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Effect of Heart Rate on Cardiac Hemodynamics in Experimental
Aortic Regurgitation —Part 2: Studies under Administration of
Hydralazine—

Takashi Nakamura

To assess the effect of heart rate on cardiac hemodynamics in experimental
aortic regurgitation (AR) before and after bolus hydralazine (HY) infusion, nine
anesthetized dogs were studied. AR was created by using a basket catheter. The
hemodynamic parameters were recorded by increasing the heart rate (90 « 100 « 120 -
140 - 160 » 180/min) using atrial pacing on severe AR (mean regurgitant fraction :
69.2%). After administration of intravenous HY (0.4 mg/kg), the hemodynanic
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pérameters were recorded by increasing the heart rate similar to severe AR, during
20 and 40 minutes. 1) Before HY injection : up to a heart rate of 140/min, cardiac
hemodynamics improve, the regurgitant fraction (RF) improved and forward cardiac
output (CO) increased with decrease in total systemic resistance (TSR) and a steep
shortening of the diastolic time/systolic time ratio. However, further in the heart
rate, aggravated cardiac hemodynamics. LV end-diastolic pressure increased and
total CO decreased due to abnormal LV diastolic properties and decreased systolic
contraction based on myocardial ischemia. Forward CO was further decreased and
RF increased due to increased TSR. 2) After HY injection : up to a heart rate of
140/min, cardiac hemodynamic were further improved. RF improved with decreased
TSR, forward CO increased and LV end-diastolic pressure decreased. Above a
heart rate of 140/min the decrease in forward CO was slight, and RF was unchanged
due to unchanged TSR. Mpyocardial ischemia was not demonstrated, abnormal LV
diastolic properties and increased LV end-diastolic pressure were slight. In severe
AR, administration of intravenous HY remarkably improved cardiac hemodynamics
at all heart rate levels, and aggravation of cardiac hemodynamics at tachycardia was
slight. Thus, it was concluded that vasodilator therapy is desirable medical treatment

for AR and that it relieved hemodynamic aggravation caused by tachycardia.
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Table 1. Changes in cardiac hemodynamics after bolus injection of hydralazine. Heart rate was
kept constant (120/min).
hydra}azine 0-4mg/kg before aftS") aftg after after after ) after p value
injection 10min 20min 30min 40min 50min 60min| Qvs® | @vs® | @vs@ | @Dvs® | Bvs® | ®vsD
TSV(ml) 15'10.”; 15?? 16‘11;’ 16‘33 16'10;' 15.;5; 15‘13'3 <0.01|<0.01| NS | NS | < o0.1| <0.05
FSV(ml) 40917' 6;15' 75? eﬁ 6'08§ 6'03§ 50517' <0.01|<0.05| NS | NS | NS |<0.05
EDD(mm) 24'1% 23‘5’_? 23'5’? 23'13§ 23‘14;' 23‘1‘i 23'162 <0.05| <0.05| NS | NS | <o0.1| NS
RV(m)) 10.11; 9‘1143’ 91()? 9'12; g'ﬁ 9132‘ 9182' <0.05| NS | NS | NS | NS |<0.05
RF (%) 67‘4(% 58'3?; 54'32§ 56'30;' 56'53’ 58‘43'%; 62‘3_? <0.01| NS | NS | NS | NS |[<0.05
MBP(mmHg) 88'9"? Sl'glj 75‘5? 75‘993 76'94_45 78'8% 79';? <0.001 |<0.05 | NS | NS |<0.05| NS
CBF(ml/min) 26‘48: 29'50? 29‘5 so.g)f 29;? 29'523 28‘56%; NS | NS | NS | NS | NS | Ns
LVEDP(mmHg) 10'05’? 9'032 808162 S‘OQj 8517' 9'01§ 9()14; <0.05| <0.05| NS | NS | Ns | Ns
e o me L el ) s s | [ | s
e L e el ] e en cow] s v [ s [ om

Abbreviations : TSV=total stroke volume, FSV=forward stroke volume, EDD=end-diastolic dimension, RV=regurgitant volume, RF=regurgitant
fraction, MBP=-mean blood pressure, CBF=coronary blood flow, LVEDP=left ventricular end-diastolic pressure, TSR=total systemic resistance
All parameters are shown as mean value +1 standard error.

Table 2. Effect of hydralazine on cardiac hemodynamic data, lactate extraction ratio and
coronary oxygen saturation in various heart rates

acing rate(/min) O @ ® ® ® ® p value
pacing 90 100 120 140 160 180 [ Dvs® | @vs® | @vs@ | @vs® | Bvs®
TSV(ml) beforeHY | 25.5+ 24.5+ 21.6+ 17.8+ 14.4+ 12.0+ <0.01 | <0.001 | <0.001 | <0.001 | <0.001
2.0 1.8 1.5 1.1 0.8 0.6
after HY | 27.5% 26.4+ 22.0+ 18.4+ 14.8+ 12.7+ <0.01 | <0.001 | <0.001 | <0.001 | <0.001
1.6 1.6 1.2 0.8 0.7 0.5
p value : before vs after <0.05 <0.05 NS NS NS NS
5.9+ 6.4+ 6.7t 5.8+ 4.3+ 3.1+ NS NS |[<0.05 |<0.001 |<0.01
0.9 0.8 0.8 0.5 0.3 0.3
FSV(ml) 9.7+ 10.1+ 8.9+ 7.7+ 6.0+ 5.2+ NS [<0.05 |<0.05 [{<0.001 |<0.01
0.7 0.7 0.5 0.4 0.2 0.2
< 0.001| < 0.001 | < 0.001 <0.05 <0.01 |-< 0.001
2.28% 2.45+ 2.59+ 2.49+ 2.31% 2.16+ [<0.01 |[<0.05 |<0.05 | <0.05 [<0.05
0.17 0.18 0.17 0.15 0.13 0.11
TCO(1/min) 2.47+ 2.64t 2.64+ 2.57+ 2.37T+ 2.28+ |<0.05 NS [<0.05 |<0.01 |<0.05
0.15 0.15 0.15 0.12 0.11 0.08
<0.05 <0.05 NS NS NS NS
0.53+ 0.64+ 0.81+ 0.81% 0.69+ 0.56+ <0.001 | <0.001 NS |[< 0.1 |<0.01
0.08 0.08 0.10 0.07 0.05 0.06
FCO(1/min) 0.87+ 1.01+ 1.07+ 1.08+ 0.97+ 0.94+ }<0.01 NS NS |<0.01 NS
0.06 0.07 0.06 0.06 0.04 0.03
< 0.001 | < 0.001| < 0.001| <0.05 <0.01 |{< 0.001
27.2+ 26.8+ 25.2+ 23.7+ 23.0+ 22.5+ <0.01 | <0.001 | <0.001 | <0.01 | <0.01
1.8 1.9 1.9 2.0 2.1 2.1
EDD(mm) 26.3+ 25.9+ 24.7+ 23.3+ 22.6+ 22.2+ | <0.05( <0.001 | <0.001 [ <0.05| <0.01
1.8 1.8 1.9 1.8 1.8 1.9
<0.01 <0.01 <0.05 < 0.1 <0.05 <0.05
19.6+ 18.1+ 14.9+ 12.0+ 10.1+ 8.9+ | <0.001 | <0.001 | <0.001 | <0.001 | <0.01
1.3 1.2 0.9 0.7 0.6 0.5
RV(ml) 17.8+ 16.3+ 13.1+ 10.7% 8.8+ 7.5+ ]<0.001 | <0.001 | <0.001 | <0.001 | <0.01
1.4 1.2 0.9 0.6 0.6 0.4
<0.01 <0.01 <0.01 <0.01 <0.05 < 0.001
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Table 2. (Continued)
pacing rate(/min) @ @ ® ® ® ® p value
90 100 120 140 160 180 [@Dvs®@ | @vs® | @vs® | @vs® | Bvs®
774+ | 743+ | 69.2+ | 67.7%| 71.1%| 74.6% | <0.001|<0.001 | < 0.1 <0.05| <0.01
2.0 1.8 2.2 . 1.5 1.9
RF (%) 64.2+ | 61.5+ | 59.3+ | 58.0+ | 58.6+ | 58.0+[<0.01| NS | NS | NS | NS
2.3 2.4 1.6 2.0 1.8
< 0.001| < 0.001| <0.01| <0.01| <0.01|< 0.001
69.4% | 74.2+| 79.3+| 80. 77.8+ | 74.2+ | <0.01] <0.01| NS | NS |<o0.1
6.5 7.0 7.2 8.3 10.0
MBP(mmHg) 63.7+ | 66.3% | 66.3% | 68. 63.8+ | 60.3% |< 0.1 | NS | NS |<0.05<0.05
6.1 6.5 6.2 6.9 7.5
<0.05| <0.05| <0.01| <0.01{< 0.001| <0.01
28.8+ | 31.6+ | 34.04| 36.2=| 36.4%| 33.4%<0.001|<0.05|<0.05| NS | NS
2.6 2.7 2.8 3.2 3.5 5.2
CBF(ml/min) 31.6+ | 33.8+ | 36.0+ | 36.6+| 36.4% | 34.6%=]<0.01|<0.001| NS | NS | NS
3.9 3.9 4.0 4.0 4.4 5.3
<0.1| NS NS NS NS NS
M4+ | 132+ | 10.9%| 9.1+ | 87| 9.9+ |<0.001 | <0.001 | <0.01| NS | <0.001
2.9 1.0 0.9 0.8 1.0 0.9
LVEDP(mmHg) 125+ | 11.3+| 9.8+ | 87+ 8.0+| 8.1+ |<0.001|<0.001|<0.01|<0.05 NS
0.7 0.6 0.6 0.7 0.8 0.8
<0.01| <0.01| <0.05| < 0.1]| <0.05|< 0.001
19.8+ | 554+ | 63.2+| 64.7%| 61.3%| 56.9+|<0.001|<0.01| NS | NS [<0.05
6.3 6.9 6.2 5.8 6.6 6.9
peak dp/dt(ﬁﬂg% Jsec) 571+ | 62.7+ | 68.1%4| 70.1%| 64.9% | 58.2%+ |<0.01|<0.05| NS |<0.01| <0.05
g 5.8 6.8 8.3 9.6 8.8 7.9
< 0.001| <0.05| NS NS NS NS
1.94+ | 1.85+ | 1.60+ | 1.45% | 1.40+ | 1.38% | <0.01|<0.001 | <0.001 | <0.01| NS
diastolic ti 0.15 0.13 0.12 0.10 0.09 0.10
astonie “S"yft/olic ime | 186+ | 178+ | 154x | 1.43=| L2z | 1.39% | <0.01| <0.00 | <0.001| NS | NS
0.12 0.14 0.11 0.11 0.10 0.09
NS NS NS NS NS NS
122+ 103+ 88+ 85+ 96+ | 118%| <0.05| <0.01] NS | NS | <0.05
(dynes - sec - cm-9) 63,9 55+ 51_5 53+ 54 50+ [ <0.01| NS | NSi | NS NS
<0.01| <0.01| <0.05| <0.01| <0.01| <0.01
35.6+ 40.1+ | 31.8+ 9.0+ @VS@ | VS ®| BVS®
lactate extraction ratio 4.6 6.9 11.4 4.9 NS NS <0.05
(%) 30.1+ 31.8+ | 28.8+ | 27.1%
7.9 6.7 6.4 6.9 NS | NS NS
%.2+ | 265+ | 26.3+| 26.3%| 255+ | 18.3x| NS | NS | NS | NS | <0.01
coronary sinus oxygen 1.3 1.3 1.3 1.3 1.6 2.3
saturation %) | 28.8% | 282+ | 27.8%| 27.5%| 28.2+| 267+ NS | NS | NS | NS NS
2.2 2.5 2.6 2.7 2.3 2.8

Abbreviations : TSV=total stroke volume, FSV=forward stroke volume, EDD=end-diastolic dimension, RV=regurgitant
volume, RF-regurgitant fraction, MBP=mean blood pressure, CBF=coronary blood flow, LVEDP=left ventricular end-

diastolic pressure, TSR=total systemic resistance
All parameters are shown as mean value *1 standard error.
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Fig. 2. Effect of hydralazine on cardiac hemodynamics in various heart rates.
Abbreviations : EDD=end-diastolic dimension, RV =regurgitant volume, RF=regur-
gitant fraction, TSV =total stroke volume, RV =regurgitant volume
All parameters are shown as mean valuex 1 standard error.
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Abbreviations : MBP=mean aortic blood pressure,
LVEDP=left ventricular end-diastolic pressure
All parameters are shown as mean valuet 1 standard error.
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Fig. 4. Effect of hydralazine on cardiac function curve and left ventricular end-diastolic
pressure-volume relation in varsions heart rates.

Abbreviations : FCO=forward cardiac output, LVEDP=left ventricular end-diastolic
pressure, LVEDD=left ventricular end-diastolic dimension
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12) HRERIARER,E AR R L X, Table 2
Wik Z & < hydralazine #5812, O
59005160 F TIFHEEICHERR L 7203, ZHIA

mHasec Peak dp/dt dynes seg. cni TSR
102 x10 .
90
80_ »
100 ns
70
60 I nse ™" ns
50
50 ]
40
P value : before vs after
E xse = ns NS NS ns F R 2R T R R L
90100 120 140 160 180/min 90100 120 140 160 180/min
pacing rate

Fig. 5. Effect of hydralazine on cardiac hemodynamics in vari-
ous heart rates.

Abbreviations : TSR=total systemic resistance
All parameters are shown as mean value+ 1 standard error.
* p<0.05 * % p<0.01 =* % * p<0.001

Lactate extraction ratio Coronary sinus
oxygen saturation

% %
501 ns 351
ns
N8 ns pg ns ns
o N LTI
301
ns 251 ns ns pg
ns ns'
ns
101 201
0 100 140 160 180/min 90100 120 140 160 180/min

pacing rate

Fig. 6. Effect of hydralazine on lactate extraction ratio and
coronary oxygen saturation in various heart rates.
All parameters are shown as mean valuet 1 standard error.
* p<0.05 * * p<0.01

ETRARETH-7. hydralazine #E5HIIE,
DEES00 5140 % TRERICEIR L 7223,
FNUAETEFRETH- 2.
SR OB T, wIhoLEicsw Ty

hydralazine #

ERFEO SN o7z,

13) ABIEECK (Fig. 6)
%, hydralazine &5z
i, DHEEES100 5160
AT TIEARET, 55160
51801 TIFERICHE
U7z, hydralazine #5
#Buix, LEBES0D 5
180 TARETH - 7z,

WERIRIE OB R E
(Fig.6) 1%, hydralazine
B 5N, OB ES90
D510 TEARET,
8531602 51801c i Tl
BERICHEAD L. hydra-
lazine #5112 1X, O
BAHESY900 51801l TR
EThoie.

z ®

HEARICHF B hydra-
lazine 7 ¥ M58 LD
BERMSHELEINT X 7.
1019 g2, BT, AFID
AR L TR TH 5
BEF L L T, hydra-
lazine 13 BYIR R B A2
BIRFITH Y, KM
FEFEECED SE S
Zrizky, AR OMHE
S NMTHRE R Tk b
bEIFLIDIDE LT
5.

ZH3, BE AR IBW
TOHEELSOIMTEIRE I I
FTRERE 1R THSE
L7253, SEIORWR D




218 g B % £ &

HEI1X, %DM hydralazine # 5 FTl3¥
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The effect of changing heart rate on flow
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