j D 75k
ZEERIC X % Mm%, TSV #pngtc
27.8+£1.6 %, TSV AHE ©29.34£2.6% &
TR TR o 72s, BEHOREMTL L%
X, TSV #m#En —11.7£3.5%, TSV g4
TS —28.817.4 % T, WMARIBEDOHIE

BRRKRTH 7.

4) hydralazine #'5ic X A [fifE, 5EIMmEE,
R L REES), LEHEZEbOBIE

Figure 9 (3741 /F & Bk EZLDOBIE

ZRLICL D TH D, Pl 90 mmHg §ijss

Table 4. Cardiac hemodynamics before hydralazine and
percent changes of coronary blood flow after hydral-
azine in two groups (Abbreviations: H=hydralazine

Other abbreviations: See Table 1)
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TR, MESETRET CIgmkERds o
EXKHERA P B b, XbIT @Bl
BEE RATLESET) GERZEFR), TSV
& DB (Fig. 10) 1%, r=0.66(p<0.01), r=
0.65(p<<0.01) & Zh FTHIEDHBIZ R L 2.

% ES

(1) EEBZAERIT DT

AR @B} % MEIRBRRE OB E L AL
PFERIE < ZB BP0 23 BesROHE L B
Y, RERTOMAMN SR OHEY —E &
LIEEHET TR Lz tiedh
5. AR T, OB INT S
RIS EREL, oz &
XY MRESBA L, miTERE

N \Z 22)~24)
TSV RenBE | TSV gons P ﬁ=ﬂﬁi‘f6&§a‘lf\( Zj
. LT, AR QMRS
HE 5 gio i fTE)RE
systole 150+5 138+10 NS @,
. % A
AoP (mmHg) diastole 83+4 60+7 p<001 ;ﬁo
mean 1054 86+6 | p<0.05 ] °
20
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Fig. 9. Relations between mean aortic pressure and
coronary blood flow change before and after hy-

dralazine

Abbreviations: See Table 1

of coronary blood flow and
change of segmental shorten-
ing after hydralazine (B).
Abbreviations: See Table 1
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