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Clinical Application of OXYREX Hollow Fiber Membrane Oxygenator

Hyoung Mook Kim, M.D.", Kwang Taik Kim, M.D.", Hern Jae Lee, M.D’,
Kyung Phil Suh, M.D.”, Hurn Chae, M.D.”, and Hyuck Ahn, M.D.”

The OXYREX hollow fiber membrane oxygenator developed by joint work of KIST and
Green Cross Medical comany has been evaluated by experimental investigation and clinical
application, 1n this oxygenator gas exchanges occur through small pores of 0.1um size whi-
ch are distributed on 70% of surface of polypropylen hollow fiber. The Oxyrex membrane
oxygenator consists of 36 thousand hollow fibers and it has 3.3m? of gas exchange surface.
The Oxyrex membrane oxygenator has unique blood flow path : blood enters the oxy-
genator, passes between the hollow fibers and exits through outlet ports, that provides low
transmembrane pressure drop. In the animal experiment and in vitro investigations of Oxy-
rex oxygenator, it showed low transmembrane pressure difference, effective heat exc-
hanger performance, stable gas transfer function and less blood trauma. The Oxyrex oxy-
genator been used from March, 1990, to October, 1990, in 40 patients undergoing open hea-
rt operations. In the clinical applications of Oxyrex, adequate oxygenation(PaO:,
283+70mmHg) and carbon dioxide removal(PaCQ; 27+6mmHg)were maintained under
the condition of FiO:: below 0.6, Hct : 25%, perfusion flow :2.4L /min, gas flow :2.1L
/min, During maxium 365 minutes of cardiopulmonary bypass(CPB)time period, the Oxy-
rex oxygenator maintained stable condition of PaQ; PaCO: respectively and it also kept
low plasma hemoglobin level. The complement proteins C3 and CH50 were not significantly
changed pre to post CPB. There were no complications related to the oxygenator during
and after the CPB.
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O. OXYREX }&iAt5t7|

TN AR FFAY o] 190 um, F
35um, pore A7} 0.07umel™ 70%<] porosity & 3
polypropylene hollow-fiber 36,0007 & A} ztg o
7 3.3m? A7l (FEE  OXYREX). 4

71= hollow- flberi FAHE =R2ED polyurethane
foam®} polyester mesh2 ¥ TE ¢ZErjFozd
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Fig. 2. Circuit for perfusion with the Oxyrex oxy-
genator
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M. In Vitro Test2 S 248
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Table 1. Comparison of pressure drop. (unit : mmHg)
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Fig. 3. Change of blood cell and plasma com-
ponents : in-vitro test

(Fig. 3). 4¥s=uelq plA7IZe) 28 992
Aarlsee BAEY FRMole AuT] WEIo

Hl&) H AcH(Table 1).

A | in-vitro test

items Bent ley
(membrane surface) Terumo BCM—7 Merasilox OXYREX
CAPILX 1 33
blood flow(LPM) (3.3m?) (5.8m?) (3.3m?) (5.Ofn2) (3.3m?) (3.3m?)
1.0 40 20 35 30 45 5
2.0 80 45 80 80 120 15
3.0 120 70 125 130 195 30
4.0 160 95 165 180 275 45
B :in-vitro test
flow rate OXYREX Others
(L /Min) Inlet Outlet Qred 2} Inlet Outlet 4&Ez)
1 55 30 25 50 32 18
2 70 30 40 85 35 50
3 100 30 70 120 38 82
4 125 32 93 160 42 118
5 160 35 125 200 44 156
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2ol AZZ 100m /minS 2 443 SRASIER
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o) woz HAT AASHH, TVF 0, 147,
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WA 1.43m*Ad. FEH AT HAlAM ¥4
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Fig. 4. Change of blood cell components during
CPB in 5 dogs

Table 2. Operations

Operations

Mitral Valve Replacement

Aortic & Mitral Valve Replacement
Aortic Valve Replacement

Mitral & Tricuspid Vlave Replacement
Aortocoronary Bypass

VSD Repair

ASD Repair

Sinus Valsalva Rupture Repair
TOF, Total Correction
Cortriatriatum, Correction

Aortic Aneurysm Resection

Cardiac Tumor Resection

IVC Thrombosis Removal

Total

No. of Patients
14
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Table 3. Patlents Characteristics & Perfusion Data

Variavle Mean+SD Range
Age(yr) 37£13 9-66
Body Weight (kg) 4728 24—64
Body Surface(m?) 1.43+0.15 1.03-1.69
CPB Time(min) 12265 47365
Priming Volume(ml) 1833+129 1600—2100
* Cooling Time(min) 1046 3-27
Warming Time{min) 49 26—65
Urine Output(m! /kg, min)  0.63+0.62 0.17-1.63

a4 HaH RSS2 %Y, complement pro-

teing E3F ¥ 4

cE8&F

1370 MexErs ¢ gz

Aed ¢8It THILSY 3

Oxygen transfer during CPB

g 71&8M Az #2 ¥zt (cooling),
A A 282 (hypothermia), &7} (rewarming) %
Ao uyo] BEAY. AL I HANM FiO: 0.6
ZHGA FHYE A EYL B 224mmHgol 3, A
ANefA el eE Fi0: 0.6, PvOz 47mmHgoll A
Pa0: 321mmHg, Sa0:7t 99% 3t A 27H& 2% of
A FiO: 057, Pv0O: 45mmHgoliA PaO: 253
mmHgoltH(Table 4). OXYREXS] o]AtstetAaA|A
N5S HAEale] 42 2T g 7FHM 2 FAxt
AP A R A 742 BF Y HFv] (sweep
ratio) 7} 0.962 314 PaCO:&= 24mmHgolx, A A
SfA AElol M= sweep ratio 0.9, BT PaCO:
3lmmHg &AM PaCO:& SmmHgelth 2712
A o M= sweep ratio 0.85, ¥ PvCO, 30mmHg
ZAolN PaCO: 24mmHgZ #ASUH(Fig. 5,
Table 4).

ABHHANE B8 EFBE

s % 1.6L—4.0L2 &
A AdegolM FF oy

2o AZE kg /18

PO2 (i) PaC02 during CPB
®: Pa02
Sw-] v P02 PaC0Z (mebg)
4p8. o8-
8-
] |
Lol
288 !
» M
108 !
|
. ./D\'/l\‘—’\/ nL
| — J L o J ’ L . 1 i
Cooling Hypothernia Varning Cooling Hypothernia Varning
Fig. 5. Arterial POz and PCQ: during CPB in 5 patients
Table 4. Blood Gas Parameters During Cardiopulmonary Bypass
Variable Cooling Hypothermia Warming Average
PaO2(mmHg) 224+72 321442 25378 283x70
(153—297) (255—380) {113—338) (113—380)
PaCOz(mmHg) 24.6x3 25.8+9.1 28.7+6.4 27.0%£7.6
(22—28) (16—42) (24—41) (16—42)
Blood Flow(L /min) 2.3+0.2 2.3+0.2 2.6+0.4 2.4+0.3
(2—2.5) (1.7-2.6) (1.7-3.2) (1.7-3.2)
Gas Flow(L /min) 2107 2.1+0.3 22104 2.1+0.4
(1.5-3.0) (1.5—2.5) (1.5—3.0) (1.5—3.0)
Fioz 0.6 0.6 0.5 0.6
(0.5-0.7)
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0.63mlc}(Table 3). OXYREX9 ML&ZHE |52
AAHTE fFHE AH M22PE BY 2=
a0l g 105 o)3tZ FAEY 2P ¥ A 2% 7)
Foz AHX =AM AX B=(AZL=IE
37—-28)F 4AIZt0) BT 108 AELTE 28=ClA
BZ 7I(FAFLETFE 28—-35)A3te] HF 4F
o9 tH Table 3). ‘

A& e B A/, F, FEF L7
Aol 25 SRA X, TPAR ] AFANRE= PP
£71 AP A HA 452000 FeF 34T, £
19403815t o]t Table 5). H¥ &3 (Hct)S #
Aol 41%, €8F 32%, 5% 14 5%, &
¥ 790] 37%AT) A=A ALd&HH 13g
/dl, €8% 10, £¢% 19 11, $£% 7€) 12¢/d
Gt W e AYesA 6400, 8F 11400, F
=% 190l 1400 /mm3 Ao}

g0 GalslmE22 Y (Free plasma-HB)& A
&8 3.48mg /dlolAM &£8F 971, £%F 149
41490 dagye Hale A 246,00000 2
&A% 157,000 /mm3 ¥ tH Table 5, Fig. 6).

3 complement proteing] ¥zl C37} A9 &
23 649 Y, £8F 7749, FEF 7Y 96T ol
2, CH 502 A«8A 199, 8% 230, &% 7
Qo 20301 G th(Table 5).

OXYREX QA ZFAANEZ A&d AP 5 AF4H
719 72 2 FE2 dFHALH N FEo] €2 F
A A= et AAFEnL 400 F 280 FEA
o] ARy Apde AR AU ER
OXYREXE o] &3 A gj<des FARY

-

V. %

At Ak 3171 (OXYREX) & polypropylene hol-
low-fibere] ZEH 70%° 2xs)o] e AA 0.06
—0.15m(BFF 0.1v}el2 &) vlAF FHE Bl
Yoz slxe] 2y Wago] AR HHY 7h&
TEINEE ZE AFANIZE 4TS d25
2] dAAREH S dar] R e 3T
600071 ¢! hollow-fiber7} priming volume 390mi&} &
& F0o FAFAAH] glen shARgAF ] 3.30
mZ F&H AP FS 23 9l

Platelet {(x1808/m3) (&) Plassa Hb (ng/dl) (®)

388 ~12
758 ’ 18
206 - 8
158 )
166 . -4
58~ F2
& T T 7 T 8
Prepump Postpump PODR1 PODE?
Het ( 4}
Hb ( gn 7 d]1 )

45 I r 16
4 - -1

!

!
35 A i. 12
34 ]— 18
54 ®; Het L 2

TS |

|
8 [ T I T 8

Prepump  Postpuep PoDRs PODR?

Fig. 6. Results of blood analysis pre and CPB in

clinical application

Table 5. Pre & Post Cardiopulr..onary Bypass Blood Analysis

Variable Ire CPB Post CPB POD#1 POL#7
Hemoglobin(gm /dl) 13.8+3.6 10.6+2.8 11.6+1 12.6+1.8
Hct(%) 41+11 32+9 353 37x4
RBC(x1000) 452+139 394+134 38159 417 £56
WBC 64152295 11452 +5928 13959+ 4417 97292932
Platelet (% 1000) 246+81 15771 190+55 25170
Plasma Hb(mg /dl) 3.48+2.35 9.65+10.1 4.14+3.86 .69+1.49
Complement C3(u) 65 77 — 96
Complement CH50(u) 199.4 230.5 - 203.4
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ol atglylE 7129 ZFFAE A3VIE FFAA W
A(RR)e2 g4 BAFAINE R 28 FI3AH
Rz FFAIND F2E YRR FAMNTE P&
2 287 AFe ¢gAAelE #E F YU Fig,
7). SEAEANA 2357 Axe Blay 2 gy
ol XY T, t& wyAsvle vis R GEAs
Je ez RedA) HEE BF4tdea AL
YHagg 7\hE & Aok

Venous blood

blood

Fig. 7. Blood and gas flow path in the Oxyrex oxy-
genator

gaae] M AAS in vitro R FEAWAA 6A17
o] SRS F QAHY rt2 APVl YALE
ol e A4 EdstEt 43H Bl Fe
= FiO: 0.60°18}, Hct 25%, 8% % 2.0L /ming]
ZHAA g TAY AAEge] HFAEA HAY
3658 9 AAEFAE HAFE Pale7}t KAHT =
Hagrle Ao BAstE #5712 I oxy-
genator edema d4to]l 4714 ¥ FArIEAFo)
&Aoo g ¢rH oAU Ed oxygenator edema &
4 Ag7|e 5del pore Z71E FHABHA %A
g & Uge. ojasletd AL nHd e e
A FANAE EYEHA L 2D PvCO:
3immHgol A 25.7mmHgZ @A 22 A2, A&
o] Bzt EgEAgME FAEHE FREAT
Oxyrex& A3 AdeddF 8 V488 23
€ Fi0:o] a3z ol sl e AR QF-E sweep rated &
galed EEHE T F AU

OXYREX9] AL A] P8 &3z,
2aaoa AR OXYREX S in vitro ¥ 84
ol Mot o] 2 YAMNBAME B4, BY, ¥
A%, BYFF Wae FHAF LN AJL 2
F 744 Ages gAHYen, FE2F Ego] F

222 Solis 52 B go] Fage JFel & #
AEReR B £ bt dg4nvle] o HFo ®
sle e BELHAjole HFHriERAE 23 A2
T 28%, Hd#FF 3.7L /minolA 95mmHge]d,
AN L@ e HE7) gl ez JEh F3
A7 Y R A7 glo] P E €98HEE
e th

R EgFe] e nRL 7.63ml /kg /ming A
AWM gdegHog A dARFE Bt
FAANY A2, st PN EES 4Y
A3 AL 155 7tx] WEw £33 1.5% 4 W3 &
Aok Qe FAA HE 108, 7o HT 4

o2 OXYREX®| o1ZA 2® EFrlEg 2523
B gA= gL 5T
Aol egaiold vAgsty 233 Wl FHo
¥ A complement 2] 4350l o, ol ¥

A4 7ol AANHPA B osle B4
XYREXE M @ad B B389
o sleul A AEA3-E 2o FA,

2 27 4478 gdx OXYREX E34s7ie 4
x| zato] WMEH, B dgH HET dgT A
T8 L FezddM Auvie SHE T AF A
ol NI MY FEo] £XEFA HEE e
FAAE,

o

L

=
o)

g g

AR FRAAGAL A e £ 92
gnddA 54 dgFgdd dxARrIe AT

- o4 7j2g OXYREX 2¥AH7IE 4089 A5

@A QAN LD AT Oxyrex A37)E A&
BHE 2 FANEAN F2RBo2 AdHFHI 23t
e l2ngAA 487 (OXYREX) Y a4
23 2 BW2AA 7IFe] $53T FAY Ao
A ek

Oxyrexe Z£FALE ol &8 2aasly) dxe ¢
"alrl B AelEPA Mo AAFANT YA
H7)50] AT, MY PE WANE | Wajel @
A EEdo] HolN AAAGAo]l BHP L
712 #gHdeng gog A GHEA AL
£9 4 AL Aoz YD,
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