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Experimental and Clinical Studies for the
Hollow Fiber Membrane Oxygenator

Takashi SASAKI Toshiaki TANAKA Nozomu KIMURA
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Hiroaki ADACHI Katsumi OHORI Nobuyuki TANAKA
Masamitsu KANEKO Sakuzo KOMATSU

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

The Hollow fiber membrane oxygenator (TERMO)®was studied experimentally, and was then
used for 11 open heart surgeries.

In the experiment, hemolysis and the pressure gradient across the oxygenator were observed
using a model circuit. In adult mongrel dogs, 5hour total bypasses were carried out for the evalua-
tion of O, and CO, transfer. These experiments showed 70% O, blowing was proper to maintain
adequate blood PO,.

In clinical cases perfusion time was 79.0+39.3 min. and V;0,/Qz was 0.60+0.13 on the average.
Even with 709% O, blowing, the cases Quz/Membrane area (M?) ratio was below 0.7, resulting in over
-oxygenation. The optimal ratio may be 1.0 or so. CO, transfer was good in all cases.

This hollow fiber oxygenator has minimal priming volume and good O, and CO, transfer.
Therefore it can be safely and easily used for clinical cases when the blowing O, content and
oxygenator size for each case are adequately selected.

(Received January 27, 1981 and accepted February 16, 1981)
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Fig.1 Hollow Fiber Oxygenator (TERMO®)
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Table 1 Specification of Hollow Fiber Oxygenator
1. Materials

Name Materials
Fiber Polypropylene
i Acrylonetrile-Styrene Co-
Casing
polymer
Potting Materials  Polyurethane

O-ring Silicone Ruber

Header Polypropylene
Acrylonetrile-Styrene Co-

Cap
polymer

Protecter Polyethylene

2. Specifications of Fibers

Shape: Micro-porous hollow fibers

Inside Diameter: 200 gm:

Wall Thickness: 25um

Pore Size: average 700 A

Water Permeability Pressure : more than 10 kg/cm?
Brakage Strength: more than 10 kg/cm?
Porosity : approx. 50%

3. Composition of Size and its Specifications

Name
Ttems HFO-16 HFO-33 HFO-54

Effective Membrane

Area (M2) 1.6 33 5.4
Effective Length of
Fibers (mm) 130 130* 140
Numbers of Fibers

(pes.) 20,000 38,000 60,000
Priming Volume (ml) 120 290 550
Weight (gr) 400 600 1000

Diameter of blood
inflow and outflow| 3/8 1/2 1/2
port (inch)

Diameter of oxygen
inflow port (inch)

Sterilization Method

*

1/2 1/2 1/2
Ethylene Oxide Gas Steril.

improved model

PO2
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400 (n=2)
o O/%-c\/\o—/o\"
70%07
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50%09
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Fig. 6 Changes of arterial blood PO, during

perfusion in dogs
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Table 2 Application of the Hollow Fiber

Date '80-8-21 '80-8-26 '80-8-27 '80-9-16
Case K. F. H. T E.F. A F.

Age Sex 7Y M 5Y M 9 F 6Y F

Disease ASD VSD ASD ECD

B.W. (Kg) 21 18 25 17.6

B.H. (cm) 116.2 105.7 128.5 113.5

B.S.A. (M) 0.82 0.74 0.96 0.77
Priming volume (m/) 2,510 2,740 2,460 2,260
Hemodilution (%) 21.9 23.0 19.2 18.0
Perfusion time (min) 45 36 27 85

Perfusion system

2 pump-2 reservoir

2 pump-2 reservoir

2 pump-2 reservoir

2 pump-2 reservoir

Max. bloob fiow (m//min) 2,700 2,150 2,300 1,700
Perfusion index (L/M?*) 3.29 2.99 2.40 2.30
VO, (70% 0,)/Qs (L/L) 0.81 0.47 0.57 0.59
Qs/Membrane’s area (L/M?*) 0.84 0.65 0.70 0.52
Perfusion Pressure (mmHg)
inlet P. 210 160 180 150
outlet P. 50 30 40 20
AP 160 130 140 130
Blood gas
PH .37/ 733 736/ 7.32 7.29/ 7.27 7.45/ 7.50
PO, 149.6/ 33.7 312.8/ 27.8 106.3/ 33.1 602.7/294.0
PCO, 36.8/ 43.7 81..97 37.8 41.6/ 46.8 28.2/ 25.9
C.P.B. 5 HCO, 21.4/ 23.0 17.2/ 18.8 19.7/ 21.0 21.2/ 20.2
BE —3.3/—2.9 —6.3/—6.4 —6.2/—5.7 —3.0/--1.4
(A/V) O, sat. 98.8/ 64.4 99.7/ 46.7 96.2/ 55.5 99.9/ 99.7
temp. 36C/ 36C 37Ct 31¢C 37C) 37¢ 3¢/ 37¢C
PH 7.53 7.39/ 7.33 7.38/ 7.33 7.52
PO, 225.4 392.9/ 28.7 156.8/ 56.8 505.5
Before termi- PCO, 29.7 37.0/ 44.6 46.3/ 54.2 22.0
nation of C.P.B. HCO, 26.2 21.7/ 23.0 24.2/ 24.3 21.7
(A/V) BE 2.4 —2.6/—2.6 —3.4/—3.2 —3.8
0O, sat. 99.7 99.8/ 50.0 98.8/ 86.1 99.9
temp. 35T 37C/ 37TC 37¢c/ 37C 37C
Size of Oxygenator (M?) 3.3 3.8 3.3 3.3
Spare Oxygenator H-1000 H-1000 H-1000 H-1000
AP
(mmHg
200
100 .
— Experimental data
° 3.3M2
o improved model 3.3M?2
= 1.6M2
1 2 3

4 5
Blood flow (L/min)

Fig.7 Pressure gradient across the oxygenator in clinical cases
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Membrane Oxygenator for clinical cases
'80-9-18 ’80-9-30 '80-11-6 "80-11-20 "80-11-26 '80-12-2 '80-12-3
Y. 5. M.E. Y. T. T.S E. H. A.T. H. H.
7Y F 36Y F 42Y F 6Y M 6Y F 4Y F 3Ms M
VSD ASD MS ASD TOF VSD+AR VSD—+PH
16 40 46 20 23 16 4.9
104.0 148.5 152.0 116.0 115.0 105.0 60.8
0.68 1.30 1.42 0.84 0.85 0.68 0.28
2,440 2,660 2,200 2,600 2,160 1,940 1,760
17.2 22..0 21.0 17.2 19.0 16.0 16.7
46 134 85 30 155 65 113
2 pump-2 reservoir 2 pump-2 reservoir Single pump Single pump Single pump Single pump Single pump
2,300 3,150 4,700 3,000 2,450 1,780 730
3.38 2.43 3.31 3.57 2.88 2.26 2.61
0.43 0.82 0.53 0.67 0.61 0.45 0.68
0.69 0.95 1.42 0.90 0.74 0.54 0.46
148 300 450 400 350 320 260
30 40 250 270 210 200 140
118 260 200 130 140 120 120
7.57/ 7.48 7.50/ 7.44 7.41/ 7.36 7.40/ 7.36 7.48/ 7.47 7.63/ 7.61 7.69/ 7.60
501.0/277.3 205.7/ 38.5 269.3/ 76.9 159.3/ 44.7 117.9/ 32.9 501.2/ 27.9 543.1/ 18.9
2.4/ 27,70 29.1/ 36.3 36.4/ 40.9 32.5/ 372 24.6/ 25.6 16.2/ 16.3 16.5/ 21.8
20.8/ 20.6 22.74 24.2 23.5/23.5 19.7/ 20.4 22.5¢ 23.1 19.3/ 18.6 28.71 25.5
—0.7/—1.5 0.6/ 0.5 —1.1/—2.1 —4.0/~40 —5.2/~4.8 —2.4/—8.4 1.7 1.4
99.9/ 99.7 99.7/ 75.0 99.7/ 94.9 98.9/ 77.9 98.9/ 84.9 99.9/ 83.3 99.9/ 78.7
37°C/ 31¢C 37C L e 35T/ 35C 37C/ 37¢C 28°C/ 30C 28°C/ 28°C 25°C/ 25TC
7.36 7.48/ 7.43 7.48/ 7.46 7.50/ 7.44 7.44/ 7.43 7.47/ 7.45 7.61/ 7.57
518.2 282.9/ 61.2 280.7/ 41.6 206.1/ 35.5 166.3/ 42.0 438.5/ 56.8 317.9/ 37.0
42.1 28.5/ 34.3 36.2/ 36.7 34.0/ 40.1 34.8/ 36.2 33.6/ 36.3 23.6/ 27.6
23.1 21.0/ 22.5 26.4/ 26.5 26.8/ 27.7 24.6/ 24.9 24.5/ 25.1 24.0/ 25.3
=2.0 —0.9/—0.8 3.0/ 2.2 320 2.8 —0.3/—0.3 1.7/ 1.6 491 4.3
99.9 99.7/ 90.5 99.7/ 84.1 99.5/ 76.5 99.2/ 86.9 99.9/ 89.4 99.8/ 80.1
37C 3¢y Brc CT B¢ 35C/ 35C 35°C/ 33°C 37°¢c/ 37C ITCSL 3IC
3.3 3.3 3.3 3.3 3.3 3.3 1.6
H-1000 H-1000 H-1000 H-1000 BOS-10 S-070 S-070
b Bl
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