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Summary

Aortic input impedance and hydraulic power were measured in patients with ventricular septal
defect (VSD). Aortic input impedance consists of the characteristic impedance (index of aortic disten-
sibility) and the terminal impedance (index of peripheral resistance) which represent the left ventri-
cular hydraulic load. The external left ventricular hydraulic power consists of steady power which
transmits blood to the peripheral vasculature and pulsatile power which is converted into heat energy.
The ratio of pulsatile to total power indicates the efficiency of the arterial system.

The present study was carried out on 6 patients with VSD whose Qp/Qs was greater than 2.0
(VSD group) and 10 age-matched controls who had a history of Kawasaki disease without coronary
complications at the time of cardiac catheterization (control group). Descending aortic pressure and
flow velocity were measured simultaneously at the level of the 10th thoracic vertebra using a multi-
sensor-catheter. Impedance data were calculated from Fourier analysis of these findings.

Characteristic impedance did not differ between the 2 groups. Terminal impedance was higher
in the VSD group with the increasing peripheral resistance and vascular afterload. The pulsatile
component of external hydraulic power was similar in both groups, however, the steady component
was lower in the VSD group indicating a higher ratio of pulsatile to total power in the VSD group.

In conclusion, vascular afterload was increased and the efficiency of the arterial system was
reduced in patients with VSD having large shunts.
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Fig. 1. Simultaneous recordings of descending aortic pressure and
flow curves at the level of the 10th thoracic vertebra.
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Fig. 2. Aortic input impedance.
Zo=terminal impedance; Zc=characteristic impedance; FREQ=frequency.
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Table 1. Hemodynamic data

VSD Control

Heart rate (beats/min) 131+18 121+17
Systolic pressure (mmHg) 103+ S 95+16
Diastolic pressure (mmHg) 66+ 8 60+ 8

Maximum velocity (cm/sec) 61+13 80+24

VSD =ventricular septal defect.

13.2cm/sec TH B DIz LT, xtEEIT 802+
244cm/sec ¢, VSD BceEWHEMREZEAD &
(Table 1).

Terminal impedance % VSD £ 11,910+
5,560 dyn-sec-cm™3, st HBEEAS 6,496+2,989 dyn-
sececcm™3 L, VSD A AFICEEE2 R LR (p<
0.05) (Fig. 3).

Characteristic impedance & VSD #f 419+
68 dyn-sec-cm™3, %t fB#f 413+69 dyn-sec-cm™3
T, AEERBRD AL M- (Fig. 4).

M= xr ¥F— LT, ABMLE V-
1%, VSD #f (12.41+4.7)x 104 dyn/cm-sec, %} FREE
(14.0+4.9)x10¢dyn/cm-sec THEZ M i »w—
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Fig. 3. Terminal impedance.
Terminal impedance was significantly greater in the
VSD group than in the control group (C).
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Fig. 4. Characteristic impedance.
Characteristic impedance did not differ between the

2 groups.
C=control.
p<0.01
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Fig. 5. External power.
The ratio of pulsatile to total power was increased
in the VSD group.
Wp=pulsatile component of hydraulic power;
Ws=steady component of hydraulic power.
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¥, BEME - Av—ix, VSD g (130.0+40.3)x
10¢ dyn/cm-sec, %fHEEE (203.4+61.0)x 104 dyn/
cm-sec , VSD BENEZIKEEZRLE (p<
0.05). = ofER, BIRRME = *0 ¥ —HEEIT
VSD ¢ 9.4+1.4%, %R 6.9+1.1% <, VSD
HrFECEMEZRLE (p<0.01) (Fig. 5).
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BHF, KEPREEDOEMEIE TR 2 o T2 —
J5, terminal impedance (IEfEH R L, RAYM
FIEH LA L OAMERATT O b hi.

DEPRBRBCRT 2RBIRASA v E—F 2

ZhETNRIZBWTKBIIRASA v E—F
Z2ICETBIRETIZ L A LR . RAZBNT
Merillon 57, Laskey 58, OLALEHF T30
fHIEIC BT, characteristic impedance 3% b
Y fp o T2 hS, terminal impedance (3%t FREEIC
WREEERLIEELTVWS. (- KEINRO M
EE R W, KEMEERO LAY, L5
HRARORMEREDTVS. — K HOFRE
KL T, RMLFETE LR 2R,

VSD ek i) 2 RMMLEES B+ 2 ®ERID
ey, Fick iz X 2#3tc, Beekman 51941
FHEMEFEIEF THB L LTNWER, —7F,
Nakazawa 510370 EH D TWS.

KBRASIA v E—F v 2 2B WicSEIOHR
Tb, VSD ik o RMmMEEIIZ LR LTH
D, DIMEBRAETORMABED b hil. LAL
BT B RMMEFRRICI S0 ERBE X bh
T3 EB—3, RBEARRORETH 5.
Thomas 5'2x, CFFELALHEICI T 3 M
D) NTEFXTY VEBEIELREOERE L8/
LTw3 &Lk, R, SROOLRERRB W
Tb, M/ vz 7Y AMEOEFEZRLTH
5. DAL TR RBHRROBEN DY, /NG
RPHNBIIRDOUNFE D b, B iEF MY
T ADHETHD. DAETRMEE~DF LY
U LAREBEL, OO MEEBEKDORBENE
Z3. %o, IWEEEOHREDERES ME DR
BT 5. 20 DOAREH TIREREO/NEIRS
HNBHAR & v - TeIERFTIE O NEIIPMEL, K
WIEERO LA 2 EL 5. KE®REE T
VSD iz nwT bRMMEER LA 2R bhic
DX, B PRLAEDOR WREEIZBWT HRK
MROBENLFEL, BEHRLFANROP/MEE &
LTWBHTHADI.

RMMEES O LRI RKE (reflection) DN
bbby, R LW DI, BHEFIC
BAShERE 2O KR TR ERDZ LT
HB. ZITHWIEMFTIRBRTHY, KRiZ
INBDR2 A NBIR & o TR IR THh B &

— 663 —



g TG AR, @

ExbhTwns. K§HE KBk & LR S,
TEHEBD E®D X @< K1 IkERH
KERICEES S LIFEHES LR 2 &L, O
IMEBATOBKRESI &R 2. SRI0KREHT L,
Qp/Qs # 2.0 Pl ko VSD wix, # 10 jgHtn
SIZBI1T B TITREINR D B kR i B & 3%
%, REHEOBEIC X Y DIMEBRART OHEMR b
b ENTNDZ LRI hz.
EZ0/E~otEE, Ik ir¥—25
25T LThHhY, EFRMIE AU — LHEHIMEE v
— XY A3 EBELFE U — M ZRHELE
FRICE VR OIEDNS P, WEMLKE ST — i3
BIROMBENC L VB Eh, Bz RL¥—L LT
KbhTLEH. KR v — i3t 45 HAshifFk
RN —DEVEIRRE TOMB T XL F—HBERT
by, WEh= 2L ¥ —HEBEROEMNILEDRD
KTFT2RbLTW3 LEZLNBY., SHEOKH
i2R1F 3 VSD T, xtBRL Lt~ MBS v
—RBEDbY holedd, EFLE v — 3 EEs
RLTEY, EZEOHH = XL X —HBEROBEM
2R

R, K@D VSD 2 F+5EE Tl sME
BARPERLTRY, EEHAEHDRLETLT
WBZ EITRB. LEMN-T, 20X 5 AER
DAREEERLTWAEAKIE, MEHEXH
WTHATMEBER T3 Licky, EEHEDSR
bRE TSRS DHB.

L2 #

VSD 12k 2 KBIRASIA v E—F vz Xk
VB 2L F—HFiIc oW TR L. KBk
ANA €= F o 2iE, PIELL OBED BN # 5%
17 characteristic impedance 35 X U'SRAY ALK
L& F 4 terminal impedance 2540, [Fh
WRARERETS. £/, EE0NB~0HE
3, EFEMLHE T — MBI Sy -5k,
HIE MR 2 RMIERICE YV ADDIfEDbR S
2, BEZBROWENCE W HEEh, Bz i
F—L LThbhd. RILHE T — 2% 35 H8)

M~ T — D e B = F L X —HBRTHY,
HFEHERERDLTNS.

Qp/Qs 3 2.0 LA ko VSD 6 4, R4 CHRE
HEEIRAE 28 & 2 WIIFREERER 10 4 ot R
BicHL, #7%k~s 2—s—%fAv, H10
HEDR S I2R 1T 3 FITRBIIRDIE - HER » 7
— ) =B R T o Tz,

stBRfICH L, VSD ##-¢ix characteristic im-
pedance IZE{L BT, KEIPRO M ICHEL
B b o722, terminal impedance (IE{E
RLUKRMIMEERR O LA»HY , DIMEBATTO
WmAED bhic. £/, VSD gcizfshmk
NU— BB o AR ELE Y — EE
¥RLTERY, EEOWH TR X —HEROH
MHBEH bhic.

MEICYE ST, BREMLBEHAZ VI Wi BIRE
K% ME v ¥ —EBERREIEME, FERmEE
e, BRI, WP ARSI L ET

X B

1) O’Rourke MF: Arterial function in health and

disease. Churchill Livingstone, Edinburgh, 1982
2) Milnor WR, Bergel DH, Bargainer JD: Hydraulic
power associated with pulmonary blood flow and
its relation to heart rate. Circ Res 19: 467480,
1966
Nichols WW, Conti CR, Walker WE, Milnor
WR: Input impedance of the systemic circulation
in man. Circ Res 40: 451-458, 1977
Nichols WW, O’Rourke MF, Avolio AP, Yagi-
numa T, Murgo JP, Pepine CJ, Conti CR: Ef-
fects of age on ventricular-vascular coupling. Am
J Cardiol 55: 1179-1184, 1985
Yaginuma T, Avolio A, O’Rourke M, Nichols W,
Morgan JJ, Roy P, Baron D, Branson J, Feneley
M: Effect of glyceryl trinitrate on peripheral
arteries alters left ventricular hydraulic load in
man. Cardiovasc Res 20: 153-160, 1986
AT, WERKE M4 9, BEEE, HRE
=, MEE—: MEIRAIOZE & Y B KBIIRA
vE—F R EEZMMECHEER. IREE 28:
277-284, 1988
Merillon JP, Fontenier G, Lerallut JF, Jaffrin
MY, Chastre J, Assayag P, Motter G, Gourgon

3

~

4

=

5

~

6

=

7

~

— 664 —



8)

9

~

10)

11)

R: Aortic input impedance in heart failure: Com-
parison with normal subjects and its changes dur-
ing vasodilator therapy. Eur Heart J 5: 447455,
1984

Laskey WK, Kussmaul WG, Martin JL, Kleave-
land JP, Hirshfeld JW Jr, Shroff S: Characteris-
tics of vascular hydraulic load in patients with
heart failure. Circulation 72: 61-71, 1985

Zelis R, Nellis SH, Longhurst J, Lee G, Mason
DT: Abnormalities in regional circulations ac-
companying congestive heart failure. Prog Car-
diovasc Dis 18: 181-199, 1975

Beekman RH, Rocchini AP, Rosenthal A: Hemo-
dynamic effects of hydralazine in infants with a
large ventricular septal defect. Circulation 65:
523-528, 1982

Nakazawa M, Takao A, Chon Y, Shimizu T,

12)

13)

14)

15)

— 665 —

DEPRERIACBT ZKREBARASA v E—F 2

Kanaya M, Momma K: Significance of systemic
vascular resistance in determining the hemody-
namic effects of hydralazine on large ventricular
septal defects. Circulation 68: 420424, 1983
Thomas JA, Marks BH: Plasma norepinephrine
in congestive heart failure. Am J Cardiol 41: 233-
243, 1978

il B DR BEMERORE. NEF
MOOK 55. /pR &AL, 1989, pp 82-90
O’Rourke MF, Yaginuma T: Wave reflections
and the arterial pulse. Arch Intern Med 144:
366-371, 1984

Nichols WW, O’Rourke MF, Avolio AP, Yagi-
numa T, Pepine CJ, Conti CR: Ventricular/vascu-
lar interaction in patients with mild systemic
hypertension and normal peripheral resistance.
Circulation 74: 455462, 1986



