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Terada, R., Sugaya,H.. Tanaka, K., Sakai,Y., Ninaga, M., Kunitomo,T., Takeyama,T..

Aoike, I., Suzuki,Y.. Nagao, M., Gejya,F., Arakawa, M., Suzuki,N., Hirasawa, Y,
ANTITHROMBOGENICITY OF PAN-PEO HOLLOW FIBER HEMBRANE DEVELOPED FOR ANTITIIROMBOGENIC CONTINUOUS
ULTRAFILTRATION SYSTEM (ACUS). By combining a polyacrylonitrile (PAN)-polyethyleneoxide (PEO)
membrane with ionically heparin-bound catheter, tubing, and module header, a totally
antithrombogenic continuous ultrafiltration system (ACUS) was developed. Antithrombogenicity
of PAN-PEO hollow fiber membrane was considered to be due to the presence of highly concentrated
PEO near the inner surface of the membrane which has a finely dispersed microstructure.

ACUS was clinically applied to 24 patients without systemic anticoagulation and one PAN-PEQ
filter functioned for average 32 hrs without deteriorating their bleeding tendencies,
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Table 1. Designing of ACUS

Elementary Technologies

Antithrombogenic Materials/Surfaces
| PAN-PEO Polymer

| Heparinized Surface

Hemodymamic Modification

Elementary Parts

Fiber Membrane

| Tangential Header
| Smooth Connection
| cathetecization

_Catheter |
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Fig. 1. Flowscheme of ACUS, where arrows
denote the direction of extracorporeal
circulation,,and chemical structures of

PAN and PAN-PEO polymers used for pre—
paring an antithrombogenic hollow fiber

i membrane.

2. BoM&RT

P AN— P E Och225 083 8 R HUN B E & 8T Hmst
(FE—SEM) T, £hARIvAMpML L, &
BRBFEAMS (TEM) THELL, S6ic. AKXl
Hho#5 0 AOBMTOP EODBIES X FRETEH >
BEHF~OP E O£ 2 hZTh XBABTF 5k
(XPA) BXUZKRA4 vHESEE (SIMS) T
BAE L 7o

3. BYER

ERUZERBECE—ZALREBVWTASRY 32
49, BRETOUABRETEIV., MAEHROL
L& B~ D MR DM HEBHOBERB L1, E—
IR RER O EANBEECIE, BT MM 03 i
WD AHT . I % A L NI B I 4 HESEE L 1o
4. BEERNM

K2 FRTEIURKBEET B2 4PDBEICAC
USEiEmALIH36EDPAN-PEOT 4 LY —
ERBEEE RS FICERL 1,

Table 2. Primary Diseases of Patients Treated with ACUS
without Anticoagulants

Patients Filters
Congestive Heart Failure 6 10
Cancer 7
Henatological Neoplasea
Valvular Heart Disease
Liver Cirrhosis
Abdoainal Aortic Aneurysma
SLE
Cerebral Bleeding
Trauma
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Fig. 2. Relationship between the surface
microstructure of membranes and their
antithrombogenicity. Circulation time in
unheparinized dog model and platelet ad—
hesion on the membranes were observed as
a marker of antithrombogenicity.
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Fig. 3. Cross section of PAN—PEQ mem-—
brane observed by SEM and TEM.

¥HADXPSELIUS IMSIKEABTEEREIGDL,
PAN-PEOHEARBRONETFEICIIPEOYER
BiBELTWEZ L, EAPAN-PEOOR)=w—
LD PAN-PEOaR#Y<T—¢PANRY v —
D7V FROAHREORERMICP EOXEHTEH
HTAZEERVHLE,

a)Concentration of PEQ at the Surface
{X-ray Photoelectron Spectroscopy:XP5S)

(Depth - 50R)
45wt% vh. =1iwix)

b)Depth Profile
(Secondary lon Mass Spectrometry:SIMS)

Concentration of PED

«4~PAN-PEQ/PAN Blend

PAN-PEO Only

200 400 600

Depth From Inner Surface( A )

‘Fig. 4. Concentration of PEO near the
inner surface of the membranes.
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Fig. 5. Change in platelet count during
extracorporeal circulation in unhepari—
nized dog model, where ACUS was compared
with a conventional PAN membrane.
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Fig. 6. Change in relative ultrafiltra—
tion rate in heparinized rabbit model.
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Fig. 7. Distribution of duration time of
PAN-PEO filter modules clinically used.
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Fig. 8. Relationship between mean blood
pressure and ultrafiltration rate in
clinical trials of PAN-PEQ filter.
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Fig. 9. Scanning electron micrographs of
PAN-PEO membrane clinically used.
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Fig. 10. Changes of parameters regarding
biocompatibility during ACUS treatment.

19924 1005



v, £&8

1. PAN-PEOMYMBIEANS) AEMFIZE TV
o=y LA GDE, MBENZAL—- RSN S TY
A EMNDANZI EICED, BmRkic@hiz=CAV
H¥yZRFh, ACUSE%&A L1

2. PAN-PEOh2AEOARMICIZP EOXE
BREEELTED, 50 0 ALUFOBMISHSNERN S
tEbiroghi-pitbicHF s LTwWaboetlb
b £ o

3. ACUSUHEBKRICBWTHREREES @t
FIo 1 3 205 Mo F sl @a G TH D, MikA
HitkicbBhTni,

B

AT OGIRINEZ, FBAFETHD AR, G5
F#HBED i3 d, TROBROZSRKOWHD FicfThbhis,
SIREMLAY HYERS - SRR o
TR HFRNAERE. =M%y
[AGkFESBHERE.  NlH—tb
FraEReawkt. ®WRFE

AFEBE. KHEE
wEihESAR.  EFIE. HER
MR &WBE,  MBEIER
e =4@amE. LEHa
BORREERNRHFHRE =EHECZ

Vg aERE MERRX
IR ERBE. METIER
INT-HESHBL, D)
FE: O FIRME AR, MEFST
FrEELL L, lfiEk, FulidE—a8

FHERA SR, MKBAZ

BKHIAR-F7RiBe. LA

R

1)Kramer P, Boehler J, Kehr A, Groene HJ, Schrader ],

Matthaei D, Scheler F: Intensive care potential of

continuous arteriovenous hemofiltration. Trans Am
Soc Artif Intern Organs 28: 28, 1982.

2)Arakawa N, Nagao M, Gejyo F, Terada R, Kobayashi T,
Kunitomo T: Development of a new antithrombogenic
continuous ultrafiltration system (ACUS).

Artif Organs 15: 171, 1991.

PArakava N, et al: Development of a new anti-
thrombogenic continuous ultrafiltration system
(ACUS) and its clinical evaluation, Nephrol Dial
Transplant Suppl 2: 49, 1991.

DERBZYS : CAVHIEEY 38~ LR A,
Antithrombogenic Continuous Ultrafiltration System
(CUS) D BB L EIIGM, M2 8MBAAT
BREFLTHM. p. 5. 1990.

1006 ATR#ENE3S

19924F



