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WD 2008/ 041126 PCT/|1B2007/003340 - 1 DESCRI PTION
"PROCESS OF SYNTHESI S OF ASYMVETRI C POLYURETHANE BASED
w6 2BNBRANES W TH HEMOCOVPATI Bl LI TY CHARACTERI BTT/G20494i03340

MEMBRANES OBTAI NED BY SAI D PROCESS" FI ELD OF THE
INVENTI ON 10 The present inyention in the area of
chem cal and bionedical engineering it was devel oped
at Instituto Superior Tecnico and relates to
henmobconpati bl e asymretric pol yurethane menbranes to
be used in extracor porﬁﬁlséﬁfgq-l@oxygenators and in
extracor poreal nedi cal—egtrprrents—or devices
requiring the contact of blood with nenbranes.
BACKGROUND OF THE | NVENTI ON 20 Extracor poreal bl ood
oxygenators are nedical equipnments used in surgica
operations |ike open heart surgery where |ungs cannot
p&PROECESEh OFr SYATAIESISs OFk MFIMYE TRILGh AOLGVRITHIGE MRASED
oxg%en to the blood and renoving carbon dioxide from

e e e e
of verti cal CHIVAITY QeTATYED LI ThePpPoeRR T ©

circulated adjacently in the dowward direction. This

ensenble was inserted in a chanber that allowed

oxygen to be transferred to the blood and carbon

di oxi de to be renoved fromit (1). CONFI RVATI ON COPY
FIELD OF THE INVENTION

The present invention in the area of chemical and
biomedical engineering it was developed at Instituto
Superior Tecnico and relates to hemocompatible asymmetric
polyurethane membranes to be used in extracorporeal blood
oxygenators and in extracorporeal medical equipwments or

devices requiring the contact of blood with membranes.

BACKGROUND OF THE INVENTION

Extracorporeal Dblood oxygenators are medical
equipments used in surgical operations like open heart
surgery where lungs cannct perform their usual gas exchange
function of adding éxygen to the blood and removing carbon
dioxide from the blood. In 1953 the Gibbon oxygenator was
used with clinical success (1). It consisted of an ensemble
of wvertical mettalic screens where the blood circulated
adjacently in the downward direction. This ensemble was
inserted in a chamber that allowed oxygen to be transferred

to the blood and carbon dioxide to be removed from it (1).

CONFIRMATION COPY
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2008/ 041126 PCT/1B2007/003340 2 In the next two

ggtades this sinple equipnent triggered nunerou;mmoﬁm%&m
waelewshopeents in two main directions: 51 - Thech :

oxygenators - these involved the direct bubbl;ngho

oxygen through the blood withothe diffusion o g gn

oxygen fromthe bubbles into the bloodstreag1an |

the opposite direction the diffusion of carbon -

di oxi de fromthe bl ood |Eto t he ;grgggglgs. 2 - e

Xxygenators - they incor

ggg?;:?ﬁegbrg menbr ane that was interposed betmeeg

t he bl oodstinedrhandekhe ©gas @@Q%@e%ﬂdtﬁhgrﬁiﬁ%ﬁj; equipment

allowing at a controlled rate the perneation |

B§Vﬁﬁ%r?%t%umﬁéo%$o@@vahdpmhntpa$ﬁageooﬁa§ﬂrQggectlﬁns:

di oxi de fromthe blood into the oxygen stream Iglt e

first ones, the subsequent separation of 20 bubbles

ssary_as _they presented the risk pf.
32%{;?%%}%5?%% | SEUSRAr T TS| ' abese dron wid hchdi §irect
Shor't T1mee of' D Fan RIUFET DEEHCHEM NPe: nBlass oFifh the
short tines of a few hours. Despng' h t he-t4se oV .
(0 a great 25 oxtent euberieated Ty (R mEABPARE D the

reat 25 extent substitu _

ggygegatbép@.dstl’-rm aldreived it heclsippsigo St PAA M St ion  the
during | nger. sur%gry times. They are currently |
desi gnatdé% g‘)ﬁlﬂﬁ]eo alsradioat iddexiBeMIrdre XtHa s 68lto the
nenbrangugéxggqator).

ot

2 - The membrane oxygenators - they incorporated a
semipermeable membrane that was interposed between
the bloodstream and the gas phase and therefore
allowing at a controlled rate the permeation of
Oxygen into the blood and the passage of carbon

dioxide from the blood into the oxygen stream.

In the first ones, the subsequent separation of
bubbles and foams was necessary as they presented the risk
of damaging the red blood cells. In association with this
drawback their use was limited to surgeries involving
short times of a few hours. Despite that the use of bubble
OXygenators continued till 1980 when they were to a great

extent substituted by the membrane oxygenators.

These allowed the support of patients during
longer surgery times. They are currently designated by the

abreviation "ECMO" (extracorporeal membrane oxygenator) .
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WO 2008/ 041126 PCT/1B2007/003340 3 Al though the ECMO
represented a great advancenent in decreasing the

w0 e®R®41086 bl ood damage and al |l owi ng | onger tiPEBIB2007/003340

[ 1980 still 5
surgery support they were in the years
assgtigtedpgo several problemg: _the fluxes of oxygen
transfer where still [ower than the bubble

; igh; there were
oxygenators; 10 - the costs where high;
hié%er risks of,failure due to | eakages; they ]
required higher blood volunmes. 15 These probl ens have
successfully being solved, firstly with the

at i onlofiotidle PREDEEME BB UheeMELl o LESELVOIL  ont
gptsgaous bl ood %ﬁd then with ? |ncorpo a Pongy

%%éd¢%%@%W%®@n¢@enadekanofhblﬁa@ua@mégéeag@ oi 184085 longer
ext racorporeal equipnents |like the ones o
éW%%l%fy%?§9ﬁEYeSPEER§§e§hWWemereonhroﬂkedyears 1980 still

roved and costs decreased. However the
{ha éﬂ%%i to ‘%e:ﬂ%b Sof 25 nenbrane bl ood

he |l evel of the
oxygenat ors are not only posed at t
ne%grane configurations of flat sheet and hol | ow

fibers mbeul esubes md nhy yéknth@réﬁgfé of develoenﬁgt lower

of new menbranes associafting proper Tes ¢
henoconpabil ithy butdb Lkl gheeeraen ; perneatlon rates.
WO 2008/ 041126 PCT/ 1 B2007/ 003340

- the costs where high;
- there were higher risks of [ failure due to leakages;
- they required higher blood volumes.

These problems have successfully being solved,
firstly with the integration of the membrane module with
the reservoir of venous blood and then with the
incorporation of the improvements made on the manufacture
of other extracorporeal equipments like the ones of
hemodialysis were leakages where controlled, robustness

improved and costs decreased.

However the challenges in the development of
membrane blood oXygenators are not only Posed at the level
of the membrane configurations of flat sgheet and hollow
fibers modules but mainly at the level of development of
new membranes associating properties of hemocompability and

higher oxygen Permeation rateg.
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[ t of the ECMO in
- 4 The hollow fiber nodules of nos
use are frequently made of m croporous nenbranes due

wo eoosloe112d act that they are characterized by hPQhigpae7/003340

permeation 5 rates. However despite the fact that the

' are of
ores of the mcroporous menfranes
gufficiently reduced sizes to avoid the passage of

t he bl ood conmponents Iike the red 10 bl ood CF!|S or
the platelets, they are prone to severe Lou :ngds O
caused by adsorption of plasma proteins t a; e ds
the activation of the coagul ati on cascade, orna

nbi he phat éblvetf iadiesiQnand §er pakion 0 QMO in
?Lroh%?. %ﬁ?sp means therefore that these ne ran %

1ot %%%ef@@q%%ﬂﬁkbﬂmédﬁ|®fyml¢ﬂop@f§uQGM§hE£ah§§Wﬁu@ to the

duce
IS hennconpatlble does not intro
céﬁ$acg i t %YO&&%IF Fryewraizen any higbr@kkﬁﬂp@fmeatlon

duce henol ysi s,
| ood and particularly does not in
:%ﬂﬁﬁﬁbogenicity and platel et adhesion through the
activation of the coagul ation cascade. 20 In Cher
accordance with British patent GB 1595058 anot he

. ! . th
bl em assochairedisbh & ¢HAPOFQUS PR es Igres of the
B;gsage of water to t%e gas corrpartme*ngjB T he
”HF§§6P&FW@nmﬁmbﬂﬂﬂﬁH1ah@xmﬂesaﬁﬂl§yéﬁ€999QEdﬂ%gﬁe%§zes to

tion gradients and of the
avéjﬁé’ea o%ﬁ%%q 0°Lvdlhsesbbebdw <tdsra_o@vema@e MakUerhd eg
: h un The _authors of the patent GB 1595058
64884 : %]u&h?o latelets, they are prone to sgevere

use a pulsed
fouling caused by adsorption of plasma proteins that leads
to the activation of the coagulation cascade, formation of
trombin, platellet adhesion and formation of thrombi . This
means therefore that these membranes do not  have
hemocompability. In very general terms a membrane that ig
hemocompatible does not introduce by contact with blood in
circulation any alteration of the blood and particularly

does not induce hemolysis, thrombogenicity and platelet

adhesion through the activation of the coagulation cascade.

In accordance with British patent B 1595058
another problem associated with microporous membranes is
the passage of water to the gas compartment and the
dissolution of carbon dioxide and subsequent decrease of
concentration gradients and of the gas permeation rates to
values below the average value in the human lungs. The
authors of the patent GB 1595058 usge a pulsed flux to

maintain higher mass transfer rates.
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w@ea@blogrse i s t hr ough

mai ntai n hi gher mass transfer rates. WO ﬁgO?ng2126
5 One formto overco

sebeass | o thr o0 the coating of the nenbrnﬂﬂs%mgwmnym

[ descri be
t hrough the use of conposite nenbranes as
in pa?ents US 4,622,206 and YS_2002/ 002815611
respectively. 5 The patent EP1043035Al1 nentions
anot her problem connected to m croporous nenbranes ]
which is related to the fact that along thefopfgghgo
Lo the oxygen o da and Thre rBSder 4 PRE deyBeridt of Proue
to the oxygen side an (
Havperartbmal . ofhetast heembfahbss pat ?Bhrgﬁﬂhloéﬁ83t5ﬁée of
refers, that this problemcan be mnimzed throug

?ggpgﬁlgecgﬁmpﬁ@npﬁaﬁmalﬂheughbddeﬁjﬂobaﬁéﬁﬁé 3ﬁﬂe40§%2,206

es it delays the period of time ti
%ljf}g ﬂﬁ?%?@%%o#%%ﬂ%%&%ﬂ‘é@&t o the non-operation
of the 15 oxygenator. Janvier et al. (3) nention that
in a menbrane of vinyl chloride hawnghloclalteIIet
roughness ®agsfnt he: %q%%3 a1, 9 g%?iﬁgspa%ﬁgﬁer‘_problem
adhesion was multiplied by a act of 3

qgmﬂﬁﬂUaﬁtHDiﬂdﬁﬁﬁﬁéﬁﬁhgwﬁ@m@réﬂ@gt@hfé eﬁga%ﬁlﬁﬁgd to the

hér
e. Honpgeneous dense nenbranes e
ﬁ%ﬁg;g%atf@hﬂ%ﬁhéé&sogerﬁﬁMGMNﬁjﬂgﬂghergayspkg%UQQence of

25 in the inprovenent of
engé%%%%B%%!E¢ @&éSF@-ﬁﬁetm&cbxw@@m side and this renders

the oxygenator inoperational. The author of this patent EP

t

1043035A1 refers that this problem can be minimized through
the use of a coating that although does not cover some of
the very small pores it delays the period of time that the
intrusion of plasma can lead to the non-operation of the

OoXygenator.

Janvier et al. (3) mention that in a membrane of
vinyl chloride having local roughness areas of the order of
9 um, the platellet adhesion was multiplied by a factor of
3 when compared to g membrane with a smooth external

surface.

Homogeneous dense membranes either in the form of
flat sheets or hollow fibers , may play an important role
in the improvement of hemocompability due to the fact that
in contrast with the microporous membranes, they display a
surface morphology that assures a smoother membrane/blood
interface. However, the dense membranes usually present low

gas permeation rates that can be lower than the



10

15

20

25

woreons/oaried bl ood

in contrast with the m croporous nenbranes, they

ot her
' rface norphol ogy that assures a sno
meamodes bl oo interfgce. However, the densePCT/IB2007/003340

tion rates
menbr anes usually present |ow gas pernea
that can be |ower than the WDgz2Q08/ 041126

' ' s required
/1 B2007/ 003340 6 physiol ogical |eve (
zﬁg therefore to neet the necessary oxygenation rate,

tor should be

the nenbrane surface area of the oxygena

Ty Toad to i ghor T1 obetal "Bloct < s [HATMgS A 8. T the

may | ead to higher risks ( o ,

““y%“’@""emmfe”wm“rﬁ'wge%%’é PIFT ST area o

rted in the patents 5, , _

qulégggeﬁﬁﬁoﬁnl§hﬁéldn assetirardzshedl0 solutiop; of larger
: ’ lems if they prove to have film formng

61:55%024“?%@%%% thiapt e ¢Remar Agtidoncofhingrdy anascs W hbloog
;;@%gﬁgte flux perneate rates and with surface f

mor phol ogi es that associ ate adequate properties o o
henmoconpatibility. 15 At present, the cllnlcag use

extracor poreal nenbrane bl ood oxygenators an

: : - i ni stratian
henDdyaIIZEkSLIﬁ %E@?ysd?@éﬁgghg&ggshg% d?hgég%q&;ombogenic
of heparin to the patient. ,

rediymaets of Bliked wHeh td'vh%s”ew;ﬁﬁec%dzo.i%d ethpg%:eents Us
equi pnents does not trigger thronbogenic effects,
5p89ﬁeﬂéﬂ adésiUen anskacsévatd=en Qh1yhee an asset in the
solution of these problems if they prove to have film-
forming properties and enable the formation of membranes
with adequate flux permeate rates and with surface

morphologies that associate adequate broperties of

hemocompatibility.

At present, the clinical use of extracorporeal
membrane blood oXygenators and hemodyalizers is always
assotiated to administration of heparin to the patient.
This assures that the contact of blood with the membranes
and with the equipments does not trigger thrombogenic
effects, platelet adhesion and activation of the
coagulation cascade. Although there are also reports
claiming the minimization of these effectgs through the
additional coating with heparin of the membranes and of the
equipment surfaces, Janvier @. et al. (3) refers on the
contrary, the occurrence of negative interactions with the

systemic heparin.
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waddsiapal

[ cascade. Although there are also reports
glogigum! ﬁ;l ?Ee m nimzation of these effects through 57?0%3340
coating with heparlg of t peGrreg?raaPesll ?g;j
equi pnent surfaces, Janvie .
?gférg gﬁ tﬂe pcontrary, t he gcgﬁrggpicﬁ o{/\onegatlve
' ions with the system c he .
58525822126 PCT/ | B2007/ 003340 7 BRI EF DESCRI PTI ON OF
THE DRAW NG Figure 1 shows a cross secti On(]%f (;nTHE
BRIEQr BESCRSyITBA! 6F MREDPARRTyG DESCR PTI ol
| NVENTI ON The present_Ttnventtor—rel at es to a no
menbrane that conbi nes adeqtj_at_el _p{;p?gtrl (Szeoifngas
[ nd 10 henoconpati bili

2;\{ ?ggglr SQF?&WKQJI dodshwggpenactm% Bé%t&%i@féﬁe%éﬁf Entegral

ingented. to allow pernmeation rates of oxygen ian
carbon df OXIIREHNR - neet t he physi o- 15 | ogi ca he
requirenents wth adequate menbrane surface areas. ne
devel opment of the new polyneric material is afn afﬁe
DEE AR TTINO R IvEs tﬁ\h}éﬁf‘f@q of the norphol ogy oh he
nmenbrane surface rmmcontact—wW th bl ood and of tTﬁ'
asynmetric cross-sectional nenbrane structure. dl S
combi nation of diffusion naterial properties an
menbrane stheuctgsestalilewritieonssocitald ¢, of A8 membrane

that combines adequate properties of gas permeation and
hemocompatibility for use in extracorporeal blood

oxygenators.

The membranes are designed to allow permeation
rates of oxygen and carbon dioxide that meet the physio-

logical requirements with adequate membrane surface areas.

The development of the new polymeric material ig
an asset on the innovative tailoring of the morphology of
the membrane surface in contact with blood and of the

asymmetric cross-sectional membrane structure.

This combination of diffusion material properties
and membrane structures allow the association of the
required gas permeation rates with properties of
hemocompatibility in terms of being non-hemolytic, non-

thrombogenic and not displaying platelet adhegion.

The material and structural characteristics of

the membranes are the outcome of combining in an innovative
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[ [ i ties of 25
required gas pernmeation rates wth proper _
heﬂnconpa?ibility in terns of being non-henolytic,

waoems/ogtieconbogeni ¢ and not di spl ayi ng pl at el et PCT/IB2007/003340

ion. The material and structural characteristics
g?hefhe menbranes are the outgome of conbining in an
i nnovative WO 2008/ 041126 PCT/1B2007/003340 8 single
step a catalytic reaction of honpgeneous phase
pol ymerization with the formation of a polyner Chat
sohgieonstabt ha pfwa*s&&gy@j};eml{:@gcgft@{ acler i %:n‘i%);qseneous phase
all ow through the optimzation of the cas

hAat ] dbr i caki oforba©f oh Ntegr al FE81ut
pohunerbastiohe Widlir | rha T%e traditi%%m ution

tures (figure 1). i
?ﬁgggggﬁ“%%%ﬁ%ﬂ%ﬁ@b“%bn%hamestamésta@sgc;n&edj%?%ﬁhethrough
- | [y hase - inversion technique _ .
E%ggﬂ??%f%%g'gg%p%ﬁyEP%aFa%¥bE§S§O@dltigns' fhetﬁabrlcatlon
L d C ' a pol ymeric_solution. In e
(%sgggﬁ%#gﬂﬁé%%$gﬂg?ﬁecd%%ﬁ?%% © proteskupes (figure 1) .
pol yneri zation which is carried out in honbgeneous

phase is essential in the definition of the structure

of the 15 Tod ynmadi ¢ hendopl pesd sol V%?mrﬁé(éffén B mbrabrf,es are

- e
[ ractions and therefore in the final structureée
%4g§aiﬂﬁﬁﬁﬂ 59| utthen Hdﬁh—&ﬁﬁﬁﬁf&ﬁéhprpﬁgggor_of£ﬁy%rsion
&gruoture of the casted nmenbranes. 20 The

pOT VIR 12at Gt eATIRS-id v wol pr & paltyrerssl anedfos of
depemihayl) at&G%%%E’ E%E%hé%ggéki%gggﬁgkgggf gydroxyl
I Socyanat e and 't

In the present invention the chemical process of
polymerization which is carried out in homogeneous phase is
essential in the definition of the structure of the
polymer, the polymer/solvent system interactions and
therefore in the final structure of the polymer solution
that acts asgs a precursor of the structure of the casted

membranes.

The polymerization reagents are two pre-polymers:
one of them having three terminal functional groups of
isocyanate and the other having two terminal hydroxyl
groups. This last pre-polymer can be selected among
glycols, lactones and carbohydrates and this plays a
crucial role in relation to the membranes hemocompatibility

Properties.

The reaction between the two  pre-polymers

yielding polyurethanes with two soft segments is carried
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[ d anong
s. This last pre-polyner can be selecte
g{sggls, | act ones and car bohydrates and this plays a

wQosoude@l role in relation to the nmenbranes PCT/IB2007/003340

ibilit roperties. The reaction between
?ﬁgnfggpgﬁe-polyﬁerg gieIdLn@ pol yuret hanes with two
soft segnents is carried WO 2008/ 041126 . -
PCT/ 1 B2007/ 003340 9 out in a honpgeneous phase o
m xture of solvents that may influence the

; [ ' ' f soft
vef rerd | Rbmod8habLEN E%S%hQI§u£f G& Rl solvents that
gegnents thata?nprove ﬁ%nnconpay|b?ﬁ|ty.e5c¥%e ot he
@%YvéﬁﬁéuaneesEEﬁcmﬁéﬂ@ﬁenﬁyaﬂ|ﬁ§§@£%&$gpgﬁi%%étgurgace of

-pol yners conpatibility but also i ti
$%§t$§a%m?@ﬁ%n¥ﬂgt h@Nrﬂgevhgmoqoﬁbetgpi%bgyLngtro

ints and volatilities. This is crucia 0
?ggnesaporation rate of the nore volatile solvent and

' : [ dense | ayer of
detern ne 0 he thi ckness of the :
tﬁe integ?% ¢ %é%%%%%?i@rﬁeﬁﬁi§ﬁ§§§ PPt ke lwwisuada@oedance

' . se .15 layer that wll|
TN T Sl 4 218 MRt
qhﬂIneq@inﬁmﬂﬁt[Hﬁﬁﬂiﬁfhérﬁ%f&‘ﬁﬁffgkéﬁttgﬁagyﬁégpo%éﬁs and
dense | ayers of the integral "asymetric nenbra
Vﬂ%ﬁttiéfiéji%pdﬁlsiibl € sf ocrtbea RUGIENE S 60 Oftrl;l)tgheevasporation
di.ffu '% fl uxes of the gases through the nenbranes.

TR &t

gore volatile solvent and determines:

1) the thickness of the dense layer of the integral

asymmetric membranes;

2) the low surface roughness of the face of the dense
layer that will be in contact with the blood in

circulation.

The point 1) makes possible the creation of the
very thin dense layers of the integral asymmetric membranes
that are responsible for the augmentation of the diffusive
fluxes of the gases through the membranes. In fact, the
fluxes can be increaged by an order of magnitude when

compared to the ones of a dense symmetric membrane.

The point 2) relates to the external surface face
of the dense layer that is characterized for being very
smooth and not presenting roughness that could induce shear

stresses to the blood in circulation.
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fluxes can be increased by an order of nagnitude when
conpared to the ones of a dense symmetric nenbrane. 25

wab@speiind 2) relates to the external surface PEDEB20@1003340

the dense | ayer that is characterized for being very
snoot h and not presenting roughness that could induce
shear stresses to the blood in circulation. WO

2008/ 041126 PCT/1B2007/003340 - 10 |In summary, the
menbranes of the present invention are associated to

a sinple fahri gaf-proc es. not__i nval ve
procers LAk daes, noL | ‘hey gresent

the activation either by irradiation or c

}peeRbibacarien sombatitadt Bobl Hod; masel tr 5, i red
grafting of anti-thr onbogeni% gr oups lf%éﬁ(r]og{nd rocess

i.n th
Eﬁﬁtngﬂ%%aHQE RENOL YD athieh leert iRkt fpire st he®e By anesadiat ion

sociate th hemoconpatibility properties the
O?%n%@?%??i{fkj Bf A nﬁlrr?ﬁF%i Hh penheati ordthattdooef, as it

Q2 pad, 025 Thug, the first object of the invention is
t he proc(ge%sllgf§£l)e/ntgﬁé‘§it§n8f fot ot Pkogst iqegiaups to

rRyangfe mGMiASe Nt {Jwl.t.aneous synthesis of a
new pol yur et hane 15 base%%p %’/%Jrrjie]?feahd a casting

pol ymer sol ution precursor of asymretric nenbranes in
accordance with the following steps: a) catalytic

reacti on Béteneerprawemt e- padyBRiSes20 digsehyed in

. . ; Ee ot
L xture of two solvents with different vol atl|ltleg>; the
emocompatibility properties the compatibility of having

high permeation rates of O; and CO,.

Thus, the first object of the invention is the
process of synthesis of hemocompatible polymeric membranes,
comprising the simultaneous synthesigs of a new polyurethane
based polymer and a casting polymer solution Precursor of

asymmetric membranes in accordance with the following

steps:

a) catalytic reaction between two pre-polymers
dissolved in a mixture of two solvents with

different volatilities;

b) controlled evaporation of the above solution after

its spreading in the form of a film;

) extraction of the less volatile solvent by exchange

with a non-solvent;
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control | ed evaporation of the above solution after
P%s spreading in the formof a film 25 c) gxtract;$;m3&m
w@booslhelikess vol atil e sol vent by exchange MAthCHH¥i
non-sol vent; WO 2008/ 041126 PCT/|B2007/ 003340 -
d) extraction of the catal yst;and the residual cous
solvents by imersion of the filmin water or aqu

olutions; and 5 e) drying. In said process,
;referably, t he pol yuret hane based polyner is

Si dsoma reacti bet, g, pre- pol yner residual
a{?L@?hriﬁﬂfefn?%al isoc;gﬁzte %ﬁﬁgflgro ( 90
NCO) ands@lyere: pollymen metdd ilop0 bHer nipal Hﬂﬁo&ﬂ gvgt_:l)er or
groups (PP OH) and with sinultaneous formation &CO has
cast i ng 3EEIWS o lwsimis y, attde pre- pol yner PP n

nol ecular 15 weights in the range from 2800 to 45

Dal ton and the pre- polyner PP OH in the range from

[ [ normal |y,
400 4y0 %ﬁgg | ton. Said process conprises,
a régctiv xture of two solvents, a few (2 or 3)

-polyners with a
drops of catalyst 20 and the two pre-po
totgl concentration in the range from30 to 45% (p/p).

' lative
General |y, 11 heatiw0 BELe=RALYMELS . £2 N reg rethane
proportions from 85 PP NGO 1% BB %éP#% 95-Pp Ry

bpB eOH e ymess dd: a5 rA e i0hl RYREY 898t ion between a pre-
polymer with three terminal isocyanate (NCO) groups (PP
NCO) and a pre-polymer with two terminal hydroxyl (OH)

groups (PP OH) and with simultaneous formation of a casting

solution.

Usually, the pre-polymer PP NCO has molecular
weights in the range from 2800 to 4500 Dalton and the pre-

polymer PP OH in the range from 400 to 2500 Dalton.

Said process comprises, normally, a reactive
mixture of two solvents, a few (2 or 3) drops of catalyst
and the two pre-polymers with a total concentration in the
range from 30 to 45% (p/p) . Generally, the two pre-polymers
are in relative Proportions from 85 pp NCO/ 15 PP OH to 95

PP NCO / 5 PP OH expressed as a weight Percentage.

The preferred pre-polymer PP OH ig gelected from

the chemical family of lactones, glycols and carbohydrates.

Normally, in the brocess of the invention, the
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25 The preferred pre-polyner PP OH is selected from
the chemcal famly of |actones, glycols and

w@a00Bokmels ates.  Normal ly, in the process of tP@I/1B2007/003340

invention, the WO 2008/ 041126 PCT/|B2007/ 003340 12

m xture of the solvents - solyent less volatile /
solvent nore volatile - is in the ranges from 75% p/p

/| 25-'". p/lpto 95%p/p / 5%p/p, respectively. 5
Preferably the duration of the reaction is of one to

mMmthﬁ@rsfi&h&ﬁ&&iﬂﬁﬂﬂﬁsmltQOEOEHEOHEQQJt&Qﬂ%oI}%hF solvent

reaction mxture. The final polyneric solu
ToFearPyatase Fnisl@nt heef eramoels & ddd Moy 1 h
surfa with the control of the evaporatﬁ%/ t?ﬂggfnp/p to

e,
%5%592&9@ 5% o B0 BespedOvaslyPreferably, the sol vent
and the catalyst inpregnating the nenbrane are
extracted and exchanged by 15 neans of a bath of

wat er or eous lutions at a tenperature range
from 20 tgﬂ%%g%?ﬂiﬁé%ﬁﬁﬂé@ﬁﬁ%ﬁ%%t%ﬁn@@eat%@¢diﬂ@ i1® of one
HNerRKLo of. the invention are hepoconpati bl e,

non- heno ytl% and %%%Qr %n?%rdﬁﬁgbeﬁh@ R @mesiahdof  the

reeldreY it.a gxygen and carbon dioxide. It is a
second object of the invention a polyurethane

henmoconpati bl e integral asymmetric nmenbranes, 25
whi ch has an integral assynmetric structure that
. : . Co  ck
?'aﬁg! ays; T MRV g frelensesb VLol 11 LRLEKASSS (oot 4n
the form of a film over a smooth surface, with the control

of the evaporation time in the range from 30 s to 100 s

Preferably, the solvent and the catalyst
impregnating the membrane are extracted and exchanged by
means of a bath of water or aqueous solutions at a

Cemperature range from 20 to 25° C.

The membranes obtained according to the process
of the invention are hemocompatible, non-hemolytic and non-
thrombogenic membranes and permeable to oxygen and carbon

dioxide.

It is a second object of the invention a
polyurethane hemocompatible integral .asymmetric membranes

which has an integral assymmetric structure that displays:

a) a very thin dense layer with thickness ranging from

0.1 to 1 um, with the external side of this densge
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0.1 to 1 gm wththe extggzgl sigg oLofSthdﬁgizrwo

CT/ 1 B2007/ 00 - :

\Vé$$§L233336b5 the one in contact wth the blpoHIB2007/003340

bei ng very snooth; b) subjacent porous Iayer_v\nthf
thi ckness of around 100 5 m3ihe external side o
this layer being the one in contact with the pxygend
perneating through the nenbrane. Preferably, in sa
menbr anes, the external side 10 of the dense |ayer

has averp@fy@@feJS%fgﬁ bﬁh@@hlmﬂﬁ% fggnqﬂyteréé in contact

. e
avoiding protein a rption and it I'ting
fornatigmibm tmmcﬁﬂbodjﬁ@epﬁgn@@fyogmggtggygen and
carbon dioxide 15 through the dense |ayer is
generally associated to a diffusion nmechanism The

' t he dense | ayer has, wusually, a
por s SRR A ool ret i Hertis) grbéacnt a2Bund 100

[ t a roeation, namel y, oxygen and carbon
i ox: do i, ehdPexPRLIRE Sﬁ{é@oroaﬂ‘és%h%viagga: ideorthe one
i dig G O F 1S racor por eal net
LPogg égiaiygengggﬁgtgng otﬁ%%ﬁédﬁlBﬁﬁﬁ?agﬁPQIﬁhﬁfugh the
menbr aneldrlbaechecont act, and as i nmunoi sol ati on

barriers in cellular therapy and in other industries
such as the pharmaceutical and food industries.

Preferably, in said membranes, the external side
of the dense layer has average pore sizes below 1 nm

(nanometer) , avoiding protein adsorption and inhibiting the

formation of thrombi.

The permeation of oxygen and carbon dioxide
through the dense layer is generally associated to g

diffusion mechanism.

The layer subjacent to the densge layer hag,
usually, a porous structure that does not offer significant

resistance to gas permeation, namely OxXygen and carbon

dioxide permeation.

These membranes have application in medical
equipment, such as extracorporeal membrane blood
oxygenators and other equipment involving membrane/blood
contact, and as immunoisolation barriers in cellular

therapy and in other industries such as the pharmaceutical

and food industries.
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WO e@snianal

WD 2008/ 041126 PCT/|B2007/003340 - 14 Exanple 1 A

; , . , . tina
ol ymeri zation reaction is carried ou
) oune m xture conmposed of two pre-pol ynePGI/IB2007/003340

5 solvents and a few drops (2-3) of a catalyst

1 Xture of
Stannous Cctoate. The percenigage of the m x
the two pre- polyners is 40% p/p and the one of the

|vents is 60% p/p. 10 The pre-pol yners, _
ggly(propylene oxi de) and poly(caprol actone) $k0| are
Exatpeeproportion of 90:10, respectively. 15 ﬁl
m xture of solvents, dinethylformam de and glet y
ether are in the proportion of 55% p/p and 5% p/ p,
respectively. The m xture of pre-polyners, solvents |
and 20 caft aRRtmeriggitisredrandtiade Tomegenaeds ad in
Ade-{ jon., g8, then %arrlegmgut under an |neri . .
at nosphere g?lanrogeﬁ "PGPe Cﬁpuﬁ#ﬁ’Nﬁ@%@am@ y??ds, WO
dedrreatii ONand5b aThge@olwsl c?_oé ptien aabovg?F e%gr i :Stannous
is spread wwth a calibrated knifeée of 258 er

Pl ate very well clean and fat-free. After an

exposition to air during one mnute the plate is
imrersed in water at roomtenperature

The percentage of the mixture of the two pre-

polymers is 40% p/p and the one of the solvents is 60% p/p.

The pre-polymers, poly (propylene oxide) and
poly (caprolactone) diol are in the proportion of 90:10,

respectively.

The mixture of solvents, dimethylformamide and
diethyl ether are in the proportion of 55% p/p and 5% p/p,

respectively.

The mixture of pre-polymers, solvents and
catalyst is agitated and made homogeneous and the reaction
is then carried out under an inert atmosphere of nitrogen

for two hours.

Membrane Formation

The polymeric solution above described is Spread with
a calibrated knife of 250 wm over a glass plate very well
clean and fat-free. After an exposition to air during one
minute the plate is immersed in water at room temperature

during 24 hours.
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30 during 24 hours. WD 2008/ 041126 PCT/IB2007/ 003340
- 15 The nenbranes forned are then detached fromthe
w@b@s®4pb@at e and taken to a oven to dry. 5 ThePCT/IB2007/003340

menbranes are then tested to the perneation to gases

and present perneabilities to;02 of 17.6 barrer and

to CO2 of 183.2 barrer which are higher than the ones

of dense nenbranes. 10 The standard test ASTM F-756

(4) for hemolysis determ nes for these nenbranes an

i ndex of hemolysis (H') - H <2- which neans that these
menbr anes are non-henol ytic. The thronbosis test is

carried ourhelpeembianckb fmthod Qﬁ%hgﬁgna%%éwﬁﬁ%ég%aom the

and for tinmes of contact of the ranes W
PFeterrhiprtardt bekeni sono observatgepn, of formation
of thronmbi. For tinmes higher than 10 mn the
percentage of 20 formation of thronmbi is nuch | ower

than t he ope, corres onding to the existing results
till the noments "BXaNpFe 325 e Heseeilpticortlof permeation

. ‘ . h H h
-&&a§@é§s9%%dM¥ﬁ§é%%€“§Q %%%Eglgﬁgpgxﬁﬁgtéggo%/ggbggméarrer

in the m xture o ol ven

agichetdyChoramnide . ang 15,0/ p, of, di et hyl. - ether. WO
2008/ 041126 PCT/ | B2007/ 003340 £ LEL M gnELN Hian Bne ones
of dense membranes.

The standard test ASTM F-756¢ (4) for hemolysis
determines for these membranes an index of hemolysis (HI) -

HI<2- which means that these membranes are non-hemolytic.

The thrombosis test 41ig carried out upon the
method of Imai and Nosge (5) and for times of contact of the
membranes with blood of ten minutes there is no observation

of formation of thrombi.

For times higher than 10 min the percentage of
formation of thrombi is much lower than the one

corresponding to the existing results till the moment

Example 2

The description of example one was followed with
the exception than now in the mixture of the solvents there

is 45% p/p of dimethylformamide and 15% p/p of diethyl

ether.
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wWeernseatizon and

- 16 The tinme of exposure to aitr itsdn;)\(/)v 8;330
este
permpaizon and the permeabi | tics to 02 and rongoamsz0
spectively of 5 32.5 and 225.3 barren. The

?(ragulrfspof herm%:/on'pati bility pge_identical wth no
henol ysi s and no t hronbogeni Clt¥ at 10 mn. 10 ¢ the
REFERENCES (1) Haworth, W S., "The devel opnent 082216
nmodern oxygenator", Ann Thorac Surg (2003?1, g6bbl 2

(2) Leonar@heRti%e’O%TgﬁpggagélEbogﬁ%r§%]58§ g dPoFeconds.
15 oxygenator to the m croporous nenbrafe oXygen :

Per fusion (2003), 18, 179 ' (3) Janvi er, G, anue;lé,

C., Roth, C Benillan, N, Belisle, S _Ha_rdy, J. F.,

"Ext r acor pbrea¢ menprahes i vare heasteapabi éééy}feﬁrﬂgation and
jomaterials® .20 Ann Thorac Surg (1996), 62, 1926 3
1%6 gtegﬁl&ﬁ:bé‘lﬁrt&@tsi ck? Peor aubesoneit. ohrdemelgfdct ively of
P apertd es,of, naterials: ASTM F 756-00 (ASTM Vst .
Co'nshorfwoc en, g‘z‘r{%ﬁ; 2000) (5) Y. Imai and Y. Nose:

Bi oned mater.Res. Vol 6 25 (1972), p. 573 WD

2008/ 041126 PCT/1B2007/003340 - 17 CLAIMS 1.

Process Oﬂﬂﬁynké%&ﬂ%sOfoPeﬁ§§%§§§ﬁﬂéyf%ility‘ are identical

with no hemolysis and no thrombogenicity at 10 min.

REFERENCES

(1) Haworth, W. S., U"The development of the modern
oxygenator", Ann Thorac Surg (2003), 76, S2216

(2) Leonard, R. J., "The transition from the bubble
oXygenator to the microporous membrane oxXygenator",
Perfusion (2003), 18, 179

(3) Janvier, G., Baquey, C., Roth, cC. Benillan, N.,
Béligle, S, , Hardy, J. F., "Extracorporeal
circulation, hemocompability, and biomaterialgm,
Ann Thorac Surg (1996), 62, 1926

(4) Standard practices for assessment of hemolytic
properties of materials: ASTM F 756-00 (ASTM, West
Conshohocken, Pa, USA, 2000)

(5) Y. Imai and Y. Nosgé: Biomed mater.Res. Vol ¢

(1972), p. 573
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5 polyneric nenbranes characterized by the

si mul taneous synt hesis of a new pol yurethane based
w@eiogmerizand a casting polymer sol ution precupGDIB2067/003340

asymmetric nenbranes in accordance with the follow ng

steps: 10 a) catalytic reactipn between two
pre-polynmers dissolved in a mxture of two sol vents
with different volatilities; b) controlled
evaporation of the above solution after 15 its
spreading in the formof actjammgc) extraction of the
| ess volatile solvent by eXctanmge wth a non-sol vent;
20 d) extraction of the catalyst and the residual
solvents by inmrersion of the filmin water or aqueous
solutions; and e) drying. 25 2. Process according to
claiml1, clhar acterl zed in that the pol yurethane based
pol ymer is syntHeNSR f Pém wRidzesion lodt wekemacompatible

ﬁHﬁ?ﬁE%i@“erN%%§Paﬁgree g%gépﬁﬁégeafc%ggaéﬁvq) s%multaneous

gr oups and a

RO AL] 2G5 %CH@B%QQ g Ler nal roxyl
(Cl)-|) groups (PP OH) an Wt%q%?r]r% %g/me?%r#i%ncasmng
Pofl yanegastsiodgtsiadrut ipifecudrs I 0CHSS AGMR, cl .
2, characterized 5 in that the pre- poI yrrer Pg“?\rﬁ%%%%s 1o
Froicdciange weitghtthd ftliewing steps:

a) catalytic reaction between two pre-polymers
dissolved in a mixture of two solvents with

different volatilities;

b) controlled evaporation of the above solution after

its spreading in the form of a film;

Cc) extraction of the lesgs volatile solvent by exchange

with a non-solvent;

d) extraction of the catalyst and the residual
solvents by immersion of the film in water or

aqueous solutions; and
e) drying.

2. Process according to claim 1, characterized
in that the polyurethane based polymer is synthesized from
a reaction between a pre-polymer with three terminal

lsocyanate (NCO) groups (PP NCO) and a Pre-polymer with two
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wa@ewsndilng t o anyone of the previous

range from 2800 to 4500 Dalton and the pre-polyner PP
CHin the range from400 to 2500 Dalton. 4. Process

10 cl ai nBCT/IB2007/003340
characterized by a reactive mxture of two solvents,

a few (2 or 3) drops of catalyst_and the two pre-
polynmers with a total concentration in the range from

30 to 45% (p/P) 15 5. Process according to claim4,
characterized in that the two pre-polyners are in
terainy® prapeklyionsm)f 15 4PP

PP NCO / EyPE 02 eggﬁesggghégsegp\wglg ht ngef”&g#t 5@8“3’2@“630“8
bormrbéessoficeordbngntosanyenenof the previous

clainms, characterized in that the pre-polymer PP OH is
sel ected fromthe chenical fanil y of |actones, glycols

and car bo?ydralg 25 7. Praocess according to anyone
of the previous %?eo\??rsa%ﬁﬁﬁé@ﬂertlozéﬂlalmtlhat chheacterized
latile /

e t .
odhe e i SUVARLS pp ﬁ8$¥§£8 ?%ﬁ %ﬁf??oW?vsbGﬁ/bn the

solvent nore volatile - 1Is
yarEB9, fofqm t28 @5% P/ 9560 598 P dh aﬁ§8@§ét yel -
08/041126 PCT/ | B2007/ 003340 - 'bprd%%%gge¥K£P OH in

FEd9Ry Tarfhe of2G e IP)':I]GMDHDUS cI ai ns,
characterized in that the duration of the reaction is
of one to two hours in accordance with the conposition

4. Process according to anyone of the previous
claims, characterized by a reactive mixture of two
solvents, a few (2 or 3) drops of catalyst and the two pre-
polymers with a total concentration in the range from 30 to

45% (p/p) .

5. Process according to claim 4, characterized
in that the two pre-polymers are in relative proportions
from 85 pp NCO/ 15 PP OH to 95 PP NCO / 5 PP 0OH expregsed

as a weight percentage.

6. Process according to anyone of the previous
claims, characterized in that the pre-polymer PP OH ig

selected from the chemical family of lactones, glycols and

carbohydrateg.
7. Process according to anyone of the previous
claims, characterized in that the mixture of the solvents

- solvent less volatile / solvent more volatile - ig in the

ranges from 75% p/p / 25% p/p to 95% p/p / 5% p/p,

respectively.
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wo b@sfinad pol ymeric solution is cast

of the reaction mxture. 5 9. Process according to

i clainms, characterized in that
YA LA in the POT/MB2007/003340

[ i trol of the
filmover a snooth surface, with the con
evaporation tine in the rangegdrom30 s 10 to 100 s.
10. Process according to anyone of the prewoush
claims, characterized in that the solvent and the

[ [ tracted and
catal yst inpregnating the nenbrane are ex
exchanged By 15ppBapssot a bath of wg%%%ﬁ%% ggggggsPIevious
solutions at a tenperature range 1 J . o) I 'hs s
Fratess aneondiagiteqanyone of ttﬂéf LSRN of  Bhgoreaction
characterized by the production o e in _gl 20
%%yQﬁEbnECtﬁEﬁhﬁﬁnﬁéur@h&ﬁha%%%rﬁ%gRngHﬂh{ LS cempogition
henol yti c and non-t hronbogeni ¢ nenbranes and per

VieFenC ta i i oxi : | yur et hane

% thx tadeh caibonrai oxi de. 12. Po

henmoconpati bl e integral . 25 asymretric nenbranes,

obtai ned in accordance with anyone of the previous

clainms, characterized by an integral assymetric |
structure %hat RIS s2cr@D8/ 04122F0ne of the previous

‘ i | ayer
/1 B20Q7/ 003340, - 20 a) a very thin dense '
%%E{Trr!stlhlc %t%%#]glqlré tothet (flllam pM]I}hnéﬂ‘hﬁ: solution

, . Si i s dense _ pol ymer layer, which will
Eﬁttsgggﬂglgﬁeg%ﬁ%gtpf a filé)ogér a smooth surface, with
the control of the evaporation time in the range from 30 s

to 100 s.

10. Process according to anyone of the previous
claims, characterized in that the solvent and the catalyst
impregnating the membrane are extracted and exchanged by
means of a bath of water or agueous solutions at a

temperature range from 20 to 25° (.

11. Process according to anyone of the previous
claims, characterized by the production of the integral
asymmetric membranes, which are hemocompatible, non-
hemolytic and non-thrombogenic membranes and permeable to

oxygen and carbon dioxide.

12. Polyurethane hemocompatible integral
asymmetric membranes, obtained in accordance with anyone of
the previous claims, characterized by an integral

assymmetric structure that displays:
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i [ ; b) subj acent
with the bl ood, being very snooth; 5 ent
| ayer with thickness of around 100 m
W(gg(trog:):[a% )s/i de of this layer being the one i nPC’UIBZ?g?VO%MO
with the oxygen perneating through the msnbranei '
13. Pol yurethane henmoconpatibje integral asymetri
menbr anes according to claim 12, characterized in
that the external side of the dense |ayer has average
pore sizes below 1 nm(nanomster)],c avo;dlngofrgasgﬂbi
t4 L NRLDL L the formation nbi .
14, “Pol yar St ne hendebtpat PEFE wmggimckagmaﬂg@ng £rom
: ceer di t [ 1 n - ,
Char act o 2edi 1 ?%ét%cﬂe@piﬁeéﬁ%ggg g%fgerpfantams dense
ot dealBrougihide dense - fact
gggggraﬁggq?%%g g???us%@h mechani sm 1%.ePo??ﬁréfhaﬁ%n ac
ittithltehd mlegsdl b G anes
ggggfgrggtto claim 14, cﬁ??%gﬁgflzeémﬁgg{ln that the
| ayer subjacent to the dense |layer has a porous
structure that does not offer significant resistance
(o g PEPMecrons o by gaand s, o3 100
i on. WO 2008/ 041126 PCT/| | . - _
ggr m;glt I{fg‘rettﬂﬁnee}h'é%ﬁ%@hpa@dbl ofi ntteigy alay@BYBEBhE Che one

ding to the previous cIainB,.
nenbran%% %%%&gci;gwith the oxygen permeating through the

membrane.
13. Polyurethane hemocompatible integral
asymmetric membranes according to claim 12, characterized

in that the external side of the dense layer has average
pore sizes below 1 nm (nanometer) , avoiding protein

adsorption and inhibiting the formation of thrombi .

14. Polyurethane hemocompatible integral
asymmetric membranes according to claims 12 and 13,
characterized in that the permeation of oxygen and carbon

dioxide through the dense layer is associated to a

diffusion mechanism.

15. Polyurethane hemocompatible integral
asymmetric membranes according to claim 14, characterized
in that the layer subjacent to the dense layer has a porous
structure that does not offer significant resistance to gas

permeation, namely oxygen and carbon dioxide bermeation.



characterized in that they have application in nmedical

equi pnent, such as extracorporeal menbrane bl ood 5007/003340
wozggendeors and ot her equi pment invol ving PCT/IB2

menbr ane/ bl ood contact, and as inmunoi sol ation _

barriers in cellular therapyzgnd in other industries

such as the pharmaceutical and food industries.

16. Polyurethane hemocompatible integral
asymmetric membranes according to the previous claims,
characterized in that they have application in medical
equipment, such as extracorporeal membrane blood
oxygenators and other equipment involving membrane/blood
contact, and as immunoisolation barriers in cellular
therapy and in other industries such as the pharmaceutical

and food industries.



