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Studies of Pulsatile Extracorporeal Circulation
— The Significance of Pulsatile Perfusion using a Pulse
Supplement Device without a Valve Mechanism —

Takashi- SASAKI
Department of Surgery (Section 2), Sapporo Medical College
(Chief : Prof. S. Komatsu)

The advantages of pulsatile extracorporeal circulation (ECC) in cardiopulmonary bypass have
been confirmed by many investigators, but there has never been a general opinion. Some investig-
ators persist in the belief that the created pulse contour should closely resemble normal physiologic
patterns in terms of improved organ function during ECC. However, the pulse created by pulse
supplement devices, such as the pulsatile bypass pump (PBP), is different from physiologic patterns
with regard to pulse contour. It has a slower upstroke than physiologic patterns owing to the lack
of valve mechanisms. Thus it rather resembles a sine curve. [ studied whether this pulsatile flow
offered any advantages for organ tissue perfusion and metabolism during ECC experimentally and
clinically as compared with steady flow perfusion.

In the experiment, the tissue blood flow of the fibrillating heart, cerebral cortex, renal cortex,
liver and gastric submucosal layer were measured by the hydrogen clearance method, and the
metabolism of the fibrillating myocardium, brain and G-I tract were analysed.

With regard to the fibrillating heart, pulsatile perfusion preserved regional myocardial blood
flow well by maintaining subendocardial blood flow. Cerebral, renal and gastric tissue blood flow
were greater in the pulsatile flow group and the metabolisms of the myocardium, brain and G-I tract
were more aerobic in this group.

In clinical cases, myocardial metabolism was also aerobic in the pulsatile group, and serum
MB-CK, which indicates myocardial damage specifically, increased minimally under pulsatile perfu-
sion. Plasma renin activity and angiotensin II levels were lower in this group.

It was confirmed that pulsatile perfusion with this pulse supplement device can provide better
tissue perfusion and physiologically maintain the body organs during ECC.

(Received March 8, 1984 and accepted March 26, 1984)
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Fig. 1 Changes in myocardial blood flow during
ECC with pulsatile and steady flow perfu-
sion.
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3 REB&ER

A TERETE MBI Cim S mE 114.0E
12.6 mmHg (mean*S. D.), & K1 £ 70.8+15.4
mmHg, THHE TS MmE 88.6+11.2 mmHg ¢
Hote. BEREGIHFEETI8.8+:6.2m/l/kg/min, FF
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7z,

3.1 OHBEBNKES L UOHRE

WBRIEOCOMBEE B MBE CLAETHE
118.6+10.6 m//min/100 g (mean=+S. E.), [ A &
THE 103.425.7, EH AR THIE 2 116.1£9.5,
$%EN100.919.5THY, LHET, WHHETHEMR
Pk (BAF Q end/Q epi ratio) (XnBhifiiFss 1.14x
0.07, EEHEEA1.1820.09 L ThIHBEMICEE
ERDD T T

mEE - b OEMEBBERER L ) OAEM, (OAHER
LA imEEMNEA L (Fig. ). @ERECHLH
B o M A A E 8 C.OEMED 120 5 T BRIE
D 58.0E5.0% &7 - T\%, K LB TI
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EEERITD LR - 7. Q end/Q epi ratio 1
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Fig. 2 Comparison of pulsatile and steady flow
perfusiom with change in subendocardial
blood flow.
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(Fig. 3).

REE b OBE T, FABERNOABRERER
HENERE T 6.824.3% (mean+S. E), EHEHE T
9.24+3.2% THh H EEMIZEEZ I - 0. LEM
B 60 5 CHREBIRELBE AT 508 LERRET
EBICEA L, BERCERZICREL 2P
0.1 DEXED, LEME 120 5 CHEEHRET, +0
FHE2—0.01% & & OEEREKR LR L 72 excess
lactate (X & S B BR A, BV IR BF T—0.17+0.16
mmol/L, EEHET—0.19+0.15 MBI ELR
BHIeVDS, DEME) 60 5 LA GEE R CBREEL TR
L. ABNE © 3 REE L FEoEL2 7 L (Fig
4).
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T50.3511.4 LEXEDT, W& SAINMER - 5T
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TIIEBRRE CXIBRIME D 74.0+£8.5%, TEHEH T
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Wit 46.5£5.2% E7ch, WEMICEER L0
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‘Fig. 3 Comparison of pulsatile and steady flow
perfusion with change in Q end/Q epi ratio.
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Fig. 4 Myocardial metabolism during ventricular
fibrillation with pulsatile -and steady flow
coronary perfusion.
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Fig. 5 Comparison of pulsatile and steady flow
perfusion with change in cerebral tissue
blood flow.
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IRLTIH, ERWWBETIIASEER 60 5 CIEDELXRL
fo. &FBY B UREBRBENMEEAY R LA EEER
B isr oo (Fig 6).

3-3 B, If, BHEBMEES L UHIEERS

BEREOMME TN BRE BT, 171.7+
17.3m!/min/100 g (mean+S. E.), E & it ©
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WAl LB R L EE TR L OMIEBEELRD,
HAHNTEER 120 4 CXHABI I RED 62.518.2%, THER
BN 47.6£5.0%TH - 7o (Fig. 7).

HF I 9 & 35 FR BT B 03 R Bh R B¥ € 78.5+8.3m//

min/100 g, EEREET80.247.6 TH 1z, EHE
RBITHE, MBHREEL0%, TEMAETIZA%ECMm
WAL, 90 o #0-DimEERIC P<0.1 0E» 8D
b, 1205 TIRIHEMEE42.5+6.7%, ©F NE
27.0+4 3% TH -7 (Fig. 8).
BT R o8 M It 8V RS B BRBEAART (X FOEh R
T 28.8+£8.5m//min/100 g, & H It B € 30.6%+9.3
TH - fops, BIHERBTHR BB T 3H, EF
WETITINT 2 Y 735 v AMBELA ST TAE
TH 7o Toks, ABIREECREITIIEEC 7 Hlo 120 4
BT IBEIED 40.24+3.8% TH - 7= (Fig. 9).
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Fig. 7 Comprison of pulsatile and steady flow
perfusion with change in renal tissue blood

flow.
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Fig. 6 Cerebral metabolism during ECC with Pulsa-
tile and steady flow perfusion.

perfusion time ( min.)
Fig. 9 Comparison of pulsatile and steady flow
perfusion with change in gastric tissue blood
flow.
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Metabolism of G.I. tract during ECC with
pulsatile and steady -ow perfusion.

Fig. 10
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Fig. 11 Comparison of phasic pressure pattern of the systemic arteries during
their travel peripherally, between normal circulation and pulsatile ECC.
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fo. HENIR, EERBFOMICEROHEIED b
M ofz(Tablel). Z s 20 FEFIC BV TLEE~DOF
B2 OB R L UMEHRFCHERT L L LI,
g~ opELmE GPT #lE LERLL. IHIEA
SR OVEBRREER T 5 FAMEROBE R IRE
TAEWMT, Mgy = viEE, TrvodasrvovIIE
EAREL. DB RE oMK IS ERERE Bk
M, EEkmOAR, CrvvBREERIEL, AR
BEGE s 1 0" excess lactate & L. MIBEFERY
PHRRIOHESYRIRRETS L3h 51
# MB-CK ##lE UREt L.

Mgy = v &M 7 v ot 5 vy v I oBIERFER
HiI H ORHEARERC T O M ATV, FHRZH AR
BB A, STSEAENBERE S S, HAMERK TR, W

HERAANERICBIT 2 515 281

%6 B ML, My = viEEEEE, 7V
oxs vyl —Hidkrr s RIABZTT-
7o, .
REBEAERBECEILEBOAFULTNTER
WORETH D, FEES 16 6, gtk OEEJHD)
146 (H4PlcFBERB Y& T, WMBH, EFK
BEORICEBOMEIIRD s -7 (Table2). —h
LOEFIZE T, & ICEH TR C IR R
BRIl 7 7 2 5 3 v R BRET BAEMNDNS  MITE
HAVBEIiShAT®, P77 3 vBERIETOLK
MM 35 L OVR B A S RERIES & ff o THRET L
7o, SRWMEESHEE (TPRD 2L F oz CEE
L.

Table 1 Clinical Cases Operated under the Normothermic Ventricular Fibvillation with
Short Time Cardiopulmonary Bypass.

Pulsatile flow

pt sex age Disease Procedure V-F time(min) Perfusion time(min)
KF M 7 ASD patch closure 40 45
MK M 24 ASD patch closure 30 36
KK F 39 ASD patch closure 52 80
YS F 7 VSD direct suture closure 30 46
KK M 31 MS OMC 43 52
MK F 28 ASD patch closure 30 39
EF F 9 ASD patch closure 25 32
HN F 10 ECD patch closure . 58 75
& repair of cleft .
HH M 42 MS OMC 32 44
37.8%£10.1 49.9£16.8
Steady flow
pt sex age Disease Procedure V-F time Perfusion time
MI F 49 ASD patch closure 55 80
YI M 5 VSD direct suture closure 33 39
KS F 29 ASD patch closure 35 60
AH M 38 MS OMC 30 40
FW M 4 ASD pacth closure 35 40
AF F ECD patch closure 60 75
& repair of cleft
TU F 35 MS OMC 30 46
TO - M 3 ASD patch closure 35 41
MM F 40 MS OMC 30 39
KG M 9 ASD patch closure 38 48
‘ 39.1+10.2 50.8+15.5
V-F : Ventricular Fibrilléti'c’m ) MS Mitral Stenosis
ASD : Atrial Septal Defect g OMC : Open Mitral Commissurotomy
VSD : Ventricular Septal Defect ECD : Endocardial Cushion Defect
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Table 2 Clinical cases Operated under the Myocardial Protection by Cold Cardioplegic Solution
with Long Time Cardiopulmonary Bypass.

Pulsatile flow

pt age sex Disease Procedure Perfusion time(min)
TU 56 M IHD, MR CABG, MAP 119
™ 56 M IHD, ASR CABG, AVR 272
AK 18 F AR, MR AVR, MAP 137
MK 52 M IHD CABG, LV aneurysmectomy 205
CF 41 F ASR, MS AVR, OMC 118
KN 65 F AR, MS AVR, MVR 172
MA 49 F ASR, MS AVR, OMC 130
SS 51 F AR AVR 109
SS 62 M AAE Bentall op 155
KN 44 F ASR, MS AVR, OMC 134
MK 45 M IHD CABG, LV aneurysmectomy 123
KC 45 F ASR, MS AVR, MVR 182
YK 45 M IHD CABG 188
TW 39 M AAE ) Bentall op 209
MT 57 M IHD, ASR CABG, AVR 170
TO 54 M ASR, MS AVR, OMC 168
161.9%43.2
Steady flow
pt age sex Disease Procedure Perfusion time
KO 62 M IHD, MR CABG, MVR 176
KK 54 M POMI, VSD  VSD closure 120
HH 52 M IHD CABG 96
SO 49 M ASR AVR 151
MS 40 F ASR, MS AVR, OMC 165
EN 50 M IHD CABG 196
AT 61 M IHD CABG 140
KS 53 M IHD CABG 152
TK 50 F MSR MVR 128
KI 48 M ASR, MS AVR, OMC 157
MT 62 M IHD CABG 139
KS 64 M MSR MVR 122
KT 45 M AR AVR 98
HK 45 M IHD CABG, LV Aneurysmectomy 108
139.1£29.3

IHD : Ischemic Heart Disease CABG : Coronary Artery Bypass Grafting

MS : Mitral Stenosis OMC : Open Mitral Commissurotomy

MR : Mitral Regurgitation MAP : Mitral Annulo Plasty

MSR: Mitral Stenosis & Regurgitation MVR : Mitral Valve Replacement

AR : Aortic Regurgitation AVR : Aortic Valve Replacement

ASR: Aortic Stenosis & Regurgitation LV . Left Ventricule

AAE: Annulo-Aortic Ectasia VSD : Ventricular Septal Defect
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TPRI (Index Unit)=(AP—CVP)/CI (or PD
(TPRI: Total Peripheral Resistanse Index.
AP : mean Arterial Pressure (mmHg). CVP:
Central Venous Pressure (mmHg). CI: Cardiac
Index (1/m?%. PI: Perfusion Index (1/m%)

42 # 2=

ERHEAER, RGBS & A ERERERIIN
B, EEINTAEEICEERRD T -

DB OB R CisEe kA EERERGE, DEME
BRUTOAEEREK, excess lactate (IEERHTH
NnZh1.70+9.10%, —0.078=+1.21 mmol/L, #E)
WAECT2.00£10.27%, 0.325+1.15mmol/L & W&
BICEROEIRDONh T, LEMBIAZEEL
M MEDIE 7l O FLIEEEEE T AR MBS E RS EY
AL, excess lactate THHEEZE I\ S OOHBIFHEE
MEMEZ 7R L 72 (Table 3).

MB-CK (im#Hc A EEZ DD b, &
B UHBRENMEMEELTR L o(Fig. 12). 4, &
FE COEMEIRERTL 60 0 TH - 7o LREBIITISL-T
MB-CK D& fEins 51.05 IU/L &R Uicss, FBhnEE
TILLEME) 58 5 DESIC BT, TORBME I
36.31U/L LIEfEXRL, Mo LHEELEE LE
7z,

m#E GPT GEAEERE LR L v iR bR L,

BN CIIMES 1 BAY Y — 7 HiE T 52, EER
HTRIEIbI bR LMis 1 AR T L IRENEE L » &E
AR L7 (Fig. 13).

ML = v IEEIRENRE, TR L Lkt
U REEE A BB M L. A EBRTER, ME
WEETIEIICET L2, EERBECIEmEnd
AL, RAERKTRICIEREICEEEZL?AD
(Fig. 14). ¥ - EH B TOM% 6 B & co@h,
WCMAME I L v = VG OB B RIgns s
biters, FABREE T ARSMEERE L RF LIS (el &
%%gﬁb T o T,
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migr7voxrsv v I oFEL, v=viEksR
BREEOBEBZR L, EAERE TRICIRBRET
Br&Exm Lz (Fig. 15). % 7, HEHECIE
SMERBAMGHE 25, 544 6 BRI CHTRIME L £ ERD
e fohs, EFETAECIIME 6 B 2 Te&RB4 A
UHAIE X » BRI L Tu 7o

ERER O BERF O£ K EMEED T, MBI
B, OEERRELAIHEORB L BN LA, F
BB TRL OEHT, RAERI55 LD 05FT
WMBEHLVERCEELYTRL, 0B E W EEY
R L7 (Fig. 16).

A ER R O R E BRSP4\ H R R T
D, AEERADLRIE o, Lo L LEER

F£C122.0ml/min/kg & & o £E F 24 4 b 5 i
20.8%) @A Dd b, MEBREISEE L CRELTRT
DIE VIERlic X 5Bk X o bho(Fig. 17).
MB - CK

#®—e Pulsatile flow
©0----0 Steady flow

/L

304

201

Pre | ECCstop PO3hrs PO Ghrs PO 2nrs
ECC S (Time)
Fig. 12 Changes in serum MB-CK during and after
the operation with pulsatile and steady flow
perfusion.

Table 3 Comparison of Myocardial Metabolic State between Pulsatile and Steady Flow Perfu-

sion in Clinical Cases,

Lactate extraction ratio Excess Lactate
Pre after V-F Pre after V-F
Pulsatile flow 9 0041097 115042 ) 4
mean+S.E. n=10 .00+10. .50+2.23 0.325£1.15 —0.599+0.63
Steady flow
mean+S.E. n=10 1.70+ 9.10 —6.82+6.03 —0.078+1.12 —0.033x£0.73
P value N. S. <0.05 N. S. N. S.

V-F: Ventricular Fibrillation
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Fig. 13 Changes in GPT during and after the
operation with pulsatile and steady flow

perfusion.
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Fig. 14 Changes in plasma renin activity during
and after ECC with pulsatile and steady
flow perfusion.
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Fig. 16 Changes in TPRI during ECC with pulsatile
and steady flow perfusion.
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Fig. 17 Comparison of urin output during ECC with
pulsatile and steady flow perfusion.

Fig. 15 Changes in plasma angiotensin Il during

and after ECC with pulsatile and steady
flow perfusion.
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