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The present invention relates-to the pronotion of regeneration of organised
tissue in a wound area in an organised tissue structure of a living
human or ani mal body, such as for 5 exanple nerves (spinal and cranial),
tendons, |igamwdsiazegel et al nuscl e, bone, {oi nt capsul EST/SExIsESage
and aponeur oses. It is to be noted that the term "regenerati on" and
derivatives thereof nentioned herein are not to be taken as

necessarily nmeaning the repair of a wound area in an organised tissue |0

structure by t bg‘f@ Eﬁﬁ@ BRO @F@“m ' I n the wound
area which is tﬁ{dﬁl enpict?:%lgé?o t qurl glll?]a rgani s?dg%%sue but sinply

repair of the wound area by the formation of replacenent organi sed
tissue in the und area per se. The repair of und areas in
organi sed ti ssﬁ%eﬂ?sﬁ'?ft"ﬂl‘f°§§°’hﬁefaé?tﬂh&éﬂfé‘§mﬁ°8§g FWWP%P@"‘SQHSQ?‘?:‘&W
procedures or ivijudf bfes P W&Fﬁﬁs&i higdue Sricnie of &ﬁMﬁQ hitdarPér i 'bbly> Suchs for.
hanper ed due to i nconp f

ete restoration of both structure and tunction.
In the casesof emwmple nervpsispinaliand cranial) tenglons ligaments, skeletal mustlepiioaetjoint .
structures have begn ‘prﬁvi ouglgtfgﬂ%gosed to address this pr obl em 20
For exanpl e, t [FBPYES B Bﬁf’la& PMERHRt s for the repair of severed nerves
has hitherto been suggested (Al exander et al: Proc. Soc. Exp. Biol.
Med. 68: 380-383, (1948); Stopford: Lancet, 10 1296-1297, (1920)).

Thi s typi cal | yItis tesbsnatedthatthe weml ‘regengration’and detivasiyes thereofymentioned héreinaexn
the proximal and distal ends of .the severed nerve |t has alsg heen nmade
noun 1o | OGP B kendr e bty HeaRl¥ Bledtpailr §roand o8 fn B B iR

col l agen and f istGetie ®yithe fofrhation 9 replacethent Gtganised ishisy i Meswould\wesasvhichigs et
with |imted success. .. .The use of an open-ended tube for bridging the
proxi mal and diidangisal &nWs ogging] osgapised sspebutsimply repaip ofsthe youad aeaeby the
regeneration ofg

di stal ends of ?lﬂ'ga;jﬁ:gPlf/xlgﬁﬁgkgne%férgﬁrgseeé%?sd%@ﬁﬁ\gr\\{ﬁ@éﬂ_‘%@f&:{}?] grkOXIA?gL arIlldi n.

Chir. 25: 606-616,

The repair of wound areas in organised tissue structures after traumas resulting from

15 surgical procedures or injuries such as transection, crushing or otherwise is hampered due
to incomplete restoration of both structure and function. In the case of nerve repair and
regeneration several implant structures have been previously proposed to address this
problem.

20 For example, the use of guide filaments for the repair of severed nerves has hitherto been
suggested (Alexander et al: Proc. Soc. Exp. Biol. Med. 68: 380-383, (1948); Stopford:
Lancet, 10 1296-1297, (1920)). This typically consists of threading a suture across the gap
between the proximal and distal ends of the severed nerve. It has also been made known to
coat the guide filaments with materials such as laminin, collagen and fibronectin. The use of

25 guide filaments, however, has met with limited success.

. The use of an open-ended tube for bridging the proximal and distal ends of a severed nerve
to promote the regeneration of nerve tissue across the space between the proximal and
distal ends of the nerve has also been documented (Gliick: Arch. Klin. Chir. 25: 606-616,

30 (1880); Forssman: Ziegler's Beitrige zur Pathol. Anatomie 27: 407 (1500)). The usé of such
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nerve gui de tube results in an increase in the nunber and/or size of
regenerati ng axons and a decrease in the time required for_ the
regenerating M@9¥3MXsue to bridge the damaged regi on. PRTSESPSS on

of a collagen gel matrix in the lunen of 2 nerve guide tube has been

shown to further inprove the regeneration rate of the nerve tissue in the
gap between the 5 proxinmal and distal ends of the severed nerve (T. Satou
et al: Acta pathol ogi ca Japonica 36, 199- 208, 1986 and Acta

pat hol ogi ca 3§6/§iguidespherosults mandocrezso in the gumber and/or sizq of regeneraing AONS Hickn
proposed i n ﬁﬁq%%%re%ﬁmd%m%ge&%ﬂ BERE ksl 15briddetnd @inigB

nerve gui de tube wth a non-porous out&r surface and a porous Inner surface
so that a nefrsgion. The prhvisidnlof i eollagen gel aitiivia thalutren of anerbe guide wbp hasticen
therein for s|ow rel ease ther into.the woundl ar,ealEmgSi ml arl

of Y.,
| nt er nat i onalShR¥t By frthgsAmproxe | r‘i‘%’ﬂfﬁ‘?‘%‘h‘["ﬁﬂf tmewmg‘éwss aprietyyegn the
S. P A ) dlSclysinalant GAT SARUA HeSertth MRS 8507 E1 42 Atia findibbiga JBbnib 56,
repair an regeneration of nerve tissue In Ich a growth factor I's
supported i n 19820801986 and Avsalphthologica Japonich 88(12H489-0500R98R)e nerve
regeneration, gromh and repair. 15 The incorporation of nechani cal
gui de structures in the lunmen of a nerve guide tube has al so been

suggest ed. Faf pis P béen préosédin (Cafitfidn pitdn® No. 3281710l biohd?\¢bAl) fofolRa NO.

W88/ 0687 1 (Astra Meditec) makes known providing a plurality of axially
ext endi ng guingdeve guide tutehwithnehan-parousioater surface afid 8 poropeinnerrsudace solthat merve

ent ubation of the .distal an roxi mal ends 2 of evered nerve. The

gui de chaline I%""é‘ﬁ’é gr?éﬁ"%é&%‘@ﬂ b&HEPW’t“W&BH@’ﬁ"f?}T %?‘3 Zelgase gwrco?mto &?t end
axially in tReuhdBRal SifFAy, fbifitchalpatetEapplibftionPublidtion NoUWa9RBSTS (Fidia

i sol ated | unens formed by laser drilli n% a plurali tﬂ){ of bores through
a cylinder bd&dR:Ai)glisgloses acrigdegradahlejand bioabsorbabie guide tube for the repair and

regeneration of nerve tissue in which a growth factor is supported in the boundary wall of

the lumen to enhance nerve regeneration, growth and repair.
15 '
The incorporation of mechanical guide structures in the lumen of a nerve guide tube has
also been suggested. For instance, International patent application publication No.
WO88/06871 (Astra Meditec) makes known providing a plurality of axially extending guide
channels in the lumen of an open-ended tube for entubation of the distal and proximal ends
20  of a severed nerve. The guide channels are defined between and/or through fibres which
extend axially in the tube lumen. A nerve guide tube having a plurality of isolated lumens
formed by laser drilling a plurality of bores through a cylinder body is also envisioned.

Detracting factors in the use of, entubation for the repair of damaged nerves, though, such as

25 extensive inflammation and/or compression of the nerve, have led some experts in the field
to conclude that the only damaged nerve regions successfully bridged by entubation
techniques are those which could be more appropriately closed (Sunderland: Peripheral
Nerve Injuries and Their Repair, p. 605 (1978) and Nerve Injuries and Their Repair,
Churchill Livingstone, p. 431 ff (1991)).
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tissue str uctlhrcmghltheduaemount The Applicant, on the other hand,
has appreci ated the significance that the fibrin network 15 plays in the
repair and regeneration. process of organised tissues. Qutgrow ng cells such

as I §YENRBAL dfitfle ﬁxﬂ&%ﬁﬁar@oﬁéﬂg&d&ﬁ&sgﬁ iaRe Bieivik of BB célﬁ'r their

adhesi on and m gration. I'n the case of regenerating tissue in

traumati sed aincluding platelntcthercinafitr the/{fiboinmetwprle) inegitablyformed atitise surfase afad or
determned, in.the.formative. growh stages at any event, by the fibrin

net wor k est abfy% téiss\”hsui“ﬁ'é“et‘f‘ fO-sed area as the backbone of a clot. The

effect of this is

The Applicant, on the other hand, has appreciated the significance that the fibrin network

15 plays in the repair and regeneration process of organised tissues. Outgrowing cells such as
regenerating tissue structures demand a physical support for their adhesion and migration.
In the case of regenerating tissue in a traumatised area this mechanical supporting structure
is provided or determined, in the formative growth stages at any event, by the fibrin
network established in the traumatised area as the backbone of a clot. The effect of this is

20  that the structure of the fibrin network exerts crucial influence on the direction of the cells
invading the injured area both with regard to the invading granulation tissue cells and the
specific cells characterising the healing structure, that is to say, the fibrin network
constitutes a template for the direction and distribution of cells characterising the healing
structure in a traumatised area._

25
For instance, in the case of an injured nerve the track for the regenerating axons and the
supporting Schwann cells across a gap or a crushed area of a nerve is largely related to the
distribution and organisation of the complex fibrin network. Tendons, ligaments,

aponeuroses, skeletal muscle, cartilage, bone and other organised tissue structures all show
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For instance, in the case of an injured ngrve the track for the
regenerating axons and the supporting Schwann cells across a gap or a
crushed area of a nerve is largely related to the di stribution and
organi sation of the conplex fibrin network. Tendons, |iganents,

aponeur oses, attilandependancsi as thepatten) aaeséed hydhefibrinmesyerkrin thelas illing subsiance
structures all show , WD 97/ 37002

PCT/ SE97/ 0056HeT juty. 4 a
simlar dependence on the pattern created by the fibrin network in the clot
filling substance after injury Wth this in mnd, the fibrin

network f or meWith thisintmisdithe fibrininetwerk fopmediin o raumatisediares ef.ancorganised Sssugict ur e

has a hi ghl y Ik Qﬁﬂ hr eads or
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when the fibrin threads branch or_cro ach other. The sane pattern

is true for t%é“%&ﬁ‘!%ﬂ@é me@WFssanﬁéﬁéﬁ'byh?} the fibri therads branch or cross
t h
(rbrin met woreh ol The Sfbie pa BBl wiHeE B8 cobiefiiolisdh celliSochifare i B | e

crushed ner veegénetate, Ehit i td e didirvoarse largely followsthe bgtteavofdhenﬁbmmnemmtrfﬂhhg
structures as after crush injuries or surgical procedur The

resul t of 1% hithe gapfeatvesnthe sqyered perve eudsoF tigcrished pereg qres. %s that

the inpressiy, uallycvuiyngﬂs& Rluke Qs £60R Bk thijtries SLHE %@Mr&&m}wm sed
because the vast “maj ori 15 out grow ng new axons takée a highly

aberrant course, branch extenswely and fail to take t heir proper path

or esumed t ar GEIRTCSRPE IS CGRRRPRE (e PR BB ARpPEHET S b R ersaitco

presuned targ
of the highl yhlgh regeneration capacity is severely compromised because the vast majority of

15 outgrowing new axons take a highly aberrant course, branch extensively and fail to take
their proper path resulting in the outgrowing new axons being unable to reach their
presumed targets and re-establish functional connections. The consequence of the highly
branched, misaligned and randomly directed axons in the seemingly healed nerve being
unable to reattain innervation of the presumed targets is that neuromas are formed. The

20 outgrowth is thus terminated prematurely with a fraction of the nerve cells eventually

becoming lost.

The presence, distribution and organisation of the fibrin network is thus is a key factor in
determining the subsequent organisation of the tissue regenerate formed during the repair

25 process and thus the ability of the injured structure to function properly again.

The present invention therefore proposes to enhance wound healing in an organised tissue
structure in a living human or animal body by providing means for controlling the direction
of tissue regenerate growth.
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pronoting growh .. of tissue regenerate into a und grea.in an

or gani sed tis\é\%’g'pgt“rnﬁg? ﬁ?cﬁwng%chﬁﬁmﬁ “38f°8e’mpr§ i*ﬂ&ﬁ%@g‘%m a
wound surf ace fHimiledyrdidasdiRowdund drel] RothbBEZ0RIE ntbahi Sfe} the Wssue regenerate
conpri sing an ‘encasenent structure adapted in use to be inplanted in the

li ving human cdaptsd ingife imbe disppged ip tharngesed moundwaremsb 2srte sxtendinitbeni cal gui de
nmeans for the {j . enerate . dapt.ed j.n use.to be dispos in the
encased wound Jg%cgegqulg{eggn gmgﬂngnaaﬁlf"r? "teﬁ"éorg%mah%'ﬂv OB APTRL Y ‘E%tﬁ?f?n,
and a fibrin rhéwoind suefacedfithdencastl Riolind\gre T§PicalBf HeHbbinm8iWdEk fPmation  t he
wound surface of the encased wound area. Typically, the fibrin network
f or mati on inhibigRg agent Wil beadmministered tahe encasediwauad arga systemieall 9t losally. wound
area systepgically or locally. 10 It is to be understood that the
term"inhibiting”" in the feature "fibrin network formation

It is to be understood that the term “inhibiting” in the feature “fibrin network formation

- O

inhibiting agent” covers both the case of inhibition of the formation of a fibrin network in

the wound area and also the degradation of a pre-existing fibrin network in the wound area.

15 According to a second aspect of the invention there is provided a method for promoting
growth of tissue regenerate in a wound area of an organised tissue structure in a living
human or animal body from a wound surface of the wound area in a predetermined direction
comprising the steps of encasing the wound area with an encasement structure, providing
mechanical guide means for the tissue regenerate in the encased wound area such that the

20  mechanical guide means extends in the predetermined direction, and administering a fibrin

network formation inhibiting agent to the encased wound area.

In an embodiment of the invention the fibrin network formation inhibiting agent comprises a
thrombin inhibitor. The thrombin inhibitor may be a low molecular weight peptide-based

25 thrombin inhibitor. The term “low molecular weight peptide-based thrombin inhibitor™ will
be well understood by those skilled in the art to include thrombin inhibitors with one to four
peptide linkages, and/or with a ﬁmlecular weight below 1000, and includes those described
in the review paper by Claesson in Blood Coagul. Fibrin. (1994) 5, 411 as well as those
disclosed in US patent No. 4346078, International patent application publication Nos.

30 'WO93/11152, W095/23609, W095/35309, W096/25426, W094/29336, W0O93/18060



i nhi biting agent” covers both the case of inhibition of the formation of a
frbrin network in the wound area and al so the degradation of a
pre-existing fibrin network in the wound area. 15 According to a second
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grow h of tissue regenerate in a wound area of an organised tissue
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t hose descri béddown as “gauaﬂsh,ecxampkebeiqudagd&ryn ﬂi@@&BﬁHg-i(R)Gﬂl-dad—M lsée
Fibrin. (1994 5 411 as well as %Sd%ﬁ}ﬁ n US patent No.
4346078, Inte PW@P&“%‘MH“E‘&‘PP%NBU Q98L20P nand she list of ablpryigtiong 152
%98/7 /23388,2 Vﬁ&%xﬁ)%@ ShoghRADHTGE TH VR ¢h2 PR Iag-MOR3 1rkEiMBEbnal patent

PCT/ SE97100563pplication publication No. W093/11152 and the list of abbreviations therein) . 6

and W95/ 01168 and European patent application publication Nos. 648780,
468231, 9 559046, 641779, 185390, 526877, 542525, 195212, 362002,

364344, 530167 a93@Bi inhibitor n§ 8R4 Be 2 SRARckecisly BARISEE: or ohg&accﬂaﬁaeesruesgs | ow
nmol ecul ar wei ght pepti de-based t hronbin inhibitors include those

col l ectively achondmumulabate.ga!:mm sulpbatgnpdextroh silphateyskarptanrsulphate, a

( HOOC- CH2- (R)ggp Aze Patb

€ or hcpann Alternatively, the thrombin inhibitor may be a hirudin, a
biosynthetic analogue of hirudin, a fragment of hirudin such as a fragment consisting of at

15 least the last 8 C-terminal amino acids of the known sequence in hirudin or the protein
NAPc2.

In another embodiment of the invention the fibrin network formation inhibiting agent
comprises a fibrinolytic agent. The fibrinolytic agent may be a plasminogen activator (tPA),
20 for example a recombinant human plasminogen activator (hrtPA) such as Actilyse®,

streptokinase or urokinase

In further embodiments of the invention the fibrin network formation inhibiting agent
comprises a Factor X inhibitor, a trypsin inhibitor or a protease inhibitor, that is to say,
25 other compounds which affect the activity of the thrombinogen-thrombin system which

instigates the fibrin network formation.

In an embodiment of the invention the fibrin network formation inhibiting agent is
immobilised to the inner surface of the encasement structure which in use faces the wound

30 area.



I nternational patent application publication No. W94/29336 and the |ist of
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According to a third aspect of the invention there is provided an implantable device for
promoting growth of tissue regenerate into a2 wound area in an organised tissue structure in
15 aliving human or animal body from a wound surface of the wound area in a predetermined
direction comprising an outer encasement structure which when the device is implanted in
the living human or animal body encases the wound area, and an inner gel structure
provided with one or more guide channels for the tissue regenerate which when the device
is implanted is disposed in the encased wound area such that the guide channels extend in
20 the predetermined direction. The implantable device may be used in conjunction with a
fibrin network formation inhibiting agent in accordance with the invention although this is

not strictly necessary.

In an embodiment of the invention the encasement structure is a patch for a crush wound

2s  area or the like of the organised tissue structure.

4n an alternative embodiment according to the first and second aspects of the invention the
encasement structure is a tube having an open end adapted to receive the wound surface
and the mechanical guide means is adapted in use to extend in the predetermined direction

30 in the lumen of the tube. If the fibrin network formation inhibiting agent is being



adapted to be inplanted subcutaneously in the Iiving human or ani mal body.

5’ In an enbodi ment of the invention the fibrin network formation
inhibiting agent is i ncorporated in a matrix material for disposal or
delivery to the encased wound area. As an exanple, the matrix materi al
may be fornmed of a material conprising a polysaccharide such as a

chitosan or a WP#ATMhan such as hyal uronic acid, an agar gel PCHSEAJ@P%§el
such as 10 nethylcellulose gel, Matrigel g Biomatrix I[err], water, saline,
phosphat e buffered saline, a lipid or a protein such as coll agen.
According to a third aspect of the invention there is provided an
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crush wound % an dfudflatie elrlbSdirickiCacebraind to e WA 35Ek: bt th

In an alternative enbodlcmant aeccor%;d ?o t %Frét aﬁ gﬁ:{)n é%”scgec egt of

t he i nventi orstugtare lsatuberhauseaeqpemdadamdeom;eaethmm\smi@pcamﬂapeﬂr end
adapt ed tgre ve.t he und surface and .t he, rrecha Il cal quide neans is
adapted i éell grids F’ﬁm‘f‘ﬁg %?‘Eﬁf‘&fﬁﬂfﬂ*@g digectiop i1 B quﬁ‘cttﬁ'é’ | unen of
t he tube. If the fibrin network formation inhibiting agent is being

WO 97/ 37002 . . .
PCT/ SE97/ 00568 an embodiment of the invention according to the first and second aspects the wougid

surface of the wound area is a first wound surface, the open end of the tube is a first open
end, the tube has a second open end adapted to receive a second wound surface of the
15 wound area and the mechanical guide means is adapted in use to extend in the lumen of the

tube between the first and second open ends in the predetermined direction.

In an embodiment of the invention according to the third aspect the wound surface of the

wound area is a first wound surface, the open end of the tube is a first open end, the tube
20 has a second open end adapted to receive a second wound surface of the wound area and

the or each guide channel extends in the lumen of the tube between the first and second

open ends in the predetermined direction.

In these cases the invention can be for promoting growth of tissue regenerate across a gap
25 between the severed or transected free ends of an organised tissue structare such as a nerve,
tendon, skeletal muscle or ligament, the open ends of the tube each being adapted to receive

one of the severed or transected free ends.

The encasement structure is preferably of a biccompatible material and may be

30  biodegradable or non-biodegradable. Biodegradable is preferred however.



adm nistered locally into the lunen of the tube by infusion froma punp

then.a uniform distribution of the agent nmay be pronoted by using a
t ube conprising an outer continuous tube el enent for inhibiting
ingress of granulation tissue to the wound area through which a t ube

connected to the pu asses and an inner tube el enent forned

plurality of 5W°I96’g]é¥’£ud| nal |y spaced apart tube sections forlg)‘f%(’|§’l":aglwl00565

di stributing the agent discharged from 9 the punp into the |unen.

In an alternative enbodi nent according to the third aspect of the inventian

t he encasenent structure is a tube having an open end adapted to

receive the r n
dengl LS r{. et nJu%cte@%Et agﬂtﬂkzgﬁal%ﬂﬁﬁﬂﬁhg ?ﬁ&g&%ﬂlﬁdé

t he predeterm ne ifon1n eluneno
enbodi ment of fohexdnipleNthidtand hepariflialgpirandidh ér £ hyahiromiGusteashiydlurmpeids t he

wound - surface of the wound area |s a first wound surface, the open end
of the tube is a first open end, the tube has a second open end
adapted to re vV, I gq e
mechani cal gui Sn%gsﬁ?%ﬁtgsgga w%#%‘%gg ughgétgg?léé W %ng g?h'h

t ube bet ween t&t&erf;irmahcaﬁﬂlaw:ond open ends in the predetern ned d| rection.
In an enbodi nent of the invention according to the third aspect the wound
surface of the wound area is a first wound surface, the open end of

the tube is a : ted to
receive a secojr\\ld&a%)tbvgg'egltﬁ??%égﬁ%? &tﬁgﬁ?/\ou% gor%ggu an a%&?ﬁxﬁéﬁn@gc agui de
channel ext endsolymertaneopolyraer, fof eﬂahwldpob@chehm&qxol;&h&oiibmﬁicanh podygbyodlic
open ends in the red erm ned d ct| o thes cases t he

i nventi on can 34 ﬁ'& yglpgng%c i‘%@é’ﬁ@?‘é( crtylglucosaming ot o5

bet ween thg, s %B%e&rm&mﬁ&%‘%%ﬁ&lﬁﬁer%@ §§l|y9§dr§’®b96rﬁé akid %ﬁ’d hydiSXySaleric

structure such as a nerve, t endon, etal "nuscle or liganment, the
open ends of tdedd.t ube each being adapted to receive one of the severed
or transected free ends. The encasenent structure is preferably of a
bi oconpati ble material and nay be 30 bi odegradabl e or non-bi odegradabl e.

Bi odegr adabl e WheRthd QiciRfheMQAWaMtere is constructed from a non-biodegradable material possible

materials are silicone and ethylene-vinyl acetate.

15
In an embodiment of the invention according to the first and second aspects the mechanical
guide means is supported or presented by the inner surface of the encasement structure
-which in use faces the wound area. In this instance the mechanical guide means and the
encasement structure could be integrally formed as an implantable body.

20
In an embodiment of the invention according to the first and second aspects the mechanical

guide means takes the form of guide channels in the encased wound area.

One way to achieve this would be to have an encasement structure which when implanted is
25 atube-like structure having a transverse spiral cross-section formed for example by rolling
up a planar membrane. The guide channels are then defined by the longitudinally extending

spaces presented by the spiral cross-section,

Another way is to have mechanical guide means which take the form of 2 gel structure

30 which is provided with one or more guide channels therethrough, the gel structure adapted
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The encasenent structure may be constructed froma material conprising a
pol ysacchari de, for exanple a chitosan, heparin, a heparanoid or a
hyal uronan such as hyal uroni c aci d. The encasenent structure m

al so be constr WQAYBR a naterial conprising collagen or 5 &EREEIWOMSei n
conpl exes. Al ternatively, the encasgnent structure may be -
constructed froma material conprising a pol ymer or copol yner, for
exanpl e polyl actic acid, polyhydroxybutyric acid, polyglycolic acid,
pernsel ecti ve pol ytetraet hyl ene, polyglucuronic acid, or

pol y- N- acet yl ipluse msbedisposarin e encqsed woendsaredoich difat the ghida shanelo patendiinrthe f

pol yhydr oxybutyric acid, and hydroxyval eric aci d. Where the
encasenent stP‘éﬁ"(‘?ﬂ’E"‘q % ructed from a non-bi odegradabl e materi al
possi bl e materials are silicone and ethyl ene-vinyl acetate. 15 I n

an enbodi ment of the invention according to the first and second aspects
t he mechani caWhere the ipventioniefanpronotiag fhe@roweti of nenve Hssae rogendrate theer casher

surface of the_engasenent structure .. .-which in- faces the wound
arca. In thi oSUoRSAARRAL it ALToss SRIOnE fmensiondn he.faise £ 30T ton and Reeferabld font
structure coudrgsshigchdhbPsifhdion ih HeTaskedT 130-5000th & YIRNY HoR BB ner® functional " Lan

enbodi ment of the invention according to the first and second aspects the
mechani cal  unitsghrough the cheanelskat istth gay, oenve ffscigles.dior othemorgandsed tissuee encased

d : ' ' l,d b h
STt or o i THCURRS TN TSR ] Aot ot o 2, s o VB B R

transverse spjillodl groWfiSeT thesorieSponiing fMarkubmi uiAfiBeMrdighr ol 1ing up a
pl anar nmenbrane. The gui de channels are then defined by the |ongitudinally
ext endi ng!o spaces presented by the spiral cross-section. Anot her

1Y 12 0 3R SRR oL BRTR T 81 0B oo
t her et hr ough. métigicéiRilose igelalbbihin o dthgi BBteins which can be formed into gel, a
polysaccharide such as a chitosan or a hyaluronan such as hyaluronic acid, a lipid which can
be formed into a gel, Matrigel® or Biomatrix I® .
15
In another embodiment of the invention according to its first and second aspects the
mechanical guide means comprises one or more guide filaments or fibres adapted in use to
extend across the encased wound area in the predetermined direction. The mechanical guide
means may for example be monofilaments, multifilaments or woven/non-woven fibres.
20
Preferably, the or each guide filament or fibre is of a biocompatible material which is also a
biodegradable material. The or each guide filament or fibre may though be formed from a

non-biodegradable material.

25 In an embodiment of the invention according to the first and second aspects the or each
guide filament or fibre is formed from a material comprising a polysaccharide such as a

chitosan, heparin, a heparanoid ora hyaluronan such as hyaluronic acid.

In an alternative embodiment of the invention according to the first and second aspects the

30 or each guide filament or fibre is formed from a material comprising a polymer or
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in use to be disposed in the encased wound area such that the guide

channel s extend in the predet ermi ned direction. Where the

i nvention is for, pronoting the growmh of nerve tissue regenera

each 5 quide cWéﬁ%@fmﬁlas a cross-sectional dinension in the rgﬁgﬁfo&{‘s
50[err] m 1mm and preferably a cross-sddtional dinension in the range
of 150-500[err]mto allow growth of nerve functional units through the

channels, that is to say, nerve fascicles. For other organised tissue

structures the_crpss-sgecti di nensi on t he or. each | de ,channel. woul d
be chosen to coPoﬁ'g'Tef'mcé?'@% ﬂbefo.rlcﬁ: g&ﬁ"&i‘%‘ ’“%87 ‘6“{‘1%8??%‘&1’%8%1{@1”"“
t her et hrough. g, polyhydroxydityfiohedlipsBalycefic 4t pérmsaidtive Poferfb&a&ﬁ}lcﬁ f,éigimr e
is formed fromagar, a hydrogel such as met hyl cel [ul ose gel, al bum n
or other pr ot e3cstylglpdogamiag or aopolymersahereafisucheps for example a copdlymerfhar i de such

as a chitosan syeh.as hyal ur.onic acid, a lipid which can
be formed int fﬂ@&f&%’?{%&”ﬂg?‘?@é‘ﬁ P%ﬁ%?ri x I[err]. I n anot her
enbodi nent of the invention according to its first and second aspects the

mechani cal gui de neans conprises one or nore guide filanments or fibres
adapt ed i n uselntagother embhodimayofthe inventionacemiding tjits firstand seqond aspects ghe or each

pr edet er mi ned g Loy, . @ﬁ' ﬁﬁ.l ' n for exanple be
nonof i | ament s,&nﬁﬁe@%??rﬁgl&éﬁlt%sl%ﬁnmvenf %o#—bl\?\gﬁl%ﬂrl\ﬁip %'Eﬁgg;fmﬂ@%cs.

Preferably, the or each guide filanment or fibre is of a bioconpatible

mat eri al whic bi odegradabl e material. The or each guide

is alsg a 0
filament or fiHA28 °F?€'9&FWBU§W‘°0‘§WF'BPW°N¢'&FP§’° first and seeqndh aspeets the angshanical
materi al . 25uidenéiis Bttt Eat ;&gﬁé | r.gi i rst
and secondwasgggtl:ts th?a or  eac orﬂIor%w eﬁ%ﬁﬁéﬂ%ﬁ@%?&;ﬁ%ﬁ@e@ﬁgﬁd from
a material comatgusipnlyamidyclitisecmben. i de such as a chitosan, heparin, a
hepar anoi d or a hyal uronan such as hyal uroni ¢ aci d.

Where non-biodegradable guide filaments are to be used silicone is suitable.

15 Inan embodiment of the invention a growth factor or mixture of growth factors may be
administered to the encased wound area. The growth factor may for example be

immobilised to the inner surface of the encasement structure.

The growth factor may comprise insulin-like growth factors-I, insulin-like growth factors-II,
20  platelet derived growth factors, fibroblast growth factors, transforming growth factors-f,
transforming growth factors-a, neurotrophines, ciliary neurotrophic factors, EGF or glial
growth factors. The growth factor may also comprises Schwann cells, endothelial cells,
fibroblasts, macrophages or inflammatory cells or genetically altered cells which can express
a growth factor.
25
According to a fourth aspect of the invention there is provided use of a system according to
the first aspect of the invention for promoting growth of tissue regenerate in a wound area
of an organised tissue structure in a living human or animal body from a wound surface of
the wound area in 2 predetermined direction.

30



In an alternative enbodi nent of the invention according to the first and
second aspects the 30 or each guide filanent or fibre is formed froma

mat eri al conprising a polyner or WO 97/ 37002
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copol yner. As , the or each guide filanent or fibre nmay be forned
frgn1polylacti§éagBh%§ aci d, pol yhydroxybutyric acid, ponegE T/FR2740563
pernsel ective pol ytetraet hyl ene, poly-N 12 acet yl gl ucosam ne or

copol ynmers thereof such as for exanple a copol yner of

pol yhydroxybutyric acid and hydroxyval eric acid. 5 I n anot her

nbodi t of ,the,il ' di to jts, fi nd second aspects the
or each T ALTRE o BLHPST BT F i EnioR e inRio RIS of SRR et

protein conpl &xeding to the third hipedt/df BRAEhERI Hor Fx‘mﬁdﬁﬁ g FOeAR oF Qﬂu@&gaie@ah@ﬂ, 40
the first and second aspects the nechanical 10 U|ée means conprises one or
nore suture fYVPuneeRaolap oraapisedissiscimpmurs in ﬂ(ﬁmgﬁomjm or animal bodg #togrd wound

pol yam d, chi{| . er.e n- pi odegr adabl e guide filanents
are to be use Sfféfct@%ggﬂd%qwggreg@mg@&pﬁ M embodi ment of the

I nvention sa growh factor or mxture of gromh factors may be

adm ni stered to the encased wound area. The growth factor may for exanple
be i nmobramples of the organised igspe sictuseseonorhicththe inventinnmsn be ssedifart ur e.

Th wth f : i ' i 0= rowth factors-1, i lin-1ike
or owen_f act orarofpetEite SRR bf Gosbd {3l s o hnfl Med of s g dgimepton
factors, transihocapsules, gareilapg bofs; aponeufosssiahd skeletal muscles. .

10 The invention thus provides for inhibiting or controlling the formation of the fibrin network
in injured tissue coupled with the provision of mechanical guide means to enable the cells
emerging in the wound area from the wound surface to.follow the track offered by the
mechanical guide means. The advantage of this is that the cells do not show any branching
or irregular path as a coherent path for growth is provided.-It is therefore possible to

15 achieve regeneration of organised specific cells, such as Schwann cells from peripheral

" nerves or tenocytes from tendons, to bridge the defect induced by an injury with minimal

diversions and irregularities in the organisation of the newly formed tissue.

To illustrate the invention experiments conducted on adult rats under permits O 293/93,
20 O 69/95 and O 70/95 granted by the Animal Experiments Ethical Committee of the
University of Gothenburg will now be described with reference to the accompanying

Figures of draﬁrings in which:

Fig. 1 is a cross-sectional side view of a guide tube having a lumen into the opposing ends
25 of which the proximal and distal ends of a transected sciatic nerve of an adult rat are sutured
and through which a guide filament extends schematically illustrating the fibrin network
.formed in the lumen between the proximal and distal ends in the absence of administration

of a fibrin network formation inhibiting agent.



transform ng growm h factors-a, neurotrophines, ciliary neurotrophic
factors, ECE or glial gromh factors. The growh factor nay al so
conpri ses Schwann cells, endothelial cells, fi-brobl asts, macrophages
or inflammatory cells or genetically altered cells which can express a
row h factor. 2 According to a fourth aspect of the i ' ere
igs provi ded usé’v‘ngﬁmg’ystem according to the first aspec?%%ﬂ@sg]

i nvention for pronoting growmth of tissue rbjenerate in a wound area of
an organi sed tissue structure in a living human or ani mal body froma wound
surface of the wound area in a predeterm ned direction. 30

WD 97137002
PCT/ SE97/ 0056
Accordi ng to gofrespbirdingpahit ofFigl hinté theopposiy éndieofahé fubp bPwhidh thelffréximhl

I mpl ant abl e devi ce according to the third aspect of the invention for
promoting gr ofistR! endsiaf adrapsceted sqigticperveiof amadult rat arggiprad sghematigally fluskrating sed

promting gr ofif! exdef a5 cioh?
Surface of t ho R etk e VR ARl Bk  HK oA At inioiing g

of the organised tissue structures on which the invention can be used for
" pronoting theﬁg% wth of tissue regenerate . in a wound area are_nerves,

“tendons, liga ds a cross-sectional side-view of & guide wbe corggsponding fe thas ghiigul intethe and
-skel etal nmusclgSen of wHich the | fFUASa i L hi hid i
controlling the fnoor mat | oargﬁsgf Pﬁgﬂ@gﬁ% netn!\j\f)c%l\gsgﬁac Ba?%bq%aﬁ‘f%yegsgg%%j
coupl ed with sthemptically slilustratirg theefibrinmeoeirk formeld imbagtserice of adrhinBirhiivm ofal | S
energing in tgg .V\Dundﬂé.rea J‘rorn.lt.he wound surface to. follow the track
of fered by th8omnnetworkfommation pibitnepgette 0 s The advantage of this is that
the cells o not show any branching or irregular path as a coherent
path for growh is provided. It is therefore possible to 15 achieve
regener at i on big. disgerossexgctignaliide view of 4 gyidswbt careesBuidingrto thaebf Eigf ¥ inta the
peri pher al erves. or.tenocyies f tendons,. to brici\geeJ e def ect
i nduced by anmlnﬁejr&uc’lf V‘?\ﬁ"ﬂ‘?lynﬁgﬁ?wé“méﬂn‘hcﬁwwg CatigRerYS q L?h FPE ssutured ¢ he
organi sati on gheinbiicallp Mustririig MRKibrinhietiork formed with administration of a fibrin network
formation inhibiting agent.

g’-‘ig. 2 is a cross-sectional side view of a guide tube and guide filament assembly 12

15
Fig. 5 is a cross-sectional side view of a guide tube and guide filament assembly
corresponding to that of Fig. 1 into the lumen of the tube of which only the proximal end of
a transected sciatic nerve of an adult rat is sutured schematically illustrating the fibrin

network formed in the absence of administration of a fibrin network formation inhibiting

20 agent.

Fig. 6 is a cross-sectional side view of a guide tube and guide filament assembly
corresponding to that of Fig. 1 into the lumen of which only the proximal end of a
transected sciatic nerve of an adult rat is sutured schematically illustrating the fibrin network

25 formed with administration of a fibrin network formation inhibiting agent.

Fig. 7 is a cross-sectional side view of a guide tube comprising an outer continuous tube
element and an inner tube element formed from longitudinally spaced apart sections having
a lumen into one end of which the proximal end of a transected sciatic nerve of an adult rat

3  is sutured and through which a guide filament extends schematically illustrating the fibrin



To illustrate the invention experinents conducted on adult rats under
permts 0 293/93, 20 0 69/95 and 0 70/95 granted by the Ani mal

Experiments Ethical Conmittee of the Uni versity of Gothenburg will now
be described with reference to the acconpanying Figures of drawings in
whi ch: | 1 is a cross-sectional side yiew of a guide tube having
a lumen into tﬁvé%g ®2i ng ends 25 of which the proxi mal and EFISEYM93Es of
a transected sciatic nerve of an adult ratl4are sutured and t hrough

whi ch a guide filanment extends schematically illustrating the fibrin

net wor k formed in the [unmen between the proximal and distal ends in ™
;g:n?b Sence OrIetmf&"m%hrvaﬁ lgc/a} malztrauon of al?‘rb nngt%vor ogn;u%glnmﬂlnggg zllgr;m tt))); ting
PCT/ SE97/ 005Ghfusion from an implanted osmotic minipump. 13

Fig. 2 is a cross-sectional side view of a guide tube and gui de fil ament
assenbl y corresponding to that of Fig. 1 into the opposing ends of

Serati o narver S s h SeheRfe bR scPihal side view ot Biiaf REE ping’s en i Mhigh the
the fibrimn neirmsl afxﬂrdmﬂ enustdraaﬁﬂseateatsaaﬁd RV sl bre GuYEH 2 o %@J st 1 on

I nhi biting agent. ll?g IS a cross-sectional e view
gui de tube c &PF%S’b’éﬁﬂql wiichds filledwitha gl provided with langisudinally exﬂendmglgmﬂc whi ch
only the pro&m% send of a transected sciatic nerve of an adult rat is

sut ured ematically illustrating the fibrin network formed in the
absence of adm ni stration of a fibrin network formation inhibiting
agent . 4 is a cross-sectional side view of a guide tube

corres po nd| nd‘cf"d“'f'lgﬁ’tﬁéﬁ 1 and,2, thers isshpvmpesilicone guide abe Sdntovtks Qﬂi’“’"" apen heds |
proxi mal  gnd ,pf, h%@ﬂ%ﬁ%t&hﬁ%ﬂ%&ﬁ&dl%r }‘18 3%& @n&g@i tscx%tﬁct %cavrﬁ %tglua{bﬁ? b of

schematically |I ustrating I brin ne
a fibrin net havekbeen inserted amdifixed inrplace by bities®. agent 15

The guide tube S prevents or inhibits access of granulation tissue to the wound area and
surfaces by isolating the injured nerve structure from the surrounding tissue, usually

15 connective tissue with blood vessels. This makes it easier to control the repair and
modelling of the tissue regenerate formed between the severed ends of the injured sciatic
nerve . The guide tube 5 further acts as a delivery system for compounds interfering with
the formation of a fibrin network in the wound area as will become apparent and may also

act as a slow delivery system for growth stimulating agents.

20
While Figs 1 and 2 show the injured nerve extending only a short distance into the guide
tube 5, both the proximal and distal ends 1, 3 may be covered by longer lengths of the guide
tube 5. This distance may extend up to the point where division of a nerve fascicle at the
distal end prevents further encasement.

25

A guide filament 11 formed from an ophthalmic suture material extends between the
proximal and distal ends 1, 3 of the injured sciatic nerve through the lumen of the guide tube
5. Of course, a plurality of guide filaments can be used instead. When the guide filament 11
is surgically inserted a segment of the filament projects outside the guide tube 5. This

30  segmentis then cut away when the surgical repair procedure is completed.



Fig. 5is a cross-sectional side view of a guide tube and guide fil anent

assenbl y corresponding to that of Fig. 1 into the lunen of the tube
of which only the proximal end of a transected sciatic nerve of an
adult rat is sutured schematically illustrating the fibrin net wor k

forned in the %&r}f’&zof adm nistration of a fibrin network f?E‘i‘EB’M@Sﬁs
e/1. w of a

i nhibiting 20 "ag Fig. 6 is a cross-sectional side vie

gui de tube and guide filanent assenbly 15 corresponding to that of Fig. 1
into the lumen of which only the proximal end of a transected sciatic
nerve of an adult rat is sutured schematically illustrating the fibrin
network 25 f | 1 13 | TR i 1

" bi 1 ng agarE b HpEEECSERE Wal ks répchirpl R Bhesict of QB Hednced |

t ube conpri si intp tha goide ertbe Sansirgerg. Fhetredult after a feod dayeista langel camplexfilrin t ube

Fumen | nt o onRerERE 1o ipnedios Rametis Hrtes ot Do ke AagBL Ll BAC P ertesher ve
of an adult ;ﬁ;& Pﬁﬁim&l%n& Histd! &ids ?{tﬁoﬁtﬂé Qi néRieGhr ﬁb%ﬁ&%g%%ﬁ%&g%t ends

schemati cal | lustrating the rin
- PCT/ SE97/ 0D568ssue to follow. 14
-network formed with local adm nistration of a fibrin network formation
i nhibiting agent by i nfusion froman inplanted osnotic m ni punp.

Fig. 8 is a sghpéFRp. €5Q%H; hEELHORBE 5N M8 Fid. 2Welp FastiNodflcl Wik sRfNPT 2
“lunmen into which the s proxinal and distal ends of a transected sciatic
“nerve of an a¥gery-daadditien, bowenen dnelagamppwas sysremically adspisisteeadds therwbuntliatel i s

filled with ovi ded i th, | ongi,t udj nal | t endi ui,de .
channel 5. oy ibelliRl SRS bele o Byl MBtp e TR POV AT Rt ity o e
gui de tubeo 5 showR, 4 harcwep fbrid RetWERN4AtlTed the cofralphiad filahRntr 10 itkegapend 1
and the distal end 3 of a transected sciatic nerve of an adult rat
between the transected nerve ends. More importantly, the fibrin network 14 exhibited a
coherent structure of fibrin platelets and fragments aligned in the direction of the filament

11 for subsequent regenerating nerve tissue to follow.

15 InFigs 3 and 4 there is shown a silicone guide tube 105 corresponding to the guide tube 5
of Figs 1 and 2. In these set ups, though, only the proximal end 101 of a transected sciatic -
nerve of an adult rat is held in place in the tube 105 with a suture 107 and no guide filament
extends through the lumen. Thus one of the open ends 102 of the tube is left open. As

before, salinc was introduced into the Jumen of the tube 105 at surgery.

In the Fig. 3 set up no further treatment was provided. A tiny clot 115 consisting of fibrin,
platelets and other blood cells was formed just covering the proximal end but no fibrin
network formed in the rest of the tube. No substantial fibrin network was thus formed to

support subsequent nerve tissue regenerate growth.

By contrast, in the Fig. 4 set up melagatran was additionally systemically administered to
the wound area by infusion subcutaneously with an implanted minipump. A small clot 116
of fibrin and cells was formed just covering the proximal nerve end. There was no fibrin
network in the rest of the tube. No substantial fibrin network was thus formed to support

30 subsequent nerve tissue regenerate growth.



have been inserted and fixed in place by sutures 7. The gui de tube
5 prevents or inhibits access of granulation tissue to the wound area and
surfaces by isolating the injured nerve structure fromthe surrounding
tissue, usually 15 connective tissue with blood vessels. This nakes it
easier to control the repair and nodel ling of the tissue regenerate
formed bet weenWH¥R3WBered ends of the injured sciatic nECTEEIT0P50S
guide tube 5 further acts as a delivery syggem for conpounds interfering
W th the formation of a fibrin network in the wound area as w ||
becone apparent and may al so act as a slow delivery systemfor growth
stinulating agents. 2 VWiile Figs 1 and 2 show the injured nerve

Q. l e, al > !
‘ext endi ng onl ReferdngfoFigs Jand fthers s howA @ sigpag.guide tubg 2}corresponding g de
proxi mal and dj s L, . ] I : -qui de
e 5. Ti's Bk Bc3 Wi 1 aiadks BATELY RIAL dbiproBPed T3 Riafeak il
fascicle at therve of an stiuftiratis held inthe wba 205 vith alsarure207and R lhme5f the tube A
guide filanment_11 forned from an ophthalnc suture material extends between

the pr ox fillgd With galise &t sirecgy, du cantrast tg Figs Jand 4; thpugh, a gide filament 24d ip theough
the | unen of ' . | 4 | de
filaments ganh%g‘ ﬁgggﬁ?%%aﬁmmﬁéf‘nﬁﬁgﬁgﬁfz gg’xfﬁlglr]r%%@ %{f\’mé’funﬂglﬂ,s
surgically inserted a segnent of the filanent projects outside the guide

tube 5. This 30, se iLs then cut awa en.the surgical repair
procedure is ngB F@s%g’g %Eg o further ireatment Jﬂf\%@?’?‘%"/‘%@d&g"m"w cortplex clot 217 |

PCT/ _SE97/ 005659nsisﬁng of irregularly organised fibrin filaments, platelets and other blood cells w&é
In Fig. 1 the injured scrati'c herve was left to regenerate In the presence

of saline i nt forohed eldng the guidingtfilaméne 2 HLithdmghozahStube 205 foy subsequéinsegenemting

after a few days I.s a_l e conplex fibrin network 13 of branching
filanments for °Hf58ﬁ§°$hgwgui de filament 11 in the gap between t he
proxi mal and distal ends 1, 3 of the sciatic nerve for subsequent
regenerating nerve 5 tissue to follow As in the Fig. 1 set up,

t he gui de t ublnheicssciofiEig-popn the gther hapd.melagairen whs sysethically pdministares tathe
surgery. 1 agdifd 9o, nPRHRIER ubdiBhASHR A 3R pRNE) Sl5EHS. A 85 dbAE LR O
coherent fibrin platelets, fibrin fragments and cells was formed along and aligned with the
15 guiding filament 211 in the centre of the tube for subsequent regenerating nerve tissue to

follow.

In Fig. 7 there is shown an open-ended guide tube 305 comprising an outer continuous tube
clement 306 and an inner tube element 308 formed from a plurality of longitudinally spaced
20  sections 310. As shown, the proximal end 301 of a transected sciatic nerve of an adult rat is
inserted into the tube and maintained in place with a suture 307. A guide filament 311 in the
form of an ophthalmic suture extends through the lumen 6f the tube from the proximal end.

The tube was filled with saline at surgery and then melagatran infused locally to the encased

25 wound area with an-implanted osmotic minipump 312. The longitudinally spaced sections
310 assist in distributing the melagatran throughout the gap in the lumen. A narrow
coherent clot 319 of coherent fibrin platelets, fibrin fragments and cells was formed along,
and aligned with, the length of the guiding filament 311 in the centre of the tube for
subsequent regenerating nerve tissue to follow.
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by subcut aneous infusion with an inplanted m ni punp (not shown). As
schematically 10 shown, a narrower fibrin network 14 outlined the central
guide filanent 11 in the gap bet ween the transected nerve ends. Mre
importantly, the fibrin network 14 exhibited a coherent structure of
fibrin platelets and fragments aligned in the direction of thegd

11 for subsequer’(‘(o?"éﬂg%erati ng nerve tissue to follow 15 Iﬁkﬁsggﬁd??gﬁénd
4 there is shown a silicone guide tube 105 Xorresponding to the gui de tube
5 of Figs 1 and 2. In these set ups, though, only the proximal end
101 of a transected sciatic nerve of an adult rat is held in place in

the tube 105 with a suture 107 apd no, qui de_ filanent . extends through
the | unen. Thuérhﬁ ﬁ@sgpct{qtpé)f _ "Eﬁﬁ‘%‘ ng‘ﬂn eF‘ﬁhi:mf% varied Is‘écthttz‘(ﬁﬁ%‘ﬂ‘. 's‘éé""&)
before, salinegpaiudigdl SQAUR Rbrbiddd willFore WrRbrOfuild Baikite THeufle niveaggr Y. 20

In the-Fig. 3 sel up no further treatment was provided. A tiny clot 115
consi sting of Fildprenthgssembly isghustesdentiadly aonipuise of sthillenidivisluplassembliésnf similaj ust

covering the proxinal e ut.no fibrin. netwark forped.in.the rest of
Che tube. No oeBrFars Rh i she sppion.of rpfkRetPh prd ot silcd el o)

subsequent @er‘lcﬁ:gitﬁcﬁﬁdlﬁecﬁieﬂﬁtﬁﬁs%s&?ﬂﬁﬁ\gbﬁe fo¥ach fasciély contrast, in the Fig.
4 set up nelagatran was additionally systemcally adm nistered to t he

wound area by infusion subcutaneously with an inplanted m ni punp. A small

clot 116 fibrin d | |s s forned j.ust .coveri,Rg.th r oxi mal
nerve end. Th eﬁ{g%"%mﬁﬁﬁctﬁem 1s ShOKR £8P ?("“Tdrqe‘? ﬁ‘é’g? BIE’F 4@?'"%%@6 g PROSIng gnds
substanti al fi ldf which eepétimabdndidised eAdd 40P UOBQF 3 bRiREled 3Pseverel SQaticaiive B b ©

ti ssue regenerate growth. .. WD 97/ 37002 _
PCT/ SE97/ 00565 adult rat have been inserted and fixed with sutures 407. The lumen of the tube 4%in this

Referring tg Figs. . ' b [de.

correspondi'?]g £ %itlsﬁfem%g %&f%%“?%%g"mgwg’?‘ Pcp%:ld:ﬁlﬂﬁﬁt&ﬁ%&l%ﬁ?%}égﬁﬂaggo%exgﬁ "4,
the proximal emMie gélkroémi@ 400 W showh ephced frormithe end surfitRl vethe transeciddndrve rat i s
held in the tube 205 with a suture 207 and the |unen of the tube

filled with sasirsurgfordhe spke of clarty althaugh aecdless 1o;sgx itds ngt@ sEict pequingpent forghe e
filament 211 i elts!&ﬁctﬁretﬁgﬁlfplﬁgne?%éﬁa'gmm c suture extends fromthe
e lunen.

proxi mal end 201 into t

15 The result of the set up is the formation of a coherent fibrin network in the guide channels
having long fibrin filaments or cables axially aligned with the guide channels for subsequent

regenerating nerve tissue to follow.

The same systems as described above with reference to the accompanying Figures of
20  drawings, modified with regard to shape and dimensions, have also been tested on tendons,
ligaments, abdominal aponeuroses and skeletal muscles of adult rats with corresponding

resalts.

The use of silicone tubes and ophthalmic sutures for the guide filaments was selected in the
25 set ups described hereinabove with reference to the accompanying Figures of drawings only

due to the fact that they are suitable for use in experimental animals.

The guide tube may be formed from biocompatible bioresorbable or non-bioresorbable
materials which may be permeable or impermeable to materials soluble in agueous solutions.

30  Use of a bioresorbable or biodegradable material, though, is preferred. Materials of which



In the case of Fig. 5 no further treatnent was adm ni stered and a narrow

conpl ex clot 217 consisting of irregularly organised fibrin filanents,
pl atel ets and ot her blood cells was formed al ong the guiding filament
211 throughout the tube 205 for subsequent regenerating 10 nerve tissue to

- foll ow In the case of Fig. 6, on the other hand, nelggg%ggﬂm
systenmical ly 3% 2ered to the wound ar'ea by infusion eousl y
with an inplanted m ni punp. A small clot 288 of coherent fibrin

platelets, fibrin fragnments and cells was formed al ong and aligned with the
15 gquiding filament 211 in the centre of the tube for subsequent
regenerati ng perv 7 therg I S shown

an open- ende @gpﬁgfuk% :?55”1?5“%?‘{ @FIH& 2 Qfﬁf‘g‘ﬂ“{’;‘{ﬁ‘h‘? ?fﬂ’cﬁ%"f’% exes.

| t 306 aréian magdm SdrRn _
Ieoﬁg?tnudl nal fﬁ;% spacgd ﬁdsi%gfllﬁdgns 3?6”3%5&% &aﬁ?éﬁ?ﬁlﬁtﬂékgﬂd'ﬁ aﬁ c(5)11":0
transect ed sacuh polyhysraxybuatyriciacid; pemselectiveipolytetraethiless polng-acutylglud:mammb,e and

mai ntai ned in ce with g, suture 307. A.qguide fil n, t he.
form of an off Eﬁ&ﬂﬁsc‘"?ﬂ'ﬂ?"eg’w{"efﬁﬁ%"ﬂﬁy Cﬁﬁg’ﬁ&’b%’& ﬁ@yk"%ﬁmﬂ om t he
proxi mal @nd.acetate). The tube was filled W|th saline at surgery and then

mel agatran infused |ocally to the encased 25 wound area with an-inplanted
osnotic m ni punp 312. The longitudinally spaced sections 310 assist in

di stributing nel ran,thro out the qgap.i grro
coherent cl otwgﬁﬁe%faa@%eﬁgﬁlnﬁc?‘ggﬁwcﬁsﬁﬁg‘fag be??rm”‘ﬁﬁmf"r%gm?&%nd cells
was forned almdirials similacdtddentita) Bfitle Wiatekials b forihe ghide fubk. Gth&thaters dhid anent
311 in the centre of the tube for subsequent regenerating nerve tissue
to foll ow 3@may be used include presentjypwgilable syre materials, such as vicryl, catgut, nylon, chitin
PCT/ SE97/ 905(;? o matenasw ich can ctasacomqgnbles bstratef the formati nof a

The constructlon F Ehﬁr c} P B PNaY Be varred stuéh t hat
each isol at eckableofrdgamgaﬁngdnsmlsudmhmaaxmprOV| ded W|th one or nore guide

filaments. The gui de tube and filament assenbly is thus essentially
conprised of smaller individual assenblies of simlar construction.

Thi's faci |t ofyg Snvelfior S A0 beHirfith 1TuSGRARE Haih A6 Wi tkfed 35 Thefofiswipnce the

examples conducted on adult rats under the ethical permits hereinabove identified and cross-

15 referenced where appropriate with the set ups hereinbove described with reference to the

accompanying Figures of drawings.

Ex 1

20  The sciatic nerve of adult rats was exposed unilaterally on the mid thigh and transected. The
proximal and distal ends were then inserted into a silicone guide tube of the type shown in
Figs 1 to 6 of the accompanying drawings to leave 2 10mm gap therebetween filled with
phosphate buffered saline (PBS). The silicone tube was sutured to the perineurium of the

inserted nerve ends with 9-0 “atraumatic” ophthalmic sutures (Ethicon).

The regenerate formed in the gap was after 2 and 4 weeks examined with regard to the
distribution and direction of the axons and of the Schwann cells, as visualised by
immunohistochemistry. The axons were fairly few and showed extensive aberration, often
arranged as loops. The Schwann cells were identified in the central parts of the regenerate

30  arranged in a seemingly random pattern. Fibroblasts formed an enclosing perineuriurn-like



5 Jlongitudinal sections act as a separate guide for each fascicle
Turning nowto Fig. 8 there is shown an open-ended gui de tube 405 into the

opposi ng ends of which the proximal and distal ends 401, 403 of a
transected or severed sciatic nerve of an adult rat have been inserted
and fixed with sutures 407. The |umen of the tube 405 in thisP \SE 5is
filled with agdYO¥&7%02 t hrough which a plurality of axial guidé channels
404 extend. The gel structure 402 is 1®hown spaced fromthe end
surfaces of the transected nerve structure for the sake of clarity

al t hough needless to say it is not a strict requirenent for the gel

structure to abut t nerve end.surfaces. .. 1 The result of. the set up is
The Tor mat | onBiee BRI ERBREER MA@ LIRS reief e HipsRrioh 8 wie

having | ong fidafikred biviine®mdss or cables axially aligned with the guide
channel s for subsequent regenerating nerve tissue to follow.

The sane systens as descri bed above with reference to the acconpanyi ng

Fi gures of 20,, drawi ngs. modifi ith re t 0 shape and dinmensi.ans. have
21 90 been t aoNee SHeRdRins i s Sbckhd i bR 6 Bk ORE sBRine T R e

skel et al muscihegapberatetl the hétvSends IsiclEad o fiinGieedi covered guite filhment. The
use of silicone tubes and ophthal mc sutures for the guide filanments was

selected in the 25 set ups described herei nabove with reference to the

acconpanying. FLAULES. gl HiaU0gS0RLY achieveadUe 1 _the fact that they are
suitable for use T n éxperinental aninhals. The gui de tube may be

formed from bi oconpati bl e bi oresorbabl e or non-bi oresorbabl e material s
whi ch may be perneable or inperneable to materials soluble in agueous

sol utions. BOEK%—%" f a bioresorbable or biodegradable material, though, is
preferred. Materials of which WO 97/ 37002
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The sciatic nerve of adult rats was exposed unilaterally on the mid thigh and transected. The
proximal and distal ends were then inserted into a silicone guide tube to leave a 10mm gap
therebetween. The silicone tube was sutured to the perineurium of the inserted nerve ends
with 9-0 “atraumatic” ophthalmic sutures (Ethicon). '

15
As in the set up hereinabove described with reference to Fig. 1, the gap was filled with PBS
and a single central guiding filament (10-0 monofilament nylon) positioned in the lumen of

the tube to connect the proximal and distal nerve ends.

20  The regenerate formed in the gap was after 2 and 4 weeks examined with regard to the
distribution and direction of the axons and of the Schwann cells, as visualised by
immunohistochemistry. The axons appeared to be slightly more numerous than in Example
1 but still showed extensive aberration, 'again often arranged as loops. The Schwann cells
were identified in the central parts of the regenerate arranged in a seemingly random

25 pattern. Fibroblasts formed an enclosing perineurium-like structure. Numerous

macrophages were distributed throughout the gap region as were scattered erythrocytes.

Deficient repair of the nerve was thus achieved due to the nerve tissue regenerate following
the path laid by a complex fibrin network formed in the early stages of the repair process.
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t he gui de tube may be constructed include, but are not limted to, collagen
conpl exes, hepari n and heparonoi ds, chitosan and rel ated

pol ysacchari des, polylactic acid, polyglycolic aci d,

pol yhydroxybutyric acid, pernsel ective pol ytetraethyl ene,

pol y- N-acet yl gl ucosani ne, or polymers into which gromh factors nmay be
I ncor porat ed dwosgsbep2(e. g. ethylene-vinyl 5 acetate). PCT/FEQ7I00568 gar d
to the guide thread filanents, these nmay formed from bi oconpati bl e
materials simlar or identical to the materials used for the guide tube.

O her materials that may be used include presently available suture ™
materials, such as vicryl, catgut, nylon, chitin 10 as well as other

mat eri al s whi Examplad act as a conpatible substrate for the formation of a
cabl e of regenerating tissue such as nerve axons. The invention wl|
now be further illustrated, but in no way limted, by the follow ng

exanpl es condpgd i@ ﬂeﬁé‘ bt iduft%@ w%ﬁsédhﬁﬂﬁ&ﬁhf ah tﬁg%mﬁl?%gﬁ{l AR e
identified and cross- referenced where appropriate w e set ups

her ei nbove ddig’@*lmb@d\dlatﬂ epdsfware thew insertedi2m into a silicancigaideitiy Havipp ar mnef

dr awi ngs. 20 .-The sc c ner ult rats was
‘exposed uni | Jiapetr @%Tﬁ%leﬁ’f“aa {9 82 %h‘ ﬁ%ﬂ'flm?f?é“be was sytuged taghe ang
di stal ends vgfiedriilof thémEdrd nkrve ends it 9-0 eélﬁuﬁﬁhé*eoﬁh%ﬁnfefsuﬁrb% (E:)&{Eﬁn)s hown
in Figs 1 to 6 of the acconpanying drawings to |'eave a 10mm

t herebetween filled with phosphate buffered saline (PBS). The

silicone tubgqm%es magxt%grei]r?ﬁ%ﬁ%cicng&! Wﬂm"?‘z’ﬁ}‘:ﬁ?‘égﬁ) I NS er éegg_ﬁlner ve

ends with 9 at I aurmat Fmc sutures
regener at e f dfilameht(10-0 hﬁn@t’t‘lﬁnmaylaﬁ)t\%s pdsitiostd4n MR AtheLsRhe ﬂx@étd/\wnheo’tﬂ&af d

to the di stribution and direction of _the axons and of the Schwann
cel I's, as'vi Jugimaaed G}Fm nerve e e BaRsVardRicvathRBS apdanclsgsmen inused f ai r | y
f ew and sho f mﬁg@g I

Schwann cel | sgvvere |dent| e ﬁ hgé.% osmm?‘{s 0 e&?eg@ﬁera 1';Q"?;O

arranged in @E@ﬁmp&gipmgrrm@komwan&m Corph; |Baralbltca$:tﬁﬁ USH; peetilled withQl sohikiog
erineuriumli
P of ﬁe thrombin inhibitor Melagatran, Astra Hissle AB, Mélndal, Sweden) implanted into
the peritoneal cavity for a week and the outlet of the pump positioned free in the peritoneal

15 cavity.

The regenerate formed in the gap was after 2 and 4 weeks examined with regard to the
distribution and direction of the axons and of the Schwann cells, as visualised by
immunohistochemistry. The axons were at least as numerous as in Example 1 and 2, showed
20  rare aberration and were arranged parallel to the central guiding filament, i.e. exhibited a
very high degree of coherence. The Schwann cells showed a high degree of coherence being
mainly arranged parallel to the central guiding filament and few cells diverged from that
direction. There was hardly any random pattern in the organisation of the Schwann cells.
Fibroblasts formed an enclosing perineurium-like structure. A striking feature was the

25 absence of macrophages and blood cells outside the regenerate.

Excellent regeneration across a 10 mm gap was thus achieved due to the nerve tissue
regenerate following the path laid by a coherent fibrin network formed in the early stages of
the repair process.
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structure. Numerous macrophages were distributed throughout the gap region
as were scattered erythrocytes. Nerve regeneration was thus

bl ocked i n absence of a mechanical guiding structure bridging ap
bet ween the ner WO¥RI®? such as a fibrin network covered guidep¥?Fgﬁ§ﬁ??
Deficient repair of the nerve was thus achi2¢ved Exanple 2 10

The sciatic nerve of adult rats was exposed unilaterally on the md thigh..
and transected. The proxi mal and distal ends were then inserted into a
silicone guidegtubﬁ go | eave a 10mm gap t herebet ween. The silicone

t ube was sutur he perineuriumof the inserted nerve ends W th
9-0 "atraumatic" ophthal mc sutures (Ethicon). 15 As in the setup

her ei nabove described with reference to Fig. 1, the gap was filled wth PBS
and a singl e c&he scidticgeivdiofiadultirata mas exposedl-udilatorally ioh theanid thigh and transesited. Thed

in the lunen of . t tube to _connect e proxi nal and. distal_ner

ends. 20 ThErrmph Al et Pl s SRR o 182 P ene Bidg 1B 0 Jeaty a YO
exam ned w § h pgofédbdr@edn) Fhe silicond bk fwab siitin@d teuhe petiiniedfim@f thefindefted Feree)S
and of the Schwann cells, as visualised by I mmunohi st ochem stry. The

axons appear edends with %0 {‘graumptigrnphthakmnie suswres (Bihigon)n Exanpl e | but
still showed extensive aberration, again often arranged as |oops. The
Schwann cells were identified in the central parts of the regenerate

arranged in a ag&iExW@iple 3,anth@R cfiral paitling filmeht (10 héfolifanict y&asencl osi ng
perineuriumlike_ structure. Nunmerous macr ophages were distributed

t hr oughout t hePesiipned ifi thelugen pfthe tuhe 49 cannect they Rreximakanddistal nerve endspibeigap ent
repair of the V@iﬂw | '%R’S't : | §S ﬁp&; ate
fol |l ow ng g U.'tﬁ #éﬁegat #ﬁaglj%a%ﬁa%&con% eﬁls [ 'ril?ﬁmg g{ls\%oewkﬁ%% (’)Erllﬁlebg ﬁ%n the
early stages obsmdie minipamp (Alzo2€025 volifie =220 pL; pumping rate = 0.5 pL/h; Alza Corp.;
Palo Alto, CA, USA; prefilled with a solution of the thrombin inhibitor Melagatran, Astra
‘Hiissle AB, Mdlndal, Sweden) implanted subcutaneously in the back of the animal delivered

melagatran solution locally into the gap during at least 8 days in the manner shown in Fig. 7.
15
The regenerate formed in the gap was after 2 and 4 weeks examined with regard to the
distribution and direction of the axons and of the Schwann cells, as visualised by
immunohistochemistry. The axons were at least as numerous as in Examples 1 to 3, showed
rare aberration and were arranged paraliel to the central guiding filament, i.e. exhibited a
20  very high degree of coherence. The Schwann cells were mainly arranged parallel to the
central guiding filament and few cells diverged from that direction. There was no random
pattern in the organisation of the Schwann cells. Fibroblasts formed an enclosing
perineurium-like structure. There were no macrophages and blood cells outside the

regenerate.

Excellent regeneration of coherent axons across a 10 mm gap was thus again achieved.
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Exanpl e 3 The sciatic nerve of adult rats was exposed unilaterally
on the md thigh and transected. The proxi mal and distal ends were

then inserted 2nminto a silicone guide tube having an inner 5 dianmeter of
1.5m to | eaveWR 9782 gap t her ebet ween. The silicone tube wasPETFEATONS66 o

t he - perineuriumof the inserted nervesends with 9-0 "atraumatic"”
opht hal m ¢ sutures (Ethicon). As in the experiment hereinabove
described with reference to Fig. 2, a single central guiding filament

(10-0 nonofilanment nylon) was positioned in the lumen of the tube to
connect the I@@Ilml?eii mal and distal nerve ends, the gap was filled with PBS
and nel agatran infused systemcally via the peritoneumw th the aid of
an osnotic mni punp (Al za 2001, vol une =220pL; punping rate =1 pl/h;
Al za Corp.; PAiinthe Sebup héeinhofe desceibéd wittiireférbdte do Figl 3 HeQBiatic nerv@df A ra
thronbin inhi'bitor Melagatran, Astra Herr]ssle AB, Merr]lndal, Swedertls)

i mpl ant ed i nt'¥as transeciodand theipresimal end insented intora silioppe guidetube filedowith BBS.of t he
punp positdoned free in the peritoneal 15 cavity. The regenerate
formed in the gap was after 2 and 4 weeks exam ned with regard to the

di stributi on Neotkgenerse forpied foni hepraxinns naxwe esd afieh 2 oBa W8I MaBldpfiages ind

vi sual i sed by i munohi stochenmi stry. The axons were at |east as
nunerous as i3ioecsHpreuld beregognised plospsa therproxigaknesyendat i on and wer e
arranged parallel to the central guiding filanment, i.e. exhibited a

very hi gh degree of coherence. The Schwann cells showed a high degree_of

coherence beiNmyve regenerarion was dius blogieed i tealbbenite 6fa thishanied] igaidinghirutturg
filament and few cel|ls diverged fromt hat direction. There was hardly

any randolh p&ieading fiom he proximal nerve ey susch as p Sibrip Aetyerk qoueed guide filament.

Fi brobl asts fornmed an encl osing perineuriumlike structure. A striking
feature was the 25 absence of macrophages and bl ood cells outside the
regener ate. Example@xcel |l ent regeneration across a 10 nm gap was thus

achi eved due to the nerve tissue regenerate following the path laid by
a coherent fibrin network fornmed in the early stages of

As in the experiment hereinabove described with reference to Fig 4, the sciatic nerve of
15 adult rats was transected and the proximal end inserted into a silicone guide tube filled with
PBS and to which melagatran was infused systemically with the aid of an implanted osmotic

minipump.

As in Example 5, though, no regenerate formed from the proximal nerve end after 2 or 4

20  weeks. Macrophages and blood cells could be recognised close to the proximal nerve end.

Nerve regeneration was thus blocked in the absence of a mechanical guiding structure

extending from the proximal nerve end, such as a fibrin network covered guide filament.

25 ampie

The sciatic nerve was exposed unilaterally on the mid thigh of adult rats and transected.
Immediately thereafter the proximal and distal nerve ends were inserted 2 mm into a silicone
tube of the type shown in Figs 1 to 6 prefilled with buffered saline. The gap between the

30 nerve ends was 10 mm. The silicone tube was sutured to the perireurium of the inserted
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Exanpl e 4 The sciatic nerve of adult rats was exposed unilaterally
on the md thigh and transected. The proxi mal and distal ends were
then inserted 2nminto a silicone guide tube to | eave a 10mm

t her ebet ween. TWO%BM%one t ube vvag sutured to the perineuri un?%}'/g?ﬁgosss

i nserted nerve ends with 9-0 "atraun®3ic" ophthal m c sutures

(Et hi con) . As in Exanple 3, a single central guiding filanent (10-0..
nmonof i | ament nyl on) was positioned in the lunmen of the tube to connect

the proximal and di stal rve ends, the.gap 10 s filled wi.th.PBS a

mel agatran ad WH’P&‘@%&'} B'I%n agfmatc a%{&'apﬁ’_(‘flfﬂwesﬁffﬁg)' AR SYPQfc minipurpp.(fizg
m ni punp (Al Z2089 Qiuni@L BIEuE $fhpRig rate W2 BO/W Al Cord): Pald Wid3; CAl B§aCor p. ;
Palo Alto, CA USA prefilled'with a solution of the thrombin inhibitor

Mel agat r an, Adgirefilled with a-folatiog sEthe thaginbitviindnibiitor MiddgatrAseEnidsshepA By Miéiddal,

subcut aneousl y, in t.he back of the ani mal delivered . | agat.ran ,sol ution
ocal |y into LMeg s dmpltg e sioealibusy in B8 brek S T spimal ahd LR Gapeseh e Bymey
15 The r egaRRicativa 4 RILEIRONE Mid FuRtidodT tHesilictnk Aibe 2ndbdingthbaakscld aghveed
with regard to the di stribution and direction of the axons and of the

Schwann cel | s,forlgcalidslinery ofanelagptran into thergapasishewninFigiktry. The axons were
at | east as nunerous as in Exanples 1 to 3, showed rare aberration and
were arranged parallel to the central guiding filanment, i.e. exhibited a 20

very high degree nefves oitthe tube with i@ gREWeRBRarfimbd &b ad Pideky with Fepaing the
parallel to the central gw ding filament and few cells diverged from

t hat direct i oristrippsion, diggstionznd sehempce of the axons ard of the\Sehwanp eellsasyvisuplised by

t he Schwanp c 7| .ast S f . | I ' I ke

Struct ur o, by Pl BURRIGY | G RS ikeERE e ddaiamers g1 RE W 4585
Sigma) and to the neuroglial protein S-100 (S 2644, Sigma; Z 0311, Dakopatts). There was
no regenerate bridging the gap. No axons or Schwann cells traversed the gap. Scattered

amorphous protein strands and cells could be recognised in the gap fluid.

15 Nerve regeneration was thus blocked in the absence of a mechanical guiding structure

bridging the gap between the nerve ends, such as a fibrin network covered guide filament.

Example 8

20  The sciatic nerve was exposed unilaterally on the mid thigh of adult rats and ransected.
Immediately thereafter the proximal and distal nerve ends were inserted 2 mm into a silicone
tube of the type shown in Figs 1 to 6 prefilled with buffered saline. However, there was no
guiding filament, e.g. a suture thread, in the centre of the silicone tube. The gap between the
nerve ends was 10 mm. The silicone tube was sutured to the perineurium of the inserted

25 nerves with 9-0 “atraumatic” ophthalmic sutures (Ethicon). An osmotic minipump (Alza
2002, volume = 220 pL; pumping rate = 0.5pL/h; Alza Corp.; Palo Alto, CA, USA;
prefilled with a solution of the thrombin inhibitor Melagatran, Astra Hissle AB, Mélndal,
Sweden) was implanted in the peritoneal cavity and the outlet of the pump left open for
systemic delivery of melagatran via the peritoneal cavity and the blood system.
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regenerate. 25 Excel | ent regeneration of coherent axons across a 10

nm gap was thus again achi eved. WO 97/ 37002

PCT/ SE97/ 00565 22

Exampl e 5 As in the set .up hereinabove described with reference to
Fig 3, the sciatic nerve of adult rats was transected and the

proxi mal end iWe8YBMWRR into a silicone guide tube filled w th PEERSEIBPS65

No regenerate formed fromthe proxi mal nejye end after 2 or 4 weeks.

Macr ophages and bl ood cells could be recogni sed close to the proximal
nerve end. Nerve regeneration was thus bl ocked in the absence of a
mechani cal guiding structure 10 extending fromthe dprOX| mal nerve end,

such as a fi Bhenevermbir tehswdthdts ggpweee examined after 2 and 4 wegkg avighiregagd tothe  As
in the experi ‘EE}%EQE rd?raftfolﬂoa\r’ﬁ Sessbd Bafle X&o&?aﬁf ftheS %%aﬁ.?cﬁisg% visu%ﬂds%d by

sclatic nerv S was transec € Proxi

inserted int gmmuficHist6chemistryivdeh theidia of addbedieWotdauroﬁlamﬁB%\lmdz BONBBSS; h
nel agatran was inf used systemcally with the aid of an inplanted osnotic

mi ni punp.  Sigma)Agd potheRerpglial Emteerh%dgﬂ (S 2684y Sigmae? 98 L1, Dakapants). There was
pr oxi mal Der Y& n@%g%[g‘{el T é@lg et%%gzrgo amg 5f8chlm% 8&&3&‘3@3@&‘& ELE%@at&%J S

coul d be fecog r oxi mal “nerve
amorphous protein strands and cells could be recognised in the gap fluid.

Nerve regeneration was thus blocked in absence of a mechanical guiding structure bridging -
the gap between the nerve ends, such as a filament covered with a fibrin network.

10

Example 9

The sciatic nerve of adult rats was transected and the proximal end inserted 2Zmm into a
silicone guide tube. As in the experiment hereinabove described with reference to Fig. 5, a

15 single central guiding filament (10-0 monofilament nylon) was stitched through the proximal
sciatic nerve end to extend into the lnmen and the lumen was filled with PBS with the aid of
an implanted osmotic minipump. The distal end of the transected sciatic nerve was
positioned among the thigh muscles so that it could not interfere with the growth in the
silicone tube.

20
The regenerate formed in the gap was after 2 and 4 weeks examined with regard to the
distribution and direction of the axons and of the Schwann cells, as visualised by
immunohistochemistry. The axons were sticking to the central guiding filament and many
appeared to be parallel to it. However, the axons showed extensive aberration and loops

2s  were common. The Schwann cells were to a large extent arranged parallel to the central
guiding filament but many cells diverged from that direction. Fibroblasts formed an
enclosing perineurium-like structure. There were numerous macrophages and blood cells

outside the regenerate.



Nerve regeneration was thus bl ocked in the absence of a nechanical guiding
structure extending fromthe proxi mal nerve end, such as a fibrin

net wor k covered guide fil anent 25 Exanple 7 The sciatic nerve was
exposed unilaterally on the md thigh of adult rats and transected.

| medi ately thereafter the proximal and distal nerve ends were %@% 2
mminto a silicH®™P72 { ybe of the type shown in Figs | to 6 prﬂéfg

with buffered saline. The gap between the 2® nerve ends was 10 nm The
'silicone tube was sutured to the perineuriumof theinserted

WO 97/ 37002

PCT/ SE97/ 0056 . . . o .
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Corp.;-Palo Alto, prefilled with a solution of the thrombin
‘inhibitor Melagatran, Astra Herr]ssle AB, Merr]lndal, Sweden) was
i mpl anted subcut aneoysly in the back of the animal and the outlet of the
punmp 5 connM a tube to the md portion of the silicone tube

encl osi ng the transected nerve for local delivery of nelagatran into
the gap as shown in Fig. 7. The nerves and the tube with its gap

wer e exam ned Bvetse:muenqmoﬁa%éa&%ww rapsgceegdangd theproximal end insegipds2mmidutoiaon,
direction and goher ns. an e

vi sual i sed by si‘ff 3hc 8 ] sﬁ ogﬁh?r%gg?m%"g"? _P%gegfs ﬁléeté%‘cg% Fig 6,a
neur of i | anent ssight &a&a g&dﬁg&a&aem(lo-o m&@mﬂmmnﬂoﬁmdshﬁmnwﬂaﬁgigha{e pRdxingl N
S-100 (S 2644, Sigma;, Z 0311, Dakopatts). There enerat e

bri dgi ng the (AINCREFvasAsHS extendsa m4 %lqmeam&@ad WHngéﬁn elegatEne g

anor phous ot nr@cgﬁ Mol
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fibrin network covered [gw de filanent.
interfere with the growth in the silicone tube.

The regenerate formed in the gap was after 2 and 4 weeks examined with regard to the

15 distribution and direction of the axons and of the Schwann cells, as visualised by
immunohistochemistry. The axons were arranged parallel to the central guiding filament and
very few diverged. There was no axonal aberration and hardly any loops at all. The
Schwann cells were to a large extent arranged parallel to the central guiding filament.
Fibroblasts formed an enclosing perineurium-like structure. There were rarely any

20 macrophages and blood cells outside the regenerate.

Excellent regeneration of coherent axons was thus achieved due to the nerve tissue
regenerate following the path laid by a coherent fibrin network formed in the early stages of
the repair process.

25

Ex 1

The sciatic nerve of adult rats was transected and the proximal end inserted 2mm into a
silicone guide tube taking the form of the tube shown in Fig. 7. As in the experiment

30 hereinabove described with reference to Fig. 7, a single central guiding filament (10-0



Exampl e 8 20 The sciatic nerve was exposed unilaterally on the md thigh
of- adult rats and transected. | medi ately thereafter the proxi mal and
di stal nerve ends were inserted 2 nminto a silicone tube of the type
shown in Figs 1 to 6 prefilled with buffered saline. However, there was no
guiding filanment, e.g. a suture thread, in the centre of the silicone tube.
The gap bet weeWOPR37002  nerve ends was 10 nm The silicone t 0565
sutured to the perineuriumof the insertegg25 nerves with 9-0 "atraumatic"
ophthal m ¢ sutures (Ethicon). An osnmotic m nipunp (Al za 2002, volume =
220 pL; punping rate = 0.5pL/h; Alza Corp.; Palo Alto, CA USA ;
prefilled with a solution of the thronbin inhibitor Mel agatran, Astra
H err] ssl e Amnomofitament mdeq) was stitched\tergugh thoaroximgl iseipticonerverend teexsend intsrthe|
cavity and t I [ . tem c. del i very of
ol agat ran vilgmgh 3 sk BuE peS dngRRikairdf wop ingydy Reflfof i wifn
WO 97/ 37002  implanted osmotic minipump. The distal end of the transected sciatic nerve was positioned
PCT/ SE97/ 00565 . . . 24
The nerve andmong the thighpuseles ata disigacefrem thsgiligone enbgpadeould thusinat intexdérs Wi t h
regard to_the.. ' .bution, direction and coherence of the axons and
of the ScﬁmaﬁﬂﬂggFF%?agé£Visualised by | mmunohi st ochem stry with the
aid of antibodies to neurofilanents (N 0142 & N 5389, Sigma) and to
the neuroglial protein S 100 (S 2644, Sigma; Z 0311, Dakopatts). There was
s no regenerdedeasperatsfagnedia "b’zﬁﬁP WREafEE gr@d Grwvesks srapinedarithregard fostheed t he
gap. Scatter - ; ' { I recogni sed
‘%flijsluat_)unon %H@&P%ggéoﬂﬁé’%hyarﬁl Jf%i?:qﬁ:hs h {J‘egk,baﬁ g%%tggde | Qf

in the gap fl ve regeneration wa absence of

a mechani cal immudohigiocHermisty Ties dxonschedre grranged parhite] gothe baimabguiding filapehv/nd -
ends, such as a fil anent coveregl with a fibrin tgetwork le 9

10 Exa
The sci at 1°c YERKAEWSHVeRgRd exeqpE indhe jmmediate. Welniry of the, Broxiyeal BFrs piith Therfias no
i nserted 2mMa Bt aBerration ard Bar@lQ By 1Bbpsthall : 65 fo e B2 (RHA] REP cnd

her ei nabove described with referénce to Fi
The Schwann cells were mainly arranged parallel to the.central guiding filament, Fibroblasts

formed an enclosing perineurium-like structure. There were hardly any macrophages and
blood cells outside the regencrate.

15
Excellent regeneration of coherent axons was thus achieved due to the nerve tissue
regenerate following the path laid by a coherent fibrin network formed in the early stages of

the repair process.
20 Example 12

The set up for this Example was the same as that in Example 11 other than that

streptokinase (Hoescht) was infused locally with the aid of a miniosmotic pump.

25 Results similar to those described above in Example 11 were obtained. However, the
osmotic minipump was changed every second day to attain sufficient streptokinase activity

during an 8 day period.



15 single central guiding filament (10-0 nonofilanment nylon) was stitched
t hrough t he proxi nal sciatic nerve end to extend into the |unen and
the lunen was filled with PBS with the aid of an inplanted osnotic

m ni punp. The distal end of the transected sciatic nerve was

positi oned anong the thigh nuscles so that it could not interf i he
growth in the %097’31‘1"“ cone tube. 20 The regenerate forngé‘l%?#"{b%g;gap
was after 2 and 4 weeks examined with regard to the di stribution and

direction of the axons and of the Schwann cells, as visualised by
i mmununohi stochem stry. The axons were sticking to the central guiding

filament and nany appeared to be parallel to it. However, the axons
showed ext ensi E58mRed3 at i on and | oops 25 were common. The Schwann cells
were to a |l arge extent arranged parallel to the central gui di ng

filament but many cells diverged fromthat direction. Fibroblasts fornmed an
encl osi ng per i Theiset upfdrithie Exdmple ivds the sarhe asthuedn Exaipie 10 othernhan tabkges and

E,lc-?-;) gEg ?} Iog 565 recor?ngitngrlxtqltexmw Slaglgigggne% ragéveawr (hrtPA) Actilyse ® (Boc:hvr\ﬁggr7 gg%mo 9z ) was

Def i ci ent 1 epaigised 1dchlfy il € aildfad ras] ﬁﬁ’g due to the nerve tissue

regenerate follow ng the path [aid by the conplex fibrin network
formed in the early stages of the repair process. Exanpl e 10

The sciatic nepve, of, gdul t rat.s s, transected, and the pr.oxi nal end

i nserted 2mm kﬁ?“c‘.)'sé‘"g]a”°‘§‘?sf’|dﬁ%ﬂ .Pleié were lpoRiained i rent

her ei nabove described with reference to Fig. 6, a single central
guiding filanent (10-0 nonofilanent nylon) was stitched through the

pr oxi mal Exdmple 4 nerve end to extend into the lunen. the |unen was
filled vvitr} PBS and nel agatran |0 then infused systemcally with the aid
of an i npl dhted osnotic nini punp. The distal end of the transected

sciatic nerve Thésdpap FdritisEfanigl®Was hb Sarhdastihat iV ERArfiSie 30 othBPthan thati@bkiflase Ot
interfere with the growmh .in the silicone tube.
was infused locally with the aid of an osmotic minipump.

Results similar to those described above in Example 11 were obtained.

15

Example 15

The sciatic nerve was exposed unilaterally on the mid thigh of adult rats and transected. As
in Example 3, the proximal and distal nerve ends were inserted 2 mm into a silicone tube

20  prefilled with buffered saline and having through its centre a guiding filament, e.g. a suture
thread. The gap between the nerve ends was 10 mm. The silicone tube was sutured to the

'perineurium of the inserted nerves with 9-0 “atraumatic” ophthalmic sutures (Ethicon).

In this case, though, an osmotic minipump (Alza 2002, volume = 220 pL; pumping rate =
25 0.5 pL/h; Alza Corp.; Palo Alto, CA, USA,; prefilled with a solution of the thrombin
inhibitor Hirudin, (Sigma)) was implanted subcutaneously in the back of the animal and the
-outlet of the pump connected via a tube to the mid portion of the silicone tube enclosing the

transected nerve for local delivery of Hirudin into the gap in the manner shown in Fig. 7.



The regenerate formed in the gap was after 2 and 4 weeks exanined with
regard to the 15 distribution and direction of the axons and of the

Schwann cells, as visualised by i mmunohi stochem stry. The axons were
arranged parallel to the central guiding filanent and very few

di verged. There was no axonal aberration and hardly any |l oops at all. The
Schwann cel | s WO9a31082 3 | arge extent arranged parallel to t hePEHFRITAPSES
guiding fil anent. Fi brobl asts formedsgn encl osing perineuriumlike
structure. There were rarely any 20 rmacrophages and bl ood cells outside

t he regenerate. Excel | ent regenerati on of coherent axons was thus
achi eved due to the nerve tissue regenerate following the path laid by

a cohere nt f i Bhe WSW%W%WME&WQM@%&MM weekgexamined with rcgaad todpi r
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her ei nabove described with reference to Fig. 7, a single centr gui di ng
filament (10-#errations, and were rarely yanged asdgeps. The Schwann cells were xdenufied in the

omoT 11 Ao Gkl parts of the regencrate, ang showed 3 high deeree. of coherence ar well Fiigblasts | o

extend into tfsemedan cricwsﬁﬁ,peﬁﬁwrihmm sticture] Rdre thatdophagBBeere mdticel in gtgapn
then infused locally with the aid of an i mpl ante§ osnotic m ni punp.
The distal en®89P the transected sciatic nerve was positioned anong
the thigh nuscles at a distance fromthe silicone tube and could thus not
interfere 5 wth the regenerate. The regenerate formed in the gap
was after 2 aExtelentecgeneratianoficokbrasit akonsagossh IOmingap was thudiachiévedut i on and
direction of the axons and of the Schwann cells, as visualised by

i mmunohi stchemni stry. The axons were arranged parallel to the central

guiding fil aw 10 very few diverged except in the imediate vicinity
of the proximal nerve end. There was no

The sciatic nerve was exposed unilaterally on the mid thigh of adult rats and transected. As
in Example 7 the proximal and distal nerve ends were inserted 2 mm into a silicone tube

15 prefilled with buffered saline but having no guiding filament, e.g. a suture thread, in the
centre of the silicone tube. The gap between the nerve ends was 10 mm. The silicone tube
was sutured to the perineurium of the inserted nerves with 9-0 “atraumatic” ophthalmic

sutures (Ethicon).

20  In contrast to Example 7, an osmotic minipump (Alza 2002, volume = 220 pL; pumping
rate = 0.5 pL/h; Alza Corp,; Palo Alto, CA, USA; prefilled with a solution of the thrombin
inhibitor Hirudin (Sigma)) was implanted subcutaneously in the back of the animal and the
outlet of the pump connected via a tube to the mid portion of the silicone tube enclosing the
transected nerve for local delivery into the gap as shown in Fig. 7.

25 '

The nerve and the tube with its gap were examined after 2 and 4 weeks with regard to the
-distribution, direction and coherence of the axons and of the Schwann cells, as visualised by
immunohistochemistry with the aid of antibodies to neurofilaments (N 0142 & N 5389,
Sigma) and to the neuroglial protein S-100 (S 2644, Sigma; Z 0311, Dakopatts). There was



axonal aberration and hardly any | oops at all except for a few at the

proxi mal nerve end. The Schwann cells were nainly arranged parallel to
the central guiding filament. Fibroblasts formed an encl osi ng
perineuriumlike structure. There were hardléxanylnafrophages and ko

bl ood cells outgjde the regenerate. 15 cel l ent regenera

coherent axons §gEnPhﬁg acgieved due to the nerve tissue %gggﬁgrasg
following the path laid by a coherent fibri20 network formed in the early

st ages of the repair process. 20 Exanple 12 The set up for ..

this Exanple was the sane as that inI ExalrrFI e _llhot her _tgan that .
st rept oki nase s. i nfuse oca th t aid of ,a mniosnotic
53" S i B s ol St
obt ai ned. Howe wftiorphbli€protein suafdiind ecll doLIAWRRecoRSisdd A REGHAp QL Y Second day
to attain sufficient streptokinase activity during an 8 day period.

WD 97/.37002

PCT/ SE97/ 00565 . . - 2
Bcanpl o 13 Nerverggencration was thus blocked i sbeence of g guiding sictife, speh g flampne
Exanpl e 11 ot heoverdibwith o fibrit hidwork. reconbi nant human pl asm nogen
activator (hrtPA) Actilyse [err] (Boehringer Ingelheim was 5 infused
locally with the aid of an osnotic ni ni punp. Results simlar to

t hose descri beﬁ@&g&i n Exanple 11 were al so obtai ned.

The sciatic nerve was exposed unilaterally on the mid thigh of adult rats and transected. As
10 in Example 16, the proximal and distal nerve ends were inserted 2 mm into a silicone tube
prefilled with buffered saline but not having a guiding filament, e.g. a suture thread, in the
centre of the silicone tube. The gap between the nerve ends was 10 mm. The silicone tube
was sutured to the perineurium of the inserted nerves with 9-0 “atraumatic” ophthalmic
sutures (Ethicon).
15
In contrast to Example 16, an osmotic minipump (Alza 2002, volume = 220 pL; pumping
rate = 0.5 pL/h; Alza Corp.; Palo Alto, CA, USA; prefilled with a solution of the thrombin
inhibitor Hirudin (Sigma)) was implanted in the peritoneal cavity and the outlet of the pump
left open for systemic delivery of Hirudin via the pcritonéa.l cavity and the blood system.

The nerve and the tube with its gap were examined after 2 and 4 weeks with regard to the

distribution, direction and coherence of the axons and of the Schwann cells, as visualised by

immunohistochemistry with the aid of antibodies to neurofilaments (N 0142 & N 5389,

Sigma) and to the neuroglial protein S-100 (S 2644, Sigma; Z 0311, Dakopatts). There was
25 noregenerate bridging the gap. No axons or Schwann cells traversed the gap. Scattered

amorphous protein strands and cells could be recognised in the gap fluid.

Nerve regeneration was thus blocked in absence of a mechanical guiding structure, such as a
filament covered with a fibrin network.

30



Exanple 14 10 The set up for this Exanple was the sanme as that in

Exanpl e 11 ot her than that urokinase was infused locally with the aid
of an osnotic m ni punp. Results simlar to those descri bed above in
Exanpl e 11 were obtained. 15 Exampl e 15 - The sciatic nerve was

exposed unilaterally on the md thigh of adult rats and transected. As

in Exanpl e 3, WO¥HPBxi mal and distal nerve ends were insert E§TSENROFEH 0 a
silicone tube 20 prefilled with buffered3galine and having through its
centre a guiding filanent, e.g. a suture thread. The gap between the
nerve ends was 10 mm The silicone tube was sutured to the peri neurium
of the insertE?d nerves with 9-0 "atraumatic" ophthal m c sutures (Ethicon).
In this case,#ﬁ@ﬁ%ﬁ% an osnotic mni punp (Al za 2002, volune = 220 pL;
punping rate = 25 0.5 pL/h; Alza Corp.; Palo Alto, CA USA;, prefilled with
a solution of the thrombin inhibitor Hrudin, (Sigm)) was inplanted
subcut aneous|ly thinExdmpléparis of thetAvhilles tenddn afradult ets were transested @hd fhie pkdi@malunp

connected via g tube tq the mid portion of the silicgone tube enclosing the
transected né’PaélngFﬂ‘JSd&%qd“&‘g\J H’WEF‘W o piliggne (ehe faking the form of that showia Figsiiner
shown in Kig.o6: A single central guiding ﬁ]%?ﬁbﬂﬂ%ﬁlamem nylon) was provided t%gctcnd

PCT/ SE97/ 00565
The regener attkrofigh the duren efttke ybptowasnest e praXimai dnd distableadavsaimhpscHB ot h

regard to the distrjbution, directio nd, cqherence of the axons and

of Jthe SchwarPPitgept wets tha ufySet sysesmigily it i aio ol ah pETesBRPPy . The axons
wer e nunerous and highly coherent, show ng only m nor aberrations, and
were rarely arranged as | oops. The Schwann cells were identified in the s

central part Sfter 3tweeks mgrerparalickfibrobiastssAnd adiighsr drigrge of otferad coheremiref thece as

wel | . Fi brobl fqr an.enclosin erijneuriumlike structpyre, Rare
TRCr Op haglgs V‘{ﬁééé%ﬁ 6'1 Tes ‘e:%’ﬂ? ﬁ?geﬁ%gnbsg% th BE tibds Btdd Wit me agatran as comparetlu to the
: tubes treated with PBS.

Exam

i5  The Achilles tendon was exposed unilaterally on adult rats and a portion of it transected. As
in Example 3, the transected and isolated proximal and distal tendon ends were inserted 2
mm into a silicone tube prefilled with buffered saline and having through its centre a guiding

- filament, e.g. a suture thread. The gap between the tendon ends was 4-6 mm. The silicone

tube was sutured to the paratenon with 9-0 “atraumatic” ophthalmic sutures (Ethicon). An

20 osmotic minipump (Alza 2002, volume = 220 pL; pumping rate = 0.5 pL/h; Alza Corp.;
Palo Alto, CA, USA,; prefilled with a solution of the thrombin inhibitor Melagatran, Astra
Hissle) was implanted subcutaneously in the back of the animal and the outlet of the pump
connected via a tube to the mid portion of the silicone tube enclosing the transected tendon

for local delivery of Melagatran into the gap as shown in Fig. 7.

The regenerate formed in the silicone tube was examined after 2 and 4 weeks with regard to
-the distribution, direction and coherence of collagen fibres and cells. The gap was filled with
collagen fibres showing high degrees of coherence. Randomly organised collagen structures
were rare. Fibroblasts and vascular wall cells were common while macrophages and

30  inflammatory cells were rare. A paratenon-like structure could be recognised.



regi on. Excel | ent regeneration of coherent axons across a 10 nm gap
was thus achieved. 10 Exanpl e 16 The sciatic nerve was exposed
unilaterally on the md thigh of adult rats and transected. As in
Exanple 7 the proximal and distal nerve ends were inserted 2 nminto a
silicone tube 15 refilled with buffered saline but having n W
filament, e.g. %035?78% thread, in the centre of the sil ?%‘g‘ﬁéﬁ?’@%‘é?
The gap between the nerve ends was 10 mm Tie silicone tube was
sutured to the perineuriumof the inserted nerves with 9-0 "atraumatic"
opht hal m c sutures (Ethicon). 20 In contrast to Exanple 7, an
osnmotic m nipunp (Al za 2002, volunme = 220 pL; punping rate = 0.5 pL/h;
Al za Corp.; Palo Alto, CA, USA, prefilled with a solution of the thrombin

i nhi bi tor Hi rudiodd tepefdiBdon ofd¥e tbiddhaik Afhs tlswedaneousl y in the back of the

ani mal" and the outl et of the punp connected via a tube to the md
portion of the silicone tube enclosing the transected nerve for |ocal
delivery into th as shown in Fig. 7. 25 The nerve and the tube
with its gap \Agénégggn’ned after 2 and 4 weeks with regard to the

distributiom. direction and coherence of the axons and of the Schwann
cells, as visualised by i munohi st ochem stry with the aid of

anti bodi es to Aeefehillesindonsvas xppsadurilanrally g adult rats d grpeytionro ittansdaed. As
C\le)u 5(7)/9 |3 '7 81) 5 pr Oinel-':ﬁm%le ';’,Q!QC t('aﬁsgcﬁeﬁdand %og%;prédr%gl]a%d dR%lf ?e%ﬁ‘&% e?r?d's w-le-peeurnseert\é\@’j "

PCT/ SE97/ 00565mm into a silicone tube prefilled with buffered saline but lacking a guiding filamen2§uch as a
no regenerate bri d%i ng, t he 8ap. No axans or Schwann cells traversed the
gap. Scatt er egSuture thredd insested insthg contes;of; theislicapestube The gpp Betwesn the tsadon ends

recogni sed |, (A€4 98khrh! e liticone tube Wamliﬁfgdf I:.’oﬁgeenéhg{t@x{&n%thvﬁﬁ “SflignalloCcked |

absence of a guiding structure, such as a
ophthatmic sutures (Ethicon).

=]

An osmotic minipump (Alza 2002, volume = 220 pL; pumping rate = 0.5 pL/h; Alza Corp.;

Palo Alto, CA, USA; prefilled with a solution of the thrombin inhibitor Melagatran, (Astra
15 Hissle)) was implanted subcutaneously in the back of the animal and the outlet of the pump

connected via a tube to the mid portion of the silicone tube enclosing the transected nerve

for local delivery of Melagatran into the gap.

The regenerate formed in the silicone tube was examined after 2 and 4 weeks with regard to
20  the distribution, direction and coherence of collagen fibres and cells. The gap was
incompletely filled with randomly organised collagen filaments, highly variable in size and
direction. There was a lack of good coherence. Randomly organised collagen structures
thus dominated. Fibroblasts and vascular wall cells were common while macrophages and

inflammatory cells were rare.

Deficient repair of the tendon was thus achieved.



5 covered with a fibrin network. Exampl e 17 The sciatic
nerve was exposed unilaterally on the md thigh of adult rats and
transected. As 10 in Exanple 16, the proximl and distal nerve ends were
inserted 2 nminto a silicone tube prefilled with buffered saline
but not having a guiding filanment, e.g. a suture thread, in &7?375 /00565
centre of theWo?¥#Re tube. The gap between the nerve ends i Th

silicone tube was sutured to the peg:neuriumof the inserted nerves
with 9-0 "atraumatic" ophthalmc sutures (Ethicon). 15 In _
contrast to Exanple 16 an osnotic m ni pur p (Al'za 2002, volune = 220 pL;
punpi ng rate 0.5 pL/h; Alza Corp.; Palo Alto, CA USA prefilled
with a sol utlﬁéﬁﬁmﬂk—ztlhe t hr onbi n i nhi bi tor Hirudin (Sigm)) was

i nplanted in the peritoneal cavity and the outlet of the punp | ef t

open for systemic delivery of Hrudin via the peritoneal cavity and the
bl ood syst emTheZ6iatic nervelWwas dxposed nailaderhlhyeort the eniditigh oftaduly ats andtrnsecwdi Thed
after 2 and 4 weeks with regard to t

dlst i butio di rection and
coherence of wwema%@eﬁgl%aﬂwﬂw 'H%?ﬁ‘ih&'ﬁFmé’ mﬂﬁ tube

i Mmunohi st,oc | { i N 0142 &
N 5389, h( ?Mend to ? ﬁ%ﬁ%ggrgg}é&fﬁghli’gééolﬁgﬁﬁg@%g@iﬂsn%ﬁgﬁégfgrm Z

0311, Dakopatﬁes;)eenﬁtmae\mds of Fommiprefilled svithradtomogenedys 1 agiregelyTpe silicongx ons

or Schwann cells traversed the attere S _protei,n
‘strands and dBbq Wassypred 9dhe eping gﬂﬁ?@@g‘iﬁe %PWSFF% ‘ﬁ’ﬂP%’H atraupgapg o
regeneration mﬁmt@(hg&}@@qut@esqgmﬁp of a mechani cal guiding structure,

such as a - [ ament covered with a fibrin network. 30
WO 97/ 37002

PCT/ SES7/ 9)056619, nerve and the tube with its gap were examined after 2 and 4 weeks with regard to the
distribution, direction and coherence of the axons and of the Schwann cells, as visualised by
immunohistochemistry with the aid of antibodies to neurofilaments (N 0142 & N 5389,
Sigma) and to the neuroglial protein S-100 (S 2644, Sigma; Z 0311, Dakopatts).

15 The tissue filling the gap between the nerve ends and the gel, which lacked channels, was
composed of highly irregular connective tissue with loops of cells and filaments. The
Schwann cells were randomly aligned. There was no distinct minifascicles or bundles of
neurites. The axons showed extensive aberration and formed part of neuroma-like
structures. Randomly organized axons were observed between the inner surface of the

20 silicone tube and the agar gel.

A positive pinch test was elicited after 4 weeks at a distance of 15 mm in one out of 4

animals, the other 3 being negative.

25 Nerve regeneration was thus blocked in absence of a mechanical guiding structure.



30 Exanpl e 18 In this Exanple parts of the Achilles tendon of
adult rats were transected and the proxi nal and di stal ends introduced
ImMminto a silicone tube taking the formof that shown in Figs 1 5 to 6.

A single central guiding filanment (10-0 nonofilanent nylon) was provided to

extend t ?)ng)g_mto?e | umen of the tube to connect the proxpdipireiekss
di stal tendon stunps.” PBS or nel agatran were then infused systemcally
with the aid of an osnotic m ni punp. 33 After 3 weeks nore parall el

fibroblasts and a hi gher degree of ordered coherence of the 10 collagen
fibres could be recognised in the tubes treated with nelagatran as conpared

to the tLgog oF ated with PBS. Exanpl e 19 15 The Achilles
t endon was exp‘c%@la'suéilaterally on adult rats and a portion of it
transected. As in Exanple 3, the transected and isol ated proxi mal and

di stal tendon ends were inserted 2 mminto a, silicone tube prefilled

wi th buf f er ed Thasriatc ngave wassxpesed ppilatgsally ensthe mid thigh-of gdwlbragsand transeeted. Thent |

e.g. a suture i 580m Qgﬂﬂfiﬂﬂ BsiliD

silicone p%%{l)e mgﬁgﬁgﬁﬁgﬁ%% e %'Iakr%gég’non W t %Bt}g%%'péitn?%urratﬁge

opht hal m c ssut(immersdigrhdtéxi 8mm) toAeave @ gapinthe lnneh ibeqenapthe Abva edd3®I 6 mmal une =

220 pL; punping rate = 0.5 pL/h; Al za Corp.; . Pal o tq, .CA USA;

prefilled wit mprefilled withiadi% agar g¢l baving 3 Aty longimdingl channgls.p al diamgter phy

H err]ssle | a . b Rlgoand t he
[err]ssle) WM&@{}B%@O&;&” Ry ga@&ﬂ&&byfllh@%&tgao rﬂ%t gkc ngéatfoh rRBATE fol

outl et of the punp via a tu d portion of the
si | i cone t ube esarople as sipwinhie Fig: 8rBhecsilicdnd tebriwas sutured tbohe dpireatiumiof thednsgrted

Mel agatrap into the ga hown in,Fig...7. . ®The r ner.ate forned
'n the sl i comEren e me T Araums; FQ&?“'&W@E‘%@%@&WF ﬁ'g‘ﬁ'éﬁ‘é)r dto
the distrifgution, direction and coherence of collagen fibres and cells. The

gap was filled with col l agen fibres show ng high degrees of coherence.
Random y or garfihs adrve ahd thgdubesyithiitstgap ssre examingd afier2and 4 Weaks wiith aegard wrthe

~vascul ar wal | LIs were co n.while cropha 30 i nfl anmat.or

cells were r aé&%%&r%%"ﬁ csTears ?ﬁFﬁ?@% 6’3&3 L%gg cl”%%ﬁ?rﬁg’e .V'su"hscx for
' example by immunohistochemistry with the aid of antibodies to neurofilaments (N 0142 &
N 5389, Sigma) and to the neuroglial protein S-100 (S 2644, Sigma; Z 0311, Dakopatts).

15
The interfaces between the nerve ends and the gel and between the gel and the enclosing
silicone tube were filled with tissue, rebuilt and restructured in a regular manner over time.
Macroscopic inspection after 1 week revealed that a fibrin network was converging towards
the opening of each one of the channels, proximally as well as distally.

20
Scanning electron microscopy proved the presence of a coherent axially aligned fibrin-cell-
network, rich in platelets, converging towards the openings of the channels and extending
through them. After 2 and most evidently after 4 weeks axons and Schwann cells were
identified in the interface between the nerve ends and the gel and in the channels delimited

25 by granulation tissue and its blood vessels. The cells entering the gap zone followed the path
of the cables of fibrin and platelets. Only a minor inflammatory cell reaction was noticed in

.the gel channels and at the interface between the agar and the enclosing silicone tube.

The nerve tissue bridging the conduit gap from the proximal to the distal nerve end through

30  the intermediate channels were arranged in minifascicles, mainly composed of axons and
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Good regeneration of the tendon was thus achieved. Exanpl e 20

The Achilles tendon was exposed unilaterally on adult rats and a portion of
It transected. As in Exanple 7, the transected and isol ated proxi mal
and distal tend¥A%¥HE% were inserted 2 mminto a silicof&HEBHI6S

prefilled with buffered saline but |acking3a guiding filament such as a
suture thread inserted in the centre of the silicone tube. The gap between
the tendon ends 10 was 4 - 6 mm The silicone tube was sutured to the '
paratenon with_9-0 "attraumatic" opht hal m ¢ sutures_ (Ethicon).

An osnotic ni mPWeRn eclls £aclossd by a thin perineurium (the axons aad thegSchyagn celly were,| | 1y
Al za Corp.; : , : | ' | _
t hr onbi n i nhi b’f’{agF%faag“ﬁg‘%‘?%Sﬁ@(b@?&é bﬁgﬁkéﬂt’éet??‘i“\gs’% gﬁr)a" %.?*é %1‘%"5&% %%"Hgds‘

subcut aneous| yIniadditibe, ri@iomlpéridniaced-Sthwann celid codld botecodgiised betivieen the figirly

connected via a,tube the md portion_of the silicone tube enclosing the
transect ed nerSpberent cehg’ﬁ?ﬂ?sdﬁ the %E Fa&RDy }'h"o?“"gk‘? St)%iPF‘%tPF" ich?'ﬁ‘e]( IReregsgd by a

The regenerat epbef Bl bided dtG: %LJ:B?R;H?z Webs msye@r@mﬁgf;&a;a%o@e@g@lugggﬁeks

with regard to 20 the distribution, direction and co ence o
fi bres and celdnslosifp¢hegaipifssaicies was lessabungtdne thah vhaf obskmyed ini théregenedaes from

or gani sed col | fjlament hi ghly variable in size and di rection.
There was a Ia%e&“dgtﬂ "'c%%é‘?@ﬂ@g: Random y organi sed col | agen structures
t hus dom nated. Fi broblasts and vascular wall cells were conmon while

macr ophages and inflammatory cells were rare. 25 Deficient repair
of the tendon Axensmensasavdll abservied along the interface between the gel and the tube. The vast

10 majority of these axons were randomly orientated, lacking the high degree of axonal

coherence demonstrable in the gel channels.

The axons in the 5 channel system showed good coherence even when entering the distal
nerve.
15
Positive pinch tests were elicited after 4 weeks at a greater distance than when
homogeneous agar gel filled the gap in the lumen of the tube between the nerve ends, with
the 5-channel] system eliciting positive pinch tests at a greater distance than the 3-channel
system. Moreover, almost twice the number of coherent axons advancing ai about twice the
20  rate was achieved as compared to the homogenous gel set up in Example 21 and also the set

up in Example 1.

Excellent regeneration across the gap was thus achieved
25 Similar results to those achieved in the Examples above which used melagatran and
streptokinase have also been obtained in experiments on regenerating entubated abdominal
- aponeurose and thigh skeletal muscles, i.e. treatment with melagatran and streptokinase
resulted in better structural order in the regenerated tissue as compared to that after infusion
of PBS subcutaneously. Furthermore, corresponding experiments conducted with inogatran,

30 heparin, the recombinant human plasminogen activator Act'xlysc® and urokinase have
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Exanpl e 2| The sciatic nerve was exposed unilaterally on the md
thigh of adult rats and transected. The proxi mal and distal nerve ends

were then each inserted 2 nminto a 10mm silicone tube 5 (in ' er
1.8mm of the t¥PP"8M¥%n in Figs 1 to 6 to leave a gap in the Pﬁfr{%%mg
bet ween the nerve ends of 6 mMm prefilled wi Bf a honogeneous 1% agar gel.
The silicone tube was sutured to the epineuriumof the inserted nerves
ends wth 10-0 "atraumatic" nmonofi |l ament Ethil one sutures (Ethicon).
|0 The nerve and th‘sz fube with itsﬂ‘g%g wer e cham’ neﬁd agter 2d ang. 4 weeks
with regard to Rrpduced similgrimprovements srihy repait ARG IeBSncIAtionOf p 10RAd FFEIMER oy ons
and of the Schvgphidedlissie sBicaesual i sed by I mmunohi stochem stry with
the aid of antibodies to neurofilaments (N 0142 & N 5389, Sigma) and
to the neuroglial protein S- 100 (S 2644, Sigma; Z 0311, Dakopatts). 15

The ti filly he, bet t h d th ich | acked
channel s, vas 106 EEEREBeen et nhe 6 4h e BN S, 146 8 ne gl i &
| oops of celd s R@HExdrhplesHith mecildhical guide MEdMAHIhE @shSreperiesaré, 3achusithe dhtrgned.

There was no distinct mnifascicles or bundles of . heurites. The_ axons
showed ext ensi \guidefdarnents ofithe:Examiplasnis gophinations witleq filripenerwerk formation inhibiting
structures. Randond I | Z N I, . 1t | .
surface of the ¥ éslulcﬁ f’%%ﬁ{ém?og’g%xagn a %’*ﬁé°?3§g'§ﬁ‘é’§ﬂqgh‘gﬁ&%?’g%a§§‘§ I?’i‘)%'rémﬁ)}"nch

test was elici tiélrepbheitionh offiRkfjurdd sBuctindtwhes eomparddtodit hitheporaposedxystéms.
animal s, the other 3 being negative. = 25 Nerve regeneration was thus,
bl ocked in absehtimpspvementisalen forthcoming whepa gelwhih presents guides channels is provided

10 in a wound area encased by an encasement structure.

In accordance with the present invention, the materials which may be used as a carrier
matrix for the fibrin network formation inhibiting agent includes any material or system in
which the agent can be inserted into or conveyed into the encased wound area such as any
15 biocompatible material into which the agent can be suspended, dissolved or released from.
Such carrier materials may include, but are not limited to, collagen, methylcellulose gel,
chitosan and other polysaccharides, fibrin or other proteins, extracellular matrix materials
- such a Matrige]™ (Collaborative Research, Inc., Waltham, MA, USA), Biomatrix ™
(Biomedical Technologies, Inc., Stoughton, MA) or other related materials. The carrier may
20  aiso comprise saline, water or, as in the Examples described above, buffered solutions which
may be delivered to the encased wound area using a continuous delivery system, such as an
osmotic mini-pump or externally accessible catheter connected to the device for continuous
delivery. The fibrin network formation inhibiting agent could also be immobilised in the

encasement structure,

The present invention also provides for growth-stimulating agents to be placed or delivered
- into the encased wound area. Such agents include trophic, chemotactic, mitogenic, or

similar substances, or combinations or mixtures thereof, which are capable of stimulating

growth, directly or indirectly. Most preferably, these agents include insulin like growth

30 factors-1, insulin-like growth factors-1l, platelet derived growth factors, interleukines,
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Exanpl e 22 The sciatic nerve was exposed unilaterally on the md
thigh of adult rats and transected. The proxi mal and di stal nerve ends
were then each inserted 2 nminto a 10nm silicone tube %ﬂ%‘i” 56

di aneter 1.8mYyO9%3T¥®%ve a gap in the | umen between the nerve B8 m
prefilled with a 1% agar gel having 3 or 3¢l ongi tudi nal channels of nom nal
di anet er of 0.4mm forned by tenporary insertion of filanents during
the gel ati on procedure, for exanple as shown in Fig. 8 The silicone

t ube was sutured to the epineuriumof the inserted nerves ends with

10- 0 " at r auneeytekingtpfieroblastgsemwth faotrs.rsastpamipg gayeth fagtory- Ettmefswng gqyvth

The nerve and WeLE W th
regard to th fau&?sﬁggpﬁle%%%ﬁ\%ﬁfﬁ Tect 8%313 ﬁgé“téf‘f:e of éﬁ%@?i and
of the Schwanciliarg|nesrotraphiv fastord, EGFnd glial growthéacmml'ﬁxehpeuuc agents may also

i mrunohi stocheni stry with the aid of an“&% es to neurofilanments (N 0142 &

N 5389, Si gmelPclyfewhplechls ofdbginRarts whi clayereshyo the engasgd wappdared. Fhesey 1
Dakopat t 1 ,,ﬁgg t t ﬁ.g&gq d
bet %Zn tS %1% g@clug%(sjch[ g%ﬂét %@Pﬁgﬁ o 15 SI W%ﬁgm'?uée wer e @F%eic?hw' t ﬁ{orf"”

ti ssue, rebuiddlsangenedcllyatrerad esdlsionmixturegthemmof. manner over ti me.
Macroscopi ¢ inspection after 1 week revealed that a fibrin network was
convergi ng towards t he opening of each one of the channels, proximlly

as wel |l as di 8§a) Examplthe growth%‘ﬁﬁi%ﬁhﬂﬁagén?ﬁhi %m%xﬁ&ﬁ&ﬁ@@ﬁm@ﬁﬁ%ﬂa&ﬂ%r ,
presence of a coherent ‘axial ly aligned brin-cel network, rich in

pl atel ets, coteéibgn ngtmdmmgmnhmwpemsﬁ;gsomﬂ its m,m céreienfar cxample gonetically ng

t hr ough them A vi d after 4 weeks axons and Schwann
cell's weré “’i‘g‘gr‘l’f'fﬂ?ﬁ cﬂpﬁgle E@gﬂ# e ?qnﬂga%eéxﬁ;gay ds and the
gel and in thgcspannalas aﬁemcm $Rm3er thl'y rc&rte-@bkhaxramaageh w.e%ﬁ&sédﬁjumdood
vessels. The cells entering the gm zone foll OM of the
cabl es of fi bstmtmmd'iplgsnved\etlmula agent mayrabto ben yhecearasemeRict i on was
noticed in he d at the interface between the agar and
t he encl osi ngs“é"chlt go(il W‘E%a&%émgfn The nerve tissue bridging the conduit

gap fromthe proximal to the distal nerve end through



30 ihedi n]Eerrredi at edchannellsI ﬁ'T irmn%ed in m ni.f ascicles, mainly
cemesss bosee® < MDAl 54

%*

Schwann cells enclosed by a thin perineurium The axons and the Schwann
cells were %ﬁﬁ ed in distinct fascicle bundles, bridgi pgrikesmmss t he
nerve ends thrgﬂg channel s. In addition, randomy orientated
Schwann cells coul d be recogni sed between Bfle fairly coherent . cel
bundl es in the gap region. The nunmber of axons per channel increased by a s
factor in the order of at least 3 from2 weeks to 4 weeks. The peri neural

connective tisgy encl osing the mnifascicles was | ess abundant than
t hat observed regenerates from PBS filled tubes, e.g. Exanple
1 Axons were as well observed along the interface between the gel

ahd t he tube. The vast |0 majorjty of ese axons were randonl

t R
orientated, | adki ng /tﬁ%stqw&aﬁp&g@%ssmtaﬁgﬁﬁperegew%w&%wew% #Prabl e
in the gel Chﬁ&l@ﬁh&d tissue sn-uctz-ﬂgﬁn Qﬁ?@ g-.—rnﬂaﬂ &%nﬁmﬁ%ﬁﬁ?%%m%ﬁxﬁ GReYGEngood

coherence eve en entering the nerve. osIt1ve pinch
tests were el i wbireithred ih @pretietermined ditectiorgcamagrisingdi st ance t han when '

honogeneous agar gel filled the g I n, the lunen of the tupe between _the
norveonds: wth S encatementsp RPIed in it o Eplaning i DS G BUBEN GLANIB, <
at a greater dpgiyahercasd'de wolfd Aeghannel system Moreover, al nost
tw ce the nunber "of coherent axons advancing at about twice the 20 rate
was achi eved as cweghanied guiieinteansforthe cisswe seggndrats @dapigal in mscodadisposed irathel
al so the set

in Exanple 1. .. | l.ent .. ti th
Gap s thus BRIP4 Sepsipicaend i PEIGTIRSSE B0 (1 (he
Exanpl es ahpve whi fibridifeeCorRRoRA86K RRILAIAG agent adrfiinisaRb1e kd A8 SRuAPIRfadd SFandeen

obt ai ned i n experinents on regenerating entubated abdom nal
encased wound area.

2. A system according to claim 1, characterised in that the fibrin network formation
inhibiting agent comprises a thrombin inhibitor.

15
3. A system according to claim 2, characterised in that the thrombin inhibitor is a low

molecular weight peptide-based thrombin inhibitor.

4. A system according to claim 3, characterised in that the thrombin inhibitor is a
20  gatran,
5. A system according to claim 4, characterised in that the thrombin inhibitor is
melagatran or inogatran.
25 6. A system according to claim 2, characterised in that the thrombin inhibitor is a

bisulphated polysaccharide or oligosaccharide such as a chondroitin sulphate, a dextron

.Sulphate, a keratan sulphate, a dermatan sulphate, a heparan sulphate or heparin.

7. A system according to claim 2, characterised in that the thrombin inhibitor is a

30 hirudin, a biosynthetic analogue of hirudin, a fragment of hirudin such as a fragment



aponeurose and thigh skeletal nuscles, i.e. treatnent with nelagatran and
str ept oki nase resulted in better structural order in the regenerated
ti ssue as conpared to that after infusion of PBS subcut aneously.

Furt hernore, correspondi ng experinents conducted with inogatran, 30
heparin, the reconbi nant human pl asm nogen activator Actilyse_an Hkaﬁinase
have WO 973700 97/ 37002 — ?
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produced simlar inprovenments in the repair and regenerati orﬂ“i“HﬂM“H‘lll“l"l
area in an organi sed tissue structure. It can th ora beens =
seen that use of an encasenent structure, such as_the guide tubes of 5

t he Exanpl es, cppsisingepideastthe lagt f Gutermingh ammgacids ef the kagn segyence inshigidingr: 1,
as the central hfe filanents of the Exanples, in conbination with a

fibrin networ IEhef%‘r)tr?’a ion 1nhibiting agent, such as a fibrinolytic
agents and/or a thronbin inhibitor, causes an inprovenent in t he

regeneration of the injured structure when congcgreﬁ%to he hitherto .
proposed syst &ms. A system acopsding taclaim §. charpctrised i that dh, filgin fictyork formation; o h
presents gyi des. i i ehf? @ wound area encased by an
encasenent gst?@%ﬁgﬁgﬁhﬁoﬁﬁ{s%\ﬂﬁgﬁgﬁce with the present invention, the
materials which may be used as a carrier matrix for the fibrin network

formation inhibiting agent ingludes a materjal. o stemijn . Whi ch
the agent can %e ingéyftéﬂaﬁﬂ"g‘"&ﬁ“iﬂﬁ{g%“’ﬁw ’Pﬁ%"‘%&’é’ﬂiyﬁﬁﬁmtﬁr“ea such
as any 15 bi ?:ﬁ? EPL&W%F@Phﬁ'suéﬂi&l&ndé@h%okih&eﬁgem can be suspended,

el eas

di ssol ved or d from Such carrier materials may include, but
are not limted to, collagen, nethylcellul ose gel, chitosan and ot her

pol ysaccharides, fihQrin or other prat XL r | ] ul X erials
such a Mat!®i ggﬁ[ err ? G 25¢59 R F&éalﬁgs %{gchﬂ@%m%%ﬁ%wc%& ,
Bi omat ri x [ er idcombinan IRintiRHsfilogdiesivatbO@HPA) suchas Actysight on, MA) or
other related materials. The carrier may 20 also conprise saline, water

or, as in the Exanples described above, buffered solutions which may

cuch s an 1 oo DReTohro R D EPAEL, Mot T MM By ok oah °

connected to tijigbiiRy hgeat dodipris€yH FadtéNsnhibitor. del i very. The fibrin network
formation inhibiting agent could also be imobilised in the encasenent
structure.?s

12. A system according to claim 1, characterised in that the fibrin network formation

inhibiting agent comprises a trypsin inhibitor.

13. A system according to claim 1, characterised in that the fibrin network formation

20  inhibiting agent comprises a protease inhibitor.

14, A system according to any one of claims 1 to 13, characterised in that the fibrin
network formation inhibiting agent is immobilised to the inner surface of the encasement
structure which in use faces the wound area.
25

15. A system according to any one of claims 1 to 13, characterised in that the fibrin

. network formation inhibiting agent is in solution and that the system further comprises a
pump for administering the fibrin network formation inhibiting agent to the encased wound
area.

30



entlon al so provides for growth-stinmulating agents
to be Wﬁ“ﬂcﬂﬂﬁlu Into the encased wound area. Such agents

i ncl u I Cpy Chenot act ic, mtogenic, or simlar substances, or
COITbI nations or mxtures ther eof, which are capable of stinmulating

grow h, directl | ndirectly. I\/bst preferably, these agents
%ﬁ%ﬁn@afl i*t?l'%éé‘;/r?‘osss

insulin |Iike gr factors-1, insulin-like growth factors tel et
derived grom h factors, interl euki nes, 39 WD 97/ 37002
PCT/ SE97/ 00565 36

~cytokines, fibrobl ast grow h factors, transformng growth factors-B,
transform ng gr f act or.s- ctors,, brain-derived
"neur ot rophi ¢ fa}gt or s/ SYSEPICCAEAR H’éga"% £ chaea}cf.q?ﬁ?ci}\f F:’éﬂﬁﬁﬁtpt“ (s &0 psmotisy
:EGF and gl i al i factors. Therapeutic agents nmay al so i ncl ude
whol e cells or their parts which may be delivered to the encased wound
.area. These 5 I ncl ude Schwann cells, endothelial cells, fibroblasts,

nonocyt es, nacr,gphages, .infla r S_or netlc |1y al.tere

cells or mxturlgs t hEy Y accor gt%imﬁ‘rfse?ggp‘fhémcieﬂ dP ﬁ' é’¥ %f{"‘PWQm
agent may be i be@hplaited Schtinebiisly ahd kivikg Kibhanlof akifal body. the fibrin network
formation inhibiting agent or inits own carrier, for exarrple genetically

to altered or unaltered ceIIs capabl e of dellverlng grovvth stinulating

‘agents may be [ c S
growt h-sti nul at1|8ng aée S to o?(ﬂeg %nag gg%loﬁ/& ‘X“Zﬁ" t[? ‘?’&85&%‘33‘ ﬂf‘hgbm
growt h- st i nul anem@riefpemitiontphibitiagent is itbRotdreiEd aintiMaRASFoCdTsokal or

structure for slow rel ease thereof. WD 97/ 37002
PCT/ SE97/ 00565 delivery to the encased wound area. 37
10
19. A system according to claim 18, characterised in that the matrix material is formed

of a material comprising a polysaccharide such as a chitosan or a hyaluronan such as
hyaluronic acid, an agar gel, a hydrogel such as methylcellulose gel, Mau'igel®, Biomatrix
I®, water, saline, phosphate buffered saline, a lipid or a protein such as collagen.

15
20. A system according to claim 1, characterised in that the fibrin network formation
inhibiting agent is adapted to be administered to the encased wound area systemically or
locally.

2 21 A system according to any one of the preceding claims, characterised in that the
encasement structure is a patch for a crush wound area or the like of the organised tissue

structure.

22. A system according to any one of claims 1 to 20, characterised in that the
25 encasement structure is a tube having an open end adapted to receive the wound surface
and that the mechanical guide means is adapted in use to extend in the predetermined

- direction in the lumen of the tube.



CLAI M5 1. A system for pronoting growth of tissue r
a ‘'wound area in an organi sed tissue structure in a |IVI g%ﬂﬁ'ﬂ" Q! ,III
ani mal body froma wound surface of the 5 wound area in a prede erm
direction conprisi ng an encasenent structure adapted in use to

be inplanted i the_ |living human or ani nal body to encase the wound
ar ea, WOEBT®A cal gui de neans for the tissue regenerﬁ?ys’é?dgﬂ"t‘éd I n

use to be disposed in the encased woupd area so as to extend in the
predeterm ned direction, and 10 a fibrin network formation inhibiting
agent adm nistrable to the wound surface of the encased wound area.
2. A syst accerln to glaim1l, characterised in that the fibrin

net wor k for na system A¢ogrding g Claife A¢. charapteriseddn that the grhsicampriseision oter 15
3. A syst mﬁ@&emwnmt érlah Hhrier nuBOBRAENSIGS érfhelt BRA pllified G OO 1

inhibitor is a low nol ecul ar wei ght pept| ase hro | nhi bi t or.
4. A syst longiclinally ispaged apadtitabersedionshar act eri sed in t hat the t hr ombi n
inhibitor is a 20 gatran. 5. Asystemaccordlngto claim 4,
characterised in that the thrombin inhibitor is mel agatran or

inogatran.s 2h 6Asystem&éﬂiﬁ%ﬁﬁﬁ@ﬁgf@cﬁﬁa&%ﬁ%acgﬁ{vrI éagsmgg&dof' n

t hat thethronbln inhibitor 1s bi sul phat e
ol i gosacchar i the woundharag isa fa'rhmmjmdmunfaccsbhtphm;mn end difthe nibe is a first Spenjehat e, a
ker at an sul ph

r mat an ar.an sul phate or heparin.

o AN S oy ot Bt B B sPendanef AbatapRa FEEPEFY & SoRd o OEHE SHfhonbi n
inhibitor is Wouwfd ardd and #ad thedndehMiANplisd mband Ml dapte® irPilse '8 &Hélidn 0 1hhapgE Nt
of hirudin such as a fragnent

the tube between the first and second open ends in the predetermined direction.

10

25. A system according to claim 24, characterised in that the system is for promoting

growth of tissue regenerate across a gap between the severed or transected free ends of an

organised tissue structure such as a nerve, tendon, skeletal muscle or ligament and that the

open ends of the tube are each adapted to receive one of the severed or transected free

15 ends.

26. A system according to any one of the preceding claims, characterised in that the

encasement structure is of a biocompatible material.

20 27. A system according to any one of the preceding claims, characterised in that the

encasement structure is of a biodegradable material.

28. A system according to any one of claim 1 to 26, characterised in that the
encasement structure is of a non-biodegradable material.

25
20. A system according to any one of claims 1 to 25, characterised in that the

-encasement structure is constructed from a polysaccharide.



WO 97/ 37002 38
PCT/ SE97/ 00565 conﬁ H Hl“lluml mmst the last 8 C-terminal amino
aci ds of the known sequen the protein NAPc2.

8. A system accordi ng fo &l dim", Scharacterised in that the fibrin

net wor k f or mat A7ea2) NNI D ting agent conprises a fibrinolytperapeivses

9. A system accorc’h ng to claim8, characterised in that the
fibrinolytic agent is a pl asmi nogen aélivator (tPA), streptokinase or
ur oki nase. 10 10. A system according to claim8, characterised in
that the fibrinolytic agent is a -reconbi nant human pl asm nogen

CTaima, char aidbr; dotroRih ebpniEcim 9. ey b BREPASARRE D

agent conpri segonstrdcealffim AmiatekihlbohPfising 4 Shitosan, hépgarin, a hépafeyisid®ia Agalfotlamg t o
claim'l, characterised in that the fibrin network fornmation

I nhi biting ageavphe&iwpluma%ﬂ trypsin inhibitor. 13. A system
according to claim1, characterised in that the fibrin network formation 20
I nhi biting agent conprises a protease inhibitor, 14. A system

according to a3ty oneA gystenl aticoming td anylehe of blaimeCl @r 55 elthrdcterisétbin thatehel | bri n
network formation inhibiting agent is imobilised to the inner surface of
t he encasenentencasemenisrpeiute s eongipcisd of @ material gorprisingcollageaPr QHhepproteir

complexes.

32. A system according to any one of claims 1 to 25, characterised in that the

10 encasement structure is constructed from a material comprising a polymer or copolymer.

33. A system according to claim 32, characterised in that the encasement structure is
constructed of a material comprising polylactic acid, polyhydroxybutyric acid, polyglycolic
acid, permselective polytetracthylene, polyglucuronic acid, or poly-N-acetylglucosamine or

1s  copolymers thereof,

34, A system according to claim 32, characterised in that the encasement structure is
constructed of a material comprising a copolymer of polyhydroxybutyric acid and
hydroxyvaleric acid

20
35. A system according to claim 28, characterised in that the encasement structure is

constructed from silicone or ethylene-vinyl acetate.

36. A system according to any one of the preceding claims, characterised in that the
25 mechanical guide means is supported or presented by the inner surface of the encasement

structure which in use faces the wound area.

37. A system according to claim 36, characterised in that the mechanical guide means
and the encasement structure are integrally formed as an implantable body.

30



15. A system according to any one of clains 1 to 13, char
that the fibrin network formation inhibiting agent is i @I{HE@*“ ”“I

that the system further conprises a punp for adm nister’

network formation inhibiting agent to the encased wound area. 30

WD 97/ 37002

* PCT/ SE97/ 00565WO 97137002 PCT/SES] 90565

16. A systemaccording to claim15, chapacterised in that the punp is an
osnotic ~m ni punp. 17. A system according to claim15 or

16, characterised in that the punp is adapted to 5 be irrpl anted '
subcut aneously in the living human or ani mal bod A system

accordi ng to 3y odesystemaceprdingto P‘!Y%Of@?%ﬂ‘%f"éﬂi"?%s F?F’?%Ese‘i' Rehatiths § 1y
et mork 1 or Mihtchiniof) Yle el RS e dofin bF EQAOALAA ol AeffBl WolndBEE | 21 1,01

di sposal or he encas wound ar ea A
system according to claim 18 characterised in that the matrix material is

f ormed of a material conprising a polysaccharide such as a_chitosan
or a hyal uron¥h sue‘hsﬁgﬂnaCCOIdWaF\ﬁ%ﬁ$éS%RPF’éf'a“a‘i‘?aalja?e‘bf ?“"a 18 togel such

as methyl cel %aﬁiéﬁfm iR 'eﬁgs%rgx&'i Et}'ucuﬁé Qe fnllﬁianted is a tube1ike rsiructl‘ﬂ@thﬂmg

sal i ne, phosp ered d or protein such as coll agen.
15 20. a trandvérsesdpirad caess Gedtion gortnad ﬁdra:xamﬂlp by m!hwg:upea planeag miembranatand he

fib twork format
adimi st or e s e gada GHuEs b SR PE e R PELY SRR spaces BEEA by the

spiral cross-section.

10 40. A system according to claim 38, characterised in that the mechanical guide méans
takes the form of a gel structure which is provided with one or more guide channels
thercthrough, the gel structure adapted in use to be disposed in the encased wound area

such that the guide channels extend in the predetermined direction.

15 41, A system according to claim 38, 39 or 40, characterised in that the system is for
promoting the growth of nerve tissue regencrate and that the or each guide channel hasa

cross-sectional dimension in the range of 50pm-1mm.

42. A system according to claim 41, characterised in that the or each guide channel has

20  across-sectional dimension in the range of 150-5001m.

43. A system according to claim 40, characterised in that the gel structure is formed
from agar, a hydrogel such as methylcellulose gel, albumin or other proteins which can be
formed into gel, a polysaccharide such as a chitosan or a hyaluronan such as hyaluronic

25 acid, a lipid which can be formed into a gel, Matrigel® or Biomatrix I®.

44, A system according to any one of claims 1 to 37, characterised in that the
mechanical guide means comprises one or more guide filaments or fibres adapted in use to
extend across the encased wound area in the predetermined direction.
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20 21. rding to -any one of the preceding clains,
char act H!Ulﬁﬂliaalﬁlmiﬁﬂ@e .encasenent structure is a patch for a crush
wound a ske+0f the organi sed tissue structure. 22.

A system according to any one of clains 1 to 20, characterised in that the

25 encasenent r e is a tube having an open end adapted }&rR56isE€
t he wound surfa@ég%‘}ow and that the nmechanical guide neans is adapted in

use to extend in the predeterm ned digzection in the lunen of the
t ube.

C L M WD 97/ 37002

PCT/ SE97/ 00565 4Q

23. A syste Paccofdryign 'E“EF°_E¢%H tchaim 44y characteriseddn that the ﬂ?ﬁ?a"f%bg"c“l&)‘éeans
conprises an o g&ﬁ?riscs one or H&Hﬁ?’ﬂ%ﬂér{& ﬁ}ﬁkfﬁﬁ?ﬁ&gs ﬁ"%\@ﬂ/ﬂbﬁ'—%ﬁreﬂ fithes el ement
of a ongi t udi na

which is forne plurality o y spaced apart tube

sections. 5 4, A systemaccording to claim?22 or 23, characterised

2
in that the woynd surface of . he u rea i,s g first woupd surface,
that the open Ed ofAtsﬁﬁe'T‘Gﬂ@'q‘%g%#‘}‘?‘é\ao%ggwfﬁé‘ﬁﬂF"s““‘ t'l"h'i‘?"f F?é:gtgﬂ’lgé has a
second open,en eﬁ’t%%r‘?ﬁréi@of@ﬁi%&dé@mﬁb}%%%ﬁl.mund surface of the wound
gul

area and t hat Itﬁhe nmechani ca neans 1S adapted in use to extend in the

| umen of t he tube between the first and second open ends in the
predeterm ned dLrection. . 25. . A systemaccording to claim?24,
char acteri sed ??r t haf* SYHiem arording fo lal"BrMp‘f“)cl)% iﬂljmcmnsqu'ﬂ tthegr eaghguide

regenerate acr @Gfamedr S3HbrdR FOARA flohea B6IERA8bIOMmatei@nsect ed free ends of an
organi sed tissue structure such as a nerve, tendon, skeletal rnuscle or
l'igament and that the open ends of the tube are each adapted to
receive onewof 4§.he Sﬁ\é)esrtgmd a&or .rga {&Sc‘?a%%‘iﬁl, AH &%6, characterised in that the or each guide

filament or fibre is formed from a non-biodegradable material.

49, A system according to claim 44 or 45 characterised in that the or each guide
filament or fibre is formed from a material comprising a polysaccﬁaride.

15
50. A system according to claim 49, characterised in that the or each guide filament or
fibre is formed from a material comprising a chitosan, heparin, a heparanoid or a hyaluronan

such as hyaluronic acid.

20 SL A system according to claim 44 or 45, characterised in that the or each guide

filament or fibre is formed from a material comprising a polymer or copolymer.

52, A system according to claim 51, characterised in that the or each guide filament or
- fibre is formed from polylactic-acid, polyhydroxybutyric acid, polyglycolic acid,
25  permselective polytetracthylene, poly-N-acetylglucosamine or copolymers thereof such as
for example a copolymer of polyhydroxybutyric acid and hydroxyvaleric acid.
53. A system according to claim 44 or 45, characterised in that the or each guide

filament or fibre is formed from collagen or other protein complexes.
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' THI
15 ends. 26. A system ac¢ SHEELSAglﬁ;E% e of the preceding
clains, characterised in that the pncasement tructure is of a

bi oconpati ble materi al . 20 27. A system according to any one of the
precedi ng clains, characterised in that the encasenent structure is of

a bi odegradab{we mat eri al 28. A system accordi n%
claim1l to 26, OME/%2t erised in that the encasenent; 74036

non- bi odegradabl e material. 25 29. 44 A system accorgd]
of claims 1 to 25, characterised in that the encaserreammﬁminﬂmﬁm
constructed from a pol ysacchari de. WO 97/ 37

PCT/ SE97/ 00565

30. A sys#em acd sygemgcopuling taiclin g4, ('é‘h"&?taﬁﬁeér“il thatthe meﬁhﬁatcakmdeenwsenent
structure is, nsegg%s&r%% ﬁﬂmf%?a%e%tsrrat erial conprising a chitosan,
or

heparin, a hep ranol uronan such as hyal uroni c acid. 5
31. A system according to any one of clains 1 to 25, characterised in
that the encasenment structure is constructed of a material conprising

col | agen or #¥her PHEptan gccording 1o Glan S4ccharacterised in that the or each suture filament is

s  formed from vicryl, catgut, polyamid, chitin or nylon.

56. A system according to claim 48, characterised in that the or each guide filament or

fibre is formed from silicone.

10 57. A system according to any one of the preceding claims, characterised in that the
systemn further comprises a growth factor or mixture of growth factors for administration to

the encased wound area.

58. A system according to claim 57, characterised in that the growth factor is

15 immobilised to the inner surface of the encasement structure.

59. A system according to claim 57 or 58, characterised in that the growth factor
comprises insulin-like growth factors-1, insulin-like growth factors-, platelet derived
growth factors, fibroblast growth factors, transforming growth factors-B, transforming

20  growth factors-a, neurotrophines, ciliary neurotrophic factors, EGF or glial growth factors.

60. A system according to claim 59, characterised in that the growth factor comprises
Schwann cells, endothelial cells, fibroblasts, macrophages or inflammatory cells or

genetically altered cells which-can express a growth factor.

61. A system according to claim 1, characterised in that the system is for promoting
-the growth of tissue regenerate in a wound area in a nerve, tendon, ligament, joint capsule,

cartilage, bone, aponeurose or skeletal muscle.

This Sheet Has Been Re

TN



32. A system according to any one of clains 1 to 25, characterised in
that the 10 encasenent structureits—constructed froma material conprising
a pol ynmer or copol yner. stem according to claim 32,
characterised in that the Mg# M“’ﬁﬂ' ure is constructed of a
material conprigh3gsieed V! a6 droxybutri c acid, peiysHoy 6036 C
aci d, pernselectlve po ytetraethylene pol ygl ucuronic acid, or

pol y- N-acet yl gl ucosani ne or copol ynmer s45 her eof . 34. A system
according to claim 32, charact erised in that the encasenent structure is
constructed of a materi al conprising a copolymer of polyhydroxybutyric acid
and hydr oxyval eri.c m accor di na.‘ét o.claim 28,

characteri sed t heﬁ Ipéan, Ciéag’ ezcg@iﬁﬁmrpg’%ﬂ@lgéﬁoeﬁﬁ?gssuem@%%w ?2FMOm

silicone or etdyifRAR v¥gahiétd @36 stuBwre in a living Hman or ﬁlm&mm&dﬂguﬁﬁb@ny
one of the preceding clains, characterised in that the 25 nechanical guide

means is suppmeWdeQSEQPUde@mWﬂeﬁmC@m%e of t he encaserrent

whi ch f h
according 1o ol ai thRe <Pt B OFieR oy v e isbimene B R Rbupen

and the encasegriimal bbdicdndises the Svound &84,ahdy forned as an inpl antabl e body.
30 WO 97/ 37002
PCT/ SE97/ 00565  an inner gel structure provided with one or more guide channels for the tisspp

38. A I . , d
I
t he encased watimdhéegifide channels extend in the predetermined direction.

10 63. A device according to claim 62, characterised in that the encasement structure is a

patch for a crush wound area or the like of the organised tissue structure.

64. A device according to claim 62, characterised in that the encasement structure is a
tube having an open end adapted to receive the wound surface with the or each guide

15 channel extending in the lumen of the tube in the predetermined direction.

65. A device according to claim 64, characterised in that the wound surface of the

wound area is a first wound surface, that the open end of the tube is a first open end, that

the tube has a second open end adapted to receive a second wound surface of the wound
20  area and that the or each guide channel extends in the lumen of the tube between the first

and second open ends in the predetermined direction.

66. A device according to claim 65, characterised in that the device is for promoting
growth of tissue regenerate across a gap between the severed or transected free ends of an
25 organised tissue structure such as a nerve, tendon, skeletal muscle or ligament and that the

open ends of the tube are each adapted to receive one of the severed or transected free

-ends.
67. A device according to any one of claims 62 to 66, characterised in that the
30  encasement structure is of a biocompatible material. —
© is of a biocompatible material REPLACED SHEETS  SG
[J Description : paged ........ to paged .......

Claim(s) : paged .48, to paged 35,
[} Drawing(s) : paged ........ to paged ......
[ Abstract  : paged ... to paged .......




39. A system according to claim38 as appendant to any Of i

to 20, 5 characterised in that the encasenent structure Wﬂlmmmmﬁ

a tube-like structure having a transverse spiral crosss=sect N nl OKMTE

for exanple by rolling up a planar nenbrane and t hat - t he gui de

channel s are i y the longitudinally extendi ng spaces presented by

t he spi rcaifé)('g?g@g}-)secti on. 10 40. A system accordi rf’é%l’%gy P 38,

characterised in that the nmechanical gui dggneans takes the formof a

gel structure which is provided with one or nore guide channels

t her et hrough, the gel structure adapted in use to be disposed in the

encased wound _area . such that the guide channels extend in the

pr edet er m ne®8di r ey de¥iFe according tojany one of clgims&te 6T sharaeterised incthat the 38, 39 or

40, charact ery i P.Qaﬁr . ] . pronoting the growt h of
ehéa%gnkﬂs U ﬁ?@ﬁﬁé«{eﬁ%%ﬁe ;ng al

nerve tissue regenera e or each gui de channel has a

cross-sectional dinension in the range of 50[err]ml mm 42. A
system accor%iang tq é:l aim4l, characterised in that the or _eacgogui de
channel has aAdeyice accarding toany apeaialaims 6210 67 sharagterisedin thelgh600[ er r | m

43. A SYSRmSRERHhdt 1oralBh Bl Agkgl sed I n that the gel

structure is forne rom agar, a hydrogel such as nethylcellul ose gel,
al bumin or other proteins which can be formed into gel, a

pol ysacchari& sucgc@%a chi tosan or a h)‘al uronan such as hyal uronic 25
acid, a lipidwhic J5e BEFOFHing 03y AR, ofLlaims 62 (9,96 | haracterisediin that thex |

M A SYSeREsaRER e it ol BhcRl Froff a Mb@tilftorhplifng'd polyGlighagL el | sed | n
that the mechani cal gui de neans conpri ses oﬁe oF A Rore guirae filanents
or fibres adapted in use to extend across the encased wound area in

h i i ion.,. . .y 7/ 37002
}DC('IE' / glrztgagleltagggg.ned g\' Je%%tc Ia.gcrc]n'dmg3 t(()) claim 70, characterised n\{Ratgth/e ?én((:)agement structure is

constructed from a material comprising a chitosan, heparin, a heparanoid or a hyaluronan

such as hyaluronic acid.

72. A device according to any one of claims 62 to 66, characterised in that the
15 encasement structure is constructed of a material comprising collagen or other protein

complexes.

73. A device according to any one of claims 62 to 66, characterised in that the
encasement structure is constructed from a material comprising a polymer or copolymer.
20
74. A device according to claim 73, characterised in that the encasement structure is
constructed of a material compﬁsin g polylactic acid, polyhydroxybutyric acid, polyglycolic
acid, permselective polytetraethylene, polyglucuronic acid, or poly-N-acetylglucosamine or
copolymers thereof.
25
75. A device according to claim 73, characterised in that the encasement structure is
-constructed of a material comprising a copolymer of polyhydroxybutyric acid and

hydroxyvaleric acid.



43 45, A system according to claim44, characterised in that the

mechani cal gui de neans ”mmmnm"”mlIMe or nore nonofil anents,
mul tifilanments or woven | . 46. A system accordi ng
to claima44 or 45, charattetised"in®that the or each guide 5 filanent or

fibre is of a%}ggx;m tible material. 47. A syst em actisEciongst O
claim44, 45 or , Characterised in that fhe or each guide filament
or fibre is formed from a bi odegradabl e nmat'eri al . 10 48. A system
according to claimd44, 45 or 46, characterised in that the or each guide -
filament or fibre is formed from a non-bi odegradabl e materi al . 49.
A system accongi Ng hQefib@ad¥oriifngdb cthim 69 hadtiefited ahl thatitht BAdaséniiéht Sfuchae 3

gui de filament or fibre is formed froma material conprising a

pol ysacchar i deonstrn@ed from sigone or ephylepe-vimyl agstadn: di ng to cl ai m 49,
characterised in that the or each guide filament or fibre is formed

froma material conprising a chitosan, heparin, a heparanoid or a

hyal uronan  77. such degicé¥Rbidingto anpénccbf claid962 @176, chardbtetised RMA GReAedicey t 0
claim44 or 45, characterised in that the or each gui de filanment or

fibre is fé&rmisfor promotingrthe graveh ofrarye issphipgenceie atdhe ergeht guide channel

52. A syst accor dj t i : ﬁP ni.sed in that the or each
gui de fil anenﬁggoar&&%'sg&{bg?]ba?@%szo"%?gﬁe ?’gﬁﬂ%ﬁllﬁct i c-acid,

pol yhydr oxybutyric acid, polyglycolic acid, 25 pernselective

-pol ytetraet hyl ene, gol y- N-acet yl gl ucosam ne or copol yners thereof such as

for exanpl e a’8opol rﬁ’évicchGWHg»a%ais&%&PW?teﬁsaeirutha e prach gYide Fhappl hagj g
53. A Syst QRGEMi6HaT BinteRsich fi fit AifigObf 150:508f4Ar acterised in that the or

each gui de
1o

79. A device according to any one of claims 62 to 78, characterised in that the gel

structure is formed from agar, a hydrogel such as methyicellulose gel, albumin or other

proteiné which can be formed into a gel, a polysaccharide such as a chitosan or a hyaluronan

such as hyaluronic acid, a lipid which can be formed into a gel, Mauigcl® or Biomatrix l® .
15 |

80. Use of a system a according to any one of claims 1 to 61 for promoting growth of

tissue regenerate in 2 wound area of an organised tissue structure in a living human or

-animal body from a wound surface of the wound area in a predetermined direction.

20 8l Use of an implantable device according to any one of claims 62 to 79 for
promoting growth of tissue regenerate in a wound area of an organised tissue structure in a
living human or animal body from a wound surface of the wound area in a predetermined

direction.

s 82. A method for promoting growth of tissue regenerate in a wound area of an
organised tissue structure in a living human or animal body from a wound surface of the
wound area in a predetermined direction comprising the steps of:

encasing the wound area with an encasement structure,
providing mechanical guide means for the tissue regenerate in the encased wound area

30 such that the mechanical guide means extends in the predetermined direction, and



filament or fibre is formed from collagen or other protein
44 54. A system according to claim44, characteri @lll m ﬂ"l l ﬂl"l
I

mechani cal gui de neans conprises one or nore suture fi

55. A system accordi ng to claimb54, characterised in that the or each
suture fil anment formed fromvicryl, catgut, polyamd, chitin or

nyl on. 56"097’37”25yst em according to cI ai m 48, char act er iP$SFE 0P at

t he or -each guide filanment or fibre i48 formed fromsilicone. 10 57.
A system according to any one of the preceding clains, characterised in
that the system furt her corrprises a growh factor or m xture of

gromh factors f .encased woun ea.
58. A system g%ccrgnggg%g l%off’m%t?ﬁr”gg? igpg §%¢B‘t°ﬁhtﬂﬁt3°3W8“©4m-h
factor is 15 |mmb| lised to the i nner surface of the encasenent

structure. A system according ‘to claimb57 or 58,

characterised8¥n t hétmqthﬂé‘ BQ?QBWE‘E tF QJainb¥2, characterisedhimrthatghe fl"bmmt:twrklfd!tmagomvw h
factors-| pl at el et derived growt h
factors, flbrg‘gtl &ngg w?'fﬁ‘g ac E)‘?éﬁiﬁg'?%dﬁ%%rm ng gromh factors-[err],
transformfng 20 growth factors-[err], neurotrophines, ciliary

neur ot r ophi c factors EGE or gllal rowth factors.
84. A method according to claim 83, characterised in that the thrombin inhibitor is a

low molecular weight peptide-based thrombin inhibitor.

85. A method according to claim 84, characterised in that the thrombin inhibitor is a
10 gatran.
86. - A method according to claim 85, characterised in that the thrombin inhibitor is

melagatran or inogatran,

15 87 A method according to claim 83, characterised in that the thrombin inhibitor is a
bisulphated polysaccharide or oligosaccharide such as a chondroitin sulphate, a dextron

sulphate, a dermatan sulphate, a keratan sulphate, a heparan sulphate or heparin.

88. A method according to claim 83, characterised in that the thrombin inhibitor is a

20 hirudin, a biosynthetic analogue of hirudin, a fragment of hirudin such as a fragment
consisting of at least the last 8 C-terminal amino acids of the known sequence in hirudin or
the protein NAPc2.

89. A method according to claim 82, characterised in that the fibrin network formation

2s  inhibiting agent comprises a fibrinolytic agent.

.90. A method according to claim 89, characterised in that the fibrinolytic agent is 2

plasminogen activator (tPA), streptokinase or urokinase



60. A II“M‘ to claimb59, characterised in that the growh
factor c E‘\“\gﬂu“‘“m hwann cells, endothelial cells, fibroblasts,
macr ophages or tnf#anhat’ory cells or genetically altered cells

whi ch-can express a gromh factor. 25 61. A system according to
claim1, char agé h?ﬁﬂ in that the systemis for pronoting PCTISE9/00865
gromh of tissue regenerate in a wound area_ in a nerve, tendon, |iganent,

j oi nt capsul e, cartilage, bone, apof'i%urose or skel etal nuscle.

62. Use of a system according to any one of clains 1 to 61 for

pronoti ng grow h of tissue regenerate in a wound area of an

organi sed tissyje StrAgnEHbE according tolcliin 89, chhraefisedRathat the RbifdlyiRUg¥ndi§ #M a
wound surface of the wound area 1n a WO Q/ 37002

PCT/ SE97/ 00563 ecombinant human plasminogen activator (hrtPA) such as Actilyse . 45

62. " An inplantable device for pronoting growh of tissue regenerate into
a wound area in an organised tissue structure in a living human or

ani mal body frgm a VipyR#iod dédoRlif to claim 82, dhlRciRsAGn abike fibrif nBWalefofhiioned
di rection conprising: an outer encasenent structure which when

t he devi ce 5 s iphibitingagent comprises 2 Fagton inhibiter. 5  or ani mal body encases the
wound area, and an i nner gel structure provided with one or nore
gui de channels for the tissue regener ate whi ch when the device is

i npl anted i s di3spos@dmethod BstoRTinips CRintgR  tHaratteidscd i that the fibfil AdtwbikfofHiddR
channel s extend in the predeterm ned direction. 10 63. A device
accordi ng to dnbibitingagentepmpgisesss rpsig ihibitokat t he encasenent structure is a
patch for a crush wound area or the like of the organised tissue structure.

0 94. A method according to claim 82, characterised in that the fibrin network formation

inhibiting agent comprises a protease inhibitor.

95. A method according to any one of claims 82 to 94, characterised in that the fibrin
network formation inhibiting agent is immobilised to the inner surface of the encasement

15 structure which in use faces the wound area.

96. A method according to any one of the claims 82 to 94, characterised in that the
fibrin network formation inhibiting agent is in solution and that the method further
comprises the step of providing 2 pump for administering the fibrin network formation

20  inhibiting agent to the encased wound area.

97. A method according to claim 96, characterised in that the pump is an osmotic
minipump.
s 98. A method according to claim 96 or 97, characterised in that the pump is implanted

subcutaneously in the living human or animal body.

99. A method according to any one of claims 82 to 94, characterised in that the fibrin
network formation inhibiting agent is incorporated in a matrix material for disposal or

30 delivery to the encased wound area.



64. A device according to claim®62, characterised in th t
structure is a t ube having an open end adapted to reiaiuﬁﬂgmﬁﬂﬂﬁﬁﬁﬁﬁn
surface with the or each guide is channel extending in t S1E
tube in the predeterm ned direction. 65. A devi ce according to
claim 64, charagcterised in that the wound surface of the wound area is
a first wound §P?§@@ that the open end of the tube is a fi r¥TREIEMOER,
t hat t he tube has a second open end &flapted to receive a second wound
surface of the wound 20 area and that the or each guide channel extends in
the lunen of the tube between the first and second open ends in the

det er ni Ad to claim 65,
Char act eri Sed%n ¢ RePoRkosrayings leim g9, SaHETIA: at e Hiyparel i o

regenerate amfam@wmﬁgﬁwmmhmawﬁas%hhaﬁﬂ%ﬁ&hﬁﬂuraﬁﬁ.esuawé of an

25 organised tjissue structure such as a nerve, tendon, nmuscl e or
li ganent and ’Whl&’f'm!% »an agap gl bydaegebsuch H%"\F@Mbcwgeadcmamlpt,@iomm

ovi co” accr o huats SHE! Afbofilyd hAORASKES. { 558 or o prou Bt st it ¢ he

30 encasenent structure is of a bioconpatible material. WO

97/ 37002
PCT/ SE97/ 005d81. A method according to claim 82, characterised in that the fibrin network fortfiation

o8 d i 62 10 67, .Ch d
that the - milBRERI S bl B3 Gbats Jolf 46 o Renb plbdib, o "

69. A devi ce according to any one of clains 62 to 67, characterised in

that the 5 S:ncaienetg structure is of a non-bi odegradable nateri al .
10 method according to any one of the claims 82 to 101, characterised in that the

10 encasement structure is a patch for a crush wound area or the like of the organised tissue

structure.

103. A method according to any one of claims 82 to 101, characterised in that the
encasement structure i$ a tube having an open end in which the wound surface is received

15 and that the mechanical guide means extends in the predetermined direction in the lumen of
the tube.

104. A method according to claim 103, characterised in that the tube comprises an outer
continuous tube clement and an inner tube element which is formed of a plurality of

20 longitudinally spaced apart tube sections.

105. A method according to claim 103 or 104, characterised in that the wound surface

of the wound area is a first wound surface, that the open end of the tube is a first open end,

that the tube has a second open end in which a second wound surface of the wound area is
25 received and that the mechanical guide means extends in the lumen of the tube between the

first and second open ends in the predetermined direction.

106. A method according to claim 105, characterised in that the method is for

_promoting growth of tissue regenerate across a gap between the severed or transected free



ml“mEMMﬂ“m‘ to any one of clains 62 to 66, characterised in
that the tructure is constructed froma materi al
conprising a poILys’élcc ari de. 10 71. A device according to claim 70,

characterised in that the encasenent structure is constructed froma
mat eri al conpriwgd gessgeChi tosan, heparin, a heparanoid or a hyalctisransuses
such as hyal uroni c aci d 72. A deyi ce according to any one of
clainms 62 to 66, characterised in that the 15 encasenment structure is
constructed of a material conprising collagen or other protein

conpl exes. 73. A device according to any one of clains 62 to 66,
characterised efdstof@ah ofghffised tissue sSERERFENENAs Sicrvt; terdéh, bl&l&ﬂﬂﬁﬁs&lé‘& Hgarhériem a
mat erial conprising a polyner or copolynmer. 20 A devi ce

according to ched WaBe opsnendsofshe mbeleach redeive onpef én émmﬁrasaemd fuge endss
constructed of a material conprising polylactic acid, polyhydroxybutyric
acid, polyglycolic aci d, pernsel ective polytetraethylene

pol ygl ucur oni c 1ggi d, Aeﬁematﬁc&mgei AyWBine OEIaIAY B2 161106, charactErisea i/ 1k the
t hereof. 25 75. A devi ce according to claim73, characterised in

that the enéasewfesament Sunstoge is of g biocompatiblgimateriddt ed of a material conprising
a copol yner of pol yhydroxybutyric acid and hydr oxyval eri ¢ aci d.

WD 97/ 37002

PCT/ SE97/ 00565108. A method according to any one of claims 82 to 107, characterised in th4t/the

encasement structure is of a biodegradable material.

10 109. A method according to any one of claims 82 to 107, characterised in that the

encasement structure is of a non-biodegradable material,

110. A method according to any one of claims 82 to 106 , characterised in that the
encasement structure is constructed from a material comprising a polysaccharide.

15
111. A method according to claim 110, characterised in that the encasement structure is
constructed from a material comprising a chitosan, heparin, a heparanoid ora hyaluronan

such as hyaluronic acid.

20 112. A method according to any one of claims 82 to 106, characterised in that the
encasement structure is constructed of a material comprising collagen or other protein

complexes.

113. A method according to any one of claims 82 to 106, characterised in that the

25 encasement structure is constructed from a material comprising a polymer or copolymer.

. 114, A method according to claim 113, characterised in that the encasement structure is
constructed of a material comprising polylactic acid, polyhydroxybutyric acid, polyglycolic
acid, permselective polytetracthylene, polyglucuronic acid or poly-N-acetylglucosamine or

30  copolymers thereof.



76. A device according to claim®69, characterised in thfﬂlmlﬁwy@hwmm,
structure is constructed fromsilicone or ethylene-vi :

77. A devi ce according to any one of clains 62 to 76, characterised in®
that the device 5 is for pronoting the growth of nerve tissue regenerate
and that the ? ,gui de channel has a cross-secti onalpc@jsE®asddn i N
t he range of C?pm nm 78. A devi ce according to claim 77,
characterised in that the or each guide c¥annel has a cross-sectional
di rension in the range of |50-500pm 10 79. A devi ce according to
any one of clains 62 to 78, characterised in that the gel structure is
formed from agar, A dutHédaebraimg b clain RS, Bidracidstl BRardfe encaleenl strablureds NET
proteins which can be forned into a gel, a polysaccharide such as a
chitosan or sonsyutted ofieamaterial compuisings cdppbimer ofipalylgdrakybutytic miidlanghi ch can be
formed into el tigel[err] or Biomatrx I[err] 15 80. Use of a
system a accﬁ}’%?ﬂa%cﬁ‘ﬂg one of clains 1 to 61 for pronoting growh of

ti ssue regenerate in a wound area of an organised tissue structure in a
l'iving human or ani mal body froma wound surface of the wound area in
a predet esni dd@ di Agunathasiaccording to glaim 109, charaatdrisechini thas|thenshdcmeniicsiuctare is
according to_any one.of clains ﬁqz to 79.10 pronoti ng grow h of tissue
regenerate i fio% ﬁorgrsg'&o'?ﬁmg y&ﬁ"@'ﬁﬁ’i"&%‘:&&ﬁ’ssue structure in a

| i-ving human or ani mal body from a wound surface of the wound area'in a

predet er m ned direction. 25 82. _A nethod for pronoting growh of
ti ssue regendtht e Amethodngerrding sqanyfongef claims §gdh6.characteriseddn thatthet ure in

"n o pr adet ol s PR bhRHed ol PRt fnR sl of e enlfien °F

wound ar ga Wsthitn@d® whithTFaRe dittwdsiing dfchUr e, provi di ng nmechani cal
gui de neans for the tissue regenerate in the encased wound area 30 such

that the nmechani cal guide neans extends in the predeterm ned direction, and
118. A method according to claim 117, characterised in that the mechanical guide

means and the encasement structure are integrally formed.

15 119. A method according to any one of claims 82 to 118, characterised in that the

mechanical guide means takes the form of guide channels in the encased wound area.

120. A method according to claim 119 as appendant to any one of claims 82 to 101,

éharacterised in that the encasement structure is a tube-like structure having a transverse
20  spiral cross-section formed for example by rolling up a planar membrane and that the guide

channels are defined by the longitudinally extending spaces presented by the spiral cross-

section.

121. A method according to claim 119, characterised in that the mechanical guide
25 means takes the form of a gel structure which is provided with one or more guide channels
therethrough and disposed in the encased wound area such that the guide channels extend in

.the predetermined direction.
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adm nisterirg a Pn metwork formation inhibiting agent to the encased
wound ar ea. 83 A nmet hod according to claim82, characterised in
that the fibri nw;w&& formation i nhi biting agent conpripe@msedioosss

t hronmbi n inhibitor. 84. A net hog according to cl aim83,
characterised in that the thronbin inhibitor’is a | ow nol ecul ar wei ght
pepti de-based thronbin inhibitor. 85. A nmet hod according to claim

84, characterised in that the thronbin inhibitor is a 10 gatran.

86. A met hod mxcor di Aol abdodding z%@mxﬁhagqczb%tnp@haracttﬁ@tnﬂ ti\st:h@hea%atk
inhibitor is mel agatran or inogatran. hod accordi ng
to claim83, cHar a@tr@nnsémgrwmwﬁnwmssumreemate a:mnm th@or qash guide channel has
bi sul phat ed poI C . saccha uch as a chondroitin

sul phate, a dex‘{ glégisg@mngleds"% nﬁ(iw)ont'ga'eéa%r ﬁgﬂgﬁﬁm phate a keratan

sul phate, a heparan sul phate or heparin. A nmet hod accordi ng
to claim83, characterised in that the thronbin |nh| bitor is a 20 .

hirudin, a bi os\t het? methad pesgisingde claim 423, sharacterised incthat the ohgach giiide chashelas
a fragrrent termnal am no acids of
the known SequenCQ@?ds§%&cﬁgn(f?ﬁm‘?egsnln?@l%e{aﬂg thal%E) QE MApco. 89 A
met hod according to claim82, characterised in that the fibrin network
formation 25 |92 bltlng Pﬁgr?nt conprises_a fibrinolytic agent 90.

A et hod accor diffty t & REthedaergrdinga claim 421, sharasterised it thathe g¢lisrugtere s fopmed

agent is a from agar, a hydrogel such as methylcellulose gel, albumin or other proteins which can be

1o formed into a gel, a polysaccharide such as a chitosan or a hyaluronan such as hyaluronic

acid, a lipid which can be formed into a gel, Matrigel® or Biomatrix I®

125. A method according to any one of claims 82 to 118 , characterised in that the
mechanical guide means comprises one or more guide filaments or fibres extending across

15 the encased wound area in the predetermined direction.

126. A method according to claim 125, characterised in that the mechanical guide

- means comprises one or more monofilaments, multifilaments or woven/non-woven fibres.

20 127. A method according to claim 125 or 126, characterised in that the or each guide
filament or fibre is of a biocompatible material.

128. A method according to claim 125, 126 or 127, characterised in that the or each
guide filament or fibre is formed from a biodegradable material.

25
129. A method according to claim 125, 126 or 127, characterised in that the or each

- guide filament or fibre is formed from a non-biodegradable material.

130. A method according to claim 125 or 126 characterised in that the or each guide

3  filament or fibre is formed from a polysaccharide.



8;?2%889% activator (tPA), strept ok'i nase or ur oki nase. ““I"Il"l“l“""l‘l“"ﬂ
PCT/ SE97/ 00565 * € LAQM s *

91. A net hod according to claim89, characterised in that the
fibrinolytic agent is a reconbi nant human pl asm nogen agjl

(hrt PA) such a‘ggﬂyﬂ“ﬁlse 92. A net hod accordi ng_tocl{: T\zésﬁ:%f ,5
characterised in that the fibrin network Bérmation 5 inhibiting agent
conprises a Factor X inhibitor. 93. A met hod according to claim
82, characterised in that the fibrin network formation I nhi biting

agent conpri a tr im_inhibitor, L. s hod accar.dj. to
o m 82, charkot e A BER0RatcBinl b Rl 130-Sheodcerigs 1 BTh oo BE hldtheh
i nhi bi ting age/fibrele faRines GOm dhitodaf AfeParir) AihBpdr&ioid or a hyalurdhan such adhydidonid
according to any one of clains 82 to 94, characterised in that the fibrin
net wor k for n@¥on i nhi biti ng agent is imobilised to the inner surface of

t he encasenent 15 structure which in use faces the wound area. 96.
A met hod according to any one of the clains 82 to 94, characterised in that

t he fsi brigp. netavmethod accoRfingd ciaithilRs bf 106, olgedttcrised inihA e tirie@éh ghidk t hat
the nmethod further .conprises the step of providing a punp for
adni ni st er i ndilament or fibre is foERedSFom # BRLYRET FFOPYYMERNi bi ti ng agent to the
encased wound area. 97. A nmet hod according to claim96,
characterised in that the punp is an osnotic m ni punp.

133. A method according to claim 132, characterised in that the or each guide filament

or fibre is formed from polylactic acid, polyhydroxybutyric acid, polyglycolic acid,
10  permselective polytetracthylene, poiy-N-acetylglucosamine or copolymers thereof such as

for example a copolymer of polyhydroxybutyric acid and hydroxyvaleric acid.

134, A method according to claim 125 or 126, characterised in that the or each guide
filament or fibre is formed from collagen or other protein complexes.

15
135. A method according to claim 125 or 126, characterised in that the mechanical

guide means comprises one or more suture filaments.

136. A method according to claim 135, characterised in that the or each suture filament

20  is formed from vicryl, catgut, polyamid, chitin or nylon.

137. A method according to claim 129, characterised in that fhc or each guide filament

or fibre is formed from a material comprising silicone.

s 138. A method according to any one of claims 82 to 137, characterised in that method
further comprises the further step of administering a growth factor to the encased wound

.area.

139. A method according to claim 138, characterised in that the growth factor is

30  immobilised to the inner surface of the encasement structure.



25 98. jewiding to claim96 or 97, characterised in that the
punp is ”Mﬂﬂﬂmﬂﬂ“mnmbcut aneously in the living human or ani mal body.

99. A a@cosdi g to any one of clainms 82 to 94, characterised in
that the fibrin network formation inhibiting agent is incorporated in

a matrix nateriglohRigesli SPosal or 30 delivery to the encased peeEh7RIRS
WO 97/ 37002 '

PCT/ SE97/ 00565 55 : 50
100. A nmet hod according to claim99, characterised in that the matrix
material is formed of a material conprising a polysaccharide such as

a chitosan or g4byal WRGRGY Sid6rdigSo claim 138'%A1390 aﬁ}ﬁemﬁ%ﬁg n@;@%&wﬁ%ﬁmﬁ

hydrogel such as nethylcellul ose gel, Mitrigél|err
I[err], water, compiisesinspliroblhgrowthifaétbmsIciswdinHikeeroveth ffaguirstipplarlepdaivedn such

as col 'agen. 5 1Q1. A et hod according to clajm8 characteri sed
in that the fi SR ﬁaézf%%}xqb&sﬁwgh&cmrs. trag &srmyﬂh%gﬁ{s-zﬁ-gaaﬁwgt er ed
t o the.encased gyswth dachdrea, AotebRsPphias,chi ,,%;fyph%.f to F od
according to any one of the clains 82 %ag}“iOl, char%cctrg’rl?gsegﬁaﬁlﬁ?gft&{sﬁéglo
encasenment Structure is a patch for a crush wound area or the like of the
organi sed tiss Sty ucture. . 3. A net hod ,according to any
one of clains ggl'to éﬁftﬂ%‘ﬁﬁf%@’f“gr’? Eléﬁnll#)?rﬁglg Ghygacterise 'BH@&E"EI%‘?W‘_““W
structure i s acénipesefSotiwiin 98llsPEHABthERd céIB, HttbBikstd, RACUPhYs &{?%ﬁﬁﬁatbﬁr cells
e

received 15 and that the nmechanical guide neans extends in

‘predet erni ned @Y BeBgtcaly altered pallswhighrcap express a groveth fachas. 104. A
‘met hod according to claim 103, characterised in that the tube conprises an
out er continuous tube el enent and an inner tube el enent which is

formed of aopl 42l i t & nedthod according to claim 82, characterised in that the method is for promoting
' the growth of tissue regenerate in a wound area in a nerve, tendon, ligament, joint capsule,

cartilage, bone, aponeurose or skeletal muscle.



20 longitudinally spaced apart tube sectlons 105. A net hod
according to claim103 or 104, characterlsed in,that the wound surface

of the wound area is a first wound surfdce, that t he open end of the tube
is a first open end, that the tube has a second open end in which a
second wound suW@%ﬂ)‘z the wound area is 25 received and thag,ctr}gﬁg.,mss
mechani cal gui de neans extends in the |unmen of the tube between the

first and second open ends in the predeterm ned direction. 106. A
met hod according to claim 105, characterised 14 that the nethod is for
pronoting growh of tissue regenerate across a gap between the severed or

‘transected free WO 97/ 37002 .

PCT/ SE97/ 00565 51

ends of an organised tissue structure such as a nerve, tendon, skeletal
nmuscl e or |iganent and that the open ends of the tube each receive one
of the severed or transected free ends. 107. A net hod according to
any one of clainms 82 to 106, characterised in that the 5 encasenent
structure is of a bioconpatible material. 108. A met hod accordi ng
to any one of clainms 82 to 107, characterised in that the encasenent
structure is of a biodegradable material. to 109. A nmet hod according
to any one of clainms 82 to 107, characterised in that the encasenent

‘structure is of a non- blodegradable mat eri al .
according to any one of claing
encasenent -struct ure ey
pol ysacchari de. |

110. A net hod
ed 0. hat the




111. A nmet hod according to claim 110, characterised in that the

ericasenent structure is constructed froma material conprising a
chitosan, heparin, a heparanoid or a hyal uronan such as hyal uronic
aci d. 20 112. A nmet hod according to any one of clainms 82 to 106,
characterised i Ryd Brodzne encasement structure i s construGigize, %
mat eri al conprising collagen or other protein conpl exes. f .
A nmet hod according to any one of clains 82 to %pG, characterised in that
‘the 25 encasenment structure is constructed fréfha materi al conprising a
pol ymer or copol yner. 114. A nmet hod according to claim113,
.characterised in that the encasenent structure is constructed of a

mat eri al conprising polylactic acid, polyhydroxybutyric acid, polyglycolic
.aci d, pernsel ective pol ytetraethyl ene, polyglucuronic acid or

- pol y-N-acet yl gl ucosam ne or 30 copolyners thereof. WO

97/ 37002 '

PCT/ SE97/ 00565 52

115. A met hod according to ' s
encasenment structurg - cted of a naterlal conp ;
copol ymer of pol yhye=ox xacid and hydr oxyval eri c aC|d
116. A et hod ac ¢ mjg—tar=t L cterised in that the
encasenent structure | T

acet ate. 117.
characterised in %E t

5

Fto 11¢/

presented by the i surface 0 he q@senment 10 structure whichffaces
t he wound ar ea. Fig.3 Hs o]

‘\
101 107
Figa ié 105 162



118. A met hod according to claim 117, characterised in that the
mechani cal gui de means and the encasenent structure are integrally

f or med. 15 1109. A nmet hod according to any one of clains 82 to 118,
characterised in that the mechani cal gui de nmeans takes the form of
gui de channel s | ncased wound ar ea. 120. A neth j.Ng
‘to claim 119 ashgﬁ%@ﬁggnt to any one of clains 82 to 101, gngﬁﬁﬁka%
characterised in that the encasenent structure is a tube-like structure
having a transverse 20 spiral cross-section fotfed for exanple by rolling..
up a planar nenbrane and that the guide channel s are defined by the

| ongi tudi nal |y extendi ng spaces presented by the spiral cross-

section. 121. A nmet hod according to claim 119, characterised in

t hat the mechanical guide 25 neans takes the formof a gel structure which
is provided with one or nore guide channels t her et hr ough and di sposed
in the encased wound area such that the guide channels extend in t he
predet ermi ned direction. WO 97/ 37002

PCT/ SE97/ 00565 53

122. A met hod according to claim 119, 120 or 121, characterised in that
‘the nethod is for pronoting the growth of nerve tissue regenerate
‘and that the or each guide channel has a cross-sectional dinmension in
‘the range of 50[err]mlmm 5 123. A me2had according to claim 122,
‘characterised in that the or each gui de channeg has a
-cross-sectional dinension int range of 150-{500[err]lm

m
|
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21 218
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124.
structure is forned

A nmet hod according to claim 121,
from agar,
gel, albumn or other proteins which can be 10

characterised in that the ge
such as nethyl cel | ul ose
formed into a gel, a

a hydrogel

pol ysacchari de such as a chitosan or a hyal uronan such as hyal uronic

acid, alipid '
105 2A hot hodVIRRIRR
that the mechani ca
or fibres extending across
di rection. 126.

t hat the nechani cal guide

mul tifilanents or woven/ non-woven fi bres.
characterised in that the or each

or fibre is of a bioconpatible matepf%l. 311 128.
characterisey in that the/6r

to clajm 125 or 126,

to claim 125, 126 or 127,

filanent or fibre is forned fromabiodpgea

A nmet hod according to clai
each guide fila
mat eri al . 130=
characterised in tha
from a pol ysacchari de
PCT/ SE97/ 00565

131. A et hod acc
gui de fil anent

hepar anoi d or a hyal uronan

A

Fig.7

or fibre is forned

Ba|ng3fd claim 130,}ch£r act
f

be formed into a gel, Matrigel or Bio '
g to any one of clains 82 to 118 , ”PE{, é”%‘%‘a I n

gui de nmeans conpri s

char act er

e4ls4aone or

15 the encased wou
nore nonofil anents,
A et hod accordi ng

gzkge filanment
t hod according
each gui de

25 129.

: r

means conprises one or
20 127.

ahle malferial

TS r e -
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rised in that the or3&%h
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area in the predeterm ned..
A nmethod according to claim 125, characterised in
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- aci d. unm l!Lmﬁﬂ accord4ﬁg to claim125 or 1 characterised in
t hat the or I " Ilrﬂ)ﬂllfl | anent. or. fibre is forned MSEME}HI SHERT or
copol yner. 3 * A'method accor di ng to claim 132, characterised in
t hat siyhe ora gmg&goq(g £ 34 2 d fro actic
aci d, pol yhydroxybutyr |nc Aa@ pc?f‘i}réf%éﬁ C ta%t;tg H%Bﬁ?m allﬁgglnleé‘%talx\kle
pol ytcempaeédtydceo&enorp(ghm:é\ﬁlaﬁ@mgl gl ucosam ne or copol yners thereof such as

for exanple a copol yner of pol yhydroxybutyric acid and hydroxyval eric acid.
134. A et hod according to claim 125 or 126, characterised in that the or

each gui de nt or fi s fornmed from col |l agen or_other protein.
conpl¥xes. &gystem ac‘i%r;r'gm" to gl ﬁo‘a‘%&ﬂ“gg Hythapt rRSI%Fﬂ‘ih_LSZEUfé filarpent is

CarurSried SR el el B IRE RS yion. 000 g Lo claim 138,

characterised in that the or each suture filanent 20 is forned from

vicryl, catgut, polyamd, chitin or nylon. 137. A nmet hod according
to cl3.m 128, systear mcoddingstedldim 48heltardcherised ir daln thgtirdack phideGidment or Of
fibre_is formed froma material conprising silicone. 25 138. A et hod

accor@Pregs fasmad frognallieanec| ai ms 82 to 137, characterised in that method
further conprises the further step of adm nistering a growh factor to the
encased wound . area. 139. A nmet hod according to claim138,

Chpragjeris t?ﬁsg‘s&rr‘i Do o9 b of ﬁx%%‘?écédﬁa&%rds”?i’?ﬁhérér?&g i fhat fifg 1 NNET

surface of encasenent structur
system further comprises a growth factor or mixture of growth factors for administration to

the encased wound area.

58. A system according to claim 57, characterised in that the growth factor is

15 immobilised to the inner surface of the encasement structure.

59. A system according to claim 57 or 58, characterised in that the growth factor
comprises insulin-like growth factors-1, insulin-like growth factors-II, platelet derived
growth factors, fibroblast growth factors, transforming growth factors-f, transforming

20  growth factors-ct, neurotrophines, ciliary neurotrophic factors, EGF or glial growth factors.

60. A system according to claim 59, characterised in that the growth factor comprises
Schwann cells, endothelial cells, fibroblasts, macrophages or inflammatory cells or

genetically altered cells whichcan express a growth factor.

61. A system according to claim 1, characterised in that the system is for promoting
-the growth of tissue regenerate in a wound area in a nerve, tendon, ligament, joint capsule,

cartilage, bone, aponeurose or skeletal muscle.

62. Use of a system according to any one of claims 1 to 61 for promoting
growth of tissue regenerate in a wound area of an organised tissue structure

in a l:Lvmg human or animal body from a wound surface of the wound au

RE?LNGEMENT SHEET

predetermined direction.
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140. A nmet hod according to claim 138 or 139, characterised in Laat t he "EET
~growth factor conprises insulin-like growth factors-1, inggpoe) |ike
' & growt h

grow h factors-11, el et derj.y (Mo fi br oSk

factors, transfor nPR; growt h féJg{“‘(;%rs- e%%&%aﬂgl% m n%l g
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(57) Abstract

System, method and device for promoting growth of tissue regenerate into a wound area in an organised tissue structure in a living
human or animal body from a wound surface of the wound area in a predetermined direction. An encasement structure (5) encases the
wound area to inhibit ingress of granulation tissue to the wound area and mechanical guide means (11) for the outgrowing tissue regenerate
are disposed in the encased wound area so as to extend in the predetermined direction. In onc aspect a fibrin network formation inhibiting
agent is concomitantly administered to the wound surface of the encased wound area. In another aspect the mechanical guide means takes
the form of a gel structure provided with one or more guide channels for the outgrowing tissue regenerate which extend in the predetermined
direction.




