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Study of Hemolysis due to Intracardiac Suction Device

Yasushi Morr
Department of Surgery (Section 2), Sapporo Medical College
(Chief: Prof. J. Wada*)

In the cases of intracardiac surgery using extracorporeal circulation, the incidence of hemolysis due
to intracardiac suction has been one of the most serious complications after open heart surgery. Main

factors of which are friction of roller pump, suction of air mixed blood and turbulent movement of
residual blood in suction circuit.

To minimize these undesirable factors, the author has deviced a new system of intracardiac suction,
which is controlled with pulsatile negative pressure. The present apparatus has a cylindrical shape, the

size of which is 420 mm in height and 58 mm in diameter, containing reserving chamber, ball valve and
discharging chamber.

In experimental study, the effects of this pulsatile pressure revealed significant superiority compared

with that of continuous or constant negative suction in respect of the sucking and returning the blood
to the extracorporeal circuit.

Maximal capacity of this suction was 4,000 m¢ per minute with 30 mmHg negative pressure for 1.2
second in each every 1.8 second.

The incidence of hemolysis in this suction was significantly decreased in comparison with the use of
roller pump by 62% with and by 33% without air mixing.
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HEBE—1 Vacuum induced intracardiac
suction (Type 1).

BE-2 Pulsatile negative pressure controller.
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Bl—1 Design of vacuum induced
intracardiac suction.
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2. IPEHEEEHEER (Pulsatile Negative Pressure
Controller ; PNPC) D#5iE S458 (X-2)
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PO:Pulse Oscillator

RC:Rate Controller
DC:Driver Circuit
STB:Stabilizer Power Supply
ISV:Instant Stop Valve
SV:Solenoid Valve
IS:Intracardiac Suction
VS:Vacuum Sucker

B—2 Diagram of vacuum induced
intracardiac suction and pulsatile
negative pressure controller
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B—3 Diagram of pressure and return
flow measurement.
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B—4 Relationship between negative pressure and return flow.
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Bl—5 Pressure change in roller and vacuum
induced intracardiac suction.
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#F—1 Negative pressure and suction capacity

Negative Pressure | Suction Capacity/min.

0, —20 mmHg

. 3,400 m/¢
Pulsatile
0, —30 mmHg | 4,000 m¢
Continuous —20 mmHg | 3,000 m4
Water Gravity |

2,000 mé
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VISS 12 X Mm% il T 5w, R THEHAVD
npd e — 7 —BLOEENEE BEEC X 5 Mm% st Lkt
Lz,
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[X-6, 1XIEF & 1,000 mé/min & & 4,000 mé/min &
TR =T — Hy S REEL, WRRIME 1,000 mé 2GR X
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N 10 mm DEIEE F - — 7 T T 7t 1,000 mé/min 12
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c) TEEAMDKS|ICKDAM (X-9)
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EEEEZ R L, TR T PEDEIATEIRTH > T
Fio, ABOBMEENL, 1) DEH\ 50 4-E ¢ 1.420,
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B—6 Relationship between blood

flow and hemolysis.

O ; Flow rate 4000 m#/min

® ; Flow rate 1000 m#/min

200 I: mean + S.E

p<o.001

P<0.001
100 =

Total Plasma Hemoglobin

mg/d|

1 Ll 1 1
o 30 60 90 min

B—8 Hemolysis and diameter of cannula.
O; 2mm
inside diameter A ; 3 mm
A3 10 mm

1000 =
T: mean % S.E.
n=7
c
a
o
1
]
T
E 500 =4
o
o
©
-
2 p<o0.001
mg/di
LB ] 1 1 ) | LI
o 10 20 30 40 50 min

Bl—9 Degree of hemolysis in sucking
air mixed blood.

2 ; air and blood continuously
A ; 2-sec. segments

O ; b-sec. segments

® ; blood continuously
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i — 180 mmHg i e AW g a [ L, © = -1 EH
DONIExRFNFh, —5mmHg, —10mmHg, —20 mmHg
ELCEMWE L. & =— APk &L E &
BRI L, TORME L~ 7 e & /fET, -5
mmHg OB\ #7258 mg/dl, —10 mmHg DIEH 74
470 mg/d¢, —20 mmHg DIEH\ ) 573 mg/dl & EfE%
IS0

e) HMELJ VISS [ckdZMm

) L7 VISS &, #hFi —30 mmHg, —100
mmHg OEFEZ Nz, 1M 400 mé W51, Xbhig, &
HE 30 [mfK L, ZOWMmEZME L. ik 400 mé %
30 [ o] UiciEdhd o, —30mmHBg & —100 mmHg -
0 X AUIMBE DT 5.8 mg/dl ¢, p<0.001 CHEFHT
Hote Fi, TOLEOEMBRIE —30 mmHg DIXH

600 -
o
o)
e P<0.001 T: mean + S.E.
9
H T n=1
o
£ 300 4 P<0.001
G
5
o
=
3
)
B
10m1 Blood
T Pressure in Tube
sealL -5,-10, - 20mnilg
mgdl

T T T
-5 -10 ~20 mmHg

B—10 Relationship between negative
pressure and hemolysis in scattering
movement for 5 minutes.

1007

T: mean * S.E.
n=8

Total Plasma Hemoglobin

50
p<0.001 p<0.001 p<o0.001
mgzdl
= ¥ T T T
c 10 20 30 times

K—11 Relationship between negative
pressure and hemolysis in vacuum
induced intracardic suction.

O ; Negative pressure 100 mmHg
® ; Negative pressure 30 mmHg

DA R 5 4 I — VR i 453

1 0.734, —100 mmHg DIEH 1 0.939 TH - 72 (K-11).

i) VISS iz —100mmHg D&EZ Nz, kD 3FECH
VT 400 mé A F i Fh 30 B LRG| Lz, 1) FF
BRI D 2% BBl LiciE by, u) VIS o NER
PNPC CHIfl L TIiE DA EWEE| LiciEBHyy, ) Fifehy
CZRESRHFRA LB aRE| Licidd v, LTOFEE, il
L30[EIRS| LiciEH - DA) & r) L OFEME DT 3.0
mg/d¢ T, p<0.001 THEERTH 7. ThZh oI
¥, A4) DIEH0939, =) DIFH\0.806 ThH - fe.

Fie, ) OED, 30 @K LIEE]T 5 &L OWImER
X 2.623 THh - 1o (K-12).

I: mean + S.D.
n=8

100

Total Plasma Hemoglobin

50+
P <0.001 p<0.001 P<0.001
mgvdl|
T T T T
c 10 20 30 times

B—12 Hemolysis in vacuum induced intracardiac
suction negative pressure 100 mmHg.

A ; Air and blood continuously
® ; Blood continuously
O ; Pulsatile sucking

100 T: mean £ S.E. »
n=8
. P
P -
a P
o
= p
o
o
a
=
s =
E 50w
o
o
B
—
3
L P <0.001
&
mg/dl
1 ] J 1 T 1
o 10 20 30 40 50 times

Bl—13 Hemolysis in roller and vacuum
induced intracardiac suction.

® ; Roller induced intracardiac suction
O ; Vacuum induced intracardiac suction
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VISS 2k Bi&m (X-13)

m— 5 — RO B8 & VISS 125\ C, FRfERIC
I D H A W5 |3 % )58 C, 1M 500 mé % 30 Fbi CR5|
L, &hic, Zh# 50 @K Lz o s i L.
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W, r— 7 —RLDIBNRE 40 C 1427, A {EL# VISS
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% #

AAMER B0 OB, HIMEREEE B X Oz o) Bl
S X A IMEHENI SR b O Th b, RIMERELE DR
W EAHIR WS TLAWARIIIEHREH S H16~2D, L
L, JTAEGHOT & TAEG R X O A~&, oo A
PR AR ERTE T VBT, FIMEREEC X
DM A SRR T 2 L WO R EETH 5.

BIAE, s < HRIRISH St u s Sl A T2 B 7ok
SMBBRAS BT X5 M B g RN T, 2l
Ry 7oOn—5 —ORERE, HFIREKES L OEHRY = = —
U, FEFRINRE DS, BasiiR ey, DN [EE I ETH
B2 fepCh, ODFSA%S BT XA MmN S
b DTHDN, CORBICHE Z1EH\ I L OHBRYK
O ONENFRIR I 25158, Wi 5 HBIC s
THhOBHNOELGEWRLT5 2 LT bhmae L, ek
D v — 5 —HLEPINRE [HEE TV, W5 [[ElEE N cRe & xR
T B LI AR, MK & ZRANRTE L, Kk 784:
L, MOMEBEECITR T % & CIMEEBHE S it 5.
F o, BB OERIHERCERS Lic D, WoImBEs YT
s 57 Licidd e, WolEIEg A OB #K L, (@
5N DI HR\EIEAME &, % LW iELER &k 3. o
RO OB X 5 MBI EREHNORT I L SR
WIMDIFEIN & 755 T B,

23>, Miller B2 ZONENKG [BE0E D 453X & Jk
B7e efb & LT, )i b Ko iz A [ c &
HHET) LR,  w) AR5 700, KB &
BWE|, ) EROBWA KRN TSH, =) Fehiebhitihe
I BT 5 2 Ll E xR BHIF T 5.

e C, Zhbofta HEEE U-Cfi 2« 05|
WENERShTCEL. bz, 19584F Dewall 529
WX TS S, —20 mmHg ORI X - C
I A WG L, air vent A LS Z &1C X » TRER R
IR L S B LB TEB I HREREIRTVS. E i,
1956 4, Donald 5%) 12 & » CT#i4 S h 7z LB.M.-Mayo
MOWEEEET BT, BRiEEESCT B0, W5 &

A G [ R — i

LWL 3k 1977

11 R ¥ VNN R il /9 R € e R/ il N PN 4]
WRBAN TS & 5Bl Ik TREALR T 5.

1959 4, \Watkins 52 (345 2 I Lo U] v itz
B LWL D, MEHAHIC 2D 7 5 A 2 i f i eks | L,
FRFCW s R 2 ERCilETE B E 2B R L

1968 4F, AEHIS) el Loy,  (RBEHEL S [21) & (F
L, NbE & 23RS INMEILTS X5, Tibb,

MK &5 W ORCE C 5TEEMA v £ — 2 v 204k
BRI Ui A4 o FREERIHR L, 22552 CTE 50
EOMWBI L X S ICELINT LA,

AE L7c VISS 13 K#9 4,000 mé/min oW He)) %45
L, FRICE —20~—30 mmHg OERRITIC X 5 i
BEAYHCHCEIcLY, »v—F - [EEO =L W
5RO Loy, ERWs %25 Ukt b L
CIRBRNBEFEA K A5 O & R ICEh 2, (8156 N ST i
DHELETNC X 5 MR AP T B ORI A W
GIF B8, Wanie B A T L 2R OWE | BT 5 -
ERAWETHY, s, WElahicLr cEoilth
PRCKRE L, ERDUH ERA LEELT 5 0% ik e
THZENEE L. ZoHbLARTYL, VISS ARy
CARBREAEH T2 2 Eb b, IR ORUIE e BEELIT /e
<, Fie, DM S BIEEIRMCL S | X A I 3
e X BpH 0 mmHg o & &, 5281 X 25 )0 2 Gl
MBS s & Enb b, MEORHEE .

PRigpe e o, WSS Rt ns — IR i sy
T 5 LT &Y ForebRitIsEI N B B A%, VISS oty
I et S 7 A 1T L3 0 ¢, Donald 52
12X - T Ehvie LB.M.-Mayo M oRiudigo = & <
FPRR B SR oI R L, 2o, MK ki
RV T RrE L V7 4 T4 v 3B LR s B
W SRIciz 523 X BRI ES b s, FE-313,
COHRBLEE THS.

VISS (3pgh: L% AE0TINC X hBGIHEHEZ Hiv & Lz
OIENRE BB TH B, WIS SIS &)
E DM G X AWS AR T, a2 N2 %
& AARSMIBBRLE TR O MU A R PR LI 2 -4
CERTELHB. Zhd, o |[EIR & 4G
BRI & ORNC » — T — K v 7R AAR, RAMEE
St B DML OMFE A Bl < & AR5 [ 5 s B oM
FEE AT AR &t L, m—F—FK v 7o
POC X B IR E0E LC, VISS 3iF & I L
AR lHTS o Lic L b, VISS Jeaiil & oM s
WiE L omMBHAREHE L, 2o A I Lk B
H& M L

AE L7z VISS 12 & 5 i % 3 % foadic i R
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BB -3 Vacuum induced intracardiac
suction (Type 2).

F—2 Index of hemolysis

Flow rate 1,000 m¢/min
Flow rate 4,000 m¢/min

Diameter of Cannula
2 mm
3 mm

10 mm

Sucking of air mixed blood
Blood continuously

2-sec. segments
5-sec. segments

Air and blood

Vacuum Induced
Intracardiac Suction

—30 mmHg

—100 mmHg

Pulsatile

Air and blood

Suction

Roller Induced
Intracardiac Suction
Vacuum Induced

Intracardiac Suction

0.360
1.579

1.901
1.126
0.659

1.420
2.625
4.606
12.492

0.734
0.939
0.806
2.623

HEhboTh-T,

(MRS TN W 5 | B T — Y 1 455
AR L (E-2), »— 7 —ALLEPILE HHEC X S &
Moz Lens, = — 7 —TLLBEPIR S 3 X 5 H 0B
L, B — T — AV 7 OREE, [BIEEOFPIRE, Z2KIEAL
O], [ NEGIMOBEIED R EThS.
r—F Ky 7T ORERC XA, =— T —OHERE

# crltwal occlusion DR AE T R ANCAT PSP A /N
L H o, &R 1,000 md/min CERIALFRENR 0.360 €

Bote Fio, EHEEEZWHATHITEBMITHER L.
[ali% DA NPT X AN, P E RS 2 mm &

T3 mm OF . — 7R L, BBRNELHEE IS L
FOWEMEE 285 Lz, Andres B2 (% 1954 4F KLyt A
CHRIMIAIE S B NEFHM L, MEHA~DELEADEED
S == 5oL FF — 25 10,000 72\ L 20,000 erg 1CHET B & %
MR DYFIIEN b B EHE LT 5.

ZE SR AN WE NS X B IBIC 2 TiE, 1958 4F Mc-
Caughan 513 23 LT B 2MEBEIICE S RA Lic
T OEIMEITHFNCHRL, »—
5 — LS B | (W5 |4 1,800 mé/min) DX B\,
FDOEIM (,—r%{ 312.492 ¢, W5 [H 1,000 mé/min (TR L
T, TOEIMEBHEIL6.940 TH 5.

] PN A I O LT X A AL, SRR B B
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