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Experimental and Clinical Studies for the Disposable
Pulsatile Blood Pump

Katsumi OHORI, Fumiyuki OKAMOTO, Kenichi TAKADA,
Hiroaki ADACHI, Tomio ABE, Nobuyuki TANAKA,
Masamitsu KANEKO and Sakuzo KOMATSU
Department of Surgery (Section 2), Sapporo Medical College
(Chief: Prof. S. Komatsu)

Pulsatile blood pump (Model PP-11, Nikkiso Co. Ltd.j was studied experimentally, and then, used in
30 open heart surgeries for children less than 20 kg of body weight. At 100 m//kg/min. of pump output,
arterial pressure was maintained 100£11.3 mmHg in systolic and 404125 mmHg in diastolic. Hemolysis
was smaller in perfusion with pulsatile than roller pump at 60 minutes of extracorporeal circulation
(p<0.01).

smaller in perfusion with pulsatile than roller pump. There was no difference between both pumps in

Bleeding volume from the weaning of cardiopulmonary bypass to the end of surgery was
urinary during and after surgery. Overload of water to the body during extracorporeal circulation was
mostly excreted for the first 3 hours after surgery. The difference of core temperature between abdominal
wall and sole decreased within 1°C in both pumps by 3 hours after surgery, but it’s difference was smaller
in the cases of pulsatile than roller pump during and immediatly after surgery. It is the problem awaiting
solution that competition between the heart and the pump appeares at the weaning of extracorporeal

circulation. (Received February 27, 1980 and accepted March 10, 1980)
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Fig. 2 A section of a disposable blood
chamber with two flat valves.
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Chamber and mechanism of pulsatile blood pump (Model PP-11,
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Fig. 3 Pump circuit with a disposable bubble
oxygenator for a pulsatile and a roller
pump.
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Fig. 4 Correlation between a decrement of real

flow and an increment of theoretical
pump output.
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Fig. 5 A comparison of pulsatile versus
roller pump on hemolysis.
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Fig. 6 Changes between arterial pressure and
pressure in aortic perfusion cannula with
an increase in pump output.
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pump output.



372 PR A ()

Conrrot Dos 12 K& PuLsaTiLe pump
; : EGG (D

WA At s ity YR SNy

180¢ mube
150} 5 A0 PRESSURE (MEAN) .
J q ¥ 1
i 3 (L] ns) 5 &5, (60) (€5) |
4 . 4 ook :
b & 4 1 1 v % A it b
5 LWL WL W WL L L L
/ B
70 ?" ”;" ) LT Carotio A, Frow (Mgan) 3 ”
sop | eBx an 25 au Ao (GOl
HA oA ¢ " i
30044 X,{\,)x'\(. R A b i1 d 3 ! 4
(A f( FANP SO WAL N RN -
g 4 3
Puse outPur 100 130 170 180 200
ML/Ka/MIN

Fig. 8 Blood pressure in descending aorta and
blood flow of left carotid artery during
extracorporeal circulation (ECC) using
pulsatile pump.
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Fig. 9 Blood pressure in descending aorta and
blood flow of left carotid artery during
ECC using roller pump.
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Fig. 10 Blood pressure in descending aorta and
blood flow of left renal artery during
ECC using pulsatile pump.
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Fig. 11 Blood pressure in descending aorta and
blood flow of left renal artery during
ECC using roller pump.
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Table 1 Patients with congenital heart disease applied pulsatile
extracorporeal circulation
No. Patient égs Sex Weight Diseases Bt};g?ebs dﬁﬁggn Pump (.)utput
_ (kg) (min.) (%) (f/min)
1 N. S. 4 M 16 VSD Vi 15 1.5
2 S.. K. 5 M 15 VSD 28 16 15
3 K. H. 2 | F 13 ASD 38 15 13
4 M. A. 5 M 10 VSD 60 15 1.0
5 K. 8. 6 M 20 VSD 72 20 1.8
6 | T.D. | 4 | M WE | gt 5 16 18
7 Y. A. 1. M 8.7 VSD+PH 50 15 1.0
8 | M. M 7 F 20 ASD 28 20 1.8
9 S« L 5 M 17.5 VSD 73 15 1.8
10 C. A. 5 | F 17 VSD+PH 63 20 1.7
11 K. I. 8 F 20.5 ASD 35 15 2.0
12 Y. 8. 3 F 12.8 VSD+PS 52 15 1.3
13 K. H. 2 F 9.8 VSD+PH 82 15 1.2
14 M. T. 5 F 19 ASD 34 20 1.0
15 H. M. 5 M 20 TF 100 30 20
16 S D5 (53 M 16.5 TF 11d 20 2.0
17 K. Y. 4 | F 16 VSD 37 20 15
18 K. G. 4 F 14 TF 81 20 14
19 A. M. 2 M 10 VSD 39 20 1.0
20 ¥. Y. g F 13 VSD+PH 70 15 1.5
21 S. T 5 M 16 VSD 44 15 1.7
22 Se I 4 M 16 TF 116 25 17
23 M. K. 4 F 17 PS 27 15 1.8
24 B T 4 M 16 VSD 64 15 2.0
25 M. I. 6 [ M ‘ 19 VSD 44 20 1.8
26 H. U. 6 | M 7 ASD 30 20 17
27 F. K. 5 M 20 VSD 52 15 2.0
28 T, Ra | 6 F ’ 16 VSD 78 20 | 1.8
29 K. N. \ 5 ‘ M 17 VSD+PS 37 15 1.7
30 E. H. 1 5 | F 155 | VSD 47 20 1.8
4+15 157433 16+0.3

5724256 180437

B,

M A > 71 X% YEpi it OBIREBY & i B o s
W35 &, HERA v 7 0Jj55 50~60 mmHg DRI
HL, ZhERLC, WEIIRO MGHTE b T
LIl R LCR b, Tha', REIERY RIFcHif
HENEL->TWBHDEBZ LMD,

4 INRBIDTICK 9 BB AR T OE R R

41 3t R E B
PERN 5345 12 B X hIEFN 5441 11 B * o Y= o1 7
> B D 5 b, 4H 20 kg LLT @ 30 fEFIC 2\ CTHAE)

WA v 7 X BEREIT I - T ERIOTFIEMRT 4558,

AEIX 157 kg THB. WHROWFRIL, L 5o R RIBE
(ASD) 5 i, LEAREKIERE (VSD) 18 4, IiBhlRIeA5E
(PS) 14, VSD+PS 26l X7 » = —puhhe (TF) 4
BICH - 7. EWRRNITFY 57 53¢, A v 7 ifHEL 1.6
{/min. TH otc. ATLNHE T, TMO JREH (FHRhK
MK L12m? b 5 — Ukl 2fEF L, Bl
FALich D EE—? 8 mm DMEEIEFEZH, »—F—K
7 EOPFRRER S L, BT A v 7 AN O R i 2.
foo AT, EE ORI, MERE Y 7 oMmEF +» v
AN=%EHT, 1,800 ml HHE L, MKAREL 18.0+£3.7%
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Th-1- (Table 1). BTRH = = — i3, Fr. 14~18 2 {f
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T T, OEMTE L, £ v 7AlE% 100 ml/kg/min. i@
MR35 & & T, BIROIEI I 100+11.3 mmHg, J55E
JAFEYY 40£12.5 mmHg %78 Lfc. Fig. 12 R $TREGNT,
TF TIREMEEG LicbDTh B, A v 7ifHiE 1417
min. (100 m//kg/min.) ¢, BIREIL 100/40 mmHg, 1.6 7/
min. (110 m//kg/min.) Ti% 120/40 mmHg D) Ik JE &5
BT ENTER. L L, HIMEER L hEEREEA~OBIT
Chico Tk, DA ER YT L OB TEAIE LT 5.
4:2:2 EEFRTEO~-S—KRoTEDERICE B
pJinh Y b

BRI, BRI O LIERIZ 5 B2\ T, FOH
MOHEBERE Lic. v—F -8 V7L X 5EREFT T -
FREBNL ASD 14, VSD 2 41, PS 1#l% X O4lEHE
SEARSIE (MR) 1BIch -t BB R T,
MRS SIRMBIIINT 5%, 1IN 60 pafElTs L, m
=7 =RV T X BRI EDORR L BINTRS 5
hc (Fig. 13).
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Fig. 12 A case with total correction of TF.
Blood pressure in radial artery is
maintained at 100/40 mmHg during
ECC. Competition in blood pressure
between heart and pulsatile pump is
observed at the weaning from ECC.
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LR B2 45 X 5wt o T % (Fig. 15).
4:2.5 PEHFERTEO-S—RKUTEDERICEK D
EIEBEOHEE
TRETRIRC D\ C, BREEBHLA X D ik 24 IR & Colilfe L
T, MR & RIS OWRIAR 2 BT WM AR (7 etk
#) CHIE LizhS, MBI Y 7 L 3 ERBED R e —
7 =RV 7 X BERIRC BT, HEBOREESE T

Hemolysis on ECC
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E
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Fig. 13 A comparison of pulsatile versus roller
pump on hemolysis. Hemolysis is sig-
nificantly less in cases with pulsatile

pump than those with roller pump at
60 minutes of ECC.
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Fig. 14 Bleeding from the weaning of ECC to
the end of surgery. No significant
difference to be seen between pulsatile
and roller pump.



49 (3) 1980

milkglhr Urine Output During and
10 After Open Heart Surgery
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Fig. 15 Urinary output during and after surgery.
There is no significant difference in
urinary output between both pumps.
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Fig. 16 Each case with radical operation of PS.
Core temperature between abdominal
wall and sole during and after surgery
is shown. The difference of the tem-
perature between both sites is less in
a case with pulsatile than a case with
roller pump.
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