Development of New Membrane Oxygenator with
New Transfer Membrane and its Experimental

Study
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AHRZE I R A TR L V%@ & L T polysulphone B (PS &) % fivy, #ii: BB A TG (PS
) RBIRT 2 2 L2 B0 L L7z, PSR skin BB & sponge BOZEBHERET 3 00T NO B MK
BlzEVw2REDERIL, 58 B BE - ABSBEE T DV Tsilicone rubber fE (SR ) -
polypropylene i (PP ) & HEBHRES L 72, W CHEEISANG & U CHEH - EEHE - EEEEOSR
HRIEZ T 3T PS e P2 5E L, BRes R 2 18EI € 7 A RIMERER W THREL
72, BRELZ PSHHEFAD in vitro 2517 2 HEETE & L CERR R U KER Y A AR - [EJHRK - ME
BERRE L, BIEESE DV IR SN & BRES U 7z, in vivo THRHMERERCK 7 BIC L PS 2 AL
R EET 240 SEORSENBEREIT R, BEPOY ADE « & MBREME - Ht {5 & CEmE 2 UE
Ui, WHEEEE LT 6 EIoLE 33 D% SR ERIEA » Syt % M L 2Bk TRz
EAER ST 00, PS IEFRE & ELBE L 7o, 7 O#ER, PS B3 M skin B % AV 5 77 8RB IBRE -
SHBAOEH»SENTHY, SREE2LOSTAERELEL, KESBEHEL PPRIV DL o0k,
PS fhE 7L OME TS BB S 67 /B - BEEAT 1.6 m? - BB 87 g/cm? D 7 VS ERME(E & EIE B TRRY
g L, [Ei8% S 250 mmHg BUF & BIFT, AT F 1%k PSMOEREEICHREL 72, PSR in
vitro Tl PCO, 46 mmHg » S0,65% + Ht 30% D Efkinzxt L, MR&E 1.5 15y, WAGE2.01/5370%
HETFCmEwgl ! H7z ) EE S5 ml - RERY X 49 ml/S0H AAmEERE L, EHEXIE 132mmHg ThH-
o, THESERS & CRIEEERER TR b o 7z, in vivo OFRLEIMER TR MO A T A R L/
Bz # A SHTE » B IBREC Ht MRRBERELTH D, FILERSEEMCELERCERTH 7. B
FXp PSEEEMATHOBEE: U CRIFLMEESEL, PSE2RBRMBEAA TR LTHWEZPS
Fild, EREACKEAMR B2 EELTEMEE2E TS I eEmIT on.

Key words membrane oxygenator, polysulphone (PS) membrane, transfer
index, microbubble embolism, hemolysis.

SEEQLE « KINEFMOESICEEEAEBH0
pH 0, BEEF - EHOT RO BN b BRI
FhiTws, X, FASHCHEEESR - ECMO - &
HEEMRTE 2 22 b BAMERSER & h-Y, REH
I D BAFEE TV S B ASEREB O LB
LTl Lo LRESEDEHRBEIATII TR, EEYR
rmE AT A A A A A ST X —direct
blood-gas interface— @ 7z & MERBE L BA KM &
OMEEBHAE 09, REEGEMERIZRTRET

Hol, IDRHEYEREE N ATBRIREETS
ATHi & LTER OBEBA TR SN THRE L
L S DRI A T b BN & O3B <,

REETFFHZ e~ IEREEN - BEEDORTEH > T D,

T TEZIZHL WA AFERE L U T polysulphone
[ (PS i, #2M(LFKKE) 2BINL, #HiokBAUAT
fiti (PS B 2BI% L 72", AT PS B EREHILHE
B+ TICEEER SR TV 20 % B & LR
L, CHEREBREEN - L TERL 7 PS A0k

Abbreviations : ASAIO, American Society of Artificial Internal Organs; ECMO, extra-
corporeal membrane oxygenation; EPTFE, expanded polytetrafluoroethylene ; PP, poly-
propylene ; PS, polysulphone ; SR, silicone rubber ; SO, oxygen saturation ; SaQ,, arterial
oxygen saturation ; S,0,, venous oxygen saturation ; PO, patial pressure of oxygen; PaO,
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1. PS BoOEBAMEETEE

1. BB L UKRBY ABEFRE-K #Y -0 flE

10 ERREHREL, ORNIFERTRAL
727 1,000 ml THErz L 37°Ce L7z, B2 R L 2k
EafE (test cell) PYIZ#EIRIE % I 50 cm? & L THE
0, YN 429 ml/ 5Tk L7z, SABELT I 100%
BENGREY A% 500ml/5FTREL T, 0BT &
VIR OBER UL REE T A 5T % MRS A 5343k
& (Radiometer #8¢ ABL 3) 2 THEIE L., PS
Mz skin B & sponge D 2By o H E IZH 3
DL Blr>TWwhics, HKEL L TEES O
PSE 6 M 332, WiEM % skin B & sponge B
LEBEOBRCHT 2 KERHEL ., X, skinf8
EHERENC L7 IS 100 £ PS % & silicone rubber &
(SR &, HEEEKKE! HOM-16 JifEH) #&% 287
SRCEEL R AOKERREL .

KERUTOML KD, H3EENT 2YERH
CELERIORRENEE LG5S, WREIGZL
NIRRT 5.

V-j—:=K~A-(Ce~C) ------ (1) =R

V: ERNRESE
C: Kpy ABE
Ce: # AT FE M2 KF A R BE
A EEM, 50 cm?
KR ABEITADELBRE . a LORTH S
»o
C=a « PO, Xix PCO,
L (1) REBEBBREOSE

d(PO
v 4E0) ey (760—PO,)
dt
L4 %, PIHAZMHFt=00 PO % (PO,), &L TEL &
760~ (PO,), A
n{—m— —————\ = N ] N
e-po, Kyt @) A

EnD, BRIL7AASEESLDY (2) X0EHROH
Bir L TKEMsKRD S5,

2. [EEORE

B2 OFERM I AR - LT PS I (B 50 1) 12
BRIV, 6 Mld skin B EMIC L, 68U sponge
Brifhz Lz, REBOL AgHO% 25> 7 LT

MEVCE R, R IR R HUEA RO
HNEERHEA & L.

3. KESBEBEONE

WHRE L L TPSIE (EE100,), SRE®B LU

sample
test T
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4
T 0z or CO, l
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o fATd
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37°C
pump deoxygenated
water

Fig.1. Schema of test circuit of oxygen transfer
index.
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Fig.2. Schema of transection of test cell.

(a) {b)

Fig.3. Scanning electron microscopic photo-
graphs of bilateral PS membrane surfaces. %25,
000. (a) Sponge layer. (b) Skin layer.

partial pressure of oxygen in arterial blood; P,0O,, partial pressure of oxygen in venous
blood ; PCO,, partial pressure of carbon dioxide ; P,CO,, partial pressure of carbon dioxide
in gas outlet ; Ht, hematocrit ; HE, heat exchanger ; Hb, hemoglobin.
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polypropylene & (PP [, Travenol ##! TMO ffif
) 28 3T oAV, TCOERMMNICK 4 1R
L EBREERUBERRE 19.6cm?, BRERE
2.5/ Uiz, BB @A L L ERHDOKERIZ
Y AFNCRINENS 20, FOEEE FIIRF (¥
< hABY, LW2200) %M 30 A 3 EERIEL,
ZOELERABEISHEL L,
1. PSHDETIRE

PS B (BEE 100 ») #{EFA UEBARIA T &
LTRILIICRLIZA~COPSHiesF v 2& 37D
BEELK. T EEN BEE - WEEE

test
cell
sealed water
r initial veight 158  [37iica
gel
Oy
)
‘Q9I air pump =02

thermostat 37°C
‘Fig. 4. Schema of test circuit of vapor transfer.
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pump COp+N,+0; 37°C water

Fig.5. Schema of test circuit of oxygen transfer.
Sample (A), sample from arterial blood ; Sample
(V), sample from venous blood.

Table 1. Three PS oxygenator models

Tightness of

No. of  Surface
Model folds(g/cm?)

folds area(m?)

A 56 1.3 66
B 53 1.3 63
C 67 1.6 87

MRLD, REETTVERETH0OLUTD 2 5%
HEE L THRELZEBMRET L2, 1) BEBRn s
Ht 46%, BRFEEIFE 65% & L, ASAIO E¥#9) 105y
E—56 ml-BE3R/{ /5y — A L OBERTMEEES S+
322k, 2) ERNEEM2.0/50MFEE £ 5
mmHg LT TH2Z Z &,

1. BETHREOHE

51 L 72 € 7OLRSMEBREIRE 12 B4R PS Wi
BLA BEBERNEA) EHFHESFMCHREL
Ht 46% & L 7z. deoxygenator & L T Temptrol fi

(Bentley #-8) 2FEREL, KRBV A -ZX-BEOR
EAF A EWEL THIRM Z1ER L 72, FEMER 1.3,
1.6,2.0 1/53D 3EEME L L, SR IC 13 100%BREXR
BEWGEL 7z, EREAMEE deoxygenator B #%
BERICTITCITER L7z, BEM RDOEE 2 HELE
L THEX ORGOBIRMEER L, WO S#IRE 5
X UEARAN & D BRI U BRI - BMESERAEL
7o, BonlErRRRNCRALBRETEE (0, trans-
fer) 2EH L.
O, transfer

= {1.34 X Hb-(Sa0,—Sv0,) + 3.13 X 107 (Pa0,—
PvO02)}

blood flow{(ml/min) .
106 3=

Hb: hemoglobin (g/dl)

Sa0, : arterial oxygen saturation (%)

Sv0O, : venous oxygen saturation

Pa0, : partial pressure of oxygen in arterial
blood (mmHg)

PvO, : partial pressure of oxygen in venous blood

2. ESBEORE

6 1z L BB 2~ ) ALH R I THRIAL,

pressure
guage

@D

P S
HE oxygenator

pressure
guage

4 }
1 37°C water 0; l
L.°J AL
pump reservoier

Fig. 6. Schema of test circuit of pressure drop.
HE, heat exchanger.
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RMBEE 3TCELE, =7 —K> S ThRES:
1.3, 1.6, 2.0 /3D 3ERME & L, BRETOWMAL & 5t
HOTOEBAEE KR/ A =5 —ICCRHAIL FHE
DEEEREIBRE LT,

. in vitro (=& 1F % PS i MEEFEM

1. BERZHREDORE

®5IZRLICETIIVEAERER I PSR ®E L
. EIBEPSIZ /S AT TR L Ao as, &
BOFRENMEBRIZ &L VIEVWRE L L TEEREKS
Hw, Ht 25.5%, 27.5%, 30.09% 0 3 ERfE = Saai L 7=,
EMEIX1.5/5 LEMORERERIO 1. L R
LTR (3) K DERRBEEREH Lk,

2. REEN ATHBEDBE

HITE L R D EERRIZ B T PS i~ D 100%8: %
WEEE 1.00/50,2.01/2BX04.01/57 L1 PS
OB A AR DREEAS A HE (P, CO,) #HE LR
HRAL TREEA R3LHEE (CO, transter) #HEH
L.

CO, transfer

=—————;jg;?;£ XBFEFE (ml/4)

3. ESEROHE

B 6 iR L7 EEREM I PSS 2 RE L 2. EHEA
BAs) vbFHEImeABEEEKREZAOT
Ht25.5% 8 X U 30.0% W& L /. MmEX1.07/
Gp52.51/AETELEE, PSHOWAHOMOD
EEgE2ERIL /2.

4. WERDHE

6fHD PS iz DWW TIHEREZ B L7z, M7 TR
LT EIREAIC PS I % 348 L RN % H ®K TRz L
72, WE2.01/5 e UMHOEO L7 2 HE L T

450-500mmHg

valve
p S

oxygenator [;E]

Y o
pump 37°C
2 1/min colored water

Fig.7. Schema of test circuit of pressure resist-
ance.

AOJE 450~500 mmHg & U7z, 6 FEfER% PS M
ZREEL, PSES RAI~NOEEAKREOFE® AR
FICRET L 72,

5. BREEEDHE

PSHi & 2 QX BM & L T &K B ik o William-
Harvey H-500 ffi (William Harvey #8{) %ML
f:o ALRBHBAEERRSTOCETERBCTL
7o ERE R IERL L7z, ERPUIHEE~/ S R &R
RV VT He 30% i FHET L TG L, 60 S3EITE
R ¢, EREPIMIKIE RIEAE O #LHE T 37C

air

outlet pump
l e} l
reservoir
test HE
| oxygenator (PS
02 37°C water

Fig.8. Schema of test circuit of debubbling per-

formance. HE, heat exchanger.
ascending ascending
tve sve aorta I‘(;VC aorta

’__rleservoir 1 | i

F‘ |

. ;f

o HE 2%
Jv-ooy Y
venou arteria
pump pump pump

(a) (b)

Fig.9. Schema of extracorporeal circulations of
dogs for the evaluation of each oxygenator
function. (a) Two membrane oxygenators, PS
oxygenator and HOM-16 oxygenator, were
examined in this two-pump and two-reservoir
system. (b) The bubble type BOS-5S oxygenator
was evaluated in this one pump system. PS, PS
oxygenator ; BOS, BOS 5-S oxygenator; HE,
heat exchanger ; IVC, inferior vena cava; SVC,
superior vena cava.
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Fig. 10. Relation between
oxygen transfer index and PS
membrane surface to blood side. Fig. 11.

Transfer index was indicated
by an inclination of the lines:
u— @& skin layer to blood side ;
o—a0o, sponge layer to blood
side. Thickness of PS
membrane was 50z in this study.
A, membrane area, 50 cm?
constant ; t, time (sec); V, fill-
ing volume in this test circuit, 1,
000 ml constant ; (PO,),, partial
pressure of oxygen of test
circuit water at the start.

MR L o, [WIK E I PSHi A @ 2 reservoir
system % iz, MEER 1.51/5, BEVREEIR
1.0/ L, BRPKEKREANOREITEOE
R AIRAICHET L 72,

IV. in vivo 2413 % PS i HEE & Rt niRs

MR A 1380 (fAE 13.8+2.6kg) 2XRIZ, UT
D 3B D & LLEBET R MZ T,

@ PSHE: THEPHAWTKII@WARL 2pump 2
reservoir system D{ESEREIEGIZ PS iz EAL,
240 DO FEESNMERET o 72,

@ HOME: 3B L TPS B LEROERIC
HOM-16 BRI % B v, 240 FEOREENER %
Tt

® BOSH: 3HHIL TR IbDIZRL 72 1 pump
system D[EE 12 BOS-5S Siuflffi (Bentley #L&1) %
v, 120 O FESENER & T L.

ZEBEAIIMO 13F8E D 3 FERILIPICHGm L 72~
2R LRI L LB Y S VIRTTREL 2. RiE
7y 7—nN10mg/kg Bk L FA Ry 5 -1 15~20
mg/kg BIETHKEEAL, [LERNFERATRRESR

(Harvard #&, MODEL607) iz TERZERIC L 35
HiE e % AT o 7o, ZERMIBAGL & LEEE 4 BORIC CHM
L, ~%U ¥ 2 mg/kg #2558, FITREIIRICE
MA=a—v%, b TRERICHLE LD BRIDY
Za—VEBALTOMER & S L 7, EimEi
90~100 ml/kg/4y, A A-MfEHIZ 1.0~1.3 L Li&

10

(a)

Gas transfer index of PS membrane and SR membrane.
CO, transfer index.
a—a, SR membrane.

1‘0 2Io
(At/V)
(b)

20
(AL/V)

(a)

(b) O, transfer index. = —w®, PS membrane;

MBI AR T 37Ce Lz, RERE) 8k L D %
F—TFNEBBAL TEIRE « P OBIRELZ =5~
7o, PLBIREZHERFT 2008 ) v 7 L eEE
SEANL TS, FEERMIZ—YHEML 2o, A8y
Y 1 mg/kg/BOEETEIML 72, 1B, LIESR
W i—YIOBREERTHL Y, MEESIb Lissror:,

PIZEUATO 3HEEIZ DV T{To 7z,

1. M A S HRiE o BlE

R-BRmMER L D 30 7 LicERI L, WA A
B I TEHAIL .

2. ImBR (fVR - B ek - FRER) #6 & U He
DHIE

BRImEE & v 1B & &R L B B sRET
TEMAIL 72,

3. Mg~ 7o EOHE

BmEE L D 1R L mL 7T vs AT F
EWZTHIE L.

FIEME IR FEX S ToE - RS REME : L TR
L, BEEREICIE Student Dt 7 A b 2L T p<
0.5 #FEEHD L L,

59 L

1. PS BEOEBHMELETE

1. BEB L URBRY ABEREE - K(E-

B 10 iR L7 BEE 50 uPS O BRI T 5
KA, %A% skin BE¥2 &£ 100+4.4x 10 em/,
¥ {8 sponge & T 1% 58 £0.3X 10~ ‘em/® T, M %
skin B L7z AMEEIC (p<0.01) FHoofk, B
WHEE 100 uPS & SRIEDREEH A B & UBHE
B9 2KEXTRL7. PSE L SR B REES A lT
BK{EIZFNZN 66.0X107¢, 26.8X 10-cm/M T, B
FOKEIX 71.3%X1074, 58.0X 10~ *em/BTH 0, 2
PSEEDQAHEETH - 7.
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2. K

W ZskinB L LIHE ORI AL 132286
mmHg T, 18l sponge B T3 54+4.4mmHg T&
DAEEIZ (p<0.01) ¥ skin BOHNEH -7,

3. KESBHE

1HEE B 72 0 DKBERE B E L PS I 0.56+0.10
g PP0.60+0.14 g, SR 0.10£0.00 g TH -7z,
PSHE PP IR L D WlERICH o Fe S EEER L,
MELSREBIZEELEE (p<0.01) Enotz (K
12).

II. PSHDETFIVRE

S - EEE - EEEE 2L 2 PSIE T LA,
B, CO, BERZHAE - /K EEBERE L, UTF

(g/hr)
0.8} * B
"
. *
S
» 0.6
=
]
o~
-
&‘ 014 ol
c
2
<
>
0.2
c L]
S R P S PP
Membrane
Fig.12. Vapor transfer of SR, PS and PP
membranes. Values are mean+S. D. from 3
specimens. %, p<<0.05.
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DRER &8,
1. ERSERCILAE
ETVAYER S RIFSBFETHBELZEL, T71LC
bEUEEE FE - Twie, 7B 1.3 I/20mik
BT 7724.0ml/4r L E¥EE (73ml/5) 2 LE- T
Wikt 2.0 1/50EREBTIE 108+9.8 ml/4r & HH#E
& (L12ml/5) Wiz ot (F2).

PS
oxygenator was box-shaped, 30.6X11.4X8.4cm.
Priming volume was 220ml.

Fig.13. Photograph of PS oxygenator.

Table 2. Changes of oxygen transfer and pressure drop of PS oxygenator models in each blood flow

Blood flow 1.3 1/min 1.6 |/min 2.0 1/min
02 Pressure (o2 Pressure 02 Pressure
Parameter Transfer drop Transfer drop Transfer drop
(ml/min) (mmHg) (ml/min) (mmHg) (ml/min) (mmHg)

* Standard 73 <250 90 <250 112 <250
Model A 971t4.6 230%23.2 115+5.6 307+10.4 132+8.3 > 400
Model B 77+4.0 203+£34.6 - - 108£9.8 251+33.0
Model C — — 104+3.8 140£6.4 128 £ 4.6 157%7.1

¥, standard of oxygen transfer in this study was based on 105% volume of ASAIO standard.

Values are mean +S.D. from 3 models.
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2. JEHEE

EFNVAREZMFBTHMEERL, FC2.01/50
BiE T3 400 mmHg LA E & scaleout L7z, EF L
Bix 2.0 (/57T 251+33.0mmHg & HHEE LR (250
mmHg) WETi8s, BBEEETH-z. ETHC
X 2.01/5TH 157+7. 1mmHg CRETH -7 (F
2).

X DEFLCE PSHOEAREE L L. PS
13D 13 DN 30.6X11.4X8.4 cm ORI T, PEE
I3 E 14 R TH PS B BRI /a1
Wl r @ spacer £ L Tmesh® AL,
priming volume & 220 ml T&H -7z,

PS membrane

Fig.14. Schema of internal structure of PS
oxygenator.

(a) ()

1. in vitro (2 &% PS FiD4EREFEME
1. BRSe
AR PR A CAOMEBE (Ht=30%Tr=-
0.999) %5k L, Ht D EFCHEOEEIML 2223, Hi=
27.5% & 0% TikHE HERZASHE LT, MER
1.51/4y, 7 AWEER 2.0 [/5TIXBREFE 65%,
Ht 30% DMk 1 [ F55ml DRMBEEZF L T
(g 15—a).
2. REEH ARTHEE
AR RE S A S ECIEOAEE (Ht=30%Tr=
0.993) R/ L, FAWEEICLYKRELELE m
B 1.51/4, HAREE2.0//5TRIRESADE
46 mmHg, Ht30% O &R 1 7 49 m]l DR HEEx
HLTwk (F15-b)
3. ESIBE
16 wEHELLMFEES LU HHEORFELZR
Uiz, EhEkEmpsE i s U ER L, HeiE
O FEICT LML 72, Ht 30% T IRE 1.5 /23T
132 mmHg, 2.51/4 Tk 182 mmHg TH o7z,
4. THERE
HkERWT PS HOMERE LTI, £ ORKR
6 BRSO ERTLTO PSHi BV THRO L D OE
kiAo ol BEED PSEBLUE
BEML D OBEGKRHIEFED STz,
5. Biee
17 Zi2F L7z < William Harvey B0 &tk

(mL/min) a (mt/min) (mmHg)
200
100 100}
@ K [=X
® % 2 9

g S

" - 2100 |
~ o =
o Q 7]
© @
50| 50 o
et
o

o . o N 0 b . . .
4] 50 100 0o 50 100 [} 1.0 1.5 20 25

svOoz (%)

Fig.15. Gas transfer performance of PS oxygenator. (a) O, transfer:
relation between S,0, O, transfer performance and Ht in the
condition of 2.0 1/min O, flow and 1.5 I/min blood flow. Ht: *—%,
30.0%; m—m, 275%; ®—e®, 255%. (b) CO, transfer: relation

PvCOr  (mmHq) Blood flow (I/min)

Fig. 16. Relation of pressure
drop, blood flow and
hematocrit. Hematocrit: *
—x, 30.0%; ®—®, 25.5%.

between P,CO,, CO, transfer performance and O, flow rate in the
condition of 1.5 1/min blood flow and Ht 30.0%. O, flow: a—2, 4.

0 1/min; o—ao, 2.0 I/min; 0—0, 1.0 I/min.
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(a) (b)

Fig.17. Comparison of debubbling performance

hetween bubble oxygenator and PS oxygenator.

(a) photographs of the air outlet of the bubble

oxygenator circuit. (b) Photographs of the air

outlet of the PS oxygenator circuit. Above, 15
min. after ; below, 60 min. after.

P Oz2(mmHg)
»n
o
a

100 .
PvOz
0 0 30 60 120 180 240
(b}
40t
G
T
€
£
S 20}
3
a
0 : ; . . o
0 30 60 120 180 240
Pertusion Time min

Fig. 18. Blood gas analysis during extracorporeal
circulations of dogs with each oxygenator. (a)
PO, changes: P,O,, PO, of blood in the outlet of
oxygenators ; P,O,, PO, in the inlet. (b) PCO,
changes : P,CO,, PCO, of blood in the outlet of
oxygenators ; P,CO,, PCO, in the inlet. Values
are mean+S., D. =—m, PS oxygenator; @---
®, HOM-16 oxygenator; 4 ---4, BOS-55
oxygenator.

EMICIZTEREAE 15 90 o RERMICKEO & DS
e b, REFHIICHEA L 60 I IR EAE 2.5 mm
Lo, PS MEERER T 60 2  TREREVICK
WIS St o7,

IV, in vivo (26 % PS f ke & &0kt

1. MEH A SHHE

B 18 i B HOEABRGO ¥ A SHEOHY & &
U7, PSEETIXTBEEBALA 30 41 o B i Bl B P I ¥
1%, pH 7.36+0.10, RE4 A 3E 37.1+£8.2 mmHg,
B #4YFE 40.8+6.4 mmHg, BsRAIFE 67.2+1.42%
THotz, MU 304 % o3% M E KM oK
pH 7.44+0.65, FE 4 A 5/F 28.3+6.3 mmHg, B %
SFE281+75.6 mmHg, B FEMAIE 99.9£0.35%T
Hots, TNEOEE 240 S8 E TRIBZEL Tz,
HOM #, BOS B0 4 R F47{H b 1243 PS B L F %
T, BROERELIETH- 1,

2 . M/MR - E ik - FRMEKkES & U hematocrit B

PSHOBRMKREZO M/EE L 9.0£2.5%
104, P ER#1.940.85X10°%, 7RI Bk 4k 281 +83 X
104, Ht {8 27.020.7%TdH -7z, BEICB WL TIERRH
TRER I RMERR B Uieds, ZOBRBEELS
HECEEERRED o7z (K 19),

xlo‘/mmilt“‘\.. :
Plet 10 \QIXPW‘LI

Before O 60 120 180 240
Perfusion Time(min}

Fig.19. Changes of platelet (Plet), white blood cell
(WBC), red blood cell (RBC) and hematocrit (Ht)
during extracorporeal circulations of dogs with
each oxygenator. Values are mean*S. D. =
—a, PS oxygenator; @ -—- &, HOM-16
oxygenator; a---4, BOS-5S oxygenator.
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Fig. 20. Changes of plasma hemoglobin concentra-
tion during extracorporeal circulations of dogs
with each oxygenator. Values are mean®S. D.
m—m, PS oxygenator; ® --- ®, HOM-16
oxygenator ; a---a, BOS 5S oxygenator. *, p<
0.05.
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Abstract

This study was attempted to invent a new membrane oxygenator (PS oxygenator) using a new
transfer polysulphone (PS) membrane. PS membrane is micro-porous and constructed of two
layers, skin and sponge layer. After examining their fitness for the blood side layer, its funda-
mental functions were estimated by comparing gas and vapor transfer with silicone rubber
(SR) and polypopylene (PP) membranes. Three models of parallel plate type oxygenator were
made of PS membrane, and the fold number, membrane surface area and tightness of folds were
changed in each model. Oxygen transfer and pressure drop of each model were estimated in an
extracorporeal circuit model. As in vitro study of PS oxygenator, gas transfer, pressure drop and
pressure resistance were estimated and the debubbling performance was compared with a bubble
oxygenator. For the evaluation of in vivo function, gas analysis, blood corpuscles number,
hematocrit and plasma hmoglobin were measured in total extracorporeal circulations for 240
minutes using 7 mongrel dogs. The same parameters were measured in extracorporeal circuit
with SR membrane and bubble oxygenators. As a result, it was found that the skin layer of PS
membrane was suitable for the blood side. PS membrane had higher gas transfer than SR mem-
brane and less vapor transfer than PP membrane. The oxygenator model having 67 layers in
fold number, 1.6m? membrane surface area and 87 g/cm? in tightness of folds showed a good
performance. In in vivo study, PS oxygenator transferred 55 ml-oxygen and 49 ml-carbon
dioxide/1 blood/min and indicated 132 mmHg pressure dorp in the venous blood with 46 mmHg
of PCO,, 65% of SO, and 30% of Ht under 1.5 1/min blood flow and 2.0 1/min gas flow. No leak-
age was detected in pressure resistance test. Debubbling performance of the bubble oxygenator
was incomplete, 01 the other hand no bubble was detected in PS oxygenator circuit. Each value
of gas analysis, blood corpuscles and hematocrit during total extracorporeal circulations was
stable and hemolysis in PS oxygenator circuits was significantly less than that in bubble oxy-
genator circuits. It was concluded from the results that PS membrane was adequate for a transfer

membrane and that PS oxygenator was safe and capable enough of being used for a clinical case.




